
  

  

Abstract— Earlier studies indicated that fMRI preprocessing 

methods influence properties of intrinsic connectivity networks 

(ICNs). In this pilot study, we examined the effects of spatial 

smoothing on the network dimensionality and spatial maps. 

Resting state BOLD fMRI data were acquired from healthy 

participants with a 3.0T MRI scanner. During preprocessing, 

various levels of spatial smoothing were applied to the data 

using an isotropic Gaussian kernel with full width at half 

maximum (FWHM) sizes 0 to 12 mm with a step of 2 mm.  

Independent component analysis (ICA) was applied to derive 

ICNs. Results revealed that the level of spatial smoothing clearly 

affects the network dimensionality, intensities of spatial maps, 

and peak voxel location. Using minimum description length 

(MDL) criteria, dimensionality generally decreased as 

smoothing kernel size increased. In contrast, entropy-rate based 

order selection indicated a general increase in model order as 

smoothing kernel size increased. Intensities of spatial maps, 

which are associated with the cohesiveness and connectivity 

inside the network, decreased in most ICNs, including the 

default-mode and salience networks, as the smoothing kernel 

size decreased. These findings provide a preliminary insight into 

the effects of spatial smoothing on model order and spatial 

maps. 

I. INTRODUCTION 

Previous fMRI research that studied effects of spatial 
smoothing recommend different kernel sizes ranging from 0 to 
12 mm depending on analysis approach (seed-based 
functional connectivity vs. graph theory vs. ICA). However, 
the influence of spatial smoothing on the ICA model order 
(data dimensionality), and properties of spatial maps have not 
been investigated in detail. 

II. MATERIALS AND METHODS 

Resting state BOLD fMRI was collected from 22 healthy 
subjects (12 females, average age 37.73 years) on a 3.0T GE 
scanner. Preprocessing in SPM12 included motion and time 
correction, spatial normalization into the MNI reference space 
and spatial smoothing with an isotropic Gaussian smoothing 
kernel. To observe the effect of spatial smoothing, Gaussian 
filter kernel with full width at half maximum (FWHM) sizes 0 
to 12 mm with a step of 2 mm were used. Minimum 
description length (MDL) criterion with independent and 
identically distributed (i.i.d.) samples, MDL criterion based on 
FWHM, entropy-rate based order selection by finite memory 
length model (ER-FM) and entropy-rate based order selection 
by autoregressive model (ER-AR) were used for estimating 
the number of independent source components in each dataset. 
Group ICA was performed with infomax algorithm in GIFT 
toolbox. To define significant brain regions associated with 
each ICN, spatial maps was normalized into z scores, and the 
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averaged maps of z scores were entered into second-level 
random effects analysis in SPM12. Differences in spatial maps 
due to smoothing kernel size, were computed pairwise using 
paired t-test at false discovery rate (FDR) of 0.01.  

III. RESULTS AND CONCLUSION 

Results of model order estimation are summarized in 
Table 1. Using MDL criteria, ICA dimensionality generally 
decreased whereas the ER methods showed increased 
dimensionality with an increase in the smoothing kernel size. 
Spatial map Intensities, which can be considered as an ICA 
measure of within-network connectivity, decreased as 
smoothing kernel size decreased (Fig. 1; FDR-corrected p < 
0.01). These results provide a preliminary overview of spatial 
smoothing effects on ICA model order and spatial maps.  

 

 
Figure 1. Significant effects of spatial smoothing kernel size on the 
intensities of spatial maps. Paired t-test results are shown for A S4 – 
S8, B S8 – S12, and C S4 – S12, where S denotes the Gaussian 
smoothing kernel with a FWHM of 4-, 8-, or 12-mm. FDR 
corrected-p < 0.01.  
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