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What is a meta-analysis?!
Analysis of analyses (Glass 1976)!
=> Rigorous methodology (beyond a mere review)!
=> Designed as a proper study!
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What is a meta-analysis?!
Analysis of analyses (Glass 1976)!
=> Rigorous methodology (beyond a mere review)!
=> Designed as a proper study!
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Qualitative review! Quantitative analysis!

Alison et al TICS 2000 Grosbras et al HBM 2011 



Why conduct meta-analyses!
❖  Information overload!

=> Synthesis!
=> Exploit richness of information beyond single studies !

FMRI Brain Mapping publications 

1993 2013 2003 



Why conduct meta-analyses!
❖  Information overload !
❖  Low power of single fMRI studies (typically N =15-20)!

❖  Reduced detectability of small effects (False Negatives)!
❖  Increased false positives!

Buron, et al. (2013). Power failure: why small sample size undermines the reliability of neuroscience. Nat. 
Rev. Neuros, 14(5), 365–76. 
 
S Hayasaka, AM Peiffer, CE Hugenschmidt, PJ Laurien1. Power and sample size calculation for 
neuroimaging studies by non-central random field theory. NeuroImage 37 (2007) 721–730 
 
fmripower.org 
http://sourceforge.net/projects/powermap 

=> Amplifies both File Drawer effect and Vibration effect!
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=> Meta-analyses have the potential to increase power 
and consistency!



Why conduct meta-analysis!
❖  Information overload !
❖  Low power of single fMRI studies!
❖  Generate new discoveries and new hypotheses!

❖  ex Samson et al 2011 meta-analysis of auditory activations!
❖  based on sound categories!
❖  based on stimuli complexity!

Samson F1, Zeffiro TA, Toussaint A, Belin P. Stimulus complexity and categorical effects in human auditory cortex: an 
activation likelihood estimation meta-analysis. Front Psychol. 2011 1:241. 



Consistent with hierarchical models!



Classification based on stimulus variation  

Temporal effects Frequency effects 

Acoustic complexity might represent a valid alternative classificatory 
scheme to describe a novel within-hemisphere dichotomy regarding the 
functional organization for auditory processing in temporal cortex 

Samson F1, Zeffiro TA, Toussaint A, Belin P. Stimulus complexity and categorical effects in human auditory cortex: an 
activation likelihood estimation meta-analysis. Front Psychol. 2011 1:241. 



Why conduct meta-analysis!
❖  Information overload !
❖  Low power of single fMRI studies!
❖  Generate new discoveries and new hypotheses!
❖  Co-activation networks!



Co-activation networks!
❖  MACM: meta-analytic connectivity modeling (Robinson et al 2010)  

=> Higher probability of co-occurrence should reflect greater 
strength of functional connectivity.!
❖  Seed -> whole brain!
❖  Ex Eichkoff et al JNS 2010. Connectivity of Parietal 

Operculum with 245 experiments. Compares with DTI!

MACM 
DTI 



Co-activation parcellation!

Bzdok et al 2012!



Whole-brain functional networks!
❖  Pair-wise correlations: Toro et al Cereb Cortex 2008!

❖  ICA: Smith et al PNAS (7432 experiments; high overlap 
with RSN from 36 participants)!







Whole-brain functional networks!
❖  Pair-wise correlations: Toro et al Cereb Cortex 2008!

❖  ICA: Smith et al PNAS (7432 experiments; high overlap 
with RSN from 36 participants)!

❖  Graph theory: !

❖  Bayesian Network Discovery (Neuman et al 2010)!

❖  Large-scale topological modeling!



Crossley et al 2013 : !
Frequently co-activated nodes connected by an edge!
Color nodes as a function of the task-domain!
Identified modules tend to be functionally specialised!
Rich club distributed across action and cognition!
 !



Why conduct meta-analysis!
❖  Information overload !
❖  Low power of single fMRI studies!
❖  Generate new discoveries and new hypotheses!
❖  Co-activation networks!
❖  Quantitative reverse inferences!



Reverse inference!

P(Cond|Act) 
Forward inference!

P(Act|Cond) 
Reverse inference!



Reverse inference!

P(Cond|Act) 
Forward inference!

P(Act|Cond) 
Reverse inference!

CONSISTENCY! SPECIFICITY!



Why conduct meta-analysis!
❖  Information overload !
❖  Low power of single fMRI studies!
❖  Generate new discoveries and new hypotheses!
❖  Co-activation networks!
❖  Quantitative reverse inferences!
❖  Multiple practical applications:!

❖  Contrasts conditions that would be difficult to combine in a 
single study!

❖  Compare populations!
❖  Define priors/ROIs for a new study!



Why conduct meta-analysis!
❖  Information overload !
❖  Low power of single fMRI studies!
❖  Generate new discoveries and new hypotheses!
❖  Co-activation networks!
❖  Quantitative reverse inferences!
❖  Multiple practical applications:!

❖  Identify potential collaborations: !
❖  Sochat, V. V. (2015). AuthorSynth: a collaboration network and behaviorally-

based visualization tool of activation reports from the neuroscience literature. 
Frontiers in Neuroinformatics, 2015!

"
http://www.vbmis.com/bmi/authorSynth/network.html!



Neuroscience Author Collaboration Network; author collaboration based on 
publications in the NeuroSynth database. Links between PIs with at least 2 publications 
together. Coloring determined by similarity based on comparison of actual activation reports 
(x y z voxel values). 

http://www.vbmis.com/bmi/authorSynth/network.html!



Pascal’s brain lattice!





Why conduct meta-analysis!
❖  Information overload !
❖  Low power of single fMRI studies!
❖  Generate new discoveries and new hypotheses!
❖  Co-activation networks!
❖  Quantitative reverse inferences!
❖  Multiple practical applications:!

❖  Identify potential collaborations: Sochat, V. V. (2015). AuthorSynth: a 
collaboration network and behaviorally-based visualization tool of activation 
reports from the neuroscience literature. Frontiers in Neuroinformatics, 2015!

❖  Decide where to publish your results!



Creative ideas and rigorous analysis are the hallmarks of much 
impactful science. However, there is an oft-aired suspicion in 
the neuroscience community that some scientists start with an 
advantage, simply because of the brain region or behaviour they 
study. We tested this unstated hypothesis by regressing the 
journal impact factor against both the pattern of brain activity 
and the experimental keywords across thousands of brain 
imaging studies. We found the results to be illuminating. 
Trends in Cognitive Sciences January 2013, Vol. 17, No. 1 	




Most popular 

Least popular 

Frequency of 
reported activation!

7342 functional contrasts between 1985 and 2008 
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Voxels activated in more than 30 contrasts. 155 journals 

Correlation with 
journal impact factor!



7342 functional contrasts between 1985 and 2008 

Voxels activated in more than 30 contrasts. 155 journals 

Reverse inference!



Why conduct meta-analysis!
❖  Information overload !
❖  Low power of single fMRI studies!
❖  High false positive rate!
❖  Generate new discoveries and new hypotheses!
❖  Reverse inferences!
❖  Multiple practical applications:!

❖  Identify potential collaborations: Sochat, V. V. (2015). AuthorSynth: a 
collaboration network and behaviorally-based visualization tool of activation reports 
from the neuroscience literature. Frontiers in Neuroinformatics, 2015!

❖  Decide where to publish your results!
❖  Brain decoding!



Brain Decoding!



Brain Decoding!



Methods!

❖  Exploit common stereotaxic space!

❖  Image-based (or intensity-based)!

•  combine raw data (3rd level analysis)!

•  combine effect and variance maps!

❖  Coordinate-based!



Methods!

❖  Exploit common stereotaxic space!

❖  Image-based (or intensity-based)!

•  combine raw data (3rd level analysis)!

•  combine effect and variance maps!

❖  Coordinate-based!

MEGA-ANALYSES!

META-ANALYSES!



Methods!

1. Define specific objectives.!

2.  Specify eligibility criteria.!

3.  Identify all eligible studies.!

4.  Collect data.!

5.  Combine data!

6. Make inferences!



Coordinates-based Meta-analyses (CBMA)!
❖ x,y,z locations only!
•  ActivationLikelihood Estimation (ALE)!

Turkeltaub et al. (2002). Meta-analysis of the functional neuroanatomy of single-word reading: method and 
validation. NeuroImage, 16(3), 765–780.!

Eickhoff et al. (2009). Coordinate-based activation likelihood estimation meta-analysis of neuroimaging data: a 
random-effects approach based on empirical estimates of spa1al uncertainty. Human Brain Mapping, 30(9), 2907-26. !

Eickhoff et al. (2012). Activation likelihood estimation meta-analysis revisited. NeuroImage, 59(3), 2349–61!

•  Multi-level Kernel Density Analysis (MKDA)!
Wager et al. (2004). Neuroimaging studies of shifting attention: a meta-analysis. NeuroImage 22 (4), 1679–1693. !
Kober et al. (2008). Func1onal grouping and cortical-subcor1cal interac1ons in emo1on: a meta-analysis of 

neuroimaging studies. NeuroImage, 42(2), 998–1031.!

❖  x,y,z and Z-value!
•  Signed Difference Mapping (SDM)!
Radua & Mataix-Cols (2009). Voxel-wise meta-analysis of grey matter changes in obsessive-compulsive disorder. 

British Journal of Psychiatry, 195:391-400.!
Costafreda et al. (2009). A parametric approach to voxel- based meta-analysis. NeuroImage, 46(1):115-122.!



CBMA: general principles!

MA 
Modeled activation

 maps 

ALE 
Activation likelyhood 

estimation maps 

SPM 



Tools!
❖  Softwares!

❖  Databases!

Ginger ALE!

BrainMap !

Neurosynth (10903 studies)!

Brainspell!



BrainMap!

❖  ! !Papers: 2636!

❖  ! !Experiments: 12643!

❖  ! !Paradigm Classes: 100!

❖  ! !Subjects: 52401!

❖  ! !Locations: 100890!

❖  >480 publications!



Neurosynth!



Neurosynth!



Neurosynth!



Summary of available Tools and resources!
❖  brainmap.org: Java applications + matlab codes!
❖  wagerlab.colorado.edu/tools : multi-level kernel density analysis (set of 

matlab functions!
❖  neurosynth.org!
❖  brainspell.org : human curated database based on neurosynth; generate 

co-activation maps. (web interface + csv file; 5809 studies)!
❖  http://www.sdmproject.com/  : Seed-based d Mapping (formerly 

"Signed Differential Mapping") . Possibility to combine peaks coordinates 
with SPM t maps!

❖  http://neuro.imm.dtu.dk/software/brede/ : Brede toolbox; similar to 
BrainMap database + set of matlab functions !

❖  http://openfmri.org  raw data (currently 37 datasets; 1411 subjects)!
❖  neurovault.org: unthresholded statistics maps (currently about 120 

studies with between 1 and 48 images)!
❖  Domain-specific data repository: ICBM, ADNI, Autism; Pediatric; 

Teenagers!



Thank you!!


