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Voodoo correlations
and double dipping: a cautionary tale



Voodoo



Take Home Message

Data selec)on should be 
independent from any 

other data tes)ng
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Example 1

Univariate ac1va1on
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Double dipping can produce an 
effect where there is none

Can also distort a true underlying 
effect



Simulation: 
Regional activation analysis

– 3D voxel volume (30 x 30 x 20 voxels)
– Block-design experiment
– 4 conditions (A, B, C, D)
– Spatiotemporal noise:

Gaussian, slightly spatially smoothed
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Simulation: 
Regional activation analysis

• Double dipping can produce distortions of the 
data even when there is a true underlying 
effect



Example 2

Multivariate Pattern 
Analysis (MVPA)
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Split-half analysis (Haxby et al., 2001)

• Define ROI
– Select voxels for which any pairwise condition 

contrast is significant

• Correlation analysis
– Split data in half (training and test)
– Compare activity patterns for same versus 

different conditions
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Example 2: 
MulPvariate PaQern Analysis (MVPA)

• Test data must not be used in
– Training the classifier
– Defining the ROI



Example 3

Brain-behavior correlations
(voodoo)



Non-Independent
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Double dipping can 
inflate brain-behavior 

correlaPons
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How do assumpPons in fMRI produce 
circularity?

• SelecPon



Selective Analysis

• Powerful and essential tool
– Increasingly large datasets

• Common throughout neuroscience



How do assumptions in fMRI produce 
circularity?

• Selection
– When the results statistics are not independent of 

the criteria used for selection

• Why?
– Selection is based on true effects + noise



Types of selection

• Binary selection
• Continuous selection (weighting)
• Sorting



Examples of selec5on

• fMRI
– ROI or voxels of interest



Double dipping is not just a 
problem for fMRI



Examples of selection

• fMRI
– ROI or voxels of interest

• Single-unit recording
– “typical” neuron
– pre-specified selectivity e.g. visually responsive

• EEG/MEG
– Sensors or waveforms of interest

• Behavior
– Sorting participants by performance e.g. fast learners versus slow 

learners
• Gene microarrays

– Subsets of genes



How common is double dipping?

• All fMRI articles published in 2008 in
– Nature
– Science
– Nature Neuroscience
– Neuron
– Journal of Neuroscience



How common is double dipping?

134 papers

42% contained non-independent
selective analysis

14% insufficient methodological
detail

These papers may not be wrong in their 
main claims, but it’s very difficult to know 
how much of a bias has been introduced



How common is double dipping?

Today?



Take Home Message

Data selec)on should be 
independent from any 

other data tes)ng


