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Abstract— We used simultaneous recordings of the 

neuromagnetic (MEG) and electrooculogram (EOG) recordings 

on a pair of directly facing subjects, i.e., the sender and the 

observer of the eye gaze, to measure changes in the spontaneous 

brain activities while the observer perceives changes in eye gaze 

direction of the sender.  The MEG signals were analyzed in the 

time-frequency domain to evaluate event-related changes in the 

spontaneous brain activities induced by the onset of eye 

movements. Significant increase in the gamma-band power was 

observed in the eye-contact condition compared to the averting 

condition in the right superior parietal, bilateral posterior 

superior-temporal, and the frontal areas of the observer.  

Together with the preliminary results from the 

frequency-domain Granger-Geweke causality analysis, the 

current results indicate that the connectivity between (a) the 

bilateral frontal areas, and (b) the right frontal and parietal 

areas might be crucial for the perception of eye gaze of the 

directly facing person.  The increase in gamma-band activities 

in these regions might reflect the integration of information 

processed individually in these regions for eye gaze perception. 

I. INTRODUCTION 

Perception of facial expression and eye gaze direction of 
others is a key ability in typical social interaction which 
requires not only recognition of the local pattern around eyes 
but the global processing such as evaluating relationship 
between the outline of the face, and other parts of the face[1].  
Among others, mutual gaze in face-to-face interactions 
constitutes the first social interaction in human development 
[2].  Many behavioral studies pointed out that the perception 
of eye gaze direction is impaired in developmental disorders 
such as autism [3,4].  Recent neuroimaging studies on the 
perception of facial expression have elucidated that the 
changes in eye gaze directed to the observer evoke specific 
neural responses in the middle frontal, the inferior temporal, 
superior parietal and the posterior superior-temporal regions 
[5-8].  However, it is still unclear how the changes in the eye 
gaze direction between the directly facing subjects changes the 
spontaneous brain activities in the both subjects. 

Here we used neuromagnetic (MEG) and electro- 
oculogram (EOG) recordings on both subjects, i.e., the sender 
and the observer of the eye gaze, to measure changes in the 
spontaneous brain activities while the observer perceives 
changes in eye gaze direction of the sender. 
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II. METHODS 

A. Eye Gaze Perception Between Directly Facing Subjects 

Six pairs of subjects sat face to face, at the distance of two 
meters, in the MEG magnetically shielded room.  One of the 
subject (OBSERVER) sat under the MEG scanner and 
observed eye gaze of another subject (SENDER).  The 
SENDER was instructed to change the gaze direction 
alternately between (a) contact with (CONTACT) and (b) 
avert from (AVERT) the observer approximately every 2 s 
(Fig. 1). 

B. MEG/EOG Data Acquisition 

Horizontal electrooculogram (hEOG) from the SENDER, 
and magnetoencephalographic (MEG) signals from the 
OBSERVER using 122-channel whole-cortex MEG system 
(Neuromag122

TM
, Elekta-Neuromag, Finland) [9] were 

recorded simultaneously with a sampling rate of 600 Hz while 
the sender changed eye gaze direction.  Epochs with large 
MEG artifacts mainly due to the eye movements were 
discarded by visual inspection and 100 stimulus-related 
epochs were analyzed further for each pair of subjects. 

C. Time-Frequency Analysis 

MEG signals recorded on the OBSERVER were epoched 
into 2.5 s windows in reference to the hEOG onset recorded in 
the SENDER including 0.5 s pre-epoch baseline periods, and 
were analyzed in the time-frequency domain using Wavelet 
decomposition [10] to evaluate event-related changes in the 
spontaneous brain activities induced by the onset of eye 
movements (Fig. 2). 

Connectivity analysis based on frequency-domain Granger 
method (Granger-Geweke causality) [11,12] was also applied 
to elucidate the causal relationship between the regions where 
significant changes in spontaneous brain activities were 
observed during eye contact in the MEG signals measured on 
OBSERVER.  MEG single trial data were extracted from 2 s 
post-epoch periods and average waveforms were subtracted 
from the single trial data before applying the Granger-Geweke 
causality tests.  Permutation tests with 200 times of 
resampling were used to assess the statistical significance of 
the estimated model parameters, where the single trial MEG 
data matrices were subdivided into a number of windows and 
then surrogate data matrices were selected by rearranging the 
windows for each variable separately to calculate the 
distribution of model parameters under a null-hypothesis 
assumption. 

III. RESULTS 

The results of group statistics (paired t-tests) to detect 
significant event-related increase in the spontaneous brain 
activity in the CONTACT condition compared to the AVERT 
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condition in the frequency range between 5 and 60 Hz are 
shown in Fig. 3. 

Significant increase in the gamma-band power was 
observed in the CONTACT condition compared to the 
AVERT condition at the MEG sensors covering bilateral 
posterior superior-temporal, parietal, and bilateral frontal 
areas of the OBSERVER. 

Results of the connectivity analysis in individual subjects 
inferred by using frequency-domain Granger-Geweke 
causality modeling were shown in Fig. 4.    Red arrows show 
pairs of regions where significant b-directional causal 
relationships were observed (p < 0.001 with permutation test).  
Blue arrows show pairs and directions of significant 
uni-directional causality.  Connectivity between the right 

frontal and parietal areas was significant in the CONTACT 
condition. 

 Bi-directional causal relationship between the right 
frontal and parietal areas was marked in the CONTACT 
condition.  The connectivity between bilateral frontal areas 
was significant in all of the subjects in AVERT condition; 
most of them were uni-directional (from the right to the left).  
The left figure depicts the major differences between the 
conditions. The causality between these regions was 
bi-directional in most of the subjects (5 out of 6). 

IV. DISCUSSION 

Significant event-related increase in the 40 Hz 
gamma-band activities were observed in (a) the bilateral 

Fig. 2 Schematic diagram of the time-frequency analysis using Wavelet decomposition used in this study. 

Fig. 1 Schematic diagram of the eye gaze perception task performed by a pair of directly face subjects, where hEOG signals from 

the sender of the gaze and MEG signals from the observer of the gaze were simultaneously recorded. 
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MFG, (b) the IPS, (c) the bilateral STS, and (d) the 
occipito-temporal visual areas during the eye contact 
condition compared to the averting condition.  These locations 
are in agreement with the previous fMRI and MEG studies 
reporting specific brain responses during eye gaze perception. 
[5-8] reporting brain responses in these areas during eye gaze 
perception. 

 The current preliminary results from the connectivity 
analysis indicate that the causal relationship in 40 Hz 
gamma-band activities between (a) the bilateral frontal areas, 
and (b) the right frontal and parietal areas might be crucial for 
the perception of eye gaze of the directly facing person. 

These areas are previously reported as the sites responsible 
for the human mirror neuron system.  It might be possible that 
eye contacts facilitates the involvement of the mirror neuron 
system as a part of the neural mechanisms underlying 
non-verbal social communication integrating the information 
required for the gaze direction perception. 

V. CONCLUSION 

Simultaneous EOG and MEG recordings were carried out 

on a pair of directly facing subjects who were repeating eye 

contact.  Time-frequency analysis of the MEG signals 

showed significant increase in the gamma-band power in the 

eye contact condition compared to the averting condition in 

the right superior parietal, the bilateral posterior superior 

temporal and the bilateral middle frontal areas. 
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Fig. 3 Results of the group statistics on the time-frequency analysis to detect event-related changes in spontaneous brain activities 

during eye gaze perception task measured in the OBSERVER.  Gamma-band (35 - 45 Hz) activities were significantly 

increased in the CONTACT condition compared to the AVERT condition. 
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Fig. 4  Results of the connectivity analysis in individual subjects inferred by using frequency-domain Granger-Geweke causality 

tests with permutation resampling.  Red arrows show pairs of regions where significant b-directional causal relationships were 

observed (p<0.001 with permutation test).  Blue arrows show pairs and directions of significant uni-directional causality. 
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