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Introduction.
This presentation is the first part of a long-term study of
physiological and biological correlates relating to
Buddhist meditation practices performed by a practitioner
either as preparation for death or during the actual dying
process [Bentor, Pema Dorjee, 2019; Blo-Bzacn-Byams, Engle, 2019; Kittay,
Lobsang Jamspal, 2020].

According to Buddhism, the meditative techniques
considered here are based upon one-pointed concentration
and characterized by the gradual withdrawal of gross
levels of consciousness related to the five senses [Dalai Lama
XIV et. al., 2019].

Introduction.
In India and Tibet, the strange phenomenon of a “thukdam”
or posthumous meditation is observed.
It is that the practitioner of meditation after death keeps a
pose in which he meditated and his body does not show any
signs of disintegration or posthumous changes including a
smell for a long time (weeks, and, in exceptional cases
months). There are no signs of cadaveric spots, emphysemas,
catalepsy, and the turgor of skin remains. It is in India where
the hot climate and a piece of meat left on a table in the
morning is rotten by the evening.
This phenomenon objectively exists, however, for it, there is
no scientific explanation still.
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Introduction.
At the initiative of His Holiness the
Dalai Lama XIV works on
physiological, biochemical, and
psychophysiological research of this
phenomenon were begun.
They mean two directions.
The first direction: research of
mechanisms of maintenance of safety
of a body, preservation of a pose.
Extremely important the fact that for
the first time we got permission to
invasive researches of a body in a
“thukdam”.
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Introduction.
The second direction: a research of
physiological mechanisms of immersion in
“thukdam”.
According to Buddhist philosophical
representations for this purpose, the
practitioner has to resort to a certain
meditations.
This presentation describes the initial results
of the second direction of the research.
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Introduction.
It would be desirable to emphasize especially that the
research doesn't affect Buddhist philosophical and
religious aspects of a “thukdam”, and is exclusively
scientific.
It means that our aim is to investigate whether
mentioned phenomena really do exist, and if yes, we
intend to investigate its physiological origin and
features.
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Introduction.
At the first stage of this study, researchers concentrated on how
the above system of meditations affects the processes of
perception, recognition, and differentiation of sensory (in our
case, auditory) signals.
To achieve this goal, the study assessed auditory event-related
potentials (ERP) in the oddball paradigm and mismatch
negativity (MMN).
We assume that these meditative practices, based on one-pointed concentration, are
accompanied by a certain withdrawal from the sensory stream, blocking information
from the outside world to various extents. From a physiological point of view, this
process of withdrawal can be considered as a decrease in the recognition of external
sensory stimuli or disengagement of attention from external world. We suppose to
find that these processes would lead to a decrease in MMN amplitude.
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Participants.
Ninety-four persons, expert monks from
the Tibetan monasteries of the South of
India Gelug-pa tradition (Tashi Lhunpo,
Sera Mey, Sera Jey, Drepung Losel Ling,
Gaden Shartse, Drepung Gomang, Gaden
Jangtse) and the retreat village in
Dharamshala aged from 25 years up to 80
years (mean age: 40 ± 12.24) took part in
the research.

One of our labs is in this building
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Structured interview.
The survey of practitioners
before and after of each
research session was done
using a structured interview
developed following
existing recommendations
[Thomas, Cohen, 2014].
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Structured interview.
As a result of the interviews, we evaluated levels of experience in
meditation as a sum of the number of years from the beginning of
meditative practice (1 year = 1 point), the number of minutes of meditation
per day (10 min = 1 point) and the number of types of meditation mastered
(1 type = 1 point).
The structured interview after the meditation allowed us to consider the
situational factors (discomfort level, distraction, subjective evaluation of
meditation success) that could influence the process of meditation. An
answer to each question was evaluated on the scale from 1 to 10.
Discomfort level/low success during the experimental session was
calculated as a sum of negative points in response to each question.
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The meditation system.
All the monks performed their normal meditation
practices during the research.
64 monks performed one-pointed meditation on
emptiness, bodhicitta, impermanence or compassion;
20 monks performed analytical meditation on the same
objects;
10 monks performed tantric practices.
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The meditation system.
The term “one-pointed concentration” suggests that the concentration of attention on a chosen
object leads to reductions in the distracting influence of external events (a stream of sensory
information) and internal factors (practitioner’s thoughts and emotions) [Alan Wallace 2009].
Analytical meditation, in general, represents an analytical process and can be practiced by itself
or as a preliminary stage preceding one-pointed concentration. The analytical process may also
be resumed if the meditator becomes distracted from the object of concentration and needs to
regain one’s focus.
An ability to maintain both one-pointed concentration and analytical meditation is a necessary
condition for the transition to tantric practices. These tantric practices are involved
visualizations of Buddhist deities, the energy structure of the human body and, the stage-bystage process of dying with the dissolution of body elements and grosser levels of
consciousness [Jamspal, Kittay, 2020].

According to Buddhism, the above-mentioned meditations base upon one-pointed
concentration. All these practices are united by the process of concentration of attention, so
they can be considered as a single system of meditation.
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Mismatch negativity paradigm.
deviant stimulus
1300Hz

frequenсy

Three stimulus conditions in the oddball paradigm
were used in this study.
1600 standard stimuli (1000 Hz) and 200
deviant stimuli (1300 Hz) were presented.
Also, 200 difficult tones (novel stimuli) were
presented. These novel stimuli consisted of a
sequence of 5 tone parcels lasting 20 ms with
frequencies of 500, 1000, 1500, 2000, and 2500Hz.

standard
stimuli
1000Hz

time

novel stimulus
(500, 1000, 1500,
2000, 2500 Hz)

The subjects performed the test in a passive paradigm.
Sounds were presented during meditation and in a control state through the columns
connected to the computer at a comfortable loudness of 65-70 dB.
The subjects sat in a meditation posture in a darkened room with their eyes closed or
semi-closed.
The meditation and the control states were randomized for each subject.
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EEG recording and analyses.
EEG recording was conducted with a system
"Mitzar EEG202" from 19 scalp sites using the
international 10-20 system and from 2 electrodes on
the left and right mastoids (M1, M2), in a
monopolar montage with a reference electrode on a
nose tip.

Ref

M2

M1

Mismatch negativity (MMN) was defined as the
differential wave received by subtraction of the ERP
with a standard stimulus from the ERP with a
deviant stimulus.
For the statistical analysis repeated measures ANOVA with the following
factors: 3 groups x 2 states (meditation, control) x 3 electrodes (F3, Fz, F4).
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Results: MMN amplitude differs during meditation and control state.
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MMN is an electrophysiological response
elicited by any changes in a stream of
repeating sensory stimuli and reflects the fact
that the brain has detected such changes
[Näätänen, 2000]. MMN characterizes the
mechanisms of involuntary attention
switching to stimuli [Escera, et, al., 2003].
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In the group of 94 monks, it was
shown that the MMN amplitude was
significantly decreased during the
meditative state compared to the
control state of relaxed wakefulness.
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Therefore, the system of traditional Buddhist meditations
was accompanied by a decrease of recognition of external
sensory stimuli, and leads to disengagement of attention from the external world.
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Results: MMN amplitude differs in groups with different levels of experience
during meditation.
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Based on the interviews, we identified
three groups of practitioners with different
levels of experience:
- less experienced group
(55 people; age 35.6 ± 9.2 years)
- intermediate experience group
(16 people; age 41.7 ± 9.1years)
- skilled practitioner group
(23 people; age 52.6 ± 12.2 years)
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The three groups of subjects with different levels of experience differed in MMN
amplitude during meditation but not in a control state.
А gradual reduction in MMN amplitude with increasing levels of experience was
observed.
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Results: MMN amplitude differs in groups with different levels of discomfort.

The groups of subjects with different levels of
discomfort significantly differed in MMN
amplitudes during meditation and control state.

a group with a low discomfort
a group with an intermediate discomfort
a group with a high discomfort
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0,6

MMN amplitude (µV)

In terms of discomfort level, the subjects were
also divided into three groups:
- group with a low level of discomfort
(57 people; age 41.6 ± 13.5 years)
- group with an intermediate level of discomfort
(27 people; age 38.6 ± 9.4 years)
- group with a high level of discomfort
(10 people; age 41.9 ± 11.3 years)

p = 0,03
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The lowest MMN amplitude was observed in the group with a high discomfort level,
whereas the higher MMN amplitude was observed in the group with an intermediate
discomfort level.
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Discussion.
Over the past 50 years, neurophysiological research on meditation has become very popular.
Yet, there is still no consensus about the neurophysiological processes underlying meditation
practice. The data received are often contradictory [reviews: Thomas, Cohen, 2014; Singh,
Telles, 2015].
To overcome these, besides describing the practitioner’s experience and the type of
meditations, it is proposed to pay more attention to other subjective factors that can
influence the meditation process. Factors affecting the meditation state may include whether
the setting is a place usually used for meditation or a laboratory, the intrusiveness and
discomfort of the psychophysiological measures, the presence of others in the meditation
space, etc [Thomas, Cohen, 2014].
So, the creation of the structured interview, which allowed us to take into account those
factors, was an important step in the research of physiological mechanisms of meditations.
Unfortunately, specific questions about how the examinee meditates are tabooed. Therefore
it was necessary to ask indirect questions, and according to it to divide the subjects into the
most uniform groups.
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Discussion.
It is important to mention that in the Buddhist tradition, practitioners typically do not
report any discomfort, and they critically assess their abilities in meditative practice.
For the less experienced monks too many factors, which are different each time,
affect and distract them from the process of meditation. In contrast, experienced
practitioners have their individualized meditation techniques developed over the years.
All this makes it difficult to perform quantitative assessments of the practitioners
based on these subjective factors.
Because of other experimental conditions (other meditations, control state, MMN
paradigm), a direct comparison of our results with provided in literature is difficult
[Srinivasan, Baijal, 2007; Braboszcz, 2012; Biedermann, 2016; Fucci, er al., 2018].
Rather minor changes in the structure of an experiment cause a radical change of
results.

Conclusion.
1. Our study has shown that he system of traditional Buddhist meditations was
accompanied by a decrease of MMN amplityde, it can be considered as a decrease
of recognition of external sensory information during considered meditations.
2. Considered neurophysiological correlates of meditations are highly dependent
on the experience of the practitioners. А gradual reduction in MMN amplitude
with increasing levels of experience was observed.
3. Neurophysiological correlates of meditations are also sensitive to the levels of
discomfort during meditation.
4. Application of the structured interview allowed us to take into account
situational factors that can influence the meditation and reduce dispersion in the
groups of subjects.
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Thanks for attention.
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