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1.Introduction  
Silence and meditation are complimentary to each other, real silence could be 
happen in meditation and meditation happens only in silence. Silence is ultimate 
goal of meditation. We can define meditation is process and silence is a state. 
Silence has many layers and many aspects of it we experience in everyday life.  
1.1Mauna (Silence) 
Mauna (silence) is a Sanskrit word originated from root 'Man' which means thinking or 
meditating. The word mauna is one of the few terms used commonly by all languages and 
religious groups in India. In religious treatises and traditions, this word has a history of its own. 
Mauna, from which the noun muni, meaning "sage" or "hermit" is derived, has a meaning 
exorbitantly wealthier than its English counterpart "silence." Mauna means blissful calmness, 
joyous recollection, tranquil quietude, and peaceful stillness (Chandrakanthan, 1988). Silence is 
inherent nature of human. Senses are always extrovert it take stimulus and react. Mauna is to 
bring the senses inward.  Usually, silence means stoping verbal communication because voice is 
important tool to modulate consciousness and express the personal experience with others (Bauer 
1997), Chhandyogaupanishad VII,5/2. It has been practiced by throughout the globe, Native 
American and Asian. It conserve energy, as we tired we become silence. It also keeps us mindful 
to our thoughts. Person who practice silence is called Muni (Silent), characterized as a cheerful 
disposition, even temperament, self -reflection, contemplation, quite mind, purification of mind 
include austerities (B. Geeta 17.16). What sleep do for our body and nervous system silence does 
for our mind and spirit (Om swami, 2013). Silence leads our mind to stop, reacting toward what 
its likes and dislikes, what is agree and disagrees with and allow the mind to develop inner 
qualities like patience, forbearance, non -attachment, letting go, tolerance, forgiveness self-
introspection and self-control over thoughts, actions and speech. All these inner divine qualities 
will lead to the mind to realize the God consciousness, selfless and compassion. As it was said 
before silence start with from month in deeper aspect silence is not merely cutting the verbal 
communication but it is also about being the controller of mind and its modifications. Normally 
our actions are controlled by our thought and we just act as puppet of mind and being controlled 
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by it.  Mind reacts toward stimuli of senses, by cutting verbal communication we can trend our 
mind to non-talkative, non-justification, non-arguing with other’s thoughts. When one can 
control over thought, actions and speech then and then only one’s mind could be still where real 
silence starts. "The Vag-Indriya (organ of speech) seriously distracts the mind.”Speech is the 
fourth 'foot' of Mind-Brahman (consciousness), because by means  the 'foot' of speech that the  
 
mind approaches the denotable objects  as cow, goat, etc. Therefore speech is like a foot of mind. 
In the same manner, nose is a 'foot', because it is through nose that the mind approaches objects 
of smell. Similarly, the eye is a 'foot'; the ear is another 'foot'. This constitutes the four-footed 
character of the Mind-Brahman. It is a metaphor as animals walk with feet mind walk with 
senses (Chhandogya Upanishad)." So far relevance of silence is concern in modern research we 
see that  after 45 years of meditation research there is no consensus on the single definition of 
meditation (Manocha R, 2013). According to Manocha silence could be missing link between 
meditation and its results. Silence progresses step by step, silence of speech lead to silence of 
senses, silence of senses lead to silence of mind.  (Barnwal S. Kulshrestha A., 2011) When mind 
become silent then meditation happens. Upanishad beautifully described that mind walk with 
senses. So if anyone wants to silence mind then he has to control the feet of mind (Chandoga 
Upanishad 3/18/3).  Mind could be controlled through controlling senses. It is also indication that 
practitioner of meditation should not attached with only forcefully controlling senses but indeed 
through senses one should try to control the mind.  
After controlling the senses slowly one can control one’s mind.  In patanjali’s Yoga Sutras 
definition of meditation had been given as when mind become absorbed in single thought.  In 
deep meditation state all thoughts pattern get dissolve into chosen object of meditation 
(Patanjali’s Yoga Sutra 3/2). Once mind have only one thought or object to think on then through 
meditation a meditator lead his mind to thoughtless state which could be real silence as described 
no stimulus to the mind (Patanjali’s Yoga Sutra 2/1).   
Yoga happens when there is stilling (in the sense of continual vigilant watchfulness) of the 
movement of thought without expression or suppression in the indivisible intelligence in which 
there is no movement (Venkatesananda, 1975). Actually real aim of yoga is to achieve stillness 
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and silence of thoughts without suppression. All kind of meditation practices lead to stillness and 
silence of thought. Indeed, Sanskrit word 'Mauna' explains more than just cut off verbal 
communications. Silence appear when there is no audible vibration, all sound (nada) originate 
because of these vibrations;  there are stimuli to senses take. Even, body or mind of an individual 
is reverberation. (Sadguru, 2013) The space between two vibrations because of which there is 
existence of vibration is silence. Existence of sound is there because of the presence of silence in  
 
between. In this sense silence here is not only cutting off the communication, this is merely poor 
translation of silence. There is a word in Sanskrit for no word called ‘nisabad’, Ni means no and 
Sabad means word. Because, limitation of vocabulary of English, Mauna could be translated as 
silence though, it is much more than that of only cutting off communication. In Indian literature 
it has been described much more than merely cutting of verbal communication. Mauna is an 
attribute-less, dimension-less, boundless state of existence. (Sadguru, 2013). An individual could 
not do silence instead can became silence. Because, doing  is a process and becoming something 
is state, mauna is not a process but a state. We can understand it as, once exhausted after heavy 
energy expenditure naturally we become silence, it mean silence can be used for energy 
conservation as in Jainasadhana (Jain literature) it has been described that for primary and 
secondary sadhaka (practitioner) it’s important to keep verbal and mental silence as much as one 
can do it (Atmananda,1999). Many saints in the path of sadhana has observed intense silence in 
almost all religion of the world as Lord Mahavira had observed silence for 12 and half years, 
Lord Buddha is called as Sakya muni mean silent sage of Sakya, even in recent history Maharshi 
Aurbindo kept silence for 17 years, Raman Maharshi used to silent naturally, Gandhi ji used to 
keep silence every Monday and so on. Maharshi Raman describes silence as live beyond the ego 
senses. Krishnamurthy describes it as mind going on long pilgrimage. William Butler Yeats once 
said, “We can make our minds so like still water that beings gather about us to see their own 
images and so live for a moment with a clearer, perhaps even a fiercer life because of our 
silence.” The acoustic biologist Katy Payne who studied whale songs and elephants 
communication says looking into the eyes of whale was a deeply moving spiritual experience. 
Although our concern is silence we will follow the researches in meditation to illustrate the 
impacts of silence through meditation because in my knowledge there is not much work have 
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been done on silence. Researches regarding meditation and its effects on neuro-
psychophysiology had been started as early as 1930s. Thousands of publications are already exist 
(Murphy M. and Donovan S., 2002 and Medline, 2005). Time to time many reviews of empirical 
articles on meditation has been seen (Delmonte, 1984-85; Aistin, 1998; Fenwick, 1987; Homes, 
184; Pagano &Warrenburg, 1983-2008; Cahn &Polich 2006; Slagter et al. 2011; Farb at el. 
2012). In context of neurophysiology, meditation could be defined into three steps. First, it is 
assumed that such practices induces a predictable and distinctive state (or set of states) whose 
occurrence is clearly indicated by certain cognitive or physical features or events phenomenally 
observable to the practitioner. Second, the state induced is said to have a predictable effect on 
both body and mind in such a way that, by inducing that state repeatedly, a practitioner could 
allegedly use it to enhance desirable trait and inhibit undesirable ones. Third, these practices are 
gradual in the sense that the ability to induce the intended state is supposed to improve over time. 
(Lutz et al. 2005). Meditation classify into basically into two groups, first as focused attention in 
which voluntary focus on chosen object  and second as open monitoring a non-reacting 
monitoring of moment to moment experience (Lutz et al.2008). Findings of neuro-physiology  
methods in meditation suggest that majority of meditation types show theta and alpha power of 
brain wave especially in focused attention types of meditation (Cahn et al. 2010; Hebert and 
lehmann, 1977; Aftanas and Golocheikine, 2001; Lutz et al.,2009; Baijal and Srinivasan, 2010). 
In last decay benefits of meditation show that training related improvement in attention ability 
and alerting (Jha et al., 2007), information processing efficiency (Van Vugt and Jha,2011). There 
are structural changes in cortex by its thickness (Lazar et al., 2005; Grant et al.,2010). 
1.2 MEDITATION 
1.2.1  Definition: 
 Definition of meditation according to the National Centre for Complementary and Alternative 
Medicine, which is  under department of national institutes of health in United States in 2006 
define meditation as “a conscious mental process that includes a set of integrated physiological 
changes termed the relaxation response” (NCCAM.2004). According to Patanjali Yoga Sutra 
meditation is a process of one pointed focused mind, in sequence of eight fold path of yoga 
meditation lies  between  Dharana and Samadhi. In this state of mind the cognition flow like a 
flow of oil without any break, there is only one thought and so dissolved so that there is no break 
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between two thoughts. Katha Upanishad says “when the five senses and mind are still, the reason 
itself rests in silence, and then begins the path of supreme.”  On the basis of recent researches 
meditation could be defined as complex attention and emotions regulation which has been 
practiced for benefits of physical, emotional and for spiritual purposes (Raffon. 2010, Braboszcz. 
2009, Lutz. 2008, Brefczynski. 2007, Cahn. 2006). Although researched on meditation for five 
decades, there is no definition of meditation universally accepted (Lutz. 2007, Bond. 2009, 
Manocha, 2011).  Cardoso gives a detail operational definition which include the traditional 
belief-based practices and those that have been developed specifically for use in clinical settings. 
Using a systematic approach based on consensus techniques, they defined any practice as 
meditation if it (1) utilizes a specific and clearly defined technique (2) involves muscle relaxation 
somewhere during the process (3) involve in logic relaxation  (i.e., not “to intend “ to analyze the 
possible psychophysical effects, not “to intend “ to judge the possible results, not “to intend” to 
create  any type of expectation regarding the process), ( 4) self-induced state and (5) the use of a 
self-focused skill or “anchor” for attention. From a cognitive and psychological perspective.  
Meditation is defined by Walsh as a family of self-regulation practices that aim to bring mental 
processes under voluntary control through focusing attention and awareness (Walsh. 2006).  
1.2.2  Types of meditation 
As above mentioned meditation is a complex mental process, meditation is a umbrella term 
under it there are many practices come. On the basis of recent findings, meditation could be 
broadly divided into three different types. (Lutz. 2008, Travis.2010, Josipovic. 2010).   
In the process of differentiating meditation types Antoine Lutz on the basis of Buddhist 
meditation he divided whole group of Buddhist meditations into two broad frameworks for 
future studies fields, called as Focused Attention(FA) and Open monitoring (OM).  
-In FA type of meditation there is always an object of attention (e.g. breath sensation) meditator  
keep directing and sustaining his attention on chosen object. Whenever it detected that mind 
started wandering from thought to thought. Meditation practitioner disengages his attention from 
the thought and direct back on selected object of cognitive reappraisal from distracter.  
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-In OM meditation there is no explicit focus on any object however, it is a nonreactive meta-
cognitive reappraisal of distracter. It is a nonreactive awareness of automatic cognitive and 
emotional interpretations of sensory, perceptual and endogenous stimuli. 
In addition to above two types of meditation, Travis has given one more  meditation type as 
follow: 
-Automatic Self-Transcending meditation is a meditation type in which meditator uses the 
natural tendency of the mind to transcend (Travis. 2010) in case of transcendental meditation the 
mantra practice, after deepening of mantra recitation, mantra become secondary and ultimately 
disappears and self-awareness become more primary (Travis. 2009). While focused arousal 
involves voluntary sustained attention. And attention goes to merge into metal silence. 
Other school of division of meditation is based on subject-object duality and non-duality types of 
meditation. Zoran Josipovic divided the meditation into two broader framework on the basis of  
scientific studies in this meditation practice there is  an object  involved at which a meditator 
focus his/her mind.  Above mentioned first two meditations are based on ‘subject-observing-
object’. Whereas, he divides meditation depending of involvement of object. Many of the 
meditation style do not employ object-subject strategy; instead rely on accessing a level of 
awareness that is inherently free from this dualistic construct. 
1.3.Chosen Parameters to study silence through meditation 
 In present study we have chosen two parameter to illustrate the effects of silence through 
meditation. Effect of silence could be detected on brain and heart. In our study we concentrated 
on neuronal and autonomic nervous system to find the effects. Two parameters are followings: 
(i) Electroencephalograph  and  (ii) Heart Rate Variability  
1.3.1Electroencephalograph (EEG)  
Electroencephalography is a basically non invasive diagnostic medical research tool that receive 
signals from the scalp, the electrical activity generated by post synaptic firing of population of 
neurons inside brain. EEG could be defined as electrical activity of an alternative type recorded 
from the surface of scalp after being picked up by Ag-Cl metal electrodes and conductive media 
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(Niedermeyer, Lopas de silva, 1993). When neurons activated, there is tiny current flow 
produced which could be measured in micro volt (µV). EEG measures usually the current flow 
during synaptic excitations of the dendrites of many pyramidal neurons in the cerebral cortex. 
Differences of electrical potentials are caused by summed postsynaptic graded potentials from 
pyramidal cells that create electrical dipoles between soma (body of neuron) and apical dendrites 
(neural branches). Current in neurons are basically ionic (Na+, K+, Ca++ and Cl) unlike current 
flow in wires (Atwood, 1989).  Massive group firing of neurons could be detected from the scalp 
many weak post synaptic firing of neurons could not be noticed.  These strong firing of 
population of  neuron  further captured by electrodes and display on computer monitor. 
 
1.3.2. Heart Rate Variability 
Heart Rate Variability (HRV) assay is a very sophisticated and non-invasive diagnostic method 
for over all functioning of heart. Heart is not always constant, it changes its frequency and time 
in every cycle of heart beat. It is repeating the regularity of heart beat if regularity persist in a 
heart it mean there is less variability, a healthy person should have very frequent variability in 
heart beat. In general regularity  in heart beat is derived from a quality of numbers, the time span 
during two successive heart beat is called R-R interval and measured in millisecond (ms).  HRV 
could be defined as the degree of fluctuation in the length of the intervals between heart beats 
(Malik, Camm,1995).  There could be many reason of such changes in heart rate such as 
environment, emotion, physical activities. HRV can greatly vary depending of health and fitness 
of  individual. It can vary day to day and even hour to hour on the basis of physical, 
psychological state of individual. The intrinsic heart rate (HR) generated from the sinoatrial node 
(SA node) in absence of any neural or hormonal influence is about 100 to 120 beat per minute 
(BPM). In healthy person resting HR it could be never that high, usually a healthy person has HR 
should range between 60 to 90 beats per minute (BPM). HR at the moment could be 
representation of net effect of the parasympathetic nerve which reduces the HR and at the time of 
stressful working, while the sympathetic nerve governs the HR and accelerates it to when 
needed.  
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This sophisticated analysis of fluctuation in heart rate give us indirect access to the autonomic 
control of heart. Alter in frequency of heart rate variability pattern gives primary and sensitive 
signal of compromised health. HRV is one of the most important marker of measuring 
autonomic nervous system activities, it is a system which is responsible for cardiovascular 
mortality (Simon at el, Danuta at el). It is an unique measurement which engage many different 
systems of the body as beat to beat change in heart have direct influence on brain functioning. 
This change in heart rate and brain mediate by flow of neural signal through the efferent and 
afferent pathway of Autonomic Nervous System (ANS). ANS have two main branches as 
sympathetic and parasympathetic pathways responsible for the stressed and relaxed state of 
body.  HRV data is usually analyzed in terms of its Power Spectral Density PSD which reveals 
the relative strengths of the frequency components of the signal (Matzner).  
 1.4. Genesis of Problem 
The effects of  meditation on different physiological parameters have been extensively studied 
leading to the conclusion  that of  meditation. Despite of the  lack of definition of it. Meditation 
is helpful for many physiological ways, it is a healing practice in many ways. Silence is a 
fundamental characteristic of the meditation and it's practice is an important aspect of  the 
spiritual seekers. However, silence, for elaborated meaning of it described as 'Mauna'  is still not 
taken as objective of studies. In particular, there is not any concrete definition of silence as well. 
So the physiological  effects of silence is still unknown  excluding the possibility to apply silence 
as psychological toll as meditation. The purpose of this study is to determine for the first time . 
The effects of observing 40 days of silence and practicing regular silence meditation on neuro 
and cardio physiology of shadhakas (experience practitioners) in a spiritual environment of  
Himalayan  region Ashram (place of spiritual practice).  
1.5.Significance and Objective 
This study is about learning the neural implications of silence. How absence of verbal 
communication lead to calmness of mind and moreover brain and heart. 
1. The findings of the study would reveal the effects of observing silence for long time on brain 
physiology and cardiovascular system. It would provide a scientific basis for the spiritual seekers 
and meditation practitioners.  
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2. Medical significance: It will provide the scientific bases for the health sector by observing shut 
down of verbal communication and regular practice silence meditation could effects brain and 
heart and its functioning.  
3. Social: It would influence the society to be focused while speaking and give importance of 
being silence rather speaking all the time.  
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2. Review of Scientific studies done in Meditation Field 
There are quite a large number of peer reviewed Journal literatures on topic of meditation 
research, though the topic is still new.  Although, the results and conclusions of these researches 
are remarkably diverse.  The diversity in results and conclusion might be because of difference in 
methodology and expectation of researcher own affiliations. There are some books and chapters  
reviewing the state of  meditation (Cahn, 2006, Walsh N. Roger, 1979, Michael M. Steven 2002, 
Bosch 2011). Literature review has been done using computer, libraries and institutes. In 
computer search we used search engine such as PUBMED, MEDLINE, GOOGLE-SCHOLAR, 
OAQT, Science direct,  Shodhganga, DOAJ etc.  I personally visited some library to collect 
information such Delhi University, BHU library, Swami Veda Bharti’s Library etc. My search 
term was silence, Meditation, Electroencephalogram, and Heart Rate Variability.  This literature 
review was done between 2011 and 2015. More than 3000 peer reviewed journal publications 
that feature ‘Meditation’ as a key word were identified. Except meditation this study has been 
reviewed ‘silence’ as a key word for literature review.  
Meditation has been subject by scientist and for scientific study as early as 1950s, however it 
take widespread scientific interest in beginning of 1990s  
Fig.1.  Year wise meditation research publications and representation through graph 

 
http://neuroconscience.com/2012/11/23/mindfulness_and_plasticity/ 
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Currently over 2000 scientific publications with  term ‘meditation’ is being published, especially 
in peer reviewed journals, with multiple fields such as psychology, neuroscience, yoga and so on. 
There are many scientists have reviewed the meditation researches (King. 2002, Bishop. 2002, 
Cahn. 2006). In these peer reviewed papers a wide range on results were found. 
- First of all there are mainly subjective measures, approximately more than 300 studies. 
Common practices in these studies are validated self-report questionnaires such as State, Trait 
Anxiety Inventory (STAI) and other measures of anxiety(Manocha. 2011). 
-Second most are measuring wellbeing and functional health, and disease-specific symptom and 
quality of life measures.  
-Around 200 peer reviewed papers published are objective in nature. The common parameters 
studies in this category are Anxiety, Breathing Rate and Amplitude, Stress level, Muscle 
Tension, Heart Rate (HR), Blood Pressure (BP), Brain-wave pattern, and chronic illness.  
2.1 EFFECTS OF MEDITATION: 
Duration of meditation practice effects on physiology and neurophysiology of practitioner in two 
broadly different ways.  On the basis of scientific studies and to give a frame work for scientist 
meditation could be divided into two called effects of meditation into state and trait.  (Cahn. 
2006) 
2.1.1 Effects of meditation in state: 
In this effect of meditation it has been studied about how meditation or spiritual practices 
influence the neurophysiological parameters of practitioner during the practice. Immediate 
change during and after meditation may influence sensory, cognitive and self-awareness level. 
These are come under state effects of meditation. 
2.1.2 Effects of meditation on trait:  
After experience of meditation for years, there are sustainable changes begin to happen, these 
changes stay as a trait of the practitioner. Long term practice of meditation may changes seen 
conscious awareness, deepness in calmness, sense of positivity in emotions,  attitude or 
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intentional focus towards the object of meditation. These are long lasting effects of meditation 
and it change the basics character of practitioner. These come under trait effects of meditation.  
2. 1.3 Effect of meditation on attention:  
 As Patanjali Yoga sutra define meditation (Dhayana) flow of cognition in single stream and 
unbroken pattern. Focus on single object of meditation goes stronger as well.  Attentions is one 
of the most important cognitive functions got influenced.  Attention related region of the brain 
(dorsolateral prefrontal cortex, superior frontal sulcus and intraparietal sulcus) get greater blood 
flow in Tibetian meditation practitioners (Brefczynski. 2007). It is interesting that long term 
meditation practitioner has less activity in attention region of the brain whereas greater activity in 
less experienced meditator. It strengthen the hypothesis of meditation that long-term meditator to 
less voluntary practice of focused attention than new meditator.  Event related potential studies 
suggest that experienced meditator could be focus their attention better and they have higher 
degree of awareness of the body sensations induced by meditation.(Srinivasan and Baijal. 2007, 
Cahn. 2007).  Attention training comprises three regulatory skills which have been associated 
with dissociable systems in the brain.(Lutz.2008). First selection of sensory input associated with 
attention to be focused on, this sensory input is associated with activity in cortical structures such 
as temporal-perietal junction (TPJ), the ventro-lateral prefrontal cortex (PFC), Frontal eye fields 
and the intrapatietal sulcus (IPS) (Corbetta. 2002) 
Second: maintaining the attention after this requires sustaining of a state of high sensitivity for 
long period of time. This also requiressynchronization between the thalamus and right parietal 
and right frontal areas (Coull.1998, Posner.2007.) 
Third:  Mind has tendency that it associated with source of attention but it also get disassociated 
from it.  Attention need to disassociate from distraction and re-associate with source of attention. 
This process is associated with the activity in dorsal anterior cingulate cortex (ACC) and dorso-
lateral pre-frontal cortex. Executive attention is managed by the dorsal anterior cingulate cortex 
and the dorsolateral prefrontal cortex, structures that have also been shown to be activated when 
one is mediating and self-conscious.(Ridderikhof.2004, Weissman. 2006).Different stages of 
meditation experiences effect differently on attention in comparison with control group. The 
studies have been done on concentrative mediation (on mantra, breath etc.) verses mindfulness 
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meditation. Long term meditator performs better in attention than less time meditating group. 
(Valentine, 1999). Studies shows that even children could regulate their attention capacity 
through meditation. (Rani.1996). Meditation training makes meditator do less error than control 
subjects in performing the Stroop task (Moore 2009). 
Perceptual attention capacity could be increased by meditation for example as for meditation we 
need some object as breath, mantra or any visual object or sound, although they might get 
effected by environment cues. Selective visual attention focused on an object many be 
involuntarily influenced by surrounding objects, for instance there are some distraction as visual 
stimulus with high contrast could redirect this kind of attention. (Friedman-Hill 2003).   
Concentrative meditation such as Kriya yoga meditation practice helps in increasing pre-
attentive process, this pre-attentive process in responsible for automatic detection of 
environmental changes, which could be study though Event Related Potential technique.  In this 
technique two types of auditory stimulus are given frequent with interspace of infrequent one, 
this is called mismatch negativity. It has been shown that mismatch negativity increase 
immediately with expert meditators. (Srinivasan – Baijal. 2007). 
Concentrative meditation such as Kundalini yoga in which breath and mantra are the objects of 
concentration, it increases the activation of neural structures of dorso-lateral pre frontal cortex 
and parietal cortex, which is also known as components of distributed intentional network. Brain 
activation shows increase with increasing practice of meditation. (Lazar, 2000). 
Compassion meditation shows that experienced meditator display domination of gamma brain 
wave band and great level of phase synchronizations during meditation which is significantly 
different from the beginner in meditation. Besides this ratio of Gamma band and Theta and 
Alpha activities was higher in experienced meditator. The gradual increase in Gamma band 
activity, it suggested to reflect an increase in the thalamo-cortical interaction, which shows 
increased sustained attention. (Lutz, 2004). 
Attention object of mindfulness meditation is present moment. It has been observed that there are 
neuroanatomical sub-components of attention such alerting, orienting and conflict monitoring. 
After practice of mindful meditation it has been seen that conflict monitoring and orienting 
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improved. It shows that practice of mindful meditation might improve sub-components of 
attention. (Jha-Amishi, 2007). 
Meditation has efficiency to change the structure of brain. Thickness of the cortex of the brain 
significant thickness has been noticed in right, middle and superior frontal sulci, inferior 
occipito-temporal visual cortex, and right anterior insula. Prefrontal cortex significantly 
difference among older participants, it show that age related cortical thicking  get slow down 
with meditation practice, and the possibly related cognitive decline in executive attention. 
(Lazar. 2005) 
Meditation practice shows that decrease the amplitude of neurophysiologic processes that sub-
serve   attentional engagement elicited by unexpected and distracting stimulus. The reactivity of 
the mind toward the unwanted or distracted stimuli get reduced during meditation practice. It 
mean attention of the practitioner of meditation get higher toward the chosen object of 
meditation. (Cahn &Polich 2009). 
 
Effects of meditation on emotion: 
 Meditation is a specific technique no matter what kind of meditation its bring the tranquility 
between body, breath and mind, this gives deep sense of peace and calm. Meditation helps in 
reducing reactivity toward stimulus; this influences all kinds of emotions. Once the emotion is 
not very reactive, it brings stability in life and make non-judgmental. Meditation effect the way 
we experience the emotion and even regulate these emotions as well. Emotions could be seen as 
a set of changes occurring in body to respond that stimulus which we create imaginary or real 
situations. Emotion is experienced as feelings which alter ongoing experiences. These emotions 
alter the ongoing feelings, behaviors or mental processes in the form of an urge to engage in 
action, depending on the emotions felt. (hamm. 2003). Attention and cognitive control are two 
different means for regulation of emotions.(Ochsner. 2005). When attention is focused on single 
stimulus it reduces the reactivity to the stimuli which are negative in nature.  When there is no 
interruption in the stream of thought process, it eliminates negative emotions to come into action. 
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3. Description of Variables: 
Measurement or attribute on which observations are made  called variable (Altman, Gore, 
Gardner 1993). The purpose of  research is to describe and explain variance in the world. 
Variance is simply the difference; it means variation that occurs naturally in the world or change 
that we create as a result of a manipulation. Variables are the names that are given to the 
variance we wish to explain. (http://ori.hhs.gov/education/products/sdsu/variables.htm). In 
present study we used two independent variables and dependent variable. Independent variables 
are neuro-physiology measured by electroencephalography (EEG) and heart rate variability 
measured by (ECG). 
3.1.Neuro-physiology: 
 Nervous system control all cognitive functions of human body. It control voluntary and 
involuntary functions and transmit signals every part of the body. Nervous system is made up of 
unit nerve cells neurons. One neuron cell communicate with thousands of other cells to 
communicate motor and sensory  perceptions through electrochemical waves that travel along 
body of nerve cell called axon, at the end of the axon to communicate with other nerve cells 
certain chemicals get produced calls neurotransmitters this junction is called synapses. After this 
chemical release signal gets converted into electrical waves which is called post synaptic waves. 
This post synaptic waves are so tiny that signal of single cell almost un-noticeable, but millions 
of such tiny ionic charges become noticeable that could be capture at scalp in micro volt. 
Electroencephagraph (EEG) is a diagnostic method it works   with the help of silver-chlorine 
electrodes, e (EEG) could capture this tiny ionic charges over the scalp and send the signal 
through optical fibers to the computer screen. At last these signal gets magnified into thousand 
times.  
3.1.1  EEG 
EEG is the recording of electrical activity at the scalp produced by synchronized firing of 
cortical neurons (Pizzagalli,2007). This method is used to measure the potential difference 
between locations of interest (sensor) and at a reference point or average reference of all 
electrodes. By measuring the ionic electrical activity of the neural assemblies with sub-
milliseconds temporal resolution, EEG offers the possibility of studying brain functions in real 
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time (Pizzagalli, 2007). Whereas, spatial ratio and limited spatial sampling (number of 
electrodes). These factors, however, can be mitigated  by sound physiological and anatomical 
assumptions and by utilizing law of electrodynamics (Baillet et al. 2001) 
3.1.2. Detail of Bio-Semi  
A high density EEG cap was used for this research, We used 64 equidistant electrodes location 
on scalp by 10-10 system distribution of scalp. The data was collected using the Biosemi Active 
two system (BIOSEMI,2006). We used by default sampling rate of 2,048 Hz, then we decimated 
it at sampling rate 256 Hz for our study.  
Fig. 2. Active two AD Box major source of data collection for present study. 

                   
 The Active Two AD-box , low power galvanically isolated. Up to 256 sensor-signals are 
digitized with 24 bit resolution. We used only 32a and 32b first two rows out of eight rows for 64 
electrodes and 7 extra channels for additional EMG (electomyogram)  and EOG 
(Electrooculogram) recording. 
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Fig. 3. A meditator seated in a electrically shealed cabin with electrodes at cap divided by 10-10 
system at 64 different locations on scalp referred to refference electrode at back of the head. 
There are seven extra electrodes is being attached to left and right eye sides and up and down of 
left eye to meauser EOG or artifacts to the EEG signals.  
 

                                                    
 
3.1.3. Recording condition: 
The participants were informed about all the procedure prior and asked to fill concent form for 
their agreement to participate into the project. Then fill the form for inclusion criteria, after this 
participant were guided into a electrically shealded room with dim light cabin. As per participant 
comfort we offered sitting on floor with cushion or fomfort chair. Throughout the session 
participant was asked to sit with minimun movement and eye closed. There was Biosemi AD box 
closer to the participant and signals are carried out from the cabin through optical fiber to the 
computer for recoding and display. Participants were viewed through infra-red camera 
throughout the session.  
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3.1.4. Electrode positions: 
A high-density EEG cap was used with 64 equidistant scalp locations with 10-20 system (Jasper, 
1958)  of scalp division. In all cases, the electrode impedance was kept below 5 kΩ at all the 
electrode locations. The international 10-20 system seen from (A)  left and (B) above the head. 
A= Ear lobe, C=central, Pg=Nasopharyngeal, P= parietal, F= frontal, Fp= frontal polar, O= 
occipital, (C) Location and nomenclatutre of the intermediate 10% electrodes, as standardized by 
the American Elecroencephalographic Society. (Redrawn from Sharbrough, 1991). 
Fig. 4. EEG 10-20 standard electrode distribution from above and side wise angles. 
 

 
http://www.bem.fi/book/13/13x/1302cx.htm 

3.1.5.  Settings and Recording EEG Signals: 
Prepare the participant with cleaning the scalp and other locations of electrodes with alcohol. 
Measure the cercumpherence of head with measuring tape and choose the same measures of cap 
and then measure the scalp form nason to inion, divide the meausered lenth by half and located 
the Cz position. Then put Cz electrode of the cap at the position and carefully pur the cap over 
head with meauser from both sides of ears to centre of the scalp. After putting cap we injected 
the conductive signa gel into each of the electrode position with special injection. We put silver 
chloride electrode into matching electrode locations. Then add the electrodes with AD box. Turn 
on the computer and AD box, check the green light at converted box at both sides and then check 
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the signal at monitor. The we adjust the impedance and remove the all sources of artifact. After 
this we recorded the sessions. After completion of session we convey through intercom about 
end of session and then open the cabin and session finished.  
3.2. Hear Rate Variability (HRV): 
HRV is standard deviation of heart rate from the actual mean heart rate (European Society of 
Cardiology,1996). There are two ways to describes HRV as instantaneous heart rate and even 
beat to beat intervals, these two ways could be analyzed  through time domain and frequency 
domain methods (Zhang, J., 2006). Heart beat cycles based on the tone of the sino-atrial node 
produce rhythms, this rhythm could be modulated by central oscillation as respiratory centers 
and peripheral oscillation as blood pressure, these centre could be influenced by autonomic 
activity. (European Society of Cardiology, 1996). So, Time domain evaluation of HRV is  simple 
method  with this method either heart rate at any time or the interval between successive normal 
complexes are determined. In time domain we mainly measure variation in normal to normal 
(NN) interval, which is on graph usually appear between QRS complex. So fat frequency domain 
is concern, usually estimation is done by measuring low frequency (LF),  which actual value is 
between 0.06 to 0.10 Hz. So increase in LF could be reflection of increase in sympathetic 
activity for cardiac functions.  Similarly high frequency (HF) 0.12 to 0.4Hz represent the 
influence in parasympathetic activity of cardiac functions. Further, the LF/HF power ratio could 
be indicator of sympatho-vagal balance (Schumacher, 2004).   
 
 
 
 
 
 
 



20  

Table 1.  Time domain and Frequency domain Variables to measured with its unit 

*HRV, Task force of the European society of cardiology and The North American society of pacing and electrophysiology, 1996. European Heart 
Journal. 17,354-381 
Note: Hz = Hertz, HF= High frequency, LF=Low frequency, ms 2=milliseconds squared  
3.2.1. Recording Condition  
Participant asked to sit  as per comfort either floor with cushion or chair and with head neck and 
trunk naturally aligned. HRV was recorded with Biosemi extra electrode. As per our protocol we 
have recorded two session of half an hour at separate days. There were two state were recorded 
in one session participant was asked to let his/her mind wander and if he fells inter into 
meditation state consciously withdraw the mind to mind wandering. Second session was 
recorded during meditation session again time period was same.  
3.2.2. Data Processing  
With help of Biosemi Ad box machine we measured HRV first 30 minutes of recording was 
during control state (mind wandering) before intervention and next day another 30 minutes of 
HRV recording was done for base line recording of Silence meditation at day one before 
intervention of 40 days of silence practice. Then after intervention again control state (mind 
wandering and Silence meditation recording had been done for 30 minutes each on separate 
days.  Raw data were exported to Kubios HRV Version 2.2 resealed in May 2014 (Biosignal 
Analysis and Medical Imagine Group, University of Eastern Finland). This is an advanced 

S. no  Variable  Units  Statistical Measures  
1. SDNN  ms   Standard deviation of all NN intervals. 
2. SDNN index ms  Mean of standard deviation of all NN interval 

for all data segment  
3. LF  ms 2 Power in low frequency range  0.04- 0.15 Hz 
4.  HF  ms 2 Power in high frequency range 1.5-0.4 Hz 
5.  LF/HF  Ratio LF[ms2]/HF[ms 2]     
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software which use  MATLAB Compiler Runtime (MCR) Version 7.17 to study the variability 
of heart beat interval.  
Fig.5. A pictorial representation of raw data as published by software used for present study. 
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3.3. Sample Design: 
3.3.1. Sample size  
Fifty participants were assessed in this study into four different sessions as follows 

 Pre-(Control) mind wandering   (50 participants)  
 Pre -meditation                           (50 participants) 

 
....................Interventions of 40 days silence with regular meditation............... 
 

 Post-(Control) mind wandering (50 participants) 
 Post meditation                           (50 participants) 

In total 200 tests have been conducted for data collection in 200 different sessions. Sample size 
was determined on the bases of  previous studies set the changes in neurophysiology and cardio 
physiology of group (J.Shaji, 2013; R.Bhatt, 2012). 
3.3.2. Source and Selection of participants 
The participants were initiated meditator in Himalayan Meditation Tradition, they had minimum 
one years of meditation experience and were regular in their practice. Participants were 
meditation practitioner of Swami Rama Sadhaka Grama Ashram of Rishikesh.  Who use to 
follow every day schedule as follow: 
Silence Schedule 
4:15   Wake up with Atma-tattva-avalokanam or other Practice 
5:00   Prayers             (15min.) 
5:15   Hatha Yoga Class (Classical Asana) (1hr 45min) 
 
7:00   NadiShodhanam or Diaphragmatic Breathing in Makarasana (30min) 
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7:30   Meditation (Mantra Meditation)(1hr.) 
8:30   Breakfast(1hr) 
9:30   Free (30min) 
10:00   Lecture (see guest schedule) or Japa  (1 hr.) 
11:15   Contemplative Walking  (30min) 
11:45   Japa (30min.) 
12:30   Nadi-Shodhanam or Diaphragmatic Breathing in Makarasana (30min.) 
1:00   Lunch  (1hr) 
2:00   Digestive Breathing  (30min.) 
3:00   Japa or Optional lecture or practicum (1 hr.) 
4:00   Tea (10min Break) 
4:15   Relaxation/Concentration Practices (15min.) 
4:30    Hath Yoga or Brisk Walk ending with Japa (1hr.) 
5:45   Meditation (Mantra) (1 hr) 
7:00   Dinner (1hr) 
8:00   Contemplative Reading and Journaling (1hr) 
9:00   Prayers (15min) 
Sleep with Atma-tattva-avalokanam  
 
3.3.3. Inclusion criteria (Appendix - 2) 
We had set a criteria for inclusion of participant those who fulfilled following criteria were 
accepted for the study. 

 Healthy participant with no neurological surgery and age between 25 to 60 years. 
 Regular in meditation practice, willing to go into 40 days of silence and follow the 

routine of Ashram. 
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 Minimum three hours of silence meditation every day. 
 Participants are not allowed to go outside ashram during 40 days of silence.  
 No verbal communication even no access to electronic devices.   
 Participants must have initiated and have personal mantra in Himalayan Meditation 

Tradition.  
3.3.4. Exclusion criteria (Appendix - 3)  
There were following criteria for exclusion of the participant: 

 Any history or presence of cognitive and neurological disorders. 
 Any heart related disorders. 
 In addition any use of medication which could influenced cognitive functions. 
 Alcohol or smoking addiction. 

3.3.5. Ethical issues  
All participants were informed and explain in detail about the purpose, tools used, method 
adopted in study. After their satisfaction and willingness into the study a detailed informed 
consent was signed by all participants.  (e.i  Appendix-1)Since this was single blind study, so no 
participant was informed about the hypothesis of the study. 
Table 2. Detail information about participants ( Appendix -2)  
 Participants with code Age Meditation Hours per Week 

1 RCH 68 35 
2 NRJ 33 35 
3 JTH 56 28 
4 SFI 44 17 
5 KMK 33 10.5 
6 ULR 67 28 
7 MIK 53 7 
8 SNY 68 15 
9 FRJ 58 14 

10 LLA 53 7 
11 DRK 59 28 
12 MKR 71 7 
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13 DNS 44 3.5 
14 MHD 26 14 
15 SRI 38 4 
16 ASN 42 14 
17 YSC 53 14 
18 HSY 36 21 
19 GCL 40 14 
20 TIM 49 40 
21 NDG 65 4 
22 PND 53 10 
23 SHG 58 4.6 
24 KRN 63 14 
25 SFA 64 8 
26 AST 40 21 
27 MCL 70 14 
28 KAT 35 14 
29 TOS 43 14 
30 BLA 70 21 
31 DRK 59 21 
32 MRG 43 6.6 
33 NNA 34 7 
34 BGD 52 21 
35 SFA 64 14 
36 SKT 43 7 
37 PRN 58 4.6 
38 MDV 53 7 
39 VKR 43 7 
40 UTA 68 7 
41 ORS 40 31.5 
42 DIK 59 21 
43 LTZ 54 7 
44 FND 49 12 
45 ATA 47 14 
46 IDA 43 7 
47 TAM 47 14 
48 KTL 44 14 
49 DNE 37 7 
50 SFI 64 4 

 Mean 51.47 14.14 
 SD 12.06 9.00 
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3.4.1. Structure of the sessions: 
(i) EEG as parameter 
Each participants was assesed in four sessions. Two session were pre session on the first and 
second days of  before observing 40 days of silence. First day after inclusion into the project on 
the basis of prior filled inclusion quientionnairs, Thinking session (control state of mind) has 
been recorded for 30 minutes. Then next day same time second experimental session which is 
silence meditation session has been recored under identical condition. Then participant has 
observed 40 days of silence under controlled situation under supervision of expert meditators and 
research group. This was intervention period for 40 days, after intervention post test has been 
done. Again first day thinking session (control state) has been recorded. Next day final session of 
silence meditation has been recorded. After each silence meditation session (experimental 
session), a self evaluated quality of meditation we asked to fill to the participant to know the 
level of meditation. It was asked to marked their meditation quality between 0 to 10. Those who 
has chosen  less than 5 marks in questionnaire (Appendix- 4). We asked them to repeat the 
meditation session again as per their normal meditation session, when level of meditation was 
marked by meditator equal or above 5, then final meditation session was finished.   
3.4.2. Order of the sessions 
The order of the every session was randomized for each subjects using random number table. 
This was done to prevent that participant might  not get influenced to his/her expose to the 
laboratory for first time. We randomized the sessions as follows: 
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Table 3. Order of the sessions  

Subject Pre Test  
Sessions Randomization  

Post Test  
Session Randomization 

1 1,2 3,4 
2 2,1 4,3 
3 1,2 3,4 
............ ............. ....... 
Note:  1 = Pre Control Session (Mind Wandering); 2 = Pre Experimental Session (Silence 
Meditation); 3 = Post Control Session Mind Wandering); 4 = Post Experimental Session (Silence 
Meditation) 

Table. 4.  Schematic representation of the study design for measurement of Brain Waves 
from scalp using 64 channels.  

TEST  PRE Session on 1st day  Intervention  POST Session on 41 day 
Sessions  Control Session 

(Mind 
Wandering) 

Experimental 
Session 
(Silence 
Meditation) 

 Control 
Session 
(Mind 
Wandering) 

Experimental 
Session 
(Silence 
Meditation) 

Times  30 Minutes  30 Minutes  3 Hours of 
Meditation 
every day 

30 Minutes  30 Minutes 

40 Days 
Silence 
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Note: During 40 days of silence participants followed a specific schedule while living only premise of Ashram.   

 
3.5.1. The choice of the control mental state:  
Usually in normal human mind has many thoughts simultaneously comes, meditation practice 
require disengagement from the processing of spontaneous coming thoughts. Disengagement 
from the thoughts starts when we rest or sleep (Christoff et. al., 2009; Raichle et. al., 2001; 
Killingsworth and Gilbert, 2010).  Considering above in our mind we would let participants 
engaged into mind wandering while resting ideal control state. In fact, the resting state is a 
control condition often used in the meditation literature (Travis and Wallace, 1999; Khare and 
Nigam, 2000; Arambula et al., 2001; Aftanas and Golocheikine, 2001; Lutz et. al., 2004). 
In contrast in meditators then engaged into meditation spontaneously in between the slot of 
meditation there are phase of thinking.  All participants in our research instructed mind 
wandering (Cahn and Polich, 2009; Cahn et. al., 2010) task. In this task participants are asked to 
keep their mind’s attention on non- emotional memories of future or past. To make similarity 
between experimental and control groups. Control groups are asked to sitting with cross legs or 
on chair with legs equidistance and closed eyes as in meditation.  
There were two sessions recorded  (i) control state of mind as let their mind wander from thought 
to thought.  (ii) Experimental state as silence meditation as taught in Himalayan Tradition of 
Swami Rama.  
3.5.2 Experimental State: (Silence Meditation)  
Participants were long time practitioner of Himalayan Tradition Silence Meditation as taught by 
Swami Rama and Swami Veda Bharti. This meditation consist Breath awareness,  Naval to 
nostril and nostril to naval breathing, Susumna Breathing and incorporate Mantra (a syllable, 
sound or sentence) with breathing and then progressively focus on mainly Mantra and then even 
Mantra dissolve into complete silence.    
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3.6. Data Collection: 
3.6.1 Electroencephalography (EEG): 
Data was recorded using  
64 channels of EEG. Eye-movement (EOG) activity was assessed with electrodes placed at the 
outer canthi and above/below the left eye in line with pupil for horizontal and vertical EOG 
monitoring using bipolar reference. Impedances were kept below 10kΩ. The signals were 
recorded with a band pass of 0.5 to 100 Hz and its digitization rate was 256 Hz. By means of 
Fourier transform power spectrum from the raw EEG signal is derived, here in power spectrum 
contribution of sine waves with different frequencies could be seen. Although all the frequencies 
are intermingled even then we could see the most dominated brain wave frequency as follows: 
Fig. 6.  Delta, theta, alpha, beta and gamma brain waves power bands with frequency values and 
time of appearance.    

  
http://www.reiki-healing.dk/reiki-videnskab/ 

 
 



30  

 
Fig.7.   International Standard name and locations of 64 EEG channels as we recorded for 
present study. 
This is an Internationally recognized method to describe the location of the scalp electrodes. 
Basic idea behind this system is that there is a relationship between the location of the electrode 
and the underlying cerebral cortex. It is known as 10-20 because it represent electrodes are either 
10% or 20 % of the total front-back or right-left measurement of the scalp. The abriviation used 
in figure below could be understood as F = Frontal, T= Temporal, C= Central and O=Occipital. 
Actulally there is no Central lobe exist but the use of centre electrode is to identification purpose.  
Whereas 'z' refers to an electrode placed on the mid line eye brows centre to inion in back. 
Further even number such as (2,4,6,8) refer to electrode positions in right side of the scalp. 
Whereas odd numbers (1,3,5,7) refer to the electrode positions on the left side of the brain 
hemisphere.  
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 Fig. 8 . Sample of  raw frequency waves at all 64 cha nnels location in two sets of 32 electrodes.  
These are raw unfiltered EEG signals as collected right from the participants during testing. In 
This signals all frequencies are overlapping and showing together. We can also see some 
coherence of few electrodes, it mean group of electrodes are showing same frequency i.e the line 
in the middle of the figure. There are 32 electrodes named in left side with its abbreviations. 
Below line of the figure the numbering indicate the time being recorded the data in second.   
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3.7. Data Processing: 
The Raw data of  EEG which captured from scalp is actually needed to amplified to make them 
compatible with electronic devices. But raw data get incorporated with unwanted artifacts which 
could be possibly come through following sources: unwanted physiological signals such as body 
movements, Heart rate, pulse or pace-maker, eye movements and sweating. Technical artifacts 
such as AC power at 50/60 Hz, Impedance fluctuation, cable movements, broken wire contacts, 
too much electrode jelly or low battery.   
Before doing analysis of the data, EEG signals should be make sure that origin of the EEG signal 
is none other than neural sources. Because of this reason raw EEG data should be clean all other 
source of noise other than neural sources. Besides this while doing cleaning one should care that 
significant amount of neural sources EEG should not lose.  Taking all above concerns in mind 
we filter the data (zero-phase; roll-off: 12db for low-pass and 24db for high pass), to allow 0.5 to 

32 Channels During Silence Meditation
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200Hz frequencies. The filtering was followed by re-referencing to the average of all channels, it 
provide full common-mode rejection ratio (CMRR) and it also avoid spatial bias.  

Table. 5.  Pre-processing stages:  Start from raw data as acquired from participants then 
with help of software EEGLAB, data went through these stages to remove unwanted noise from 
the raw data and make the data useable for study. 

             
 
 
 
 
 
 

 
3.8. Data Analysis  
We measured the changes in oscillatory activities of the brain due to continuous practice for 40 
days silence meditation. Time-series data containing oscillatory activities i.e., the signal changes 
with time domain. We had seen at 50 Hz oscillations give random white noise in all reading 
which is unavoidable due to AC current. Besides this raw signals are mixture of many signals, it 
is hard to analysis anything concrete  by just looking at raw EEG signals, one of many reason is 
the generation of this signal from different brain levels such as cortical, sub-cortical and cortico-
subcortical dynamics (Speckmann and Altrup, 1993; Steriade et al. 1993; Baillet et al., 2001). So, 
initially it is important to use a sophisticated method to segregate all different rhythms out of 
mixture. It help us to map the different dynamics of, how information processed in brain.  

 64 channel raw EEG  

Average Re-referenced  

Filter (0.5-100Hz)  

Semi-autonomic artifact 
removal tool Removal of non-neuronal 

sources (Artifact) 

Reconstruct 64 channels 
EEG  

Convert Standard 10-20 
System 

64 channel reference-free 
pure neuronal EEG Signal 
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Spectral analysis is one of such system to measure contributions of different frequencies 
ranges. Common method is use of Fourier transform to convert the time-series data into the 
frequency domain. The power of each frequency is or range of frequencies such as Alph, Theta 
etc frequency bands to determine their contribution to the measured signal (Pizzagalli, 2007).  
3.8.1.  Spectral analysis: 
Above we have discussed about data acquisition and processing, 64 channels of EEG pre and 
post silence meditation was analyzed using step by step analysis as follows:  
1.  64 EEG processed data  
2. Scalp current density estimation. 
EEG data is measured in voltage difference between a certain electrode as reference and the 
electrode which is to study. Reference position and selection has great influence on the result of 
EEG recorded (Lehmann, 1987). Because of that there should be reference-free transformation to 
avoid choosing either single or multiple electrode cluster for reference. We used a toolbox under 
MATLAB called EEGLAB (Delorme, 2004). This tool give us option to re-reference in which 
we have chosen average re-referencing. 
3. Power spectrum estimation (µV/m2 )2/Hz 
Using toolbox EEGLAB under MATLAB we got power spectrum of brain wave. It give pictorial 
diagram as shown in Fig. It show frequency versus power chart (Ahirwal and Londhe, 2012). 
The oscillatory activity in any time series can be represented using a linear sum of different 
sinusoidal waves with distinct frequencies and coefficients (Pizzagalli, 2007). So, the aim of 
spectral analysis is to estimate the contribution of  various frequencies on the measured EEG 
data.  Usually measured parameters are estimate of power which is square of amplitude for a set  
of functionally frequency bands  e.g., Theta band 4-8 Hz or Alpha 8- 12 etc. EEG signal is 
usually stationary for up to 3.5 seconds (Gasser and Molinari, 1996). Therefore, minimum one 
minutes data are required to get stable power spectrum  estimation. We have used 30 minutes of 
continuous EEG data to analysis of power spectrum.  
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Fig. 9.  Illustrate  63  out of 64 channels and  its spectral analysis with frequency at base and 
power at left side fig. whereas 7 topographic locations on different frequencies as mentioned 
above the topographic scalp power map. i.e 2Hz, 6Hz etc.  
 

 
4. Topographical Analysis: 
Topographical analysis of EEG is a way to describe the position and activities of various 
electrodes point in comparison to other electrodes. This method shows neuronal activities all 
over  brain, display could be two dimensional or three dimensional. It provide holistic pictorial 
location of whole brain, it helps to understand activation of different lobes and sites of the brain. 
Even though it does not gives mathematical information and even about the source of generation 
of signals (Pizzagalli, 2007).   
3.9. Tools:  
3.9.1.  Tools for EEG data collection: 
Biosemi Active Two AD-box (BIOSEMI, 2006) ultra compact, low power galvanically isolated 
front-end (close to the participant) is used for this study. It provides upto 256 channels EEG 
recording, signals could be digitized with 24 bit resolution. In addition to this Biosemi also 
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provides 8 extra channels for EOG (electro-oculogram), EMG (electro myogram) and ECG 
(electrocardiogram). There are even additional parallel parameters could be measured with 
Biosemi are Respiration, Temperature etc.  
Fig. 10. Biosemi Active Two AD box, it is main source of data acquisition all electrode coming 
from participant body.  

http://www.biosemi.com/pics/active2%2Bbattery_large.jpg 
In addition to AD box system of biosemi is also coupled with low noise DC coupled post-
amplifier. 
Fig. 11.  Receiver and converter of signal from electrical to optical.  
a. USB2 front                                  b. USB2 back 

        
Receiver is used for conversion of optical signal coming from AD-box to an USB2 front and 
USB2 back got attached with computer for display of signals.  



37  

Fig.12.A set of 32 electrodes, it receive EEG signal from the scalp with the help of conductive 
gel.  
a. 32 EEG electrodes                                    b. Ag- AgCl tiped single electrode 

                                 
http://www.biosemi.com/pin_electrode.htm 

 
Fig. 13.  Steps of putting 64 channel EEG cap, Gel and electrodes. 
 
  
 
a. Electrode Cap               b. Signa Gel                          c. 64 Electrodes positions  

    
Fig. 14. Participant with 64 channels EEG and extra 8 channels  
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We used 64 channels EEG three different sized caps  according to size of the head,  caps were 
with electrode distribution through 10-20 system of electrode distribution. After putting cap with 
measurement of head size. We used specific Signa gel designed for Ag- AgCl tip. 8 extra 
electrodes for EOG and EMG  recording.  
3.10. Hypothesis: 
3.10.1. Research Hypothesis 
The present study has hypothesized that two different states of mind as Mind wandering and 
Silence meditation. We have hypothesis that there would be contrast in construct and practice of 
mind wandering and silence meditation. This study has design of pre-post study with 
intervention of 40 days silence observation. We hypothesized  that during pre study two states of 
mind would be different, and in case of post study there would be reflection of intervention on 
post recording and it would be significant different from pre recording.  
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3.10.2 Null Hypothesis for statistical purpose:  
For statistical purpose we used null hypothesis state that two states mind wandering and silence 
meditation during pre recoding might not show any different. There would not any change in 
neuro-physiology between pre and post studies. 
3.11. Statistical Analysis : 
Depending on the nature and complexity of the study, we used various statistical techniques to 
test our research hypotheses. We used specific and possible techniques to reach our objectives of 
testing research hypotheses.   

 We used frequently descriptive statistics like Mean, Standard Deviation to determine the 
nature of distribution of scores as well as variability on different adopted variables.  

 Inferential statistics such as t-test, ANOVA, RMANOVA to measure the difference 
between the pair of scores and measures of variability.  

 For graphical representation of our data we used Histogram, Topographic maps, and 
different tables as well.  

 
 
3.11.1. First Variable: EEG Measurement of Meditation 
 A repeated measures ANOVA was used to assess the impact of 40 days silence practice (pre- 
mind wandering and pre Silence meditation and post mind wandering and Silence meditation), 
frequencies (delta, theta, alpha, beta and gamma) was measured in different lobes of brain 
(frontal, parietal, temporal and occipital). There are pictorial representation of power of 
amplitude of the frequencies of brain waves, denoted by different colors the lowest is blue and 
the highest is red. 
Fig.15.a. It is a topographic power map of  scalp with nose and ears  with intensity of amplitude 
of power. 
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15.b. It is a power log which measure intensity in micro volt (µV). The range of power is 
between +4 to -4. 
 
                    a.                                                                                                     b. 

  
MATLAB:  Matlab (Matrix Laboratory) is a tool for numerical computation and visualization. 
The basic data element is a matrix, so if you need a progam that manipulates array-based data it 
is generally fast to write and run in 
MATLAB.(http://web.gps.caltech.edu/classes/ge11d/doc/matlab_Resource_Seminar.pdf). 
It give followings options: 

 Math and computation  
 Algorithm development 
 Modeling, simulation and prototyping 
 Data analysis, exploration and visualization  
 Scientific and engineering graphics 
 Application development, including graphical user interface building. 

6.0 Hz

+µV 

-µV 

nose 

ear 
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Working environment of Matlab: This is the set of tools and facilities that you work with as the 
MATLAB user or programmer. It includes tools for developing managing, debugging and 
profiling M-files. 
Language of  MATLAB: It has matrix/array language with control flow statements, functions, 
data structure, input/output and object-oriented programming features. It allow both 
"programming in the small" to rapidly create quick and dirty throw-away programs and 
programming in the large to create complete large and complex application programs.  
MATLAB mathematical function library: This is a vast collection of computational algorithms 
ranging from elementary functions like sum, sine, cosine and complex arithmetic, to more 
sophisticated functions like matrix inverse, matrix. Bessel functions and fast transforms.  
MATLAB features a family of add-on application-specific solutions called toolboxes used for 
very important to most users of Matlab. Toolboxes allows to learn and apply specialized 
technology.  
Toolboxes are comprehensive to solve particular group of problems. In this study we used 
EEGLAB toolbox. 
EEGLAB is software toolbox which is compatible with MATLAB. It provide an interactive 
graphic user interface (GUI). It allow user to flexibly and interactively process of EEG raw data. 
It has even option of independent component analysis (ICA) and spectral, time/frequency and 
coherence analysis. This software provide brain topographic color image as per international 
standard we can see in fig13.a. and in fig.13.b shows the power range of the spectrum which is 
from +4  micro Volt to -4 micro Volt. +4 is for intense higher activity and -4 is for lesser 
activity.  
3.11.2.Second Variable: HRV  
We used descriptive statistics such as Mean, Standard Deviation and Minimum and Maximum 
for HRV variable. As far as interferential statistics is concerns we used t-test,  analysis of 
variance and Repeated measure Analysis of Variance.  
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4.0. RESULTS: 
In this section we will explore the result of two variables (i) Electroencephalogram and (ii)Heart 
Rate Variability which we have selected for this study. First was studied of 64 channels of EEG 
and through these channels study the effect of 40 days of silence meditation on physiology of 
different standard locus of the brain. Whereas second was to study the effects of 40 days of 
silence meditation on heart rate variability.  This study was a pre-post test, there were total four 
tested had been conducted,  two of control groups and two of experimental group.  
1) Pre study contain baseline test of two different state of mind  

a) Control group (Mind wandering state) 
b) Experimental group (Meditation state) 

2) Post study contain test after intervention of 40 days silence meditation practice again two 
different state of mind test have been conducted. 
a) Control group  after intervention (Mind wandering state) 
b) Experimental group after intervention  (meditation state) 

4.1 Electroencephalogram (EEG) power spectrum analysis  
4.1.1 Recapitulation of background of test 
This study of EEG power spectrum analysis were conducted on 50 regular meditation 
practitioners, who were willing to participating into intervention of 40 days of continuous 
observation of silence and regular meditation practice. On the basis of data acquired from these 
participants, we studied on 64 channels of  EEG, however we successfully drew result of 63 
channels although one channels has to eliminated because of noise in data which could not be 
filtered. After filtering the data we choose 63 channels for statistical analysis. With the help of 
statistical tools such as Matlab,  Eeglab toolbox and Statistical toolbox.   
We calculate mean wave form of all the wave form to draw a mean value of different brain 
waves such as Delta, Theta, Alpha, Beta and Gamma on the basis of different frequencies of 
brain wave. We used diagram to compare the mean value of wave form of four different sessions 
on pre and post basis.  We used parametric t-test at 0.05 level above  to show the differences 
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between two mean wave forms. We also used international standard 10-20 system of EEG to 
describe the specific 63 out of 64 locations on the scalp.  
4.1.2.  Result related to 63 channels  out of 64 channels with figures  
Fig. 16. One channel out of 63 EEG spectrum mean comparison between two stages pre 
intervention and post intervention. With all 63 electrodes scalp map in different frequencies.  
16. a. Control pre and post session of Fz channel.          16.b. Experimental pre and post session    
                             
 

  
16. c. SD (standard deviation)  along freq. VS power   16. d. SD along frequeny bands Vs power  
 
 
 
16.e. Significance value of control at Hz                  16.f. Significance value of meditation at Hz 
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 Figure.16. illustrates the mean amplitude spectral data mean of throughout the pre and post 
during control state and meditation sessions. Figure 16.a. illustrate mean amplitude of control 
session and figure 16.b. on the other hand shows the power amplitude of meditation session. At 
'x' axis there are measurement of  frequency of brain wave with different frequency bands such 
as delta (1-4 Hz), theta (4-8 Hz), alpha (8-12 Hz), beta (12-25 Hz) and gamma (35-45 Hz) and 
'Y' axis is power measures in micro volt (µV) and converted into dB (decibel)  ratio by  log-
transformed to dB  units using 10 x log10 (   µV2/Hz)  formula to normalize the power value  
distributions,  to compare different outputs of power in two different sessions such as pre and 
post . Average value of 30 minutes session of  pre and post of control session is figure 16. a.  
However  meditation session was illustrated in figure 16.b.  Different frequency bands such as 
Delta, Theta, Alpha and Beta were shown in  figure 16. a. and 16.b.  to compare the sessions.  
This is scalp map based on average all 63 electrodes indicated by dots over scalp map.  Where as 
in figure 13c and d. graphs illustrate standard deviation of power verses frequency along the  
frequency bands from its mean value.  Below  there are figure 16.e. and 16.f.  illustrate about 
significance value of paired t-test at 0.01 level of significance. We used bootstrap method of 
statistical analyses (wilcox, 2005) under eeglab toolbox, paired t-test was used to get the result. 
Figure 13. illustrate a significant comparison between control and meditation session. There is no 
significant difference in control group between pre and post intervention. On the other hand there 
is significant change in meditation group at theta (4-7 Hz), higher beta (25-35 Hz) and even in 
gamma (35-45 Hz). In figure 13.d. p˂ 0.01 at these three frequency area.  There was no such 
difference found in delta, alpha frequency bands.  
Result on the basis of graph of Fz electrode we could draw that there were significant 
comparison between pre and post test and between control and meditation groups.  
Delta band (0.5 - 4 Hz): Bootstrap statistical analysis system  with false detection rate (FDR) 
used for 63 channels EEG recording on control and meditation sessions for before and after 
intervention of 40 days of continuous silence and regular meditation for at least 3 hours per day.  
A paired t-test of following channels have been conducted such as channel AF3 (t-test, dƒ = 49, 
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p= 0.0096), AF7(t-test, dƒ = 49, p= 0.0096), PO3(t-test, dƒ = 49, p = 0.053) and CP5(t-test, dƒ = 
49, p = 0.054) all electrodes increased the delta activity in meditation session. Where as in 
control session  some frontal and occipital electrodes are even significant than in meditation 
session. Power of delta frequencies were decreased in post meditation session than in pre 
intervention stage.  
Theta (4 - 7 Hz) : Bootstrap analysis with false detection rate (FDR), statistical paired t-test was 
used, which,  indicated significant increase in power spectrum specially in frontal lobe and 
parietal lobe of the brain,  post meditation power increase in comparison to pre meditation stage. 
Following electrodes were observed increased in Theta frequency power in post meditation state 
than in pre meditation. such as  AF3 (t-test, dƒ = 49, p = 0.010), F1(t-test, dƒ = 49, p = 0.019), ,  
F3(t-test, dƒ = 49, p = 0.0093), F5(t-test, dƒ = 49, p =0.0098),  F7(t-test, dƒ = 49, p = 0.047),  
FT7(t-test, dƒ = 49, p = 0.0097),  FC5(t-test, dƒ = 49, p =0.0094), FC3(t-test, dƒ = 49, p = 
0.0066), FC1(t-test, dƒ = 49, p = 0.0096),  C3(t-test, dƒ = 49, p = 0.0084), C5(t-test, dƒ = 49, p 
=0.0094), T7 (t-test, dƒ = 49, p = 0.026), Tp7(t-test, dƒ = 49, p = 0.016), Cp5(t-test, dƒ = 49, p = 
0.025), CP3(t-test, dƒ = 49, p = 0.059), Cp1(t-test, dƒ = 49, p =0.0071), P1(t-test, dƒ = 49, p 
=0.041), p3(t-test, dƒ = 49, p = 0.025), P5(t-test, dƒ = 49, p =0.011), p7(t-test, dƒ = 49, p 
=0.009),  p9(t-test, dƒ = 49, p =0.025), PO7(t-test, dƒ = 49, p =0.0084), PO3(t-test, dƒ = 49, p 
=0.0079),  POz(t-test, dƒ = 49, p = 0.0069), Pz(t-test, dƒ = 49, p = 0.0094),  CPz(t-test, dƒ = 49, 
p = 0.045),  Fpz(t-test, dƒ = 49, p = 0.015), FP2(t-test, dƒ = 49, p = 0.045), AF8(t-test, dƒ = 49, p 
= 0.025), AF4(t-test, dƒ = 49, p = 0.025), AFz(t-test, dƒ = 49, p = 0.045), Fz(t-test, dƒ = 49, p 
=0.0098),  F2(t-test, dƒ = 49, p =0.023), F8(t-test, dƒ = 49, p =0.045), FT8(t-test, dƒ = 49, p 
=0.018), FC4(t-test, dƒ = 49, p =0.014), FCz(t-test, dƒ = 49, p = 0.0038), Cz(t-test, dƒ = 49, p = 
0.0046),  C2(t-test, dƒ = 49, p = 0.0074), TP8(t-test, dƒ = 49, p = 0.0091), CP6(t-test, dƒ = 49, p 
=0.01),  P4(t-test, dƒ = 49, p =0.01), P6(t-test, dƒ = 49, p = 0.025), P8(t-test, dƒ = 49, p =0.015),  
P10(t-test, dƒ = 49, p = 0.025). We could observed that mainly prefrontal, frontal and  parietal 
lobes of the brain have been shown significant increase in theta power. Although some occipital 
electrodes as well have been shown improvement in power of theta power.  Most of the 
electrodes are significant with P˂0.05.  We could not see any significant difference in any 
electrode in post intervention control state with  comparison  of pre control state.  In addition to 
this, parametric ANOVA assessment of theta with following electrode were measured,  Fz 
(F(2,98) = 5.02, p = 0.0084), F2(F(2,98) = 4.89, p = 0.0094), F3(F(2,48) = 3.45, p = 0.035), 
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F1(F(2,98) = 5.32, p = 0.0064) and AFz(F(2,98) = 3.08, p = 0.050). Mainly frontal electrodes  
assessed significant in comparison to control.   
Alpha (7 - 12 Hz) : Bootstrap analysis with false detection rate (FDR) correction for multiple 
comparison was   indicated no  significant increase in  any electrode of the  post meditation  in 
comparison to pre intervention . Not even in control sessions have been shown any significant 
comparison in  pre and post control state. Although three parietal electrode of left side in 
meditation state have shown decrease in alpha frequency power. These electrodes as    C5(t-test, 
dƒ = 49, p = 0.0087),  C3(t-test, dƒ = 49, p = 0.0079),  C1(t-test, dƒ = 49, p = 0.0059).   and even 
one pre-frontal electrode AF3(t-test, dƒ = 49, p = 0.009) has been observed significant decrease 
in power in post meditation than in pre meditation alpha power.  
Beta (12 - 25 Hz): Bootstrap analysis with FDR indicated occipital and parietal region of scalp 
power activity in beta frequency in meditation group there was decrease in power in post session 
than pre intervention session. A paired t-test indicated following electrodes significant decrease 
in Beta frequency power in following electrodes, as such  O2(t-test, dƒ = 49, p = 0.0074),  PO4(t-
test, dƒ = 49, p =0.05), Cz(t-test, dƒ = 49, p = 0.0059),  O1(t-test, dƒ = 49, p =0.011), PO3(t-test, 
dƒ = 49, p = 0.0094), PO7(t-test, dƒ = 49, p = 0.0089), CP1(t-test, dƒ = 49, p = 0.0054), P2(t-test, 
dƒ = 49, p = 0.018), POZ (t-test, dƒ = 49, p = 0.0046),  CP1(t-test, dƒ = 49, p= 0.0054),  CP3(t-
test, dƒ = 49, p = 0.0023), PO3(t-test, dƒ = 49, p = 0.012), Oz(t-test, dƒ = 49, p =0.0074), POz(t-
test, dƒ = 49, p = 0.0079), Pz(t-test, dƒ = 49), p =0.073), CPz(t-test, dƒ = 49, p =0.025). While, 
there was not significant comparison in control session in pre and post sessions.   
 Gamma  
Bootstrap paired  t-test  analysis with FDR correction for multiple comparison indicated a 
increase in spectrum power in left side of the frontal lobe F5(t-test, dƒ = 49, p = 0.019), F3(t-test, 
dƒ = 49, p = 0.014), C5(t-test, dƒ = 49, p = 0.05), F5= 0.0059),  F7(t-test, dƒ = 49, p = 0.0089), 
FT7(t-test, dƒ = 49, p = 0.019), FC5(t-test, dƒ = 49, p =0.0089), FC3(t-test, dƒ = 49, p = 0.018), 
AF3(t-test, dƒ = 49, p = 0.009). While parametric ANOVA showed mainly F5 and FC4 
significant  F5 (F(2,98) = 0.22, p=0.083) and the electrode FC4 (F(2,98) = 3.13, p= 0.048).   
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Figure: 17. The scalp map of Control and Meditation with t-test ('p' value) in Delta (1-4Hz), 
Theta (4-7 Hz),  Alpha (8 -12 Hz) frequency bands are displayed with meditation in right side 
and control in left. All these bands shows statistical significance with using bootstrap along false 
dection rate (FDR). FDR is used for correction in multiple comparision with threshold 
significance set at P˂0.05. Red bold dots are illustrating electrode channels which are 
significance whereas black dots shows no significance at 0.05 level.  
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Figure 17.b. The scalp map of Control and Meditation with t-test ('p' value) in Beta (18 - 25 Hz)  
and  Gamma (35 -45 Hz)frequency bands are displayed with meditation in right side and control 
in left. All these bands shows statistical significance with using bootstrap along false dection rate 
(FDR). FDR is used for correction in multiple comparision with threshold significance set at 
P˂0.05. Red bold dots are illustrating electrode channels which are significance whereas black dots shows 
no significance at 0.05 level. 
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The table 6. illustrate the all experimented  63 electrodes with its power values and state, 1st 
column shows the control state in pre and post intervention state.  There is 10-20 international 
system has specific names for electrodes that is also mention in the begin column i.e AF7, AF3 
and so on.  X axis the horizontal axis showed frequency. Above the frequency 'X' horizontal line 
there are black strips which illustrate the pair t-test significance level at P<0.05 level.  Last row 
the location of the electrode each of the scalp map it has been shown the position of the referred 
electrode with big dot. The two graphs represents pre and post intervention  of same group either 
control or experimental. Red line indicate post test data and green one pre. 'Y' axis or vertical 
axis measured  power of the spectrum oscillation in 10 log with deci bell form.  Data is average 
amplitude spectral data at mentioned electrode positions.  Figure displace all frequencies 
measure with it power measures. As far as statistical analysis is concern  paired t-test analyzed 
were used across the electrodes. Figure 16 each of the control and experimental group illustrate t-
t test result a p<t 0.05 level at 'X' axis in dark color.  Representation of the graph have been 
divided in two Control and Meditation groups. Over lapping graph line shows less difference in 
mean value at adjacent frequency power. In meditation group F5, FC1, P1, P3, P7,Fz, TP8, P5, 
AF8, AF, Afz, F2, FC2, CP6 and P2 electrode in fig.16 indicate at theta frequency power 
significant increased at p<0.05 in post meditation  compared  to pre meditation state. Where as in 
control group electrode AF3, P1, P7, FPz, AFz, and CP2 also illustrate significant difference at 
p<0.05. In gamma power as well some electrodes of left frontal and parietal lobe indicate 
significant increase at p<0.05 in post meditation session than pre meditation. AFz and F1 
indicated significant difference at 0.05 level in control session.  
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Table .6. EEG power spectrum data analysis showing comparison of mean value in four session, 
control state pre and post and experimental state pre and post, the location of EEG electrode 
were shown with red circle on 10-20 system of electrode distribution.  

S.N. 

Chann
el Mind wandering  Session  Meditation Session  Location of electrode on scalp  

Control State, Pre and Post Experimental state , Pre and Post 
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 AF7  

           

2 

 AF3  
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 F1  

   

4 

 F3  

  
 

 Frequency (Hz) 

 Frequency (Hz) 
 Frequency (Hz) 

 Frequency (Hz) 
 Frequency (Hz) 

 Frequency (Hz)  Frequency (Hz) 

 Frequency (Hz) 
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5 

 F5  

  
 

6 

 F7  

   

7 

 FT7  

   

8 

 FC5  
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 FC3  

 

 Frequency (Hz)  Frequency (Hz) 

 Frequency (Hz) 
 Frequency (Hz) 
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14 

 T7  
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 TP7  
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4.2 Heart Rate Variability (HRV) results: 
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Heart Rate Variability could be measured by several parameters though we can categorize these 
parameters in two broad range as (i) time domain HRV parameter  and (ii) frequency domain 
parameter  
4.2.1 Time domain: 
 these are standard statistical analysis of the heart beat time series. We used for our study to 
measure time domain is Standard Deviation Normal to Normal (SDNN). It is square root of 
variance. SDNN reflects all the cyclic components responsible for variability in period of data 
recording(Saul et al, 1988).  Low the SDNN is low HRV. With this method heart rate or intervals 
between the successive normal complexes in heart rate could be determined. In a continuous 
electrocardiogram (ECG) record, each cycle of QRS complex is detected. This is also called 
normal to normal (NN)interval. With the help of SDNN the difference between the longest and 
shortest NN could be calculated.  
(a) Standard Deviation Normal to Normal heart beat (SDNN): Associated with variability in 
period of data recorded.  
4.2.2. Frequency domain:  
These are statistical analysis from which we could draw conclusion about sympathetic as well as 
parasympathetic activation.  
We use for our study two parameters as follow: 
(a) Low Frequency percentage (LF%) associated with both sympathetic as well as 
parasympathetic  nervous system activation.  
(b)High frequency percentage (HF%) associated with parasympathetic nervous system activation 
or vagal activity of autonomic nervous system 
 
  
Table. 7. Statistical analysis of HRV mean and SD value in time and frequency domain  
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Table 7. illustrate the result of heart rate variability of 50 participants into four states two pre and 
two post tests. In pre test there were two tests one is pre control state and pre meditation. Data 
was acquired before intervention and then after interventions two test in post interventions 
sessions had been conducted as post control state and post meditation state. On the basis of the 
data acquired on 50 participants in two different state of mind , with help of statistical analysis 

following results had been drawn.  
1. low frequency (LF): before and after the intervention in control state low frequency (LF)  
increase  the mean value after intervention from  33.30 with standard deviation 13to 43.25 with 
standard deviation 17. Where as in meditation group it also increase  in similar fashion from 
34.81 with standard deviation 13 to  43.02 with standard deviation 15. 
2. High Frequency (HF): There were a trend of increase in value of HF in control state as well as 
in meditation state. In control state it increase from 24.20 with standard deviation 15 to 28.65 
with standard deviation 14,  however,  in meditation state it increase from24.88 with standard 
deviation 15 to 31.90  with standard 14. 
3. SDNN We say an unusual trend in time domain that first there was decrease in value of SDNN 
from 37.27 with standard deviation 21to 34.30 with standard deviation 23. Where as in 
meditation state there was minor change in mean from 34.79 with standard deviation 23 to 34.20 
with standard deviation 19. 
 

Statistical analysis of Heart Rate Variability with time and frequency domain parameters  
S.No
. Parameter Domain Unit 1st day test  2nd day test 41st day 

test 
42nd day 
test 

PRE POST 
Pre Control Pre 

Meditation 
Post 

Control 
Post 
Meditation 

Control Experimental  Control  Experiment
al 

1. Low 
Frequency 

Frequency 
domain 

Hz 
33.30  ± 13 43.25 ± 17 34.81 ± 13 43.02 ± 15 

2. High 
Frequency 

Frequency 
domain 

Hz 
24.20 ± 15 28.65 ± 14 24.88 ± 16 31.90 ± 15 

3. SDNN Time 
domain 

ms 
37.27 ±  21 34.30 ± 23 34.79 ± 23 34.20 ± 19 
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Figure . 18. Low Frequency of HRV result with frequency domain and pre - post control 
and meditation states.  

 
 
Figure 18. Illustrate progressive decrease in mean value of meditation over mind wandering 
(Control state). It shows distribution of data with its minimum and maximum value as well.  One 
way ANOVA was also conducted with F (3,196) = 6.05, P = 0.0006.  'X' axis has been shown 
four stages of tests. Pre-control vs Pre-meditation evaluate decrease 43.25 ± 17 to 33.30  ± 13 
where as in post-control vs post meditation 42.92 ± 15 to 34.81 ± 13.  'Y' axis measures 
frequency in Hertz.  
 
 
 
Figure.19. High Frequency of HRV result with frequency domain and pre - post control 
and meditation states 
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Figure 19. Illustrate the high frequency data of HRV, 'X' axis illustrate four different stages of 
data collections (i) pre control (mind wandering), (ii) pre experimental (meditation), (iii) post 
control (mind wandering ) and (iv) post  experimental (meditation )pre control 24.20 vs pre-
meditation 28.65  high rate frequency increase in post sessions as post-control 24.88 to 31.90.  
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Table. 8. ANOVA table with F value and significance level of probabilities 

 
Table 8. illustrate one way ANOVA (analysis of variance) statistical analysis for HRV 
parameters of time domain as well as frequency domain. We calculated three parameter 
altogether two from frequency domain, which shows influence of nervous system on heart beat. 
These were (i) Low frequency, (ii) High frequency values. We also calculated time domain 
parameter called SDNN (Standard Deviation from normal to normal). 
 Low frequency with one way ANOVA analysis indicated   F (3,196) = 6.05,   P = 0.0006.  This 
is significant decrease at p˂0.001 level.  
High frequency with one way ANOVA data analysis indicated F (3,196) = 2.73 ,  P = 0.04. This 
is significance increase at p˂0.05 level. 
SDNN also analyzed  with one way ANOVA and  result indicate no significant differences with 
F (3,196)  =  0.24 ,  P = 0.867. There is no significance in data on the basis of p value.   
 
 
 
 

Parameter  Source  Sum of 
square 

Degree of 
freedom 

MS F Probability 
 

Low 
Frequency 

Columns 4134 3 1378.2 6.05 0.0006 
Error 44640.5 196 227.76   
Total 48775.1 199    

 
High 

Frequency 
Columns 1966.1 3 655.369 2.73 0.04 
Error 47103.6 196 240.324   
Total 49069 199    

 
 

SDNN 
Columns 312 3 104.263 0.24 0.867 
Error 84472.1 196 430.98   
Total 84784.9 199    



70  

5.0 Discussion  
In last section results of two parameters were demonstrated under heading of (i) EEG 63 
channels and its location on the scalp according to 10-20 system (ii) Heart Rate Variability 
(HRV) three results under two different units of frequency domain and time domain were 
illustrated as (a) Low Frequency , (b) High Frequency and (c) SDNN.  
Here we discussed the result obtained in the present study in detail. At last we discussed the 
about the adaptation of mind wandering as control for present study. Even we discussed about 
the limitations of the present study.   
5.1. Meditation and neuro-physiological measures: EEG  
In present study meditation is according to Himalayan meditation practice as taught by Swami 
Rama of  Himalaya, which involves emotion purification, mindfulness of body and breath, with 
attention  absorption on present-moment, and addition of personal mantra (a word or sentence 
given by guru). (http://www.himalayanyogatradition.com).  EEG data were obtained from 
regular experience meditation practitioner in Himalayan meditation tradition all of the 
practitioner were initiated in this meditation practice since at least 5 years and participants were 
regular meditation practitioner. In present study to contrast the meditative state we choose 
control cognitive condition designed to mimic 'normal thinking' state.   
Delta (1-4 Hz) :  Delta power is high amplitude brain waves, associated with usually third stage 
of sleep called  Non Rapid Eye Movement Sleep (NREM), Infants shows more delta activities 
specially up to 5 year old,  delta power is basically known for inhibitory functions (Babiloni et al 
2006, Penolazzi et al. 2008). However so far delta power in meditation is concern in Zen and Qi-
gong practitioner have shown increase in power of delta activities in frontal part of the brain. 
(Fabet et al 2008 ; Tei et al 2009). There is argument in support on increase of delta power in 
meditation that frontal delta in long time meditation practitioner appear may be because of slow 
down the arousal of brain because of non-judgmental, detachment and non-expectation (Tei et al 
2009). While decrease delta activity in parietal and frontal area in meditation (Cahn et al 2010), 
while in present study there was increase in anterior delta during meditation may indicate non-
attachment and non-judgmental though there is not strong difference in delta power as in 
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parametric t-test and ANOVA could not find any significant change (Darvas et al 2004). As 
mentioned already that we took self analysis of meditation practitioner during testing about their 
deepness of meditation, we selected only meditation which marked themselves above 5 out of 10 
marks. So it has been taken care that  meditators were not felt sleepy or drowsy during 
meditation session. No significant change in delta power gives support that meditation 
practitioners were awake and fully involved in meditation practice during meditation session. So 
far delta waves in control group is concern it show before intervention of 40 days of continuous 
practice of verbal silence and regular hours of meditation, there could be a trait improvement in 
non-judgmental and non-attachment qualities practitioner.  
Theta (4-8 Hz):  Theta power is known to correspond with meditation, frontal mid-line theta has 
been associated with concentrative attention engagement, alertness and efficient processing of 
cognitive and perceptual task (Stern et al, 2001) even memory and orienting (. It has be 
consistent in meditation results that frontal and midline theta activities have been increased. 
(Hebert & Lehmann 1977;  Pagano and Warrenburg 1983; Jacobs &Lubar  1989; Aftanas & 
Golocheikine 2001, 2003. Sandler et. al. 2016). Frontal and midline theta power enhancement 
during concentration and such practices as silence meditation which is a concentrative meditation 
provide support for theta oscillations and focused attention. (Banquet 1973; Jacobs & Lubar 
1989; Pan et al 1994; Aftanas and Golocheikine 2001; 2002; Gomarus et al. 2006, Baijal and 
Srinivasan 2010). Theta oscillation in frontal mid line have been studied in attention processes 
and cognition (Basar-Eroglu et al, 1992; Pennekamp et al 1994; Luu et al 2004). Frontal midline 
theta activity is related with cognitive demand such as concentrative meditation (Baijal and 
Srinivasan 2010).  Silence meditation come under concentrative meditation, in this study we saw 
the result showing theta oscillation in frontal midline localized in anterior cingulated gyrus 
which control the attention and cognitive functions. (Baijal and Srinivasan 2010). It support the 
theory of improving attention and cognition through silence meditation. Result of the present 
study illustrated that frontal and parietal lobes have significant increase in theta oscillation. 
Baijal and Srinivasan (2010) found stronger frontal-parietal theta connections were activated 
during greater memory based executive functions that require visuo-motor integration. This 
support our theory that in silence meditation there is association  of Mantra (a word or sentence) 
given by Guru. This word might have visual impression. Concentrative meditation is known as 
technique of attention training for neural network. Many studies shows that mental training such 
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as meditation could enhance  attention processes (Jha et al 2007; Tang 2007).  Long term 
meditation practice bring positive changes in meditator's behavior (Srinivasan & Baijal 2007), 
these positive changes include increase in theta oscillation specially in frontal area (Banquet 
1973; Aftanas et al 2002). Increase in theta power is also an indication of experience of 
practitioner in meditation practice. There are studies suggest short time meditation practitioner 
could not able to produce frontal midline theta (Aftanas et al 2001) it establish that meditator of 
silence meditation were experienced and regular practitioner. Theta increase in midline 
prefrontal also indicate emotionally positive experience and concentrated performance of mental 
task by meditator (Aftanas et al 2001).  Theta in anterior frontal brain also associated with 
decrease in sympathetic and increase in parasympathetic action.  Novelty of present study is that 
we used group of experienced meditators and able to introduce intervention of 40 days of 
continuous silence and regular meditation practice. In our result it shows that theta power of the 
participants have change significantly in comparison to 40 days before. It shows the silence 
meditation in some months would change the theta power of the brain. Which improve memory, 
focused attention, parasympathetic domination.  Interestingly we also have noticed some 
electrode in occipital lobe producing delta power in addition to the frontal and parietal lob. There 
was similar study done by Mario Beauregard in 2009 on near to death experiencers he found 
during this study there was left occipital lobe showing increase in theta power, in this study 
participants were asked to feel as 'flame of light' as usually near to death  people feel. Interesting 
to notice in our study even though there was no pre-instruction same electrodes of left occipital 
lobe illustrate theta power. It might be that during 40 days of silence and continuous meditation 
there were some spiritual visual experiences (Mario et al. 2009, Masahiro et al 2012).  It shows 
that theta activity in occipital and temporal power could be because of  visual imaginary of 
spiritual experience and declarative memory retrieval (Osipova et al. 2006). 
Alpha (8-12 Hz) : Alpha brain waves is commonly found in wakeful relaxed state with closed 
eyes,  occipital lobe is predominantly found this waves.  It get enhanced during eternal task  such 
as mental calculating, working memory  (Palva et al. 2007). Alpha appears while relax non 
cognitive state, when individual is engage in a cognitive task by the time alpha disappears. This 
is called de-synchronization (Kasamatsu et al 1966). Alpha increases from early childhood to 
adult and then decrease with age over remaining life span (Wolfgang  1998). Many meditation 
researches indicate that during meditation alpha  power increases (Aftanas et al 2002, Jim et al 
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2009,).  While other meditations Vippasana, Sahaj yoga studies indicate no significant change in 
alpha bands (Cahn et al. 2010, Baijal et al. 2010).  However, in present study we found no 
significant increase in alpha power during post meditation session than pre meditation session. 
Although there were decrease in alpha power in left parietal area of the brain. It could be 
possible that in this study we have chosen the control state as 'mind-wandering' an induced 
control state, whereas in previous studies it used to often compare with non-specific instruction 
to rest or relaxed state. Possibly in present study because of long term experience in meditation, 
they started in alpha waves initially and sifted into lower frequencies (Cahn et al 2006).   
Beta (18-25 Hz) :  Beta brain waves are associated with busy, anxious thinking and active 
concentration (Baumeister  et al., 2008). It indicate that because of instance  practice of silence 
and continue meditation, participants decreased their anxiousness.  
Gamma (35-45 Hz): Gamma power is associated with stimulus representation and feature 
binding, possibly also with conscious perception (Frues et al. 2001, 2008)  and even selective 
attention (Fell et al. 2003), it is also related with momentary contents of consciousness (Cahn et 
al 2010). Vippasana, Tibetan Budhhist meditation shows increase in gamma power (Cahn et al 
2010, O'Nuallain 2009). In history of meditation study early studies have been shown gamma 
action (Das and Gastaut 1957,  Anand et al 1961b, Banquet 1973) these earlier study had shown 
gamma might be due to lack of sophisticate computerization method in EEG analysis (Cahn et al. 
2010).  But even recent studies find gamma in meditation (Lutz et al 2004, Lehmann et al 2001). 
In present study we found parietal and left temporal gamma domination in post silence 
meditation session in comparison to control and pre meditation session. It suggest activation in 
auditory centre in left temporal cortex. In a recent study done on audio listening of gayatri 
mantra on meditation naive individuals effected the left inferior parietal lobe (Susan et al. 2016). 
It suggest that Mantra meditation as in this Himalayan silence meditation, the imaginary mantra 
syllable create activation in auditory centre of the brain.  A case study on advance Tibetan 
Budhhist meditation practitioner indicate, since mantra involves linguistic aspect, so it might 
activate  gamma power to the left-sided  anterior and temporal lobes of the brain (Lehmann et al. 
2001). Since this study was based on continuous silence for long time, there is no question of 
verbal chanting of mantra. It support that imaginary repeating and listening the mantra into 
within activate the auditory centre of the brain.  
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5.2. HRV in respect of Low frequency, High Frequency and SDNN 
HRV is a non-invasive diagnostic methods use fluctuation in heart rate, it is an important tool to 
assess the influence of autonomic nervous system on cardiovascular system. Low frequency (LF) 
is a band of power spectrum range between 0.04 and 0.15 Hz. This frequency measure reflects 
both sympathetic as well as para-sympathetic action. Basicall LF is strong indicator of 
sympathetic domination.  High frequency (HF) is a band of power spectrum range between 0.01 
to 0.4 Hz. This measure reflects of parasympathetic or vagal tone. At last third parameter we 
measured was SDNN, it is a standard deviation of  NN intervals, this is square root of their 
variance. Length of recording is one of the important aspect longer the recording higher the value 
should be.  In present study we observed significant increase in HF and significant decrease in 
LF during post-intervention state. We observed sharp difference between two groups  control 
groups were low LF and high HF. It shows that effects of meditation even in baseline was strong 
enough to dominate the para-sympathetic nervous system. Where as we saw that in post test after 
intervention same pattern of difference as it was in baseline state. It might be because of 
expertise in meditation participants even in baseline relaxed during meditation state. Where as in 
time domain result HRV there was no significant change the variance was less. Commenting on 
short time recording could not be revealing the real variability. It was limitation of the study that 
there was only 30 minutes of recording. This time is short to notice changes in average 
variability of heart rate. 
5.2.1 Low frequency HRV: 
 Low frequency is a band of power spectrum between 0.04 and 0.15 Hz. This is a parameter to 
measure indirectly both sympathetic as well as para-sympathetic action. Basically it is mainly 
indicate about action of sympathetic activity.  In present study instead LF increased significantly 
in meditation state after intervention of 40 day silence and regular meditation.  It might be 
possible because of mantra and slow breathing.(Shr-Da wu, 2008; Yoshida et al. 2011). Some of 
the studies suggest LF is a poor indicator of sympathetic nervous system (Melanie S. H., 1999).  
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5.2.2 High Frequency HRV: 
It represent the activity of parasympathetic nervous system condition and vagal tone.  Vegal tone 
is refers to the activity of the vagus nerve which is key component of parasympathetic nervous 
system. In present study it indicate that high frequency HRV was improved significant, it support 
the theory meditation improve the vagal tone.  In our study intervention of 40 days of continuous 
silence and meditation has positive effect on parasympathetic response. (Shachin et al. 2015). 
5.3 Choice of control state: 
This is quite possible that 'instructed' mind-wandering in our study could not be quite consistent 
off-task mind-wandering assayed in the literature on mind-wandering (smallwood et al. 2008, 
2007; 2006). Since mind-wandering phase of testing was instructed and demanded it could be 
participants no willing to go into mind wandering and they remain in meditation or they might 
have started mind-wandering and slip into meditation, we ask participants to evaluated their 
mind-wandering and meditation state between 0 to 10. Those who had scored less than 5, we re-
conducted mind-wandering session or removed that participant. This way we tried to created a 
genuine contrast in state of mind from meditation state. We observed in result that participant 
after intervention of 40 days of silence and regular meditation practice even mind-wandering 
state had some meditative effect.  
One of the limitation of present study is the lack of a proper control group of non-meditator. 
Although the result in theta range of frequency illustrate clear difference between two state of 
mind.  
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6.0 Conclusion 
At last in conclusion and summary of the present study it's important to put some key points in 
nutshell to get over all picture of this work. Present study could be concluded into following sub 
headings. 

 Summary of the findings  
 Strength and key observations of the study 
 Applications  and practicality of the study 
 Limitation of present study 
 Suggestions for future studies    

6.1 Summary of the findings 
Present study was done on 50 regular experience meditation practitioner and long time initiates 
in Himalaya Yoga Tradition meditation practice.  Himalayan yoga meditation practice is 
according to Swami Veda Bharti combines the wisdom of Patanjali's Yoga sutras, the philosophy 
and practice of Tantra and specific oral instructions and initiatory experiences passed on by a 
long line of saints and Yoga masters whose names may or may not be known.  In this system a 
systematic progression acquired by practitioners by individual capacity.  In this tradition  1.  Step 
is sitting with head neck and trunk naturally aligned with natural curves of the spine. 2.  Relaxing 
throughout the body progressively there are many ways to relax the body i.e tension relaxation, 
Savasana, 31 points relaxation yoga nidra or so on. 3. Breathing natural flow of breath, 
diaphragmatic, smooth and silent breath. 4. Mantra recitation mentally  with breath from navel to 
nostril to and from. Progressively meditation practitioner from breath observation move to 
mantra recitation for period of time mantra flow with breath, in begin breath remain dominant 
object of attention and then meditator sift toward intense mantra recitation, progression mantra 
become so intense that only unbroken mantra flow without its identification. It lead meditator 
into silence. Then even mantra disappear and complete silence reveal itself. This is all how 
silence meditation work toward silence. In addition to this meditation participants of present 



77  

study also observed 40 days of continuous silence. In my knowledge it could be first study on so 
long silence retreat.  
Protocol was pre and post testing before and after intervention with two parameter of neuro-
physiology with EEG and HRV.  We tested on four separate days preferably at same time, each 
session were 30 minutes. For each of the variables we average whole session of 30 minutes and 
not only slice of data were used for statistical analysis.  Variables were analyzed  separately 
using  pair t-test for two sets of data where as one way ANOVA was used for F-value.   We used 
63 electrodes out of 64 to filter, pre-processing and they statistically analyzing.   
Present study showed significant improvement in theta frequency power in frontal, parietal and 
even  left occipital lobes of the brain. Many earlier studies had shown alpha power associated 
with meditation but in recent studies it showing theta as association with meditation.  It might be 
there is because of sophistication in EEG research and involvement of modern equipment and 
better filtering aids made it more concrete and  pin pointed results.  Gamma in left temporal lobe 
indicate activation in auditory centre of the brain. It could be possible because of imaginary 
listening and creating of mantra. Though there were no verbal communication for 40 days and 
still activation in auditory centre indicate mental chanting of mantra and imagine of sound create 
activation in auditory zone. 
Heart rate variability in frequency domain had shown significant improvement in high frequency 
HRV  indicate the vagal tone in post intervention stage.  Whereas low frequency HRV  was also 
increased , it might be because of  breath  attention and  slow and deep breathing rates.  There 
was no significant change in SDNN time domain parameter of HRV. I might be because of  
period of recording is not enough to show variation.  
In last it shows that silence and meditation practice regularly improve attention, memory 
generate spiritual experience and helps to cultivate positive emotions. HRV results indicate 
silence practitioner become relax with improvement in parasympathetic zone and remain calm 
and less reactive to the situation. On the other hand  HRV LF  indicates slow, deep and 
diaphragmatic breathing .  
It is important to notice here that in feedback  after 40 days of silence the personal experiences of 
participants were experienced  improved relation with friends and family.   
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6.2. Strength and key observation about the study 
50 experience meditation practitioner observed 40 days of silence with strict self restriction with 
precision  and continuity in practice. It was a rare occasion to conduct this study this is one of the 
strength of this present study. Present study is also unique because we study silence with 
meditation. There could be research on meditation or possibly on silence but combination two 
make study interesting. 64 channels gave extra periphery for present study we could observe 
detail brain wave activity.  Isolated and calm ambience of Ashram helps to maintain silence not 
only within participant but even outside which helped participant to not distracted often.  
Sophisticated tools for filtering and pre processing EEG raw data.  This study is progression 
from meditation to silence study from mindfulness to mind emptiness. This is one step further in 
direction of samadhi. This study is to define and characterized silence.  
 
6.3 Application and practicality of the study. 
Present study has some uniqueness and practicality in its nature. There could be following 
application of present study: 

 Present study have been done on experienced and regular practitioner, in this way it 
provide a guideline for new meditation practitioner and silence observer. It provide 
results for those who wise to observe long term silence with meditation.  

 Silence is undefined and need a precise definition  this study could provide a initiative 
background for this. There are many individual definition of silence according to one's 
culture, background and concept.  

 Himalayan Meditation tradition is comparably unexplored by researches and  
experiments though it is one of the oldest and scientific itself.  This study would provide 
background and initiative to experimental aspects of this old meditation tradition.  

 How body and mind response when silence and meditation done together for over a 
period of time.  
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6.4. Limitations of the present study 
Though it has been taken care to perform this study in possible resources and ability, there are 
limitations as well. It important to mentions the limitation so that it could be take care in further 
studies. 

 Control group: In present study there were one group of individual with two contrast, 
control and experimental mental state. Though it is  right in all respect to work in two 
contrast mental state to compare, it could have been increase reliability of the study if 
meditation naive control group would be one of the group.   

 There were no tool to assess two different mind sets were how much contrast to each 
other.   

 In depth of meditation  it was only self-report about how deep meditation practice of the 
participants were.  

 This study has been completed data collection in 2 years , that has been collected with 
each individual  separately. Care has been taken to keep data homologous in all possible 
aspects.  

 To study detail there could have conducted more session between 40 days. with this study 
could not know what was the state of mind and body at the middle of the silence practice.  
Study of such a length of 40 days could have some more sessions.  Then we could have 
in situation to give more detailed statistical explanation about silence and meditation. 
 

6.5. Suggestion for the further studies 
First of all the limitation of present study reveal that there are a lot of scope to conduct further 
studies. Silence study should be done individually and with experienced one in initiation because 
to control the senses for new practitioner is difficult to maintain. Study could be done one subtle 
progression in silence from verbal to mental and beyond. There is area of scope in duration of 
silence practice. It might be shorter i.e  some days or week. Long meditation brings many mental 
modification with show the intensity of silence vary day to day.  Silence of whole group together 
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and homogenous group could reveal better detail. There is possible to study the state and trait of 
silence. 
 
6.6. Subtlety of the silence in reference of present study : 
Silence starts with blocking verbal communication and it progress though subtle or psychological 
aspect of human existence. Effects and absorption of silence into deeper self could be 
categorized into four components of human existence as follows: 

 Silence of speech  
 Silence of mind 
 Silence of cognition and consciousness 
 Silence of brain physiology 

 
Silence of speech:  Speech is one of the major tool for communication it has great impact on  
listener.  According to origin of speech Veda divide into four categories as Vaikhari, 
Madhayama, Pasyanti and Para.    
Vaikhari is articulated expression of speech. It is grossest level of speech.  
Whereas Madhyama is  word emerged in mind before being spoken  or the thought of the word. 
Many time we communicate other without speech we think something and other start speaking 
about same. Madhyama  is communication even deeper than the thought in prana. Sometime 
mother know about  the baby just before he fell down. Communication at this is susupti (third 
state of consciousness after waking and sleeping state). 
Pashyanti is third level of communication generally pashyanti means visualized. It is finest 
impulse of speech.  
Para speech transcendent sound. Para in sanskrit mean highest or farthest. This sound is beyond 
the intelligence. At this level there is no difference between sound and the object because this 
sound contain all the qualities of object.  Silence is a path to explore this speech. 
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Fig. 20 Four level of human existence and its influence by silence practice.  
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Silence of mind: Silence of speech is visible and voluntary where as silence of mind is difficult 
and extraneous. Meditation and spiritual practices and designed to control and calm the mind. To 
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control the mind it is important to control the senses, or other way around. But we can control 
which is visible and voluntary.  Mind got trapped by pain and pleasure involvement of senses. 
These pain an pleasure originated by five folded means of Vrities (described in Yoga Sutra).  
One pointed focus or meditation dissolve these pain and pleasure into single thought. At last 
there is no thought which is complete silence.  
Silence of consciousness: Wakefulness is gross level of consciousness where stimulus through 
senses make us play and keep attach with the objects of the world. 
Second state of consciousness is dreaming sleep condition where still engagement with stimulus 
is there and pain and pleasure and attachments are involved. It might be way of deleting wasteful 
thought . 
Third state of consciousness is deep sleep where the is more silence than dreaming state but still 
not complete silence because the awareness got lost as soon as we move to the deep sleep state. 
Meditation and Silence practice bring the state of consciousness to this state of deep sleep with 
full awareness of everything but still silence and unattached.  
 
Brain physiology in silence: In present study the theta domination in frontal, parietal and left 
occipital lobes are sign of brain in silence with spiritual experience (complete awareness with 
higher sate of consciousness toward deep sleep state. 
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