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Activation likelihood estimation neuroimaging meta-analysis: A powerful tool for emotion research
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Activation likelihood estimation statistical description
Here we follow the treatment by Samartsidis, Montagna, Nichols, & Johnson1 of the activation likelihood estimation (ALE) algorithm. Suppose to have  fMRI experiments, each with  foci, so that   is the total number of foci. Let the three-dimensional coordinate  represent the position of the -th focus in the -th study. The basic idea of ALE is to model the probability that a voxel  is the true location of  with a discretized (over the voxels) and truncated (outside the brain) Gaussian distribution , centered on  and whose standard deviation  depends on the number of participants in the -th study:2 



Where is a normalization constant. This procedure produces  focus maps, i.e. a map for every focus. The next step consists in determining for every study  the maximum of , over the  foci of study , 

.

 is called the modeled activation map (MA); it quantifies the probability the focus closest a voxel  is truly located at . Finally, the ALE statistic is computed as

.

This expression represents the probability that at least one of the nearest foci of activation is localized in . To determine the statistical significance of the activation probabilities we can use the Monte Carlo method. Concerning the calculation of the ALE, the null hypothesis is that the peaks of the coordinates are distributed uniformly across the brain, so that the ALE statistical analysis reflects the probability that at least a peak is truly localized in a region for which the null hypothesis is discarded. Therefore, we can be confident that in the “significant” 
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