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Abstract: The effects of transcranial magnetic stimulations (TMS) show that the human brain is im-

pacted by some magnetic fields (EMFs). Moreover, after a delay, it produces potentials that reveal 

a subsequent processing of this impact. The human brain might also be sensitive to very weak mag-

netic fields of extremely low frequencies (vwEMFelf). Namely, to the vwEMelf produced by the 

brain of other persons when they process visual stimuli. In effect, two studies report that the event-

related brain potentials (ERPs) that are evoked by presenting a picture to a participant can be mod-

ulated by simultaneously presenting a picture to a partner. To confirm it here, we followed most of 

the methods of these studies. We recorded the ERPs evoked by presenting, at each trial, the photo-

graph of a face. Simultaneously and, most importantly, privately, we presented a partner with the 

same or with a different face photograph. ERPs of participants were found to depend on that same-

ness (p0.001), unbeknownst to them. These joint processing effects (JPEs), confirm a sensitivity of 

the human brain to the vwEMFelf produced by other brains.  

Keywords: Brain, sensitivity to EMFs, EEG, event-related brain potentials, LPP or late posterior pos-

itivity, joint processing effects (JPEs) 

 

 

1. Introduction 

In animals, the existence of magnetoreception is well established. Three major hy-

potheses have been developed to account for it: A) various forms of electrical induction 

[1-3], B) a chemical/quantum compass involving subtle interactions with a photoactive 

pigment [4] like cryptochrome [5,6], and C) hypotheses based on particular cell compo-

nents including biologically-precipitated magnetite similar to those of magneto tactic 

microorganisms [7]. Yet another mechanism has been proposed to explain non-specific 

effects of magnetic fields: the mixing of the quantum levels of magnetic moments of ro-

tating macromolecules [8].  

In humans, a sensitivity to strong magnetic fields has been demonstrated for years. 

Transcranial magnetic stimulations (TMS) evoke reliable brain potentials [e.g., 9-11]. In-

terestingly, recently, human brains have been found to be also sensitive to weak mag-

netic fields [12]. These weak fields also induce delayed brain potentials, which reveal a 

processing of the information that continues after the end of the external stimulation. 
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Moreover, this recent study shows that various brain strategies can spontaneously de-

velop to either further process the information gathered through this magnetic sensitiv-

ity or to discard it. 

On the other hand, we know that, when brains are processing usual stimuli, they are 

themselves producing magnetic fields. These fields are very weak and of extremely low 

frequencies (vwEMFelf, i.e., 0.5 to 50 Hz). These vwEMelf have been recorded externally in 

hundreds of studies using magneto-encephalography (i. e., MEG, e.g., [13]).  

One can then wonder whether human brains could be sensitive to the vwEMFs they 

themselves produce.1 One can also wonder whether they could be sensitive to the 

vwEMFs produced by the brain of others,2 when they process stimuli. 

The results of Bouten et al. (2014) [20] and Haffar et al. [21] support this possibility.3 

In these two studies, the authors examined whether the event-related potentials (ERPs) 

evoked by a stimulus, a picture, depend on the picture simultaneously, but, most im-

portantly, privately, presented to another person: a partner whose head was close (i. e., 

40 cm) to that of the participant. Both studies reported that the ERPs obtained depended 

on whether the two pictures were the same or not. These effects of sameness were seen 

on two ERPs, the so-called N400 and the late posterior positivity, the LPP. The mean volt-

age of these two potentials was significantly (p<0.001) more positive in the block of trials 

where the partner was presented with the same picture as the participant than in the 

block of trials where (s)he was presented with a different picture. 

Nevertheless, the number of participants that had to be used in those two studies 

to obtain decent p values were relatively large (i.e., 32). Moreover, the ERP effects found 

were not clearly seen at all electrode sites. These data have thus been reprocessed to 

more accurately identify the circumstances in which the effects occur. It appeared that 

the effects might be more robust when focusing only on the ERPs obtained after it was 

announced to the two partner-participants of each pair that they will be presented with 

different images.4   

In the present attempt at replicating the sensitivity found in [20 & 21], we thus used 

only this announcement. On the other hand, we looked at whether the conclusions of 

these studies could be extended to other circumstances. Namely, whether the effects 

could also be obtained 1) when using a type of images other than that used in [20, 21] 

and 2) when the two partners of each pair of participants were placed a bit farther from 

each other and in different (but adjacent) rooms.  
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2. Methods 

2.1. Participants 

Participants were recruited as in the two previous studies [20 & 21]. In the eligibility 

questionnaire, candidates were asked about their habits and their personal and family 

medical history. Pairs including an individual who reported consuming more than twelve 

alcoholic beverages per week, a regular use of recreational drugs, a personal history of 

psychiatric disorder, a use of a medication related to such a disorder, or a first-degree 

relative with a history of schizophrenia or bipolar disorder, were not eligible.  

Eight pairs of partners were then selected among those who had answered the adds 

we had placed in social media, who had known each other for at least 3 years and who 

were between 18 and 30 years of age. One participant had to be discarded after the tes-

ting because his EEG was too artifacted. The remaining 15 participants included 13 fe-

male- and 2 male-participants whose mean age was 20.8 (SD 3.0). All pairs were friends. 

There was no siblings or romantic partners. Each participant had to fill-up the McGill 

friendship questionnaire [23] when (s)he was alone in order to rate the degree to which 

(s)he was familiar with his/her partner. The average score of the partner-participants at 

this questionnaire was 7.3 (SD: 0.64).  

Participants had normal or corrected-to-normal vision. Seven were in college (CE-

GEP), 6 were undergraduate university students, 2 did not mention their level.     

 

2.2. Consent          

The informed consent form used was approved by the Research Ethics Board of the 

Douglas Mental Health University Institute where the study was conducted. This board, 

which follows the principles of the Declaration of Helsinki, also approved the study itself. 

Before the experiment, candidate-participants were sent the informed consent form and, 

when applicable, a form mentioning the risks of participating in a research project during 

the COVID-19 pandemic. They were called by the experimenter to complete the eligibility 

questionnaire and, if meeting the criteria, to schedule the date of the testing. During this 

phone call, the two candidates of each pair gave their oral consent for participating in 

the study and for coming to the lab during the COVID-19 pandemic when applicable. 

When arriving at the laboratory, both partner-participants signed the informed consent 

form (Douglas REB #12/12). 

 

2.3. Stimuli         

The stimuli used were 300 faces taken from the Multipurpose bank of European 

Descent faces (the MED-bank, [24]). This bank only consists of color front views of faces 

of unknown people (600 in total) who were asked to remain neutral when they were 

photographed. These people all accepted their face photograph to be used for research 

purpose. At each trial of the present study, one such face was separately and privately 

presented to each of the two partners of each pair. These two presentations occurred 

exactly at the same time at each trial. The two images were either identical (same-stimu-

lus trial) or different (different-stimuli trial). Just before the presentation, it was an-

nounced to participants that they would be seeing different images than their partner. 

All the trials including two identical face-images were placed in the “same-stimuli block-
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condition” and all the trials including two different faces, in the “different-stimuli block-

condition”.  

In order to make sure that ERP differences across the two block-conditions could 

not be due to the particular face photographs used in each of these blocks, the images 

used in one condition for one pair of partner-participants were used in the other condi-

tion for the next pair. Participants never saw a face photograph more than once.  

 

2.4. Procedure5 

As in [20 & 21] during each of the two blocks of trials, each double picture was dis-

played for a 1000 ms duration and was immediately followed by a black cross the dura-

tion of which was randomized from 790 to 1500 ms to prevent the development of a 

contingent negative variation [25]. Before the two blocks, a sentence indicated that parti-

cipants had to try to memorize the faces and announced that these faces were going to 

be different across partners. This announcement was concordant with reality for one of 

two the blocks and false for the other, where the same face photograph was presented 

to each of the two partner-participants. The verbatim was “Try to remember the next 100 

images, your partner will be seeing different images”. 

Each individual was seated in front of a computer screen in a room that was adja-

cent to the room in which their partner was seated. The wall separating the two rooms 

had a double glass window that was covered by an opaque curtain on both sides. The 

curtains were open during the electrode cap setup so that partners could see each other. 

This was done to help them feel in the presence of their partner later, that is, during the 

experiment. The curtains were closed right before the start of the experiment and for its 

entire duration to prevent participants from seeing the face shown to partners and to 

prevent any detection of the partner’s reactions to his/her stimuli.  

Cameras filmed the partner-participants from behind to check, offline, that they did 

not move the curtains. These cameras were also recording sounds to verify that partici-

pants did not emit any sound that could have been heard by his/her partner and could 

have provided an indication as to whether the face-image presented to the participant 

was identical to the one presented to the partner. These videos can be seen in the addi-

tional materials of the present study. Figure 1 below shows the experimental setup for 

each pair of partner-participants (Pps).  

 

 

 

 

 

 

 

 

 

 Fig. 1. Schema of the lab setting used.  
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After the presentation of the two blocks of trials, each partner-participant went 

through a debriefing question where (s)he was asked “Did you feel deceived at any point 

during the experiment?” 

 

2.5. Data acquisition 

For each participant of each pair, the electroencephalogram (EEG) was recorded 

from 28 tin electrodes of a cap from Electro-Cap International. They were located follow-

ing the modified expanded 10-20 system [26] and using the Fz, FCz, Cz, Pz, Fp1/2, F3/4, 

Fc3/4, C3/4, Cp3/4, P3/4, O1/2, F7/8, Ft7/8, T3/4, Tp7/8 and T5/6 scalp sites. The right ear 

lobe was used as the reference and the ground was placed 2 cm ahead of Fz. The cap of 

each of the two partners was connected to one of the two separate sets of amplifiers, 

both having a 20,000 gain. Their high- and low-pass filters had their half-amplitude cut-

offs adjusted at 0.01 Hz and 100 Hz, respectively. A 60Hz electronic notch filter was also 

used. EEG signals were digitized at a 512 Hz sampling rate and stored in a single file of 

56 channels (28 x 2). Artifacts due to blinks, vertical and horizontal eye movements as 

well as myogram were detected and corrected in each participant by using the indepen-

dent component analysis (ICA) of EEGLab, a free Matlab plugin. This was done after using 

the 100hz low-pass filter on EEGs. Components which, according to the ICA, had more 

than 90% probability of being due to muscle or eye artifacts were removed. 

 

2.6. Data processing and measures        

Baselines were set by computing the mean voltage in the -200 to 0 ms time window 

for each electrode and by subtracting this mean value to each point of the -200 to 1200 

ms EEG epoch. Trials that included analog-to-digital clipping lasted longer than 100 ms 

and/or voltages outside of the +/- 100 µV range were rejected. On average, 91.7 (SD 

11.4) trials were accepted in the same-stimulus block-condition and 93.1 (SD 9.6) in the 

different-stimulus block-condition (in supplementary materials). 

To obtain two ERPs, one for each of the 2 conditions, the remaining EEG epochs 

corresponding to the trials of each condition were averaged in a 1400 ms window begin-

ning 200 ms before the onset of the stimulus and ending 1200 ms after the onset. Be-

cause of poor EEG, ERPs at one channel for two participants and ERPs for 4 channels for 

one participant had to be recomputed using a linear combination of ERPs at nearby elec-

trodes (see supplementary material). As in Bouten et al. (2014) [20], mean voltages were 

then measured at all electrodes, for each of the two conditions and all participants in the 

N400 time window (350-550 ms after stimulus onset) and in the LPP time window (650-

950 ms after the onset). 
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2.7. Statistical analyses          

For each time-window, the measures were analyzed through a repeated-measure 

ANOVAs using a multivariate approach run with the version 21 of the IBM SPSS software. 

A two-factor analysis scheme was used, including sameness (different vs. same face pho-

tograph across the two participants) and electrodes (28 levels) as within-subject factors. 

The Greenhouse and Geisser’s (1959) [27] adjustment of the degrees of freedom was 

used to palliate to the heterogeneity of variances across electrodes, in which case the 

original F values and degrees of freedom are given together with the corrected p values.  

The Benjamini-Hochberg (1995) [28] false discovery rate (B-H FDR) procedure was 

then used to judge the results of each series of tests. P-values were thus first ranked from 

the most to the least significant. One B-H FDR threshold for each of these p-value was 

then computed by dividing its rank by the total number of tests and by multiplying the 

result by the false discovery rate chosen, namely, 10%. The p-value was declared signifi-

cant if it was smaller than that threshold. 

 

3. Results  

 

Figure 2. Grand average of the ERPs evoked by face photographs in the 15 partici-

pants during the memorization task. Red lines correspond to S A-D, the block where, at 

each trial, the two partners’ participants of each pair were privately presented with the 

same face photograph. Black lines, for D A-D, the block where, at each trial, they were 

presented with a face different from that shown to their partner. Just before those two 

blocks, all participants were told that the faces they will see will be different from those 

shown to their partner.  

 

Figure 2 (above) shows the ERPs evoked by the face photographs of the block 

where the two face photographs of each trial were always the same and those of the 

block where they were different. The former were more positive than the latter at all elec-

trodes in the N400 time window and at all electrodes except Fp1/2 in the LPP time win-

dow. The distribution of that difference on the scalp is illustrated by Figure 3 below. As 
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displayed on tables 1, 2 and 3 (below), these differences were significant in both time 

windows. This was observed even though participants did not know the face photograph 

their partner was looking at. 

 

Figure 3. Spline-interpolated isovoltage scalp-maps of the subtraction of the mean 

voltages of the ERPs obtained in the different-stimulus block condition (D A-D) from the 

mean voltages of the ERPs obtained in the same-stimulus block conditions (S A-D) in the 

350- 550 ms- and in the 500-900 ms-time window.  * is for 0.05 p  0.01;  ** is for 

0.01 p  0.001;  *** is for 0.001 p  0.0001. 

 

Checking the two videos made during the testing of each pair of participants did 

not reveal any participant who drew the curtain and saw the face-photograph presented 

to his/her partner or who made a noise that could have given to the partner an indication 

on the face-photograph (s)he was presented with. These videos have been added to sup-

plementary materials. 

The question: “Did you feel deceived at any point during the experiment?” asked to 

participants at the debriefing session did not reveal any feeling of deception. No partici-

pant seems to have detected consciously that the announcement was false for the same-

stimulus block-condition. No participant mentioned that his/her partner was looking at 

the same face-photograph as (s)he was during that block. On the other hand, no partici-

pant reported being deceived by the absence of a memory test at the end of the memori-

zation task.  
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TABLE 1. Results of the omnibus ANOVA and of the Benjamini-Hochberg FDR (B-H) technique run on the mean vol-

tage of ERPs measured in the 350-550 and the 550-900ms time-windows at all electrode sites. 

Number  

of  

tests (N) 

Factors 

Group (G, 3 levels) 

Time window (T, 3 levels) 

 Electrode (E, 28 levels) 

df F-values p-values  

(Green-

house-Geis-

ser) 

Rank (r)  

of the 

p-value 

Critical value  

= 

FDR * (r/N) 

Significant  

according  

to B-H 

Effect  

size  

(ηp
2) 

Observed  

Power  

(alpha=0.05) 

7 

E x T 27, 378 49 7.0 × 10-12 1 0.015 yes 0.78 1.00 

E 27, 378 20 4.1 × 10-7 2 0.029 yes 0.59 1.00 

T 1, 14 64 1.3 × 10-6 3 0.043 yes 0.82 1.00 

J 1, 14 13 0.0029 4 0.057 yes 0.48 0.92 

J x E x T 27, 378 4.2 0.01 5 0.072 yes 0.23 0.87 

J x E 27, 378 3.2 0.01 6 0.086 yes 0.19 0.88 

J x T 1, 14 1.0 0.33  7 0.100 no 0.07 0.16 

 

 

 

TABLE 2. Results of the repeated-measure ANOVA run on the mean voltage of ERPs measured in the 350-550 time-

window only, in order to deconvolve the J x T x E interaction reported in Table 1.  

Number 

of tests 

(N) 

Factors 

JPE (J, 2 levels) 

Electrode (E, 28 levels) 

df F-va-

lues 

p-values (Green-

house-Geisser) 

Rank (r) 

of the 

p-value 

Critical value = 

FDR * (r/N) 

Significant ac-

cording to B-H 

Effect size 

(ηp
2) 

Observed Po-

wer (al-

pha=0.05) 

 

 

3 

J 1, 14 15 0.0018 2 0.067 yes 0.51 0.95 

J x E 27, 378 1.9 0.113 3 0.100 no 0.27 0.99 

E 27, 378 32 1.8× 10-9 1 0.033 yes .695 1.0 

 

 

TABLE 3. Results of the repeated-measure ANOVA run on the mean voltage of ERPs measured in the 550-900 time-

window only, in order to deconvolve the J x T x E interaction reported in Table 1. 

Number 

of tests 

(N) 

Factors 

JPE (J, 2 levels) 

Electrode (E, 28 levels) 

df F-va-

lues 

p-values (Green-

house-Geisser) 

Rank (r) of 

the 

p-value 

Critical value = 

FDR * (r/N) 

Significant ac-

cording to B-H 

Effect size 

(ηp
2) 

Observed Po-

wer (al-

pha=0.05) 

3 

J 1, 14 8.2 0.012 3 0.100 no 0.37 0.76 

J x E 27, 378 5.1 2.6 × 10-4 1 0.033 yes 0.27 0.99 

E 27, 378 9.2 3.2 × 10-4 2 0.067 yes 0.4 0.98 
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TABLE 4. Results of T-Tests run on the mean voltages of the ERPs measured in the 550-900ms time window at all elec-

trodes in order to deconvolve the J x E interaction reported in Table 3. 

Electrode  
           

df  

P-values (1-

tailed)  

Rank of  

P-value  

Critical value  

= FDR * (r/N) 

Significant according to the BH procedure 

(Yes/No) 

P4 1, 14 0.00018 1 0.004 Yes 

Pz 1, 14 0.00038 2 0.007 Yes 

P3 1, 14 0.00095 3 0.011 Yes 

Cp3 1, 14 0.0010 4 0.014 Yes 

T6 1, 14 0.0011 5 0.018 Yes 

C4 1, 14 0.0012 6 0.021 Yes 

O1 1, 14 0.0014 7 0.025 Yes 

Ft8 1, 14 0.0015 8 0.029 Yes 

Cz 1, 14 0.0028 9 0.032 Yes 

T5 1, 14 0.0033 10 0.036 Yes 

T4 1, 14 0.0033 11 0.039 Yes 

O2 1, 14 0.01 12 0.043 Yes 

FC4 1, 14 0.01 13 0.046 Yes 

FC3 1, 14 0.01 14 0.05 Yes 

Tp8 1, 14 0.01 15 0.054 Yes 

F4 1, 14 0.02 16 0.057 Yes 

FcZ 1, 14 0.02 17 0.061 Yes 

C3 1, 14 0.03 18 0.064 Yes 

F8 1, 14 0.04 19 0.068 Yes 

Cp4 1, 14 0.04 20 0.071 Yes 

F3 1, 14 0.06 21 0.075 Yes 

Fz 1, 14 0.06 22 0.079 Yes 

Tp7 1, 14 0.08 23 0.082 Yes 

T3 1, 14 0.14 24 0.086 No 

Fp2 1, 14 0.24 25 0.089 No 

Fp1 1, 14 0.4 26 0.093 No 

F7 1, 14 0.44 27 0.096 No 

Ft7 1, 14 0.47 28 0.1 No 

 

4. Discussion   

The event-related brain potentials (ERPs) evoked by the face-photographs shown to 

our participants were thus found to depend on whether or not the partner of each par-

ticipant was presented with the same face photograph. These differences were obtained 

whereas participants could not see the stimulus presented to their partner. They thus had 

no indication on whether or not the face they were presented with was the same as the 

one presented to their partner. The ERP dependence found can thus not happen without 

a sensitivity of the brain to the very weak magnetic fields of extremely low frequencies 
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(vwMFesf) produced by the brain of the partner when (s)he processes the visual stimuli 

used. 

The ERPs differences found in the time windows where they were obtained in the 

two previous studies [20 & 21], that is, in the N400 (350-550 ms) and in the LPP (550-950 

ms) time window. Moreover, these differences were in the same direction as those of 

these previous studies. Namely, ERPs were found to be more positive in those time-win-

dows when the partner was presented with the same stimuli as the participant than when 

the partner was presented with a different one. The present results thus replicate those 

found twice before. In addition, they are more robust. Indeed, decent p values (i.e., down 

to 0.00018, see Table 4) were obtained with only 15 participants whereas, it took 32 par-

ticipants in the two previous studies to approach that level. The systematic use of the 

announcement that the stimuli that will be presented will differ across the two partner-

participants was therefore efficient.5 

The ERP differences found were obtained in conditions similar to those of the first 

two studies [20 & 21]. Namely, partner-participants were close others. They were thus 

people whose brain had already been exposed to the vwMFesf of their partner. This sug-

gests that the sensitivity to vwMFesf is very specific, which is confirmed by the depen-

dence of ERPs on subtle differences. Namely, on the differences that exist between the 

color front view of two faces. This means that the vwMFesf produced by the brain of a 

person who is processing a stimulus are specific of that stimulus, in addition to being 

specific of the person.6 It also means that the brain of close others can detect these spec-

ificities. 

The results open a new avenue of research in physics as well as in cognitive neuro-

science. Indeed, finding how the brain is capturing vwMFesf might allow the creation of 

new devices. Finding how the brain captures their specificity and richness while removing 

electromagnetic noise might yet be another challenge for physicists. But it could be 

worth it. It would lead to completely new brain-computer interfaces [31], for instance. 

For cognitive neuroscience, some of the new avenues of research opened have al-

ready been mentioned in the two previous studies [20 & 21]. The present results can be 

used to support field theories of consciousness [14-19]. However, it has to be pointed 

out again that they might never be used for planned human communications. Indeed, 

participants appeared to be totally unaware that the activity of their own brain depended 

on that of their partner. The experimental design led to no insights pertaining to what 

the partner was presented with and to what (s)he was feeling or thinking. This is surpri-

sing as the late ERP modulations found suggest that the information gathered through 

the vwMFesf sensitivity was then processed at a high level. In effect, it depended on the 

subtle facial features that code the identity of a face. These findings thus further those 

reported in Wang et al. [12] who showed the development of strategies of use of the 

information gathered through the sensitivity of the human brain to the (geo)magnetic 

field. In any case, further experiments have to be run to be able to discuss the functional 

significance of the impacts of stimulus processing on the brain activity of others. 
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Note section 

1 as hypothesized by field theories of consciousness [e. g., 14-19]. 

2  as hypothesized by [20, 21], to account for the ability of the brain at producing percepts similar to   

  those of others. 

3  In effect, their argument against a magnetic field explanation of the effects they found and their  

  defense of a quantum mechanism is based on a difference between the two phenomena that is  

  inappropriate (see [8] for instance).  

4 announcing that the partner’s stimuli will be different from the ones participants are presented  

with makes these participants think that they cannot have an idea of what their partner is looking at. 

It thus prevents them from consciously trying to guess what the stimulus is making them feel and 

think. In other words, it prevents the development of brain activities corresponding to the so-called 

mentalization processes, which are consciously controlled processes [e. g., 22]. The different 

announcement thus favors more spontaneous brain activities. Getting more robust results with this 

announcement thus gives an indication about the activity state during which the brain is more 

sensitive to the vwMFelf produced by others. 

5 Further details about the methods used can be found in the web site indicated in the Data and 

Methods Availability Statement above. 
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6 This double specificity fits the characteristics of the conscious perception of a stimulus. When we 

are seeing something, we are also conscious that it is us who are seing it. The representation of the 

stimulus is bound to the representation of the self [29, 30]) 
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