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Summary 

Brain imaging performed during a variety of psychophysical experiments has demonstrated 

that specific neocortical areas change their activity when subjects are experiencing other 

subjects. Where in the brain self/other awareness is represented is an emerging area of 

investigation. We have addressed the neuronal dynamics of interpersonal interactions using  

simple psychophysical paradigms while recording brain activity using  magnetoencephalography 

(MEG). We build on current concepts of brain function and propose that the coordinated 

(synchronized) activity in distinct cortical areas will reveal brain regions involved in "self" 

versus "others" processing. In general, the analysis of synchronization of cortical regions derived 

from the MEG recordings revealed enhanced synchronization between the activity of the midline 

and the prefrontal cortex, and that the midline cortex synchronizes its activity with parietal areas 

as well. The pattern of synchronization was similar when study participants experienced noxious 

stimuli (a self-administered painful stimulus to the fingers of the right hand) as when they were 

watching films of other people or animals experiencing pain. However, these synchronization 

patterns differed from those obtained when the participants visualised photographs of faces, 

themselves included. We thus conclude that midline and prefrontal cortices are important in the 

processing of sensory painful stimulation and in generating empathy towards others' pain. We 

expect that these studies will serve as preliminary background to undertake the investigation of 

reflective self-awareness and its relation to interpersonal transactions.    

 

Experimental details 

The initial experiments and results were already described in our progress report submitted at 

the end of the first year. We have used magnetoencephalographic (MEG) recordings in all the 

experiments. In summary, this initial analysis of the phase synchronization revealed that when 

some subjects were looking at pictures of themselves, as opposed to those of others (unfamiliar 

to the subjects), a highly synchronized activity was present in neocortical areas corresponding to 

the central midline. The enhanced phase synchronization was detected at frequencies between 

22-26 Hz. We thought this observation was interesting as it supports the anatomy of self-

awareness, which is thought to reside in a cortical midline core, specifically midline parieto-

frontal areas, as we mentioned in the background section of our original proposal.  

During these preliminary analyses, we noticed that some synchrony values could be high 

depending upon the location of the MEG sensor, and this forced us to study, in depth, the 

problem of spurious synchronization related to the summation of magnetic signals in adjacent 

MEG sensors. The results of this line of research are represented in one paper published last year 

(Enhanced measured synchronization of unsynchronized sources: inspecting the physiological 



significance of synchronization analysis of whole brain electrophysiological recordings. L. 

Garcia Dominguez, R. Wennberg, J.L. Perez Velazquez, R. Guevara Erra. International Journal 

of Physical Sciences, 2(11), 305-317, 2007) 

However, the main emphasis of our research concentrated on the second and third objectives 

that we originally proposed. In these experiments, we recorded MEG signals from participants 

who, first, self-administered painful stimuli, and second, visualised videos of people and animals 

experiencing pain. As noxious nociceptive stimulation, we chose thermic nociceptive 

stimulation, because it had been used in other studies and the procedure is relatively simple  

(deCharms et al., PNAS 102, 2005).  We implemented this stimulation using a hot water bath, in 

which subjects inserted the index finger of their right hand. The temperature was adjusted for 

each individual, in such a way that yielded a painful stimulus that each subject could tolerate 

without moving the finger out of the water bath for at least 2 seconds. The temperature was 

between 60-67 degrees, and the time of finger immersion oscillated between 3-8 seconds. As a 

control, subjects were asked to submerge their finger for a few seconds, repeatedly, in water at 

room temperature. The videos of animals or people suffering pain were selected from the 

internet. As a control for this experiment, a video clip from a comedy was shown, for an 

equivalent time. Participants were also asked to describe how they felt during the visualisation of 

the videos wherein people/animals suffered. This is the equivalent to the first person report. 

However, in addition to obtaining a verbal report, we also screened some subjects using a 

polygraph, specifically measuring the skin resistance while they watched the control or the 

painful video. An example is shown in the figure below. In future experiments, we plan to screen 

participants initially with this method. 

 

 

 
 

Figure 1.  Skin conductance taken from the fingers of a participant while visualising a video 

form a comedy ("control film') and at the start of another wherein people/animals experienced 

pain ("noxious film"). Note the increased values (arbitrary units) at the start of the "noxious 

film". The lower graph represents the average values taken over ~30 second windows. Data 

obtained with ProComp2 system (Thought Technologies, Ltd., Montreal, Canada) 

 



 

Synchronization analysis 

The comparison between the synchrony patterns derived from the analysis of phase 

synchronization in the neocortex, which was done as described in our original grant proposal, is 

summarised in figure 2. The figure shows a schematic head with the cortical areas that showed 

phase synchronization, in red. Circled in black (and red) are those areas that were used in the 

analysis, and the numbers represent the MEG sensors. In summary, the area that was more 

involved in synchronizing its activity with others, in both the self-inflicted nociceptive thermic 

stimuli and during the watching of the noxious films, was the midline region, central MEG 

sensors ZF03, ZC01, ZC02, LC31, LC43, RC31, RC43 (we termed this area MP). The medial 

prefrontal (MPF) also showed a prominent involvement. Surprisingly, the left primary sensory 

area (LS) did not showed enhanced coordination with any other area during the thermic stimuli; 

this area includes the sensory region of the right hand, and as the participants had to submerge 

the index finger of their right hand, we therefore expected the LS area to be synchronized to a 

variety of others. As a control, subjects had to perform similar finger immersion in a water bath 

at room temperature. Note that, during the tasks when subjects visualised faces, the highest 

synchrony (blue arrows) was between temporal areas, and left temporal-left occipital. This is not 

surprising, as the temporal regions contain the face recognition areas.  
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Figure 2. Synchronization patterns in three tasks, nociceptive thermic stimulation (left), 

watching videos of people/animals experiencing pain (middle), and watching faces (right). See 

text for details. Areas circled are: MP (medial parietal), LPF (left prefrontal), RPF (right 

prefrontal), MPF (medial prefrontal), IRP (inferior right parietal), ILP (inferior left parietal), LS 

(left sensory), RT (right temporal), LT (left temporal), O (occipital). Arrows denote the 

significant synchronization. Arrows in blue indicate that synchronization was more prominent 

between those two areas as compared with the rest (in black). 

 

The figure above shows the main observations, and as an example of how the experiment 

was done, we show two graphs (figure 3) that represent the synchronization index, at frequency 

ranges 14 ± 2 Hz and 22 ± 2Hz, while the subject immersed his right finger in the hot water bath. 

Note that, when the finger was immersed in the hot water (red bars) the synchrony index tended 

to be higher. 
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Figure 3. Synchrony index during periods of self-inflicted nociceptive stimulation. Red and 

blue bars represent the average values of the synchrony index when the finger was in (red) or out 

(blue) of the hot water bath.  Upper graph, synchrony between medial prefrontal (MPF) and right 

prefrontal (RPF) areas (see regions in figure 2); lower graph, between left sensory (LS) an right 

prefrontal. 

 

Discussion 

In summary, the synchronization patterns are similar when subjects are experiencing pain 

and are watching others experience pain, and these patterns differ from those when subjects 

visualise human faces. With our analysis, we cannot ascertain whether the synchronization is due 

to direct interaction between the cortical areas or whether they are driven from a common source, 

like the thalamus (Sarntheim and Jeanmomod, Neuroimage 2007, in press). EEG 

"overactivation" in several frequency bands has been observed in prefrontal, parietal and 

somatosensory cortices (Stern et al., Neuroimage 31, 721-731, 2006). Studies using brain 

imaging (functional MRI) suggested an activation of prefrontal, parietal and cingulate, and 

thalamic areas during painful stimulation (Oshiro et al., J. Neurosci. 27, 3388-3394, 2007), and 

particularly in patients with chronic pain, the activation of medial prefrontal cortex was 

correlated with pain intensity (Baliki et al., J. Neurosci. 26, 12165-12173, 2006). Other 

neuroimaging studies have found some common areas activated during the experiencing of pain 

and during empathy for pain (Singer et al., Science 303, 1157-1162, 2004) even though the 

"other" condition did not activate the whole "pain matrix" (Peyron  et al., Neurophysiol. Clin. 30, 

263-288, 2000).  



These results represent our initial attempts at the determination of brain areas responsible for 

"self" versus "others" processing, and may shed light onto the capacity to represent mental states 

as addressed by the theory of mind (Premack and Woodruff, Behav. Brain Sci. 1, 515, 1978). 
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