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Agenda 

•  Context 
–  Meta-analysis in neuroimaging 
–  NIDM and the INCF NIDASH Task force 
–  Data sharing environment 

•  NIDM for meta-analysis 
–  NIDM-Results 
–  Implementation 
–  Future directions 

•  Conclusions 
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Meta-analysis in neuroimaging 
CONTEXT 
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Why meta-analyses? 

•  Increase statistical power 
•  Combine information across studies 
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Data analysis in neuroimaging 

Table of local maxima 
(quantitative) 
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Coordinate- or Image-Based meta-
analysis? 
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Which data to share? 
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Enhancing reproducibility. There is increasing concern about the 
reliability and reproducibility of scientific research12,13. One major 
source of concern within neuroscience is the low statistical power of 
many published studies14, given that this increases the proportion of 
published findings that are false15 and can create unwanted biases16. 
These worries have increased pressure to amass larger samples, but in 
many cases this is not feasible owing to recruitment constraints (for 
example, when the number of subjects with a particular disorder in 
any geographical area is limited) or financial limitations. Data shar-
ing allows the generation of sample sizes that would not be feasible 
within a single laboratory, which enables the testing of hypotheses 
with much greater power and thus enhances the reproducibility of 
the results. This has been clearly seen in genetic association studies, 
for which very large sample sizes are necessary and publications by 
multi-site consortia are now the norm17.

Reproducibility has classically been considered in terms of the abil-
ity to replicate the same result across independent data sets. However, 
analysis of fMRI data involves complex, multistep analysis streams, 
and thus another important aspect of reproducibility concerns the 
ability to reproduce results on the same data using different analysis 
pipelines. Carp18 used a shared data set to examine the effects of a 
large number of variations in data analysis parameters (testing over 
16,000 different pipelines) and found that in some cases the analysis 
choices had a substantial impact on the results. The widespread shar-
ing of data would allow researchers to more thoroughly assess the 
reliability of published results across processing streams; for example, 
Ioannidis and colleagues19 have presented a measure called the vibra-
tion ratio that is defined as the ratio of the highest and lowest effect 
sizes across all possible data-processing decisions. Although many 
researchers will not have the computational resources to perform such 
analyses across a large set of analysis pipelines, the open availability of 
data would allow researchers with those resources to better assess the 
degree to which results are reproducible across analysis choices.

Improving research practices. In concert with the concerns  
about reproducibility have come worries about the degree to which 
some relatively standard practices may result in greatly inflated  
false-positive rates. Such concerns were raised several years ago in 
the neuroimaging community regarding circularity (also known as 
‘double dipping’) in region-of-interest analyses20–22. More recently, 
the exercise of analytic flexibility (present in many fields including 
psychology and neuroimaging) has been shown to increase false- 
positive rates to the degree that even physically impossible results can 

be found to be statistically significant23. The knowledge that data will 
ultimately be shared provides an incentive for researchers to ensure 
that they engage in research practices that will stand up to further 
examination, and this positive effect is supported by recent evidence. 
Wicherts et al.24 requested data for a large number of psychologi-
cal studies and then compared papers for which data either were or 
were not voluntarily shared upon request. They found that papers 
for which data was shared had greater effect sizes and lower inci-
dence of apparent statistical errors than those for which data was not  
willingly shared.

Test bed for new analysis methods. New analytic techniques are  
continually being developed for neuroimaging data, and shared data 
provide a common test bed for those techniques as well as benchmarks 
against which new methods can be evaluated. The 1,000 Functional 
Connectomes project25 serves as an excellent example; data from 
this project have been used in a number of papers to demonstrate 
the application of new methods26–29. Similarly, the data from the 
OpenfMRI project have been used to examine the effects of different 
processing pipelines on analysis outcomes18 and test new methods 
to characterize the brain systems that span across multiple cognitive 
tasks10. Although the HCP is still collecting data, the early releases 
have already resulted in papers modeling functional segregation in 
the human cortex30, dynamic analyses of functional connectivity31 
and demonstrations of substantial vascular contributions to Granger 
causality measures32.

Reducing the cost of doing science. Making data available can greatly 
reduce the cost of scientific research when those data are relevant to 
new questions. Table 1 provides a description of a number of cur-
rently available shared neuroimaging data sets (including but not lim-
ited to data sets involving task-based fMRI). Together, these resources 
include data from more than 8,000 participants. Under the assump-
tion that each data set required an average of 1 h of MRI scanner time 
to acquire (at a cost of $500 per hour of data, which is a common 
rate in the United States), these data represent an estimated value of 
more than $4 million for acquisition alone, not to mention the cost 
of recruitment and data processing. Not all questions of interest can 
be answered using existing data sets, but to the degree that they can, 
the use of these shared data instead of collecting redundant new data 
could be a significant source of savings for researchers, allowing more 
money to be spent on personnel involved in data analysis.

Protecting valuable scientific resources. One often-overlooked 
benefit of data sharing is that it provides a redundant backup for 
important data sets. In discussing retrospective data sharing  
with neuroimaging researchers, it has become clear that a number of 
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Figure 1 Data scales in neuroimaging. If we consider data as simply 
machine-readable pieces of information, many neuroimaging studies already 
share data through the publication of stereotactic coordinates representing 
peaks of activation. These data can be further annotated using tools provided 
by BrainMap and BrainSpell. BrainMap and NeuroSynth also provide tools for 
performing data mining and meta-analyses on the collected coordinates. The 
next step from the coordinates is sharing unthresholded statistical maps—a 
process facilitated by the NeuroVault database. Although much more time 
consuming, the sharing of raw data provides more potential for reuse than 
the aforementioned data types. This form of sharing has been executed on 
a massive scale by consortia such as INDI as well as projects such as the 
Nathan Kline Institute (NKI)-Rockland sample and HCP. There also exist 
databases (such as OpenfMRI) that allow deposition of raw data from any 
researcher in the field. HCP and ADNI also provide preprocessed data (HCP 
includes full connectome matrices), which are very large but provide great 
utility to researchers by obviating the need to perform these processing steps. 
There is a clear relationship between the cost to prepare and maintain data 
and the potential effect of those shared data. The resources mentioned in the 
figure are examples and do not constitute an exhaustive list.

R E V I E W
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INCF NIDASH Task Force 
CONTEXT 
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NIDM working group 

•  NIDASH Task force 
–  “Standards for Data Sharing aims to develop 

generic standards and tools to facilitate the 
recording, sharing, and reporting of 
neuroscience metadata, in order to improve 
practices for the archiving and sharing of 
neuroscience data.” 

•  BIRN Derived Data Working Group 
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NIDM: Neuroimaging Data Model 
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Source: Poline et al, Frontiers in Neuroinformatics (2012). 
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NIDM: Neuroimaging Data Model 

•  Based on PROV-DM 
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PROV-DM example 
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Data sharing environment 
CONTEXT 
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Three major software packages 
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Summary of the problem 

•  Use-case: Support meta-analysis 
•  Machine-readable format describing 

neuroimaging results 

•  Easiness for the end-user 
•  Integrate with existing neuroimaging software 

packages (SPM, FSL, AFNI,…) 
•  Extend previous work: NIDM 
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NIDM FOR META-ANALYSIS 
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NIDM-Results 
NIDM FOR META-ANALYSIS 
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Neuroimaging Data Model 
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NIDM-Results 
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NIDM-Results: software-specific extensions 
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Standardization across software 

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

–  Dependence: 
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Error models : SPM, FSL and AFNI 

27 

1st level 2nd level 

Gaussian	   Serial.	  corr.	  
global	  

Homogeneous	  
local	  

Gaussian	   Independent	  
noise	  

Homogeneous	  
local	  

Gaussian	   Homogeneous	  
local	  

Serial.	  corr.	  
regularized	  

Gaussian	   Homogeneous	  
local	  

Serial.	  corr.	  
local	  

Gaussian	   Independent	  
noise	  

Heterogeneous	  
local	  

Gaussian	   Independent	  
noise	  

Hetero-‐	  or	  
Homogeneous	  

local	  



The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

Error models: non-parametric 
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Terms 

•  Terms re-use: 
–  Close interaction with STATO (Statistics terms) 
–  Dublin Core (file formats) 
–  But also: NCIT, OBI… 

•  Work-in-progress   
•  https://github.com/incf-nidash/nidm/  

•  Aim: include the created terms in Neurolex. 
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Implementation 
NIDM FOR META-ANALYSIS 
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Implementation 

•  NIDM export 
–  SPM12 (natively) 
–  Scripts for FSL: 

https://github.com/incf-nidash/nidm-results_fsl 
–  In collaboration with AFNI developers:

https://github.com/incf-nidash/nidm-results_afni 
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Future directions 
NIDM FOR META-ANALYSIS 
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Next steps and future plans 

•  Extend NIDM-Results implementation: 
–  AFNI 
–  SnPM, Randomise 

•  Refine the terms and definitions. 
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Next steps and future plans 
•  NIDM import for 

Neurovault 
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NIDM effort 
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CONCLUSION 
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Conclusion 

•  NIDM-Results: standardized reporting of 
neuroimaging results 
–  Use-case: Meta-analysis 
–  Discussions: https://github.com/incf-nidash/nidm 
–  Specification: http://nidm.nidash.org  
–  Implementation in SPM12, FSL & (AFNI) 

•  Next steps 
–  Refine the terms, AFNI and SnPM/Randomise models 
–  Build more apps 
–  NIDM-experiment, NIDM-workflow 
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Resources 
•  Github: https://github.com/incf-nidash 
•  Specifications: http://nidm.nidash.org   
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Q & A 

•  Github: https://github.com/incf-nidash 
•  Specifications: http://nidm.nidash.org   
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Queries 
•  For each contrast get name, contrast file, 

statistic file and type of statistic used. 
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prefix	  prov:	  <http://www.w3.org/ns/prov#>	  
prefix	  nidm:	  <http://www.incf.org/ns/nidash/nidm#>	  
	  
SELECT	  ?contrastName	  ?contrastFile	  ?statType	  ?statFile	  
WHERE	  {	  
	  ?cid	  a	  nidm:ContrastMap	  ;	  
	  	  	  	  	  	  nidm:contrastName	  ?contrastName	  ;	  
	  	  	  	  	  	  prov:atLocation	  ?contrastFile	  .	  
	  ?cea	  a	  nidm:ContrastEstimation	  .	  
	  ?cid	  prov:wasGeneratedBy	  ?cea	  .	  
	  ?sid	  a	  nidm:StatisticMap	  ;	  
	  	  	  	  	  	  nidm:statisticType	  ?statType	  ;	  
	  	  	  	  	  	  prov:atLocation	  ?statFile	  .	  
}	  

More queries: http://tinyurl.com/nidm-results/query  


