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Purpose A variety of data-driven methods have been used to extract functional networks from resting state fMRI. For example, spatial independent component analysis 
(ICA)1,3 is widely used to produce spatially independent patterns that are consistent with temporally synchronized networks2. More recently, k-means clustering has been 
proposed to group instantaneous fMRI spatial patterns into clusters, the centroids of which are interpreted as temporally varying and spatially overlapping networks4. 
Despite their seemingly different interpretations, it remains largely unclear whether the different resting state activity patterns resulting from spatial ICA or k-means 
clustering would be indicative (or even predictive) of the emerging patterns of brain activations involved in the execution of a variety of perceptual, behavioral and 
cognitive tasks. To address this question, we evaluated the correspondence between the resting state networks extracted by either spatial ICA or k-means and the co-
activation patterns obtained by applying these two methods to a large set of task activation maps. 

Methods We acquired 10-min resting state fMRI data from each of 16 subjects. After the data were spatially smoothed (FWHM=8mm) and temporally standardized, we 
temporally concatenated the data across subjects. Global signal regression is not used due to its confounding effects. Then we applied spatial ICA and k-means 
clustering to the concatenated data. Similarly, we also applied spatial ICA and k-means to approximately 9000 activation maps publicly available in BrainMap 
(www.brainmap.org). We varied the number of components or clusters from 30 to 70 to test for the hierarchical organization of the patterns resulting from either ICA or 
k-means. Given every specific number of components (or clusters), we paired the best-matched resting and task patterns for comparison.  

Results Spatial ICA resulted in similar patterns when applied to either resting state fMRI or task activation data. However, the use of the k-means clustering produced 
noticeably different patterns for resting fMRI vs. task activations. The resulting “co-activation” patterns were much more spatially extended and overlapping at rest but 
relatively more confined to specific sets of regions during tasks. However, both spatial ICA and k-means produced nearly identical spatial patterns for task activation 
data. For spatial ICA, varying the number of components from 30 to 70 progressively revealed sub-divisions of large-scale networks into finer modules. However, k-
means clustering did not show hierarchical organization as the number of clusters varied.  

Discussion Perhaps, whether or not a data-driven method would be valuable in extracting functional networks cannot be fully assessed in the context of resting state 
alone. It has to be evaluated through comparison with activations with specific behavioral and cognitive tasks. Without such comparison, the “functional” interpretation 
of resting state activity patterns cannot be solidly established. In this study, we confirmed the close correspondence between the resting state and task activation patterns 
extracted by using spatial ICA, as previously reported5,6. However, we failed to establish a similar level of correspondence for the spatial k-means clustering. The 
reasons for this notable lack of correspondence remain unclear and await further investigations. We speculate that it is at least in part due to methodological choices in 
analyzing resting state data, e.g. global signal regression and time series pre-whitening, both of which were not used in the study. It is also likely that there are 
fundamental differences between the brain’s co-activation patterns during rest and those during task executions. In fact, the k-means clustering and ICA are two 
established machine-learning techniques that are closely related in theory. Both methods explicitly or implicitly impose very similar “sparsity” constraints in the sense 
that the fMRI spatial pattern at every time point is modeled by one and only one basis pattern for the k-means clustering whereas it is modeled by only a few basis 
patterns for spatial ICA. Therefore, these two methods are conceptually very similar. It is thus not surprising that k-means and ICA provided similar results for task 
activation data. In contrast, the difference between spatial ICA and k-means clustering results in the resting state may have a methodological basis with or without 
biological significance.  
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Fig 1. Seven example components out of thirty components obtained by Spatial ICA and K-means  
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