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 Emotional Automaticity is a Matter of Timing 

SUPPLEMENTARY ONLINE MATERIALS 

Rationale for MEG and the sliding window SAM technique 

The decision to conduct this study using magnetoencephalography (MEG) was 

made because of its excellent temporal and good spatial resolution (particularly when 

coupled with the source analysis technique of Synthetic Aperture Magnetomery or 

SAM). SAM is a spatial filtering technique based on the linear constrained 

minimum-variance beamformer (Vrba and Robinson, 2001) and is capable of 

estimating source current power changes in an arbitrarily chosen voxel within the 

whole brain with high resolution. SAM estimates source power with high spatial 

resolution using an optimal weighting of the sensors that suppresses signals from 

environmental and other brain noise without attenuating power from the target voxel. 

SAM creates an optimum spatial filter from the covariance between the active state and 

the control state to calculate a 3-d source image comparing the source strength for 

specified time windows for the two states in a certain frequency band. It is based on the 

beamformer technique with the source strength of a beamformer at a voxel being the 

weighted sum of the signal strength of all channels (Van Veen et al., 1997) 

Importantly, MEG-SAM allows the identification of signals from deep sources 

such as the amygdala. There has been debate on whether MEG can detect deep sources 

as it is regarded that extracranial neuromagnetic signals, which originate mainly from 

superficial brain structures, diminish when the current source approaches the centre of a 

spherically symmetric conductor. However, it should be noted that the head is not a 

spherically symmetric conductor. There are plenty of deep currents in real heads which 

produce external fields. Importantly, there have already been previous demonstrations 

of MEG’s ability to detect signal from deep structures such as hippocampus (Ioannides 

et al., 1995; Rogers, 1990) and amygdala (Ioannides et al., 1995; Streit et al., 2003) 

using evoked field methods. The sensitivity of a source method to deep brain structure 
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such as the amygdala depends on both the signal to noise ratio and the spatial resolution 

it provides (Vrba and Robinson, 2001; 2002). SAM uses the second-order covariance 

between channels rather than single-channel averages, and thus is sensitive to spatially 

correlated activity. In addition, the use of the forward magnetic field solution for a 

source means that SAM detects dipole sources and therefore is less sensitive to artifacts 

that do not look like dipoles (Vrba and Robinson, 2001). As an adaptive technique, 

SAM is better at localization of temporally uncorrelated sources than non-adaptive 

techniques (Sekihara et al., 2005). Indeed, recent studies using SAM have reported 

robust amygdala signals over time (Luo et al., 2007; Cornwell et al., 2007; Luo et al., 

2009). 

Importantly, SAM requires no a priori estimates of numbers or approximate 

locations of sources, which is required in equivalent current dipole (ECD) fitting 

methods. SAM has the ability to analyze both phase locked data (averaged evoked 

responses) and non-phase locked data in the brain. Moreover, SAM has the advantage 

of analyzing the MEG data within a specified frequency band. Because of these 

advantages, SAM has become an increasingly popular analytic tool for MEG data and 

has a demonstrable spatial coincidence with the BOLD (blood oxygenation level 

dependent) fMRI response (Hillebrand et al., 2005). 

Most previous studies adopting the SAM technique tend to use just one, fixed 

active and control window pair. This means that it is difficult to see a dynamic 

spatiotemporal profile brain activity related to a brain region. In the present study, the 

sliding window method was adopted (Luo et al., 2007; 2009). We kept the control 

window constant and slid the active window over a very fine step within SAM analyses. 

Then we concatenated the SAM results from all the windows, which enabled us to 

capture very fine-scale dynamic changes spatiotemporally. 
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