










39.95; sem = 59.36) (t = -2.15; p = 0.03). No differences were found between the frontal latency

and the P300 activity over the parietal cortex.

The SC activity showed an overall pattern that was not expected and did not satisfy our

hypothesis (Figure 7D). We found that the tonic response (T0 mean = 2.30; T1 mean = 3.03),

number of phasic peaks (T0 peaks = 37; T1 peaks = 54), and the mean phasic activity (T0

mean = 0,041; T1 mean = 0.048) is higher after the AST session, showing that for this case the

meditation practice elevated the skin conductance during a cognitive task such as the Stroop

Task in a different manner.

Figure 7 - Case 3 results for experiment 1. The colors represent the Stroop task conditions (CC

- Congruent Correct, CI - Congruent Incorrect, IC - Incongruent Correct, and II - Incongruent

Incorrect). * show the statistical significance (two-tailed student's T test corrected for multiple

comparisons) < 0.05. The error bars represent the standard error of the mean for each

condition.

3.3.2. Study 2
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As expected, the study 2 results showed results similar to those observed for case 1 and

case 2 (Figure 8). In detail, the T-EEG frontal coherence is increased in the AST condition in

both alpha (RS = 0.40, CA = 0.42, and AST = 0.66), and beta (RS = 0.45, CA = 0.32, and AST =

0.56) as well as in the W-EEG for alpha (RS = 0.31, CA = 0.47, and AST = 0.55) and beta (RS =

0.29, CA = 0.44, and AST = 0.53) bands (Figure 8).

Figure 8 - Frontal (F3-F4) phase coherence results for alpha (8-10 Hz) and beta (13-30 Hz)

during the three experimental conditions performed randomically in traditional and wireless

EEG's for the case 3.

4. Discussion

4.1. Study 1 - Immediate effects of AST meditation on the cognitive function and

autonomic arousal

We investigated the immediate effects of AST meditation on the cognitive behavioral

performance of the Stroop test associated with simultaneous recording of EEG and SC. In the

EEG, we analyzed the amplitude and latency of the P300 component in the parietal and frontal

electrodes for each condition of the Stroop test, while for the SC we analyzed the tonic

response, number of phase peaks and mean phasic activity during the entire experimental task

before (T0) and after (T1) a single session of AST meditation. Our results confirm the initial
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hypothesis of an immediate improvement in the behavioral result of the Stroop test; however,

we found a different and unique pattern of EEG event-related activity and skin conductance

(tonic and phasic) for each case reported in the study. Thus, the results indicate that a global

decrease of time response for all conditions during the task was observed, except for the CC

trials of the case 2. The electrophysiological response for case 1 showed that immediately after

the AST meditation the amplitude and latency of the P300 only for CI and II conditions in the

parietal and frontal region was modulated. On the other hand, the second case showed

changes in amplitude and latency in the frontal P300 in the II condition, whereas in the parietal

region a significant decrease in the amplitude of the P300 was observed only for the CC

condition. Interestingly, case 3 showed only an increase in frontal P300 amplitude for the CI

condition.

The P300 in the parietal cortex is related to the attentional component to elucidate a

specific type of stimulus and, therefore, it is related to the attention process mediated by an

increase in sensory integration (Kropotov, 2009). Other authors define it as a result of the

synchronization of neurons that control selective attention (Polich, 2007; Pontifex, Hillman, &

Polich, 2009) via direct efferent pathways from the locus coeruleus, a key region to attentional,

arousal and emotional processes which sends projections to the parietal and frontal cortex. In

addition to evidence related to attentional processes, the parietal P300 is also related to

cognitive processes, such as learning (Bouret, 2004), memory (Uematsu, 2015) and

adaptation/behavioral flexibility (Aston-Jones, 1999). The role of the frontal P300 is less studied,

but strong evidences indicate that this component is associated with cognitive and inhibitory

control (Kim, 2001; Kopp et al., 2006; Gajewski, 2017) and stimulus-driven frontal attention

(Polich, 2007) which may be linked to impulsive behaviors and decision making (Harmon-Jones,

1997; Barceló, 2003), being an important complementary measure during the Stroop test and

also to measure the immediate effects of AST.

Still about the role of autonomic arousal during the Stroop task, the SC is an important

measure of how we evoke stimulus-driven signatures of stress or emotional states through the

continuous variation in the electrical characteristics of the skin (Montagu & Coles, 1966;

Critchley et al., 2000; Geršak et al., 2012). To do so, we segmented the raw signal into tonic

signal — related to lower oscillations —, and phasic signals — related to arousal evoked by an

external stimulus, which in our case are the four different conditions of the Stroop test. The

results indicate that each case reported in the study has a different SC response, which may be

related to the electroencephalographic measurement of P300. For case 1, an overall decrease

was observed in all skin conductance variables (Figure 3D), while case 2 was marked by a

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted October 14, 2022. ; https://doi.org/10.1101/2022.10.11.511756doi: bioRxiv preprint 

https://doi.org/10.1101/2022.10.11.511756


decrease in tonic activity and number of phasic peaks and an increase in mean phasic activity

(Figure 5D). However, the case with the greatest number of years of meditation obtained a

different result from our initial hypothesis: an increase in SC activity for all measures (Figure

7D).

An important point that needs to be addressed in the replicability of the Stroop Test in

the same sample. The test retest reliability is a measure of reliability obtained by administering

the same test twice over a period which aims to describe the stability of the cognitive

assessments over time (Cronbach, 1971). It is well described that certain aspects of the Stroop

Test is affected by a simple retest, but the majority of those studies were performed using a

verbal classification of the colors of the words placed in the screen (Siegrist, 1997), and not in

the computerized version of the test that measures reaction time with millisecond precision, or

by investigating the subgroups of results for each subject (ie, the level of congruence and

incongruity of words and colors and their correct and incorrect answers). Yet, we found no

evidence using scalp source activity using EEG in single-trial accuracy and SC recorded at the

same time as the Stroop Test, nor measuring the cognitive effects observed in the test

immediately before and after any type of meditation. This supports our evidence although it is

necessary to increase the sample size of the study in future investigations. Another interesting

point that can be observed, in addition to the randomization of the sequence of words and

colors being unique for all the times the experiment was carried out, is that the results about the

P300 are individual and seem to be linked to the time that each reported case practices the AST

meditation. This does not corroborate the possible learning or retest effects of the experiment,

since if there were, the learning effects would exhibit similar cortical activity due to a repeated

performance of the same experiment (Gasser et al., 1985; McEvoy et al., 2000).

This indicates that the immediate effects of AST are linked to an enhancement in

cognitive performance - measured through behavioral analysis of the Stroop test (Figures 3A,

5A and 7A) — with unique signatures observed in the amplitude and latency of the parietal and

frontal P300 and also of the SC. This suggests a different central and autonomic immediate

plasticity mechanism after AST meditation for each case that leads to a shorter response time in

the test. Future studies with a larger sample are needed to confirm whether these results are

linked to meditation time or individual differences, or to daily variations due to the current

situation of the meditator, such as a stressful or relaxed day, or health conditions.
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4.2. Study 2 - Characterization of frontal EEG synchrony during AST in traditional

and wireless EEG

In this study we investigate the validation of a portable wireless electroencephalography

(T-EEG) device during AST meditation. To verify whether the previous findings on alpha1 (8-10

Hz) frontal interhemispheric connectivity during AST meditation (Dillbeck & Bronson, 1981;

Orme-Johnson & Haynes 1981; Travis et al., 2010; Tomljenović et al., 2016; ) are found in the

W-EEG, we performed a researcher-blind and randomized study for volunteers who performed

three tasks on both T- and W-EEG's for 20 minutes with eyes closed each during resting state

(RS), cognitive activity (CA) — counting backwards from 1000 to 0 in steps of 4 —, and AST

meditation. In addition to alpha1 band connectivity, we also investigated beta-band frontal

interhemispheric coherence (13-30 Hz), which plays an important role in performing a cognitive

task that requires mathematical calculations (Micheloyannis et al., 2005; Pierou & Vlamos, 216),

as used in the CA condition of this study. Thus, we hypothesized that both devices would show

the same properties in alpha1 and beta for the three experimental conditions performed by the

subjects, with higher coherences in alpha1 for the AST condition and than beta in CA. The

results confirm our hypothesis only for the alpha1 band, since a peak in beta frontal coherence

was not observed during the performance of CA, but in the AST condition for both devices. For

all reported case studies, the results are similar when comparing the three experimental

conditions between the T- and W-EEG, ie, a trend towards greater frontal coherence in alpha1

and, surprisingly, higher beta during AST meditation. Our findings are important because they

show that the W-EEG can reproduce the same properties found at the level of the same

volunteer, indicating that future research can be carried out outside a controlled experimental

environment to describe in more detail how this dynamic occurs during daily practice of the

meditators. Previous studies have described the phase coherence across different experimental

conditions with the Emotiv X, such as the interhemispheric dynamics in bipolar disorder

(Handayani et al., 2017), emotional responses (Fattouh, 2016), mild cognitive impairment

(Handayani et al., 2018). In the context of meditation, Jadhav et al., 2017 showed an emotional

regulation after focused attention meditation using band-specific asymmetry, while Phutke et al.,

(2019) investigated the brain connectivity pre and post 8 week mindfulness meditation protocol

and found evidence of increase in parietal interhemispheric connectivity after the protocol.

However, to date, no studies using W-EEG were found on immediate effects of AST or the

validation across different mental states with eyes closed as we investigated in this study.

Differentiating at the single-subject level different mental states performed with eyes

closed is a challenge in the neuroscience field, as brain patterns with eyes closed when
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performing the same task are very subtle and highly influenced by alpha and mu

synchronization in the occipital and motor cortex, respectively (Babiloni et al., 2010; Barry &

Blasio, 2017). Bashivan et al., (2016) provides the only evidence in the context of the

identification of different mental states with the W-EEG, however, they described the inherent

dynamics with tasks being performed with eyes open. Thus, despite the size of our sample and

the nature of the study, the results observed in the interhemispheric coherence of the alpha1

and beta bands during three mental conditions with closed eyes indicate that 1) the W-EEG can

be a robust system for identifying states. of AST meditation, and 2) the alpha1 and beta

coherence between the F3 and F4 electrodes can be an electrophysiological marker in

identifying different mental states when the eyes are closed, especially during AST meditation.

An important point about the W-EEG is the coherence scale of all conditions in both

frequency bands. Despite the trend of replicability of the results observed in the T-EEG, a

decrease in synchronicity seen by the smaller scale of coherence for W-EEG (Figures 4, 6 and

8), which may be an indicator of 1) differences inherent in sending analog signals digitally via

bluetooth, (2) wireless EEG system uses sequential data sampling (3) sampling rate, 4) not

applying common averaging reference (CAR) - for validation purposes, we chose to use the

same analysis pipeline for T- and W-EEG, however it is suggested that different pre-processing

steps can be performed on the wireless device to find the same result at scale -, and 5) inherent

hardware properties such as battery and signal amplification circuitry that are slightly different

from T-EEG.

5. Conclusions

As discussed above, the main findings of this pilot study show that there is an immediate

effect after AST meditation at the level of the same individual with different patterns of P300 and

SC activity and that AST meditation is marked by an overall increase in the frontal coherence of

alpha1 and beta bands, when compared to other mental states. In this context, Alonso et al.,

(2015) described that a higher beta coherence is found under the Stroop task, and Basharpoor

et al., (2021) showed that the higher alpha and beta interhemispheric coherences are correlated

with the behavioral performance in an executive function task. Thus, the results observed in

study 2 show evidence that may explain the behavioral improvement observed during the

Stroop Test (Study 1), since our results show that AST meditation is marked by an overall

increase in alpha1 and beta band synchrony in the frontal region. We postulate that in addition

to AST meditation being able to lead to an altered state of consciousness that has a non-dual

characteristic, it is also able to modulate the attention, executive control and cognitive systems
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in an immediate way independent of the length of time practicing AST and exposure to the

practice. We conclude that 1) there is an immediate effect on cognition and executive control

after AST meditation, 2) the frontal interhemispheric coherence of alpha1 and beta bands are

increased during AST, and 3) W-EEG exhibits the same characteristics observed in T-EEG and

therefore can be used to describe cortical dynamics during AST. This is a pilot study that

indicates early evidence of individual-level W-EEG stability to describe the effects of AST

meditation. Future studies with a larger sample in a natural environment using W-EEG are

needed to confirm this hypothesis.
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S1 - Event-related Potentials for the case 1, 2, and 3 shown in A, B and C, respectively.
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