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Abstract 

The capacity of functional MRI (fMRI) to resolve cortical columnar organizations 

depends on several factors, e.g. the spatial scale of the columnar pattern, the 

point-spread of the fMRI response, the voxel size, and the SNR considering 

thermal and physiological noise. How these factors combine, and what is the 

voxel size that optimizes fMRI of cortical columns remain unknown.  

Here we combine current knowledge into a quantitative model of fMRI of 

realistic patterns of cortical columns of different spatial scales and degrees of 

irregularity. We compare different approaches for imaging patterns of cortical 

columns, including univariate and multivariate based detection, multi-voxel 

pattern analysis (MVPA) based decoding, and high-resolution imaging and 

reconstruction of the pattern of cortical columns. We present the dependence of 

their performance on the parameters of the imaged pattern and the data 

acquisition, and predict voxel sizes that optimize fMRI under various scenarios.  

We found that all measures associated with multivariate detection and decoding 

could be approximately calculated from a measure we defined, “multivariate 

CNR” (mv-CNR), which is a function of the contrast to noise ratio and number of 

voxels. Furthermore, mv-CNR implied that optimal voxel width for detection and 
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