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ABSTRACT
Background

Research on meditation in volunteers who were previous naive to meditation began
with studies on transcendental meditation (TM) in the early 1970 (Wallace 1970,
Wallace, et al. 1971). Subsequently, there have been several studies on widely
differing meditation techniques and practitioners for e.g., study done by Hirai
(1960) on Japanese Zazen meditation showed that during the practice, meditators

showed an increase in heart rate and increase in beta activity in EEG. However,
another study on Zen meditators showed that this meditation was associated with
decrease in breath rate (Kasamatsu & Hirai 1966). Hence the two studies on Zen
meditation showed different trends. The study by Hirai (1960) suggested that Zen
meditation is activating which was in contrast to study done by Kamatsu and Hirai

(1970), which suggested that Zen meditation is physiologically relaxing. Another
study done on a meditation technique called Ananda Marga meditation (based on
principles from tantric yoga text) showed that the practitioners of this meditation

had an increase in heart rate from a mean of 69.4 to 72.8 and an increased skin

conductance (Corby, et al. 1978). In contrast, a study by another group showed that
Ananda Marga meditators had reduced breath rate (Elson, et al. 1977). Here again
like the two studies on Zen meditation, two studies on Ananda Marga meditation
also had conflicting implication. While the study by Corby et al (1978) and others
suggested that Ananda Marga meditation is physiologically activating. The study by
Elson et al (1970) suggested that Ananda Marga meditation decreased physiological

activation. All these studies compared meditators with non-meditators. A different
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research design was attempted to assess whether this would reduce inter-subject
variability. This is a self-as-control design, which required the same person to be
assessed in yoga session and in a non-yoga session (Telles, et al. 1992). This
approach also involed assessing each yoga practitioners in repeated yoga and non-
yoga sessions and it was found that there was definite inter-subject variability as
well as intra-subject variability (i.e., where each pratitioners differed in their trends
of results of different days).

Hence no clear picture emerged about the effect of meditation on autonomic and
respiratory variables given the considerable intra and inter individual variability
(Telles, & Desiraju, 1993 Telles, & Desiraju, 1993b; Telles, et al. 1995; Telles, et
al. 1998). Hence it was considered that practitioners may be showing different
results because they practice meditation in different ways i.e., meditation on OM
was found to be praticed by visualizing the syllable OM as it is written in Sanskrit
while few other practitioners praticed by mentally repeating OM (Telles, et al.
1994). Thus an attempt was made to teach all practitioners to practice meditation in
the same way and this resulted in group significant results (Telles, et al. 1994).
However this may limit the individual’s experience and sense of fulfillment derived
from meditation.

This gave rise to the idea of examining description of meditation from traditional

yoga texts may give, common results across different subjects. Hence, the present

study intended to examine the effects of meditation as described in Patafijali’s
yoga Siitras as well as two more mental states described in the Bhagavad Gita.

These mental states are Dharana (Patafijali’s Yoga Siitras, Chapter 3: Verse 1) and
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Dhyana (Patafijali’s Yoga Siitras, Chapter 3: Verse 2) and two other states, these
are random thinking Carficalata (Bhagavad Gita Chapter 6: Verse 34), and single

pointed ekagrata (Bhagavad Gita Chapter 6: Verse 12).

In order to understand the psycholphysiological effects the assessments
comprised an attenion task, autonomic and respiratory variables as well as brain
stem auditory evoked potential. The last variable was selected to assess whether
these practices influence sensory information processing as assessed by evoked
potentials.

Aim
The present study aimed to assess the psycho-physiological changes during

caficalatd (random thinking), ekagrata (focusing), dharana (meditative focusing),

and dhyana (meditation without focusing) on: (1) brainstem and auditory evoked

potentials (2) autonomic and Respiratory variables (3) performance in a six letter
cancellation task.

Methods

Thirty subjects from Svami Vivekananda Yoga Research Foundation, Bangalore,

South India were selected with ages ranging from 20 to 45 years (M =29.1 = SD =

6.5 years) who had a minimum of 6 months experience in ‘OM’ meditation.
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Design

Each subject was assessed in four sessions i.e., two meditation (dharana and

dhyana) and two control sessions (caficalatd and ekagratd) to record brainstem

auditory evoked potentials, autonomic and respiratory variables separately. And

for performance in a cancellation task, assessments were made immediately before

and after each session. The two control sessions were: (i) Ekagrata, i.e., single
topic lecture and (ii) Carficalata, i.e., non-targeted thinking. The two meditation
sessions were (i) Dharand, i.e., focusing on the symbol ‘OM’ and (ii) Dhyana, i.e.,

meditation with effortless focusing on OM, the object of meditation. All four
sessions consisted of three states, i.e., ‘pre’ (5 minutes), ‘during’ (20 minutes), and
‘post’ (5 minutes).

The assessments were made on four different days, but at the same time of the day
(i.e., the self-as-control design). The allocation of the subjects to the four sessions
was randomized using a standard random number table. This was done to prevent
the influence of being exposed to the laboratory for the first time, from influencing
the results.

Assessments

I.  BAEP were recorded using the Nicolet Bravo system (Nicolet
Biomedicals, U.S.A.).

II.  Autonomic and respiratory variables using 4-channel polygraph (Polyrite
D, Recorders & Medicare Systems, Chandigarh, India)
a) Galvanic Skin Resistance (GSR)

b) Finger Plethysmogram Amplitude (FPA)
18
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c) Electrocardiogram (EKG)
d) Respirogram

(1) Six letter cancellation task (SLCT)

Intervention

Throughout all sessions subjects kept their eyes closed and followed pre recorded
instructions. The instructions emphasized carrying out the practice slowly, with
awareness and relaxation. The meditators who participated in the study underwent

a month of orientation sessions where they practiced two phases which formed a

continuum in meditation (dharana and dhyana) as two separate sessions and two

control sessions, i.e., caficalatd or non-target thinking and ekagrata (by ‘listening

to a lecture on meditation, with multiple, yet associated thoughts’).

These states are described in the traditional texts i.e., the Patafijali’s Yoga Siitras
and Bhagavad Gita, (Bhagavad Gita Chapter 6: Verse 34, Chapter 6: Verse 12;
Patafijali’s Yoga Siitras, Chapter 3: Verses 1-2) stating that when awake and in

the absence of a specific task the mind is very distractible (caficalatd), and has to

be taken through the stages of ‘streamlining the thoughts’ (concentration or

ekagrata), before moving on to the stage of meditation. These are: one-pointed
concentration, non-analytical focusing or dharand and a defocused, effortless
single thought state or dhyana.

During carficalata session (non-targeted thinking) the participants were directed to

allow their thoughts to wander freely as they listened to a pre recorded general
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conversation of a local radio station transmission. During ekagrata practice

participants were listening to a lecture on meditation. The dharana session

consisted of meditative focusing on the meaning of the Sanskrit syllable, ‘OM’,

where OM is used as a symbol for the entire universe, representing that which
sustains everything (Mandukya Upanisat; Cinmayananda, 1984). The dhyana
session consisted of meditation with effortless absorption with the object of

meditation. For the two meditation sessions (dharana and dhyana) and the other

two control sessions (caficalatd & ekagratd) participants were given guided

instructions with a compiled audio CD relevant to the respective sessions. All

sessions (dharana, dhyana, caficalatd, and ekagratd) constituted a practice of 20

minutes duration.

Data analysis

Statistical analysis was done for all variables using SPSS (Version 10.0). The peak
latencies and peak amplitudes of all seven waves and all autonomic variables were
analyzed using repeated-measures analyses of variance (ANOVAs), and post-hoc
analyses with Bonferroni adjustment was to compare ‘pre’ data with ‘during’ and
‘post’. Also six letter cancellation task scores were analyzed using repeated-
measures analyses of variance (ANOV As), and post-hoc analyses with Bonferroni
adjustment was to compare ‘pre’ with ‘post’ scores.

The repeated measures analyses of variance (ANOVAs) were performed with two

“Within Subjects’ factors, i.e., Factor 1: Sessions; with four levels, viz., caficalata,

ekagrata, dharana, and dhyana, and Factor 2: States; with six levels, viz., Pre,
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During (D1 to D4), and Post. These repeated measures ANOVAs were carried out
for the peak latency and peak amplitude of all levels as well as autonomic and
respiratory variables. For letter cancellation task the repeated measures analyses of

variance (ANOVAs) were performed with two ‘Within subjects’ factors, i.e.,
Factor 1: Sessions; with four levels, viz., caficalata, ekagrata, dharana, and
dhyana, and Factor 2: States; with two levels Pre and post. This was followed by

a post-hoc analysis with Bonferroni adjustment for multiple comparisons between
the mean values of different states (Pre, During 1 to During 4 and Post) and pre

and post data analysis was done for letter cancellation task.

Results and Discussion

(1). Brainstem auditory evoked potential —There was a significant increase in the
latency of Wave V during the caficalata session (Pre versus During), ekagrata
session (Pre versus During & post) and following the dharana session (Pre versus
Post).

Hence irrespective of whether meditators were in a state of random thinking
(caficalatd) or channelized thought in concentration (ekagrata) there was a delay in

sensory information processing, as mentioned above at the mid-brain, (possibly the

inferior colliculus) level. The mental state was characterized by a lack of effort

during dhyana session, where as there was effort involved during dharana

session; in both the sessions, the latency of wave V did not show any significant

delay in sensory information processing. In contrast, there was a significant delay
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seen post dharand session while no such changes was observed post dhyana
session.
i1) Autonomic and respiratory variables-

e Galvanic Skin Resistance (GSR): There was a significant increase in the
galvanic skin resistance during and after the dhyana session in comparison
to caficalata, ekagrata, and dharana sessions.

e Finger Plethysmogram Amplitude (FPA): There was a significant increase
in the digit pulse volume in dhyana session (pre versus during).

e FElectrocardiogram (EKG): There was a significant decrease in the heart
rate in dhyana session (pre versus during & post).

e Respiratory rate: There was a significant increase in the respiratory rate in
caficalata sessions (pre versus during & post). But in session dhyana there
was significant decrease in respiratory rate (pre versus during & post).

e HRV LF: There was a significant increase in low frequency in caficalata
and ekagrata sessions (caficalatd (pre versus during & post), ekagrata (pre
versus during & post). But there was significant decrease in low frequency
in dhyana session (pre versus during & post).

e HF: There was a significant decrease in high frequency in ekagrata session (pre

versus during & post), while there was significant increase in high frequency in

dhyana session (pre versus during & post).
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e LF/HF: There was a significant increase in low and high frequency ratio in
ekagrata session (pre versus during & post).

In the present study the LF power was higher during caficalata, ekagrata and
lower in dhyana sessions. The HF power was lower during the ekagrata practice
and higher during the dhyana practice. The LF/HF ratio was higher during the
ekagrata practice. The changes in LF and HF power suggest that there was a shift
towards the increased sympathetic activity during caficalata and ekagrata, where
as increased parasympathetic activity was observed during dhyana sessions.

Hence dharana did not influence the HRV.

In the present study there was a significantly higher increase in skin resistance
during dhyana session in compare to other sessions. The rate of breathing is
known to vary directly with the level of anxiety (Srinivas & Telles, 1999). A

decreased breath rate is a well recognized correlate of reduced

psychophysiological arousal. Hence for this variable also there were difference

between dharana and dhyana. The heart rate was also lower during dhyana in the

present study there was a lowering of both breathing rate and heart rate during

dhyana suggestive of physiological relaxation.

e Six letter cancellation task (SLCT): Total and net scores were significantly

higher after the dharana session compared to the pre scores, whereas after

23



Review of Literature

the caricalata session they were significantly lower. No significant change

was observed in other sessions for the letter cancellation task.
Conclusions

These results showed that information transmission along the auditory pathway is
delayed during caficalata and ekagrata with no change during dharana and dhyana.
In dhyana there was a relative increase in wave V amplitude (relative to wave I1I)

suggesting recruitment of more neurons at the inferior collicular level compared to

before. This suggests that during dhyana auditory information transmission was

delayed at the inferior collicular level (the tectum) as the wave V corresponds to

the tectum. Also the autonomic and respiratory variables suggested a higher

magnitude of psycho-physiological relaxation during dhyana as compared to other

sessions. Performance in the six letter cancellation task also suggested that

meditative focusing (dharani) may improve attention.
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1.1 BACKGROUND

Meditation has become popular throughout the globe since 1960 while it has been
in vogue for centuries. It is a systematic approach for an individual to become one
with the object of meditation and ultimately the highest level of consciousness of
which man is capable (Taimni, 1961). During meditation a state of mind is reached
which is characterized by deep relaxation as well as increased internalized

attention (Murata, et al. 1979).

Meditation as part of yoga in general has been described as a training in
awareness which produces definite changes in perception, attention and
cognition (Brown, 1977). Based on changes in oxygen consumption, carbon
dioxide elimination, breath rate and the electroencephalogram (EEG), the
practice of Transcendental meditation (TM) has reported to induce a ‘wakeful
hypo-metabolic physiologic state’ (Wallace & Benson, et al.1971). Similarly,
a decrease in oxygen consumption occurred following meditation on a
meaningful syllable, ‘OM’ which was accompanied by decrease in cutaneous
blood flow suggesting an increase in sympathetic vasomotor tone. This
suggested that meditation on ‘OM’ produces a state of alertful rest (Telles, et
al. 1998). The relationship between the mental state and body physiology;
emotional and cognitive processing and the biological correlates of religious
experience are being studied (Newberg & Iverson, 2003). The verbal definition of
different phases of meditation do not merely serve to label sections of a meditation
sequence which, are basically similar but they actually refer to evidently different

physiological brain states (Lehmann, 2001).
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Studies were conducted on meditators using the self-as-control design in both

meditation and non-meditation sessions in Brahmakumari Raja yoga meditation

suggested that both autonomic activation and relaxation occurred simultaneously
in different sub-divisions of the autonomic nervous system in a subject; hence a

single model of sympathetic activation or overall relaxation was considered

inadequate to describe the physiological effects of a Brahmakumari Raja yoga

meditation technique (Telles & Desiraju, 1993b).

1.2 TRANSCENDENTAL MEDITATION (TM) - ALERTFUL REST

Popularity of meditation started throughout the globe by TM movement started by

Maharsi Mahesh Yogi. Extensive scientific exploration proved the usefulness of

TM. TM opened up a new dimension of a state of mind in which the meditator can
be in deep rest, but totally alert. This become open the earlier concept that mind is
resting indicative of inertia and laziness or should be active and dynamic without
rest; a new vision of alertful rest emerged.

The practice of TM was reported to cause reductions in heart rate, respiratory rate,
and oxygen consumption and to increase the level or stability of the electrodermal
response (Wallace, 1970; Wallace, et al. 1971). TM was hence described as a
‘wakeful hypometabolic physiologic state’. A later report (Heide, 1986), noted a
difference in the heart rate response but not in the electrodermal response evoked
by 80 dB tones, when TM meditators and non-meditators were compared. More
recently, the practice of TM has shown to reduce cardiovascular sympathetic

activity both at rest and during a simulated car driving stressor in adolescents at
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risk for hypertension (Barnes, et al. 2001). These reports suggest that the practice
of TM reduces sympathetic activity. This concept of predominant parasympathetic
activity during TM was mentioned in a recent review (Newberg & Iverson, 2003).

1.3 CONTROVERSY ABOUT DIFFERENT TYPES OF MEDITATION

However, contradictory results were observed in Zen and Tantric meditations. One

set of studies reported changes suggestive of autonomic activation (Hirai, 1974;
Corby & Roth, et al. 1978), while another set of studies reported changes
suggestive of autonomic relaxation (Kasamatsu & Hirai, 1966; Sugi & Akuteu,
1968; Elson & Hauri, et al. 1977).

The autonomic and respiratory variables were studied in OM meditators (Telles, et
al. 1995). In seven experienced meditators (with experience ranging from 5 to 20
years). Each subject was studied in two types of sessions-meditation (with a period
of mental chanting of OM) and control (with a period of non-targeted thinking).
The meditators showed a statistically significant reduction in heart rate during
meditation compared to the control period. During both types of sessions, there
was a comparable increase in the cutaneous peripheral vascular resistance. This
was interpreted as a sign of increased mental alertness even while being
physiologically relaxed (as shown by the reduced heart rate). When repetition of
‘OM’ was compared with the repetition of ‘ONE’ in twelve meditators, there was a
difference in the autonomic and respiratory responses (Telles, et al. 1998). Both
types of sessions resulted in a decrease in the heart and breath rates, but repetition
of OM alone reduced the skin resistance indicative or alertness, suggesting a subtle

change in the mental state, related to the significance of the syllable. It was

27



Review of Literature

interesting to note in a single case study that an accomplished meditator was able
to switch between ‘single thought’ and ‘no thought’ states at will, with significant
differences in the breath rate and pattern between the states (Telles & Desiraju,
1992). Meditation has a noticeable influence on blood pressure, which droped
much lower than normal. Also there was a reduction in heart rate and skin
conductance after meditation (Vemapati & Telles, 2002). A recent study showed
an increase in sympathetic activation in the yoga posture phases of Cyclic
Meditation (where ‘CM’ is a combination of yoga postures and relaxation
techniques) while parasympathetic dominance increased after Cyclic Meditation
(Sarang & Telles, 2006). With several types of meditation techniques having been
identified it is more difficult and confusing to understand what meditation
involves.

A similar trend of variability between meditation techniques, between meditators,
and in the same meditators assessed on different days was found in middle latency
auditory evoked potentials (Telles & Desiraju, 1993%). The fact that subjects had
evolved individual methods of meditation, which was taken to explain the inter-
individual variability. In a subsequent study (Telles, et al. 1994) senior meditators
with comparable experience of meditation attended a ten-day meditation camp
where they were given common instructions on meditation i.e., to focus attention
on the visual image of OM while mentally chanting it. This resulted in group
significant changes in mid latency evoked potentials.

1.4 NEW RESEARCH DESIGN
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An early study on meditation (Telles & Desiraju, 1993%) used for the first time,
two important modifications in the research design for yoga research. Here
subjects were studied using the ‘self-as-control’ design and the two types of
sessions, meditation and non-meditation, were repeated thrice in each subject. This
study highlighted two points, (i) meditation is best described as a physiological
state of ‘alertful rest’, and (ii) considerable physiological variations are seen both
intra- and inter-individually. This study assessed the effects of meditation on the
syllable ‘OM’ on mid-latency auditory evoked potentials, it was found that in
seven experienced meditators during meditation there was a significant decrease in
the peak latency of the Nb wave (the maximum negativity occurring between 35
and 65 ms.) In another study on the effects of meditation on ‘OM’ on mid-latency
auditory evoked potentials were studied in experienced meditators and novices
(Telles, et al. 1994). There were two types of sessions before, during and after (i)
mental repetition of ‘OM’ (meditation session) and (ii) mental repetition of ‘ONE’
(control session). The experienced meditators showed a significant increase in the
peak amplitude of the Na wave (the maximum negative peak between 14 and 18
msec.) during the meditation with a significant decrease in the Na wave peak
amplitude during the control session. Hence during mental repetition of a
meaningful syllable (‘OM’) and of a neutral syllable (‘ONE’) neural changes
occurred at the same level (possibly diencephalic) though in opposite directions.

Studies on short latency auditory evoked potentials have not shown such clear
changes (McEvoy, et al. 1980) In that study brainstem auditory evoked potentials

(BAEP) were measured in five advanced practitioners of TM to determine whether
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such responses would reflect an increase in perceptual acuity to auditory stimuli
following meditation. The BAEP provide an objective physiological index of
auditory function at a subcortical level. Repeated measures of the BAEP of TM
practitioners were taken before and after a period of meditation and were
compared with those of age-matched controls. Peak latencies as well as interwave
latencies between major BAEP components were evaluated. No pre-post
meditation differences for experimental subjects were observed at low stimulus
intensities (0—35 dB). At moderate intensities (40—50 dB), the latency of the
inferior collicular wave (wave V) increased following meditation. However at
higher stimulus intensities (55—70 dB), the latency of this wave was slightly
decreased. Comparison of slopes and intercepts of stimulus intensity-latency
functions indicate a possible effect of meditation on brainstem activity (McEvoy,
et al. 1980). This study on short latency auditory evoked potentials in TM
meditation practitioners demonstrated that short latency auditory evoked potentials
vary with stimulus characteristics.

1.5 STUDIES ON PHASES & TYPES OF MEDITATION

Naveen and Telles (2005) found during meditation on ‘OM’ the changes during

the dharana and dhyana phases were different and distinct. In the dharana phase

the change suggested reduced physiological arousal whereas in dhyana phase the

changes were suggestive of ‘alertful rest’. Also, the evoked potential changes
suggested facilitated neural transmission and better cortical neural synchrony. In

the two phases of BK meditation the changes were almost directly opposite to

those during meditation on ‘OM’. During the dharana phase there was a state of
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‘alertful rest’ with facilitated cortical neural transmission and greater cortical

neural synchrony. However, in the dhyana phase the changes were suggestive of

‘alertful rest’.

There were also marked differences between the two meditation techniques when
subjects were actively attending to or ignoring external stimuli. During the practice
of ‘OM’ meditation when subjects actively attended to the external auditory
stimuli, there was a decrease in arousal whereas in the case of BK meditators there
was no change. When the meditators were actively ignoring the external stimuli
‘OM’ meditators showed ‘a state of alertful rest’ and delay in cortical neural
transmission while on BK meditators it actually produces ‘a state of physiological
arousal along with a delay in cortical neural transmission’.

The findings have shown that the changes during the phases are different and also
differ between meditational techniques. Also, the differences appear to fit in to
the fairly well recognized descriptions of meditations of largely of two types i.e.,
‘Concentrative’ and ‘Mindfulness’.

1.6 THE PRESENT STUDY

Based on the above studies, it appears that there are differences in types of
meditation as also in different phases of meditation. So the present study deals

with studying different phases of meditation based on descriptions in traditional

yoga texts. In the traditional texts [the Patafijali’s Yoga Siitras (Taimni, 1961) and

Bhagavad Gita (Bhakttivedanta Svami Prabhupada, 1998)] it has been described

that when awake and in the absence of a specific task the mind is very distractible

(caficalatd), and has to be taken through the stages of ‘streamlining the thoughts’
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(concentration or ekagratd), and one-pointed concentration (focusing or dharana),

before reaching the meditative state (defocused, effortless single thought state or
dhyana).

Thus’ the present study was carried out to evaluate one of the effects of meditation
practice which aimed at assessing the psycho-physiological correlates (brainstem
auditory evoked potentials and autonomic with respiratory variables and
performance in a letter cancellation task which assess selective attention) in four

different states of consciousness detailed above, namely (i) caficalata, (ii) ekagrata,

(iii) dharana, (iv) dhyana. We present in the next chapter the details about their

form phases described in texts of yoga and spiritual lore. Later in chapter 3 a
thorough review of scientific literature is presented leading to the Aim and
objectives of this study in chapter 4 followed by Methods, Results, and
Discussions in chapters 5, 6 & 7 respectively ending with an Appraisal in chapter

8.
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2.1 BACKGROUND

There are large numbers of techniques of meditation which are being used by many yoga

masters all over the globe. For examples, zazen, Tai Chi Chuan meditation, Yoga nidra,
Preksa Meditation, Vipassana Meditation. However a few of them have been

scientifically reviewed such as TM, CM, OM Vipassana, Mindfulness etc. Other do not

have proper research data and conclusions.

In the traditional texts [the Patafijjali’s Yoga Siitras (Taimni, 1961) and Bhagavad Gita
(Bhaktivedanta Svami Prabhupada, 1998)] it has been described that when awake and
in the absence of a specific task the mind is very distractible (caficalati), and has to be
taken through the stages of ‘streamlining the thoughts’ (concentration or ekagrata), and
one-pointed concentration (focusing or dharand), before reaching the meditative state

(defocused, effortless single thought state or dhyana). Symbolism has a place in

spirituality. In shamanic traditions “perceptual-cognitive-symbolic” characteristic of
ordinary states of consciousness and another source of information processing, called
“direct-intuitive-nonlocal,” characteristic of nonordinary states of consciousness is
required to be introduced for interpretation. The first one is capable of modeling via
symbolism and is more culturally bound due to its psycholinguistic features. The second
one lacks symbolism; therefore, the first one has more transcultural similarity, though

culture-specific transliteration may occur.
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Among many symbols used, OM is one of the fundamental symbols used in the yoga
tradition. OM is the name or symbol of God (ISvara, Brahman) Katha Upanisat
(Cinmayananda Svami, 2002). OM covers the whole threefold experience of man. It is

the combination of three letters, namely, A, U, and M. Japa Yoga A comprehensive

treatise on Mantra-Sastra (Sivananda Svami, 2005). “A” represents the physical plain.

“U” represents the mental and astral plain, the world of intelligent spirits, and all

heavens. “M” represents the whole deep-sleep state, which is unknown even in our
wakeful state Manditkya Upanisat (Cinmayananda Svami, 1984). This concept has
been well described in various Indian scriptures. In Manditkya Upanisat, it has been
described that OM is the syllable of the past, the present and the future. From the original
sound, OM, all things become manifest as its extension embodiments Mandikya
Upanisat (Cinmayananda Svami, 1984). The analogy in Mundaka Upanisad describes

that OM is the bow; the soul is the arrow; and Brahman is the target. The target is
attained by an unerring man. One should become one with the target just like an arrow.

This is to become one with the imperishable by eliminating the ideas of the body, ego,

prana, hence being the self with nothing less than union with the Absolute Mundaka
Upanisad (Gambhirananda Svami, 1995).

Svetdsvatara Upanisat describes that OM is like the fire which though potentially present

in firewood is not seen until two sticks are rubbed against each other. The self is like that
fire; it is realized by constant awareness of the sacred syllable OM. Let the body be the

stick that is rubbed and OM be the stick that is rubbed against. Then the real nature is
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realized which is hidden within, just as fire in a sense hidden in the wood. Svetdsvatara
Upanisat with the comentary of Sar'lkarécérya (Gambhirananda Svami, 1986).
Patafijali’s Yoga Stitras (PYS) is one of the classical yoga texts in which the explanation
about OM is well defined Patafijjali’s Yoga Siitras (Taimni, 1961) In PYS there is a single
direct mention about Pranava (OM). Pranava is virtually ISvara or OM, where ISvara is
the word denoting God. Even though there is only one mention about OM in PYS, the
definition of ISvara and the attributes are given in PYS Chapter I, Verses 24-26.

Bhagavad Gita describes Krsna’s instructions to Arjuna just before the great war on the
battlefield of Kuruksetra (Bhagavad Gita Madhusudhan Sarasvati, Gambhirananda
Svami, 1998).

OM is the central element in Krsna's exposition of spiritual life and practice, speaking

from his perspective as the infinite being, enumerating his major manifestations and
embodiments. The meaning is that OM is nothing less than the supreme consciousness;
so there can be nothing greater or a subject more important than OM. This is illustrated as
“One who is engaged in the practice of concentration, uttering the monosyllable OM (the

Brahman or consciousness) who remembers it always, he attains the supreme goal

Bhagavad Gita Madhusudhan Sarasvati, Gambhirananda Svami, 1998).

In Summary: the sacred syllable OM is the primordial sound from which all other sounds
and creation emerge. It underlies all phonetic creations. The utterance of OM, consisting

of the three letters 4, U, and M, covers the whole process of articulation. It is like the
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sound of a gong that gradually tapers to a point and merges in silence. One, who attains
OM, merges with the Absolute.

OTHER MEDIATIONS
Transcendental Meditation (TM)

Transcendental meditation (TM) is based on the traditional yogic principles. In
TM the meditator sits in a comfortable position silently closing the eyes and

repeats a specific mantra mentally from time to time to go beyond thought level.
This technique is preached and practiced by Mahayrsi Mahesh Yogi. This is less
rigorous and demanding discipline, apparently easily learned, and hence widely
practiced. The TM is defined as ‘turning the attention inwards towards the subtler

levels of a thought until the mind transcends the experience of the subtle state of

thought and arrives at the source of the thought’.

Tantric meditation

In this technique the meditator has to repeat a sacred mantra given by the guru,

with intense concentration. This meditation is practiced and propagated by the

Ananda Marga organization. The technique consists of two important steps. First,

the meditators sit in comfortable relaxed position and withdraw the attention
inwards by ignoring the external stimuli and paying attention to their breathing.

Then they silently repeat the two lettered personal mantra with their breathing.

Brahmakumaris Raja yoga meditation
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This meditation technique is preached and practiced by Brahmakumaris Isvariya

Visvavidyalaya. During this meditation, aspirants sit in a comfortable position

with their eyes open, and with effortless gaze fixed on a jyoti (light — representing
supreme consciousness). At same time they actively generate positive thoughts
about the Universal force pervading all over, as light and peace.

Zen Meditation

Zazen- Zen meditation is a fundamental part of both the Soto and Rinzai Sects of
Zen Buddhism. The aim in this form of meditation is the ultimate state of
enlightenment called Satori. This technique involves concentration. There are
three types in this type of meditation. In the first type, the meditator concentrates
on his breathing, counting the breaths or without counting. In second type of
meditation the meditator has to solve koans or say non-logical riddles. In third type
of meditation the meditator just sits and breathes in a prescribed manner without

any aids or concentrating on his breath.
Vipassana Meditation
Vipassand, which means to see things as they really are, is one of the ancient

techniques of meditation. It was rediscovered by Gautama Buddha more than 2500

years ago. In vipassana meditation the meditator, sitting in a comfortable position,

initially observes his own breathing and thereafter observes sensations and feelings

in various part of the body with an attitude of witness. Vipassana is a way of self-

transformation through self-observation. It focuses on the subtle interconnection

between mind and body, which can be experienced directly by disciplined attention to
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the physical sensations that form the life of the body, and that continuously
interconnect and condition the life of the mind. It is this observation-based, self-
exploratory journey to the common root of mind and body that dissolves mental

impurity, resulting in a balanced mind full of love and compassion.

Preksa Meditation
This is also an ancient meditation technique practiced in Jainism. Preksa means to
perceive and realize the subtlest aspects of ones own self, 'to see the Self'. Preksa is

derived from the Sariiskrta word "Pra + iksa” which means to observe carefully.

Basically it sums up the perception of body, psychic centers, breath and observation

of mind. In Preksa Dhyana no thought is forcefully stopped. Instead the art of

merely observing the thought process without forming any reaction or attachment is

developed. By doing so thoughts themselves cease to appear.

Yoga nidra
Yoga-nidra (yogic psychic sleep) is a meditative technique, derived from ancient

Tantra popularized by Bihar School of Yoga (BSY). Yoga-nidri is described as a
systematic method of inducing complete physical, mental and emotional
relaxation, while maintaining awareness at deeper levels. Yoga-nidra is performed

in $avasana and it consists of progressive relaxation and rotation of awareness all

over body, resolve, and visualization of some images of nature and tantric

abstract symbols.
Cyclic Meditation
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Cyclic meditation (CM) is a ‘moving’ meditation technique devised to address the
needs and problems of modern man (Nagendra, Nagrathana, 2001). Many people
find it difficult to relax and get into a meditative state if asked to sit with their eyes
closed while others feel drowsy and even fall asleep. Cyclic meditation involves a

combination of gentle yogic stretching and relaxation. It is based on the principles

culled from classical yogic texts like Manditkya Upanisat (Chinmayananda,
1984) and Yoga Siitras of Patafijjali. This technique is developed and propagated

by Svami Vivekananda Yoga Anusandhana Samsthana and is widely used as an

effective therapeutic measure and technique of stress management. It is called so,
because it consist the measures of ‘relaxation’ and ‘stimulation’ in cyclic order.
This technique includes the practice of certain yoga postures interspersed with
relaxation while supine, thus achieving a combination of both ‘stimulating’ and

‘relaxation’ practices.

Yoga teachings consider the syllable OM to be the force behind all thoughts. Either

chanting or thinking about OM is anecdotally reported to cause a quiet mental state. The

word ‘meditation’ is more associated with healing and relaxation (AdhiSwarananda,

2004). It was believed earlier that meditation was meant for spiritual aspirants alone.

Now, with the availability of simple methods and with the better understanding of deeper

meaning, meditation has become very popular among all categories of people. Scientific

and medical evidence has proved its benefits, but still there remains a need to further

explore it.

SCOPE FOR THE STUDY: Meditation has been of mystic importance since its

discovery. Subjective experiences of various meditators have shown to uplift the
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practitioner from a lower state of physical existence to the realms of reality and absolute
consciousness. Since then meditation has been a subject of higher interest for various
researchers. Every study carried out to discover the effects of meditation gives a new
direction and unveils a novel question. What is the effect of meditation? What are the
mechanisms occurring during meditation? There continues to be a constant quest for
understanding meditation as it reveals varied facts based on the type, duration and depth
of its practice. These variations in its effects keep the constant need for studying it in all
its aspects.

2.2 AIM AND OBJECTIVES

1) To summarize the work already done on mediation from text of ancient Indian

lore.

ii) To compile authentic information on Carficalata, Ekagrata, Dharand and
Dhyana from classical yogic and spiritual literature.

i1) To explore the concept of OM meditation from different classical & yogic texts

and the usefulness of above aspects in OM meditation

2.3 SOURCES AND METHODS
2.3.1 Sources

This literary research was based on the information collected from the following

ancient Indian traditional scriptures and yogic literature which includes:
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. Classical yoga text: (i) Pataiijali yoga siitras, Vyasa bhasya on Patafijali
yoga stitras (ii) Yoga Vasistha (iii) Bhagavad gita, (iv) Hatha yoga
pradipika, (v) Gheranda sarithita and (vi) Siva sarithita.

. Major Upanisads: (i) Isavasya Upanisat (ii) Kena Upanisat (iii) Katha
Upanisat (iv) Mundaka Upanisat (v) Manditkya Upanisat (vi) Aitareya
Upanisat (vii) Taittiriya Upanisat (viii) Prasna Upanisat (ix) Chandogya
Upanisat (x) Brhadaranyaka Upanisat (xi) Svetasvatara upanisat.

. Brahmasiitras.

. Prakarana Granthas like Atmabodha and Vivekacadamani.

. Texts written by persons recognized as spiritual leaders and visionaries like

Sri Ramakrsna Paramahamsa, Svami Vivekananda and Svami

Adhiswarananda.

2.3.2 Methods

The classical and authentic information was derived from the verses and the

commentaries and descriptions about concept of OM meditation and its

components (caficalata, ekagrata, dharana & dhyana) and its usefulness from the

above mentioned sources. The information was first systematically compiled and

then sorted out according to the defined structure of the sections. The original

Slokas in saritskrta transliteration in the standard international codes and meaning

will be presented first. Then the special features of the Slokas will be explained
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based on the relevant commentaries on them. The relevant references are cited in
the body of the text as well as in the reference section.
2.4. CONCEPT OF MEDITATION

The English word meditation comes from the Latin root word meditari, which derives

from the same root as the word meaning ‘to heal’. Its Saritskrta derivation 'medha '

means wisdom. The practice of meditation sets in motion, a process that leads to
the restoration of one’s - physical, mental, and spiritual well-being. The English

connotation of the word ‘meditation’ is therefore’ more associated with healing

and relaxation (Adhiswarananda, 2004). It was believed earlier that meditation

was meant for spiritual aspirants alone. Now, with the availability of simple
methods and with the better understanding of deeper meaning, it has become very
popular among all categories of people. Published scientific and medical evidence
has proved its benefits, but it still needs to be much understood.

Meditation is the freedom from thought, a state of no-mind. It is a state of pure
consciousness with no contents. It is the activation of natural 'seeing' activity, of
the 'Self' or Consciousness. It is the finest way to increase one's personal energy by
getting connected to the Source.

It is a surprise for the scientist, doctors as well as in the common group that
meditation can cure different types of diseases as well as it is becoming a tool for

healthy leaving. Different types of research have been done in this subject and it is

continuing. Since west shows the mystic powers of different yogZs who went there

to serve this world the research in yoga and meditation becoming a major point of
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study. Even many yog7s and scientist came together to form a common ground to

propagate yoga and meditation.

Difference among the Dhyana, Upasana, Tapas and Niddhyasana.
Dhyana is uninterrupted, spontaneous flow of the mind towards the chosen object.
Upasana 1s a prescribed method for approaching a Deity or God or getting close

to a deity/deities. Upasanda  can be described as a systematic practice of a

prescribed method of worship for pleasing and winning the attention of the deity.

A devotee would consult the scriptures, or a person who knows them thoroughly,

to get a prescribed form of worship (Upasana) for his/her deity of choice (Ista

Devata) and follow it faithfully to the best of his/her abilities. Tapas referring to a

focused effort leading towards bodily purification and spiritual enlightenment.
Through tapas, a yogi or spiritual seeker can "burn off" or prevent accumulation of

negative energies, clearing a path toward spiritual evolution. Tapas may be the
striving for nirvana, or moksa. It may also be striving for perfection in a particular
sport, field of knowledge or work. Tapasya may also be undertaken as penance, to

liberate oneself from the consequences of a sin or sinful activities, or karma. In
other words ‘tapas’ is the act of burning-through the fire of direct cognition of the

knowledge that Brahman is the truth and the universe, a myth the seed of the deep-

rooted desire to attain the powers of Brahma etc (Niralamba Upanisat-Narayana
Svami, 2003). As Patafijali defined, tapah is to reach to the perfection of the
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sense-organs and body after destruction of impurity. Niddhyasana is Fixing the

mind firmly on Brahman, the point of Contemplation, restraining the sense organs
in their respective centre’s, holding the body steady and giving up all thoughts of
maintenance, identifying with Brahman, and being tuned to it, continuously drink
the bliss of Brahman in your Self. Of what use are other things? They are entirely
false, empty. Contemplation is Enquiry into Self, Leading to experience of non
duality, Transcending Man’s creation, the discovery of freedom to devalue
thoughts, a process of re-absorption into the Self, Disappearance of small self in
Self ( Like waves in a ocean, Transcending Man’s creation) Contemplation is the
discovery of freedom to devalue thoughts.

In a scientific point of view the general concept defines:

Meditation offers a fascinating window into human consciousness, psychology and
experience; the relationship between the mental state and body physiology;
emotional and cognitive processing and the biological correlates of religious
experience (Newberg & Iverson, 2003). In the last thirty-five years there have
been scientific studies examining physiological changes induced by the process.
However, it has been mentioned that even detailed reports were not complete as
they did not define the method of meditation or they presented a general definition,
often inaccurate and inadequate (Cardoso, de Souza, Camano, & Leite, 2004).
Occidental context, the word meditation is used to describe practices that self-
regulate the body and mind thereby affecting mental events by engaging a specific
attentional set. Regulation of attention is the central and common factor across

many divergent methods (Davidson & Gollman, 1977).
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2.4.1 OBJECTS OF MEDITATION

Meditation involves three factors (triputi) i.e., meditator, the object of meditation

and the process of meditation. The object of focus is generally sacred and can be
personal or neutral, concrete or abstract, a word or an idea, an image or a symbol,

a divine form or personality.

The Yoga Siitras of Patafijali mention the following as the possible objects of

meditation: (i) the effulgent or radiant light which is beyond all sorrow

(jyotismati),  (ii) the heart of an illuminated being (vitaragi) who is free from all

passion and attachment (iii) the subtler dimensions and knowledge of sleep and

dream state or (iv) anything (yathabhimata) that is spiritually uplifting. Such a

thing may be a place, some scenery, an idea or any other thing that would evoke

concentration of mind (Adhi§warananda, 2004).

The texts on Hatha yoga say the object of concentration can be outside the body

like a jyoti or bindu in case of trataka, sun (stirya) and moon (candra) or can be

inside the body like breath, movement of prana, sensations of processes in the

body, various cakras or even the mind (genesis of thoughts) itself

(Muktibodhananda, 2003).
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According to the tradition of Vedanta following objects are preferred for meditation:

(1) a divine form, (ii) an Incamation of God, (iii) the divine Lord as inmost Self of

Supreme Teacher, (iv) Virata Purusa or the Cosmic Personality, (v) the sacred word
AUM, (vi) GayatrT mantra, or the sacred prayer of the Vedas (vii) the meaning of any
of the four mahavakyas, or great Vedic saying or (Viii) the meaning of a sacred text,

word or mystic syllable (Adhi§warananda, 2004).

2.4.2 FOUR COMPONENTS IN THE WAKING STATE OF CONSCIOUSNESS

Fig. 1 Schematic representation of phases of wakeful consciousness

(Caiicalata, Ekagrata, Dharana and Dhyana)
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242A Caiicalata (Random thoughts):

Specific to meditation, it has been described that in the absence of a specific task

the mind is very distractible (caficalatd) with an outward attention (pararnga-
cetanid). Another classical text on yoga (The holy Bhagavad Gita, Bhaktivedanta,

1998) describes the characteristics of caficalata state of the mind (one of the four
states in the waking state of consciousness) and the continuous practice (of yoga)
(abhyasa) and non-attachment (vairdagya) as the solution.

The Bhagavad Gita is presented the hurdles and its solution for meditation, in the

form of a conversation between Arjuna and Lord Krsna.

Arjuna says: I9S & A FET JHIY TSagged. |
T e ARl aERe ggRE
Carficalam hi manah krsna pramathi balavaddydham
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Tasyaham nigraham manye vayoriva suduskaram.
(Bhagavad Gita, Ch: 6 V: 34)

The mind verily is, O Krsna, restless, turbulent, strong and obstinate.
I deem it as hard to control as the wind.
Lord Krsna answers:
S . ha¥ q:l‘\_l_ [ X ST |
e ~ @ Qr\ NN 3 ~ 0
Asamsayarit mahabaho mano durnigraharii calam’
Abhyasena tu kaunteya vairagyena ca grhyate.
(Bhagavad Gita, Ch: 6 V: 35)

Doubtless, O mighty-armed, the mind is restless and hard to control; but by
practice and non-attachment, O son of Kunti! It can be controlled.

The mind in the caficalata state has to be taken through the stages of ‘streamlining
the thoughts’ (ekagrata), and one-pointed concentration (dharana), before reaching
the meditative state: a defocused, effortless, single-thought state (dhyana)

(Cinmayananda, 1984).

Al [T g6 SEEdyaeTEd | SFTd TS HIH: HIHT HES e 1.6 0
ha¥ o [haN [haN [aNlaN [ N o =~ o
FHIdTg WA GHIE : GHET] THIAEA: | THIAHRIG JreRIT JreRITd
UM I1R&R
Dhyayato visayan puriisah sangastesiipajayate. Sangat safijayate kamah kamat
krodho'bhijayate. Krodhad bhavati sammohah sammohat smytivibhramah.
Smytibhrarisad buddhindso buddhinasat pranasyati.
(Cinmayananda, 2001, Ch: 2 V: 62, 63)
Desire leads to generation of more thoughts; repetition of thoughts and experience
makes deeper impressions converting them into emotions. Punishing the mind
through self-torture and mortification would merely repress the desires, driving
them underground (subconscious). Trying to transform the mind by changing our
environment would be futile because wherever we go, our mind with all its
habitual tendencies goes with us. Thus mind never becomes controlled

automatically; it must be controlled consciously. The only alternative, according to
the yoga is to slowdown the mind and face it by control and regulation

48



Review of Literature

Meditation provides the systematic method to control and regulate the caficala
mind.

HfATeqHT: e or=s el a1
HANerRINE Fegefid g 1w i
Avisrantamanah sthitva papraccha piataram tadal

Samsaradambaramidam kathamabhyuditiari munel 1511

(Yoga Visistha Ch: 1I. 5. E.Y.V)
With a restless mind, he then asked his father, “Sage ! How did this show of
wordly existence arise?

TEAISTEY TET St TRy 3¢ - |
N o W a¥ o NN N
ol [FATHATENT 6 Fdl dg HHT 1% I
Bhavata'pyesa evartha uktah sastresu yah srutah |

Tovatto visramamapnoti kathari ceto vada prabhol 11611
“The same fact which is heard of in the scriptures has been uttered by you also.
How does the mind attain tranquillity? Tell that yourself.”

Janaka said: FegfaRragcH®: JHREE S |
TAGHeITRI_ 6l W agedsd g=ad 1ge ||

Avyucchinnacidatmaikah pumanastiha netarat|

Svasankalpavasat baddho nihsankalpasca mucyatel 1711
“There is here but one Self who is of the nature of undivided Consciousness. There
is nothing else. He is bound by his own thoughts; free ideation, he is liberated.

Note: The word used for ‘thought’ and ‘ideation’ in this verse is ‘Santkalpa’. It also

means: will, intention, wish and imagination. All these terms indicate the functions

of the internal instrument of perception, designated by the common word ‘mind’.

2.4.2B Ekagrata (Concentration)

Meditation is generally understood as deep concentration on any object. In that sense,
everyone meditates, because concentration is indispensable not only for survival but
also for success in any walk of life. It is through concentration one can see, hear, work
or understand anything. Concentration is the way to gain knowledge about any subject.

Through concentration the mind acquires the quality of a lens and can penetrate deeply
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into an object, external or internal, and perceive its’ real nature. However, practically it
is observed and experienced that concentration is tiring, it drains the energy. One cannot
concentrate for long. After some time spent in concentration one feels fatigue and

stressed because concentration involves intense effort.

In Sariiskrta, ekagrata (moving in one direction) means concentration (Apte 1992),
the channelizing of all the mental energies in a single direction. Normally our mind
exists in the state of caficalatd (continuously moving) wherein it moves in all
directions, jumps (as it were) from one object to another object randomly. The mind in
this phase is unstable, turbulent and restless (Cinmayananda, 2001, Ch: 6 V: 34). It
flows in all directions according to its likes and dislikes and its patterns. The

haphazard flow of thoughts is called as caficalata. Streamlining these scattered

energies of the mind in one direction is ekagrata. However’ this process requires

voluntary control and effort. For example, reading a book, watching a movie, driving
a car all require different degrees of effort. Thus’ in concentration mind is directed on
a single subject or direction, but there exist multiple thoughts. All these thoughts are

interconnected to one another to form a meaningful or logical chain.

< . ~ SN\~ o
AARH AA: fcdl ddFdles A=Y :: |

IR GrsTd AFHCHRET 1E R I

Tatraikagramh manah krtva yatacittendriyakriyah
Upavis$yasane yunjyat yogamatma viSuddhaye.
(Bhagavad Gita, Ch: 6 V: 12)
Seating in one place, making the mind one-pointed and restraining the
thiking faculty and the senses, one should practice yoga for self-
purification.
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d gaal IEAgUIEE IRTRd Ty JUUTH |
N N o

ATHANTIRTHA &8 Heal SNl a9alihl J&Td I

Tarit durdarsar gidhamanupravistham guhahitarit gahvaresthant puranam.
Adhyatmayogadhigamena devarit matva dhiro harsasokau jahati.
Katha upanisat - (Cinmayananda, 2002, Ch: 1 V: 2.12)

The wise man who, by means of concentration on the Self, realizes that ancient,
effulgent One, who is hard to be seen, un-manifest, hidden, and who dwells in the
buddhi and rests in the body — he, indeed, leaves joy and sorrow far behind.

2.42C Dharana

Dharand is a continuation of the process of sensory inhibition or withdrawal called
as pratyahara. Dharand is the ‘holding of the mind in a motionless state’, as the
Tri-sikhi-Brahmana- upanisat defines this advanced practice (Feuerstein, 2001).
Dharana the fifth limb of the Patafijali ’s eightfold path is focusing of attention to

a given locus (desa), which may be a particular part of the body (such as cakra) or

an external object that is internalized (such as the image of a deity).

The Samiskrta word dharana stems from the verbal root dhr (Apte, 1992), meaning
‘to hold, to fix’. What is being held is one’s attention, which is fixed on an
internalized object and the underlying process is called dharana. According to sage
Patafijali,
SR RO |
Desabandhascittasya dharand.
(PSY- Ch: 3.V: 1; Prabhavananda , 2002).

‘Fixing of mind on a specific object (or a spot, internal or external) is dharana’
Concentration is the confining of the mind within a limited mental area object of
concentration.

Fig.2
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Doflirans ey
—

The main tasks in the dharana phase are: (i) keeping the mind continuously

engaged in consideration of an object and bringing it back as soon as the
connection is lost, (ii) reducing the frequency of such interruptions and (ii)
complete focusing with sharply defined mental images, by increasing the degree of
alertness and power of attention. It is the holding of the mind to some particular

object. (When the mind holds on to some object, either in the body or outside the

body, and keeps itself in that state, it has attained dharana concentration). An

unbroken flow of knowledge about that object is dhyana. When the mind tries to

think of one object, to hold itself to one particular spot, such as the top of the head,

or the heart, and succeeds in receiving sensations only through that part of the body,

and no other part, it has attained dharand: and when the mind succeeds in keeping

itself in that state for some time, it has attained dhyana.
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e dcUgHId aeg TH T FRRAETTIsRIl 92 I
Ardhonmilitalocanah sthiramana nasagradatteksana
Scandrarkavapi linatamupanayatri spandabhavena yal |
Jyotiriipamasesavijamakhilarii dedipyamanari pararin
Tattvari1 tatpadameti vastu paramarir vacyam kimatradhikam |1 41 |1

( Muktibodhananda, H. Y. P. Ch: 1V, V: 41)
Mind steady, eye semi-open, gaze fixed on the nose tip, the moon (ida) and
sun (pingala) suspended, without any movement (physical or mental), that
one attains the form of light (jyoti) which is endless and is complete,
radiant, the Supreme.
Meditation is the spontaneous result of concentration of the mind. Dhyana

or meditation occurs when the mind stops oscillationg off the point of
concentration, when the witness, witnessed, and process of witnessing
alone remain. Dhyana is ekagra or one-pointedness of mind, when the vrttis
or mental movements are confined to the process and the object of

concentration.

NN o N\ o N o o
QR ATHFRATEHHIGT THAEH dedl Rl dTRENIT
q_ et g e aren 384 |
Dese nabhicakranasagradau cittasya bandho visayantarapariharena

Yat sthirikaranam sa cittasya dharana ityucyate.

(Sukhananda natha, 1992).
The mental flux could be halted on navel center, tip of the nose or any place as
sanctioned by scriptures. Stabilizing the mental flux without disturbance from any

corner is termed as dharand.
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o [ aNBpSaN

ha oo o [ N ha¥ [N o =~
HAAMNGEcdINRAIIH A 0T JHAIHIAT T AT IRETHATT

o N

TeATEATZaIHU ae Se21 SHHRA Ridgead AR T SFaEaed qHm:
IR e : R e 3fd I
THTCIUTEGh He: RfeRIeH | RO S e : FerRIetieraRe : |
TEHTCHAETRTRAT, SR, s =ad: | Fdid GRefd @r g e sreamem i

Maitryadicittapari karmavasitantah karanena yamaniyamavata citasanena

parihratapranaviksepena pratyahratendriyagramena nirvadhe pradese rjukayena
jitadvandena yogina nasagradau samyajiiatasya samadheh abhyasaya cetasah
sthirtkaranam kartavyam iti. Yamadigunsarityukte manasah sthitiratmani.
Dharana procyate sadih yogasastravisaradaih. Tasmatsamastasaktinam adhare
tatra cetasah|Kurvita samsthitin sa tu vijiieya Suddhadharana — Visnupuranam.
(Visnupuranam, Sukhananda natha, 1992).
This (dharana) is supposed to be practiced by the yog7, who has gone through the
previous five limbs, and desirious of attaining Samadhi. Hence directing or
stabilizing all mental forces on a particular base or object is known as suddha-
dharana.

Thus’ dharana not only involves concentration but takes to the next step of

focused attention. Dharana consists of focusing on a relevant thing and withdrawal
from irrelevant. In the process of perception, mind not only aligns with external
sense organs (jiianendriyas) but also tunes with earlier experiences. Ekagrata is
analytical focusing where as dharana is a non-analytical focusing. Hence dharana
also involves a component of remembering i.e., repeated continuous recollection

of the object and not allowing the mind to get distracted (Nagendra, Svamy, &

Mohan, 2003). Thus’ in dharana mind is confined (bandha) to a single object with
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single thought. Hence dharani requires voluntary control, persistent effort and
training (abhyasa).

The Sariskrta word dhyana means continuous dwelling of mind on a single object.

When dharana becomes effortless and continuous it takes the form of dhyana. Often

this is translated as meditation. Nevertheless, the word meditation is also used to

denote concentration and dharana. In this thesis, meditation means dhyana.

Fig. 3.
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« HARANA _ o Dhydn)

MEDITATION

# DHARANA
(FOCUS)

@ DHYANA
(DEFOCUS) =

EFFORTLESS DHARANA IS
DHYANA

T YAl ST

Tatra pratyayaikatanata dhyanam.
(Taimni, 1961, Ch: 3 V: 2).
‘Meditation is uninterrupted, spontaneous flow of the mind towards the chosen
object’.

2.4.2D Dhyana (meditation)45

Uninterrupted concentration on the object of concentration (Pratyayaikatanata) is
the distinguishing feature between the dharana and dhyana. This continuity is
regarded as the measure of concentration and the total control over the mind. The
attainment of ‘Dhyana Avastha’ shows that the mind is ready for the last limb
(Anga) (Samadhi) and the beginning of the higher states of yoga.

Dharana naturally leads to the state of meditative absorption, in which the
internalized object or locus fills the entire space of consciousness. Just as the one-
pointedness of attention is the mechanism of dharana, ‘one-flowing-ness’
(ekatanata) is the underlying process of meditation accompanied by a peaceful,

calm disposition. There is no loss of lucidity, but on the contrary, the sense of
wakefulness is intensified, even though there is no or little awareness of the

external environment.
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The psychology of meditation is to cultivate a single thought. A restless mind is

like a lake, constantly agitated by the winds of desires, creating thought—waves of

diverse intensities. Because of this constant agitation, our true Self at the bottom of
the lake cannot be perceived. When, to counter all those many thought-waves, a
single thought is consciously cultivated by the repeated and uninterrupted practice
of meditation, it develops into a huge wave that swallows up all the diverse ripples

and makes the mind transparent and calm. The mind in meditation takes the form
of this single thought-wave. The five characteristic features of meditation (dhyana)
are (i) single thought, (ii) effortlessness, (iii) awareness, (iv) slowness and (V)
expansiveness. This can be called as defocusing. Meditation is a fine method for

learning the secrets of the outer and inner worlds. Meditation is a technique of

withdrawing the mind so that it receives rest and rejuvenation. The initial purpose

of meditation is to intercept the flux of ordinary mental activity (citta vrtti), which

is cause for caficalata (Feuerstein, 2001).

R AEdegTd: ||

Dhyaaheyastadvrtayah.
(Taimni, 1986, Ch: 2 V: 11).
The modifications of the klesas are reducible through meditation Sankhya Yoga
(Bahadur, 1988):
Cessation of desire is meditation.
It has been stated that knowledge alone can confer liberation. The author goes on

to say how such knowledge can be obtained. When by meditation the mind is
untarnished by external objects the impediments in the way of knowledge are

removed.
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Meditation is perfected by repelling the modifications of the mind.The
modifications are real cognition, unreal cognition, imagination, deep sleep and
memory. Meditation is accomplished by restraining them. When this is achieved

there takes place the immediate intuition of the object of meditation.

Meditation is accomplished by dharana, asana and svadharma.

The author mentions how meditation is accomplished. This is by holding the mind

in a particular part of the body (dharana), adopting the needful posture (asana),

and by performance of the varna duties (svadharma), i.e., duties belonging to the

stage of life in which one is placed.
Meditation may be a spiritual practice but its effects on the body are definite and
physiologically verified. Alpha waves become intense, respiration becomes

minimal, consumption of oxygen decreases, blood pressure and temperature drop

(HYP, Muktibodhananda 1985).

TN SROT = 1 SAed EREIRY I
Pratyaharo dharana ca dhyanam bhriiumadhyame harim |
yogatattvopanisat | 12411
Pratyahara, dharand, Dhyana the contempletation on Hari in the middle of
eyebrwos.

hp Q»gn:i_‘gq_l:i_f\r\b nq:[:l

HH ASanT: EReadeeE: IR |
Abhedadarsanarii jiianarit dhyanam nirvisayarit manah|
Snanarit manomalatyagah saucamindriyanigrahah!121| (maitreyyupanisat)
The cognition of everything as non different from one self of jiiana. Abstracting

mind from cancala object in dhyana. Purifying the mind of its impurities snana.
Bathing. The subjugation of indriayas is sauca. The wise man should observe
thus: than he obtains Absolution.

N o o o haSaY N e . [ o
W@WWWWWWWII
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Dhyatrdhyane vihaya nivatasthitadipavadhdatreyaikagocararm
cittarh samadhirbhavati | (Adhyatmopanisat)

That is called Samadhi in which the chitta, raising above the conception of the
contemplator and contemplatation, merges gradully into the contem pletaed, like a
light undisturbed by mind the wind.

A SEATAT o d=d SAd gA: |
I TETT T e S Y

[ oA aN

qfRaIg
Dhyayate'dhyasita tena tanyate preryate punah |
Stiyate purusarthari ca tenaivadhisthitari jagat 11 411
(Mantrikopanisad, V: 4)
Nididhyasana and Dhyana

= b ha¥ N o o N DN A ¥ Y (¥ ha¥
JTcHT 9T 3 g8 AT Hed <l THIQeITH T HATY ATcHAT d 3T I AU
T e @ i iy |

Atma va are drastavyal srotavyo mantavyo nididhyasitavyo maitreyi atmano va

are darsanena sSravanena matya vijfianenedarir sarvam viditam | 1511,

(Brhadaranyaka Upanisat 11.4.5)
It should fist be heard of from the teacher from the scriptures, then reflected on

through and reasoning and then steady firstly meditated upon ° thus only is It
realized- when these means, viz hearing, reflection and meditation have been gone
through. When these three are combined than only true realization of the unity of

Brahman is accomplice, not otherwise - by hearing alone.

[aN a\V oSl o

AFUHAA S TR s TEgrARdMaTdl A Ee i ¥ |

Sravanamanananirvicikitse'rthe vastunyekatanavattaya cetahsthapanarm
nididhyasanarh bhavati | (Adhyatmopanisat)
It becomes manana (completation) when such idea are quited ( in one ) through

logical resoning. When their meaning is conformed through these (two process)

the concentration of mind on it alone constitutes nididhyasanari.

Dhyana has been definied by Mahaysi Patafijali  but nididhydsanarit comes

under the upanisadic thoughts or ideas such as mahavakyas as flows
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In nididhyasana there is an inner search to find the root of | thought; to go to the
very sourch from where thought arise. Later as we evolve. We search the sourch
from where all deep rooted vasanas and samskars also emerge. While in dhyana
we keep the mind on a simple though effortlessly; there is no search inside.
Simillarly in nididhyasana there can be a series of differenrs thoughts as
concentration but all directed to phathom Reality. As the teacher assess him to see

“That you are”.

1. d<E\ M (tattvamasi), (Chandogya Upanisat 6.8.7)
2. AYHTCHT A (ayamatma brahma), (Manditkya Upanisat 1.2)
3. S SRH (aharii brahmasmi), (Brhadaranyaka Upanisat 1.4.10)

4. ¥4 @Wiead #& (Sarva khalvidarh brahma) (Chandogya Upanisat 3.14)

In the present study, the concept of Dhyana is presented based on the definition
given by Maharsi Patafijali .

24.3 THE FACETS OF MIND

Generally mind is defined as a flow of thoughts. The conglomeration of thoughts
is mind (Nagendra, 2001). This process of thoughts is always ongoing and is related
with the information and inputs given by the external organs of perception and the
feedback obtained from the earlier memories and impressions. In yogéc

understanding, the mind has four functional facets i.e., manas, buddhi, citta and

aharnkara together called as antahkarana (internal instrument).

T S e Ut ARG RIS SagianT: |
Heeg S ThednTiegg : TEeTedaaaedd: 1183

IETHTIEE FIcaE i : | TTIgE-TR IO (R Is% |

Nigadyate ntahkaranarii manodhirahankrtiscittamiti svavrttibhih.

Manastu sankalpavikalpanadirbuddhih padarthadhyavasayadharmatah.
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Atrabhimanadahamityahankrtih. Svarthanusandhanagunena cittam.
The oscillating nature of thoughts is manas (sankalpavikalpatmika), discriminative

ability is buddhi (niScayatmika), stored impressions and patterns is citta

(anusandhanatmika) and feeling of ‘I’ ness, the ego is ahankara (Cinmayananda,
2002a, V: 93, 94). This mind oscillates between any of the following five states:
fi:l_‘é_ IE: ﬁ_l_r\ haN I N [a Nl a NN o . |
Ksiptarit miidhari viksiptamekagrarnit niruddhamiti cittabhtimayah.
Mind often functions in restless or turbulent way (ksipta), sometimes becomes dull

and stupefied (miidha), sometimes becomes distracted and divided (viksipta),

sometimes becomes concentrated and one pointed (ekdgra) and rarely becomes

restrained and suspended (niruddha). These are different grounds or fields of
functioning of the mind (cittabhtimayah) (Bangali Baba, 2002). This is presented

schematically in Fig. 4

61



Figure. 4 Cycle of states of mind.
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2.5 CONCEPT OF OM
2.5.1 UPANISADS- SRUTI PRASTHANA: To describe the ultimate reality or Brahman is infinite and difficult to comprehend, so
the upanisads suggest that we take the help of a symbol, OM. Upanisads had taken great credits to explain why OM is the most

appropriate symbol. It says that OM is nothing but so many components put together. For one thing, it comprises three distinct sounds-

A, U and M. the whole range of sound is covered by these three sounds, and so OM is called Nada Brahman, sound Brahman.

Hd A1 YeqeHHATd quTs ¥ |aTivT = gggied |

o ha¥ < o ha¥ o N N N
Al=Swdl TETTd Aed dxl IE¥ TURUT TR I
Sarve veda yatpadamamananti tapamsi sarvani ca yadvadanti |
Yadicchanto Brahmcaryarit caranti tatte padam sangrahena bravimyomityetat||

(Katha Upanisat, 1. 11. 15.)

I tell you briefly of that goal which of all the Vedas with one propound, which all the austerities speak of, and wishing for which
people practice Brahmcarya: it is this, viz OM.
OM is one of the fundamental symbols used in the yoga tradition. OM is the name or symbol of God (ISvara, Brahman) Katha Upanisat

(Cinmayananda Svami, 2002). OM covers the whole threefold experience of man. It is the combination of three letters, namely, A, U, and

M. Japa Yoga A comprehensive treatise on Mantra-Sastra (Sivananda Svami, 2005). “A” represents the physical plane. “U” represents the

mental and astral plane, the world of intelligent spirits, and all heavens. “M” represents the whole deep-sleep state, which is unknown even
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in our wakeful state Manditkya Upanisat (Cinmayananda Svami, 1984). This concept has been well described in various Indian

scriptures.
In Mandiikya Upanisat
[N [aNlaN SN - @_ l

T BEed desgR T |

Omityetadaksaramidarit sarvarm tasyopavyakhyanari bhiitari
Bhavadbhavisyaditi sarvamonkara eval
Yaccanyat trikalatitam tadapyonkara evall
(Mandikya Upanisat, V: 1.)

It has been described that OM is the syllable of the past, the present and the future. From the original sound, OM, all things become manifest

as its extened embodiments Manditkya Upanisat (Cinmayananda Svami, 1984). The analogy in Mundaka Upanisat describes that OM is

the bow; the soul is the arrow; and Brahman is the target. The target is attained by an unerring man. One should become one with the target

just like an arrow. This is to become one with the imperishable by eliminating the ideas of the body, ego, prana, hence being the self with

nothing less than union with the Absolute Mundaka Upanisat (Gambhirananda Svami, 1995).

TRIT Al ITTE Hield 22ad =9 = fogam: |
~ N N e RN
g T U JIPIEedgg d JuE g8 121 3 1
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Vahneryatha yoni gatasya miirtirna dysyate naiva ca linganasah |
sa bhitya evendhana yonigrhyastadvobhayarit vai pranavena dehe
|111 1311 Svetasvatara upanisat

Svetasvatara Upanisat describes that OM is like the fire which though potentially present in firewood is not seen until two sticks are rubbed

against each other. The self is like that fire; it is realized by constant awareness of the sacred syllable OM. Let the body be the stick that is

rubbed and OM be the stick that is rubbed against. Then the real nature is realized which is hidden within, just as fire in a sense hidden in the

wood. Svetasvatara Upanisat with the comentary of Sankaracarya (Gambhirananda Svami, 1986).

2.52 BHAGAVAD GITA-SMRTI PRASTHANA

[aN o NI aNiaSlhaN [N aN

%0 dAIGId M SIRAUTEA : T |
AT died Jgned fafear: 9u 1Rz
Om tatsaditi nirdeso brahmanastrividhah smrtah|
Brahmanastena vedasca yajfiasca vihitah pural 2311

(Ch: 17; V: 23).
OM’ tat and sat this has been declared as the triple appellation of Brahma, who is Truth, Conciousness and Bliss. By that were the

Brahmanas and the Vedas as well as sacrifices created at the cosmic dawn.

SIS R AR P AT R A E 2

Tecdied (SRRl Gdd ST IRE |
Tasmadomityudahrta yajiiadanatapahkriyah|

65



Review of Literature

Pravartante vidhanoktah satatar brahmavadinam|1241|
(Ch: 17; V: 24).
Therefore’ with the utterance of the holy syllable “AUM” the acts of sacrifice, charity and austerity are commenced; as enjoined in the

scriptures by the expounders of the Brahman.

Bhagavad Gita describes Krsna’s instructions to Arjuna just before the great war on the battlefield of Kuruksetra Bhagavad Gita
Madhusudhan Sarasvati, Gambhirananda Svami, 1998).

OM is the central element in Krsna's exposition of spiritual life and practice, speaking from his perspective as the infinite being,

enumerating his major manifestations and embodiments. The meaning is that OM is nothing less than the supreme consciousness; so there

can be nothing greater or a subject more important than OM. This is illustrated as “One who is engaged in the practice of concentration,
uttering the monosyllable OM (the Brahman or consciousness) who remembers it always, he attains the supreme goal Bhagavad Gita
Madhusudhan Sarasvati, Gambhirananda Svami, 1998).

In Summary: the sacred syllable OM is the primordial sound from which all other sounds and creation emerge. It underlies all phonetic
creations. The utterance of OM, consisting of the three letters 4, U, and M, covers the whole process of articulation. It is like the sound of a

gong that gradually tapers to a point and merges in silence. One who attains OM, merges with the Absolute.

2.5.3 BRAHMASUTRA-NYAYA PRASTHANA

Brahmasiitra is the exposition primarily of the Upanisats. It is an attempt to systematize and reconcile the various strands of the upanisats
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which form the background of Vedanta philosophy. The siitra are arranged in four chapters, each subdivided into four parts or quarters
(pada).

SeRHETTaaTaE: 1193 ||
Tksatikarmavyapadesat 111311
(Vidyananda svami, Brahmasttra Ch: I; Part III; V: 13)

Iksatikarma can be interpreted: Anyone, who meditate on the Supreme Purusa
(Rgveda. 10. 90. 1) with the syllable "'OM’ as possessed of three matras, becomes illumined like the sun.” the word Purusa is

used for God as well as the individual soul.

STIOTHE G : S 115

Trayanameva caivamupanyasah prasnasca | 1611
(Vidyananda svami, Brahmasiitra Ch: I; Part IV; V: 6)

Yamacarya replied to Naciketa the Supreme Lord whom all penances and austerities, including Brahmcarya, are performed, I

tell you in brief- that is ‘OM’.

2.5.4 PATANJALI'S YOGA SUTRAS
Pataiijali’s Yoga Siitras (PYS) is one of the classical yoga texts in which the explanation about OM is well-defined Patafijali’s Yoga Siitras

(Taimni, 1961). In PYS there is a single direct mention about Pranava (OM).

67



Review of Literature

That is:
IR ICIEETRUICE
Tasya vacakah pranavah  (Ch: I; V: 27).
This literally means that pranava is virtually ISvara or OM, where ISvara is the word denoting God. Even though there is only one

mention about OM in PYS, the definition of I§vara and the attributes are given in PYS Chapter 1, Verses 24-26. In Siitras 24, it is said:

e (VN A

FARHAITRIRIEIHE: TENIIRIT $57: 1 1|

Klesakarmavipakasayairaparamrstah Purusa visesa iSvarah! 12411
(Ch: I; V: 24).

This means that God is unique, untouched by affliction, acts and their consequences. In Siitras 25 it is said

o feRferard Aageie IRy |

Tatra niratisayan sarvajiiabijam!12511 (Ch: I; V: 25)
This means that in God there is the root for endless omniscience. This description is taken further in Siitras 26.

TN 36 FSAMTSaId IR I
Piirvesamapi guruh kalenanavacchedat|1261 |
(Ch: I; V: 26).
This means that since ISvara is not limited by time, He is the original guru or the guru of the earliest guru.
Since PYS has described pranava (OM) as ISvara, it is interesting to note that Siitras 28 describes what sadhana requires for ISvara

realization. Siifra: 28 states

AATEAHATETH_IIRC |

Tajjapastadarthabhavanam| 12811
(Ch: I; V: 28).
This means that mental repetition of OM (although OM is not specifically mentioned) should be carried out while dwelling on its
meaning Four Chapters on Freedom’ (Satyananda Sarasvati Svami, 1976.)
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2.6 CONCEPT OF OM MEDITATION
While the goal of all meditation techniques remains the same, the types of mediation vary because of the different approaches used by

different systems of thought. The meditation techniques mentioned in different traditional scriptures could be broadly classified

(Sukhananda natha, 1992) as (a) Meditation on concrete (dhyana on sakara saguna vastu object): (i) Meditation on sound (Sabda) i.e.
on certain mantra, bija aksara (syllable in seed form) in form of japa meditation (silent repetition of mantra OM) or meditation on
inner sounds (OM nada), (ii) Meditation on form (r7ipa) i.e., on specific ideal or image of OM or deity (istadevata), tantric codified
shapes called yantras or neutral symbol like flame or light (jyoti), and (iii) OM meditation on inner objects like breath, movement of

prana, cakras, genesis of thoughts, or sense of ‘I’. (b) Meditation on abstract (OM dhyana on nirakara nirguna object or idea): (i)

Meditation on meaning of upanisadic statements of universal truths called as mahavakyas like E FTRAH (aharmt brahmasmi), qTH

(tattvamasi), SFACH T (ayamatma brahma) and I & (prajfianan brahma).

The scriptural texts of yoga and spirituality mention following statements about OM meditation.

Fo Tl T
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OM krto smara  (Isavasya Upanisat, V: 17)
O’ devout worshipper, meditate on ‘OM’

2.6A Prasnopanisat

T & 2 TeTHH: TS |
H A & d TEIEeAgY T HRARTSAE |
FH I | o Sl T | T | E
Atha hainarir Saibyah satyakamah papraccha |
Sa yo ha vai tadbhagavanmanusyesu prayanantamonkaramabhidhyayita |
katamarit vava sa tena lokarit jayatiti |
tasmai sa hovdca ||

(Prasnopanisat, V.01)
Satyakama, son of Sibi, asked him, “O venerable sir, which world does he really win thereby, who among men, intently meditates on
OM in that wonderful way till death?”” To him he said:

Udg G T AR 9 F6 FElRNG |

o SN\ hata b a¥
AHTgSAAAATS SYdAhdAHAI |l

Etadvai satyakama pararin capararii ca brahma yadonkarah |

=77

Tasmadvidvanetenaiva’ 'yatanenaikataramanveti | |
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(Prasnopanisat, V.02)
O Satyakama, this very Brahman, that is (known as) the inferior and superior, is but this OM. Therefore’ the illumined soul attains
either of the two through this one means alone.

~ ~ =\ e o o e N
T TARHAEHRARNG & drid Haieaequidd SR |
T USRI @ o dUaT seradul SEal QU ARAWEgE( |

Sa yadyekamatramabhidyayita sa tenaiva sarveditastiirnameva jagatyamabhisampadyate |
Tamruco manusyalokamupanayante sa tatra tapasa brahmacaryena Sraddhaya sampanno mahimanamanubhavati ||
(Prasnopanisat, V. 03)
Should he meditate on OM as consisting of one letter he becomes enlightened even by that and attains a human birth on the earth. The
Rk mantras lead him to the human birth. Being endued there with self-control, continence, and faith he experiences greatness. Even
sadhaka may not know all the letters by which OM is constituted, still meditates on OM, he attains an excellent goal, human birth on

the earth. Being a prominent Brahmana with self-control, continence and faith experiences greatness, without any deviation from
Yoga.

Y TS fEHET AR Sad @seaRe Fghfesiad GEeER. |
haN ha NN NI N ™\

q Ao RaHE JAEdd |

Atha yadi dvimatrena manasi sampadyate so'ntariksan yajurbhirunniyate somalokam |
sa somaloke vibhiitimanubhiiya punaravartate ||

(Prasnopanisat, V.04)
Now again, if he meditates on OM with the help of the second letter, he becomes identified with the mind. By the Yajur mantras he is

lifted to the intermediate space, the world of the Moon. Having experienced greatness in the lunar world, he turns round again.
O N N NN\ haY

q: N . WTqI. o ﬁ H‘\ f\ﬁ‘ao le ~ = o~ ¢ qagg\a_g r\r\Q:H

AR SETe I § CETSIaeETd SR JREM Tewierd | addl sSR! ¥ad: |
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Yah punaretari trimatrenomityetenaivaksarena pararm Purusa mabhidhyayita sa tejasi surye sampannaly |
Yatha padodarastvaca vinirmucyata evan ha vai sa papmana vinirmuktah sa samabhirunniyate brahmalokarir sa etasmajjivaghanat
paratparam purisayarii Purusa miksate |
Tadetau slokau bhavatah ||
(Prasnopanisat, V.05)
Again, any one who meditates on the supreme Purusa with the help of this very syllable OM, as possessed of three letters, becomes
unified in the Sun, consisting of light. As a snake becomes freed from its slough, exactly in a similar way, he becomes freed from sin,
and he is lifted up to the world of Brahma (Hiranyagarbha) by the Sama mantras. From this total mass of creatures (that is

Hiranyagarbha) he sees the supreme Purusa that penetrates every being and is higher than the higher One (viz Hiranyagarbha).
Bearing on this, there occur two verses :

forel A= HegHed: TG
FAIEHT SRR |
R, IR aGTeaH g

T g F I ¢

Tisro matra mrtyumatyah prayukta anyonyasakta anaviprayuktah |
Kriyasu bahyabhyantaramadhyamasu samyak prayuktasu na kampate jiiah ||
(Prasnopanisat, V.06)

The three letters (by themselves) are within the range of death. But if they are closely joined, one to another, are not divergently
applied to different objects, and are applied to the three courses of action — external, internal, and intermediate — that are properly
resorted to, then the man of enlightenment does not shake (i.e. remains undisturbed). For whom it is know that the death is
encompassed by three letters, cannot possibly be deflected, since the purusa in the waking, dream & sleep states, together with the
states, has been seen by him as identical with the three letters and as identical with OM. Thus a man, who is enlightened has become
the Self of all and one with OM, therefore from where can he deviate and to where?
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TR O =M |
Rgbhiretarit yajurbhirantariksarm
samabhiryat tat kavayo vedayante |
Tamonkarenaiva’ 'yatanenanveti vidvan

Yattacchantamajaramamytamabhayarii pararit ceti ||

(Prasnopanisat, V.07)
The intelligent know this world that is attainable by the Rk mantras, the intermediate space achievable by the Yajur mantras, and that

which is reached by the Sama mantras. The enlightened man attains that (threefold) world through OM alone; and through OM as an
aid, he reaches that also which is the supreme Reality that is quiet and beyond old age, death, and fear.
Yogic teachings consider the syllable ‘OM’ to be the force behind all thoughts. Either chanting or thinking about ‘OM" is supposed to

cause a quiet mental state. OM is the primordial sound from which all other sounds and creation emerge. In OM meditation the
meditator first concentrates on an OM picture and then mentally chants mantra ‘OM’ effortlessly and finally expands to an all-

pervasive level and goes for blissful silence.
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Meditation is also defined as concentration (continuous thinking) and some times as contemplation (repetitive thinking). Whereas’ in yogéc
understanding meditation is not mere concentration but it is more than concentration. Therefore’ it is essential to distinguish the meaning of

meditation.
2.6B Katha Upanisat
TAGEAATER el TageadneR OvH |

TagEdETER el Al Afe=sid aed ad.

Etadadhyeavaksararii brahma etadadhyeavaksararit param|

Etadadhyeavaksarari1 jiatva yo yadicchati tasya tat!|
(Katha Upanisat, 1. 11. 16)

This letter (OM), indeed, is the (inferior) Brahman (Hiranyagarbha); and this letter is, indeed, the supreme Brahman. Anybody, who,
(while) meditating on this letter, wants any of the two, to him comes that.

2.6C Mundaka upanisat

I 39 T FEdl T A § UNSeaERd g9l STHH:
I T, O AT Eafed ¢ qRd qee s T |
Ara iva rathanabhau sarithata yatra nadyah sa eso’ntascarate bahudha jayamanah. Aumityevarii dhyayatha atmanam svasti vah

paraya tamasah parastat.
Mundaka upanisat- (Gamabhiranada, 1995, 2. 2. 6)
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Where the arteries of the body are brought together like the spokes in the center of a wheel , within it ( this self, moves about ) becoming
manifold. Meditate on Om as the Self. May you be successful in crossing over to the farther shore of darkness.

Within that (heart) in which are fixed the arteries like the spokes on the hub of a chariot wheel, moves this aforesaid Self by becoming
multiformed. Meditate on the Self thus, with the help of Om. May you be free from hindrances in going to the other shore beyond
darkness. Knowing him alone, one goes beyond death; there is no other path to proceed by. As the imperishable Self is hard to grasp,

it is being presented over & over again so as to make it easily compensable.

To the wheel of the chariot there are many spokes attached to the hub of the wheel. In the same way, many arteries are connected to

the heart. The great Self, manifesting itself in many forms (such as anger, hatred, etc.) in that heart, moves inside. Meditate on that Self
as OM in order to go beyond darkness. Here in the upanisat again it is discussed how the universe is related to Brahman. This time the
upanisat gives the example of a wheel on a chariot. There are many spokes in a chariot wheel, and all these spokes are attached to a

hub. First there is hub, and from that all the spokes radiate. If there is no hub, the spokes cannot be there. Similarly, Brahman supports
the entire universe. The spokes are compared in this verse to the arteries connected with our heart. They appear separate, but they all

converge at the heart.
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Then how to meditate on OM? It must be a bright, shining, effulgent OM. Consider the Self within as that OM. Those who practise

meditations know they have to imagine that the form they are meditating on is shining and luminous. It is very difficult at the
beginning to meditate on Brahman, because Brahman has no form. So the upanisat says to meditate on OM, as is the symbol of
Brahman. Later you can dispense with OM. When you feel you are on with Brahman, you do not need to meditate on a form. But to

begin with, the upanisat says to meditate on the Self within as that effulgent OM. If you continue to meditate this way, you will go

beyond darkness and ignorance, tamasah. The teacher is here blessing the student that he may attain this state.

TUTE e AN ST el desead=ad |
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Pranavo dhanuh saro hyatma brahma tallaksyamucyate |
Apramattena veddhavyam Saravattanmayo bhavet ||
Mundaka upanisat- (Gambhirananda, 1995, 2. 2. 4)

OM is the bow; the soul is the arrow; and Brahman is called its target. It is to be hit by an unerring man. One should become one with
It just like an arrow. This is to become one with the imperishable by eliminating the ideas of the body, ego, prana etc being the Self.

2.6D Chandogya upanisat

G4 Wiedd Fa1 daST-d ZM=d I |
=~ O o N N o b haN o .
I T AT JETI JUTRGURTGH JeNl Hafd qud: Scd Wafd & g Fdid |
Sarvarit khalvidarii brahma tajjalaniti Santa upasita.
Atha khalu kratumayah puruso yathakraturasmirilloke
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puruso bhavati tathetah pretya bhavati sa kraturir kurvita.

Chandogya upanisat- (Svami Swahanada, 1984, Ch: 3 V: 14.1)
All this is Brahman. From it the universe comes forth, in It the universe merges, and in It the universe breathes. Therefore’ a man
should meditate on Brahman with a calm mind.
Let one meditate That as adoration ; desires pay adoration to him. Let one contemplate That as the supreme, he becomes possessed of

the supreme. Let one contemplate That as Brahman’s destructive agent, one’s hateful rivals perish as also those rivals whom he does

not like . He who is here in the person and he who is yonder in the Sun, He is one.
2.6E Taittiriya upanisat

oo N
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QAEHTETCH STTRTRT: Tl | ST : TER: | S9N : | SFga: YR | JRE Sived: | haisei | =egey: & a1 Oy
JESISTRERT: | qCdghd R | 3F SRI0T: qat: | SRETN: JaT: | SRHICHT | 3¢ IS U8l | ageaY i et |

Om brahmavidapnoti param | Tadesa'bhyukta | Satyarin jfianamanantam brahma | Yo veda nihitam quhayam parame vyoman |
So’snute sarvan kaman saha brahmana vipasciteti | Tasmadva eatasmadatmana akasah sambhiitah | Akasadvayuh vayoragnih |
Agnerapah| Adbhyah prthivi | Prthivya osadhayah | Osadhibhyo'nnam | Annatpurusah sa va esa puruso’nnarasamayah |
Tasyedameva Sirah | Ayarir daksinah paksah | Ayamuttarah paksah | Ayamatma | Idam pucchani pratistha | Tadapyesa sloko bhavati
|

Taittiriya upanisat — (Gamabhirananda, 1998, Ch: 2 V:1)
OM. The knower of Brahman attains their Suprime (the Higest). In reference to that is the following hymn recited: “Brahman is Truth,
knowledge and Infinity. He is who knows it is as existing hidden in the heart, the transcendent Akasa (Parama Akasa) realises all this
desires along with the Omniscient Brahman.”

Though a man may perform penance standing on one leg for a thousand years, it will not, in the least, be equal to one-sixteenth part of
concentrated meditation.
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Pingala upanisat — (Adiswarananda, 2004, Ch: 4 V: 15)

2.6F Bhagawat Gita
G5 FERNEY TRTeEs [o: |

qEET ARl T R aeRae g 193

Samam kayasirogrivam dharayannacalarir sthirah.
Sampreksya nasikagrari svarit disascanavalokayan.
(Tapasyananda, 2002, Ch: 6 V: 13).
Keeping the trunk, head and neck straight and steady sitting firmly,
one should look at the tip of the nose, without looking in other directions

Oe: GO Al IR ST JCAU: 1E 198
Prasantatma vigatabhirbrahmacarivrate sthitah.
Manah sarityamya maccitto yukta asita matparah.

(Tapasyananda, 2002, Ch: 6 V: 14).

A majestically calm, fearless, and a confirmed celebate should
withdraw his senses and sit carefully fixing his mind upon Me

Toolgid TEIcATE ant feararee: |

Mied ATOTRAT ACHEMRRTESIA 18 194 1
Yufijannevarii sadatmanarit yogi niyatamanasal.
Santirit niroanaparamar matsarsthamadhigacchati
(Tapasyananda, 2002, Ch: 6 V: 15).
Uyjhm6In this manner, constantly meditating with controlled mind,
the yog7, emancipated and eternally peaceful,attains Me
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Tatraikagram manah krtva yatacittendriyakriyah.
Upavisyasane yufijyadyogamatmavisuddhaye.
(Tapasyananda, 2002, Ch: 6 V: 12).

Sitting on that seat he should concentrate the mind, control the senses and
thoughts, and practise yoga for self-purification.

Fosiid ST ~d: JurE saT feRfa )
U ficageaed A W faad FatadLl
Yuiijita pranave cetah pranavo brahma nirbhayam |
Pranave nityayutkasya na bhayarir vidyate kovacit ||
(Gaudapada Karika, V: 25)
One should concentrate one’s mind on OM, (for) Om is Brahman, beyond fear. For a man, ever fixed in Brahman, there can be no fear

anywhere.
In Agama Prakarana it is said that concentrate the mind on pranava (OM).

Yuiijita pranave cetah — unite the mind with pranava, with OM. Fix your mind on OM and meditate on that Om as Brahman, as your

own self. Brahman is infinite, without any form without any quality, so how can you meditate on it? It is very difficult, but not

impossible. You can imagine a bright, luminous OM in the heart. Remember that OM is nothing but Brahman, the Self, and you are

that Self. That Self'is also the Self of everyone. Pranave nitya-yuktasya - you must always be conscious that you are OM, that you are

Brahman. Keep this in mind always.
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If you can meditate like this then you will have no fear. Then where is fear? When we think there are two, when we have sense of
duality. I see you and thing you are different from me. May be you are superior to me and so you may defeat me. With duality comes
this fear, conflict, and competition. But if I do not see duality, if I see the one Self everywhere, then what is there to be afraid of? I
cannot be afraid of my own Self. I am everywhere- in you, in me, in everyone.
ot € faaT Haed gy dfeua )
TGN Aeal L = 20 |
Pranavar hisvaram vidyat sarvasya hrdi sariisthitam |
Sarvavyapinamonkararn matva dhiro na Socati | |
(Gaudapada Karika, V: 28)

One should know OM, to be God seated in the hearts of all. Meditating on the all-pervasive Om, the intelligent man grieves no more.
Know this pranava to be ISvara, the Lord. Instead of saying Brahman, Gaudapada is using the word [svara here. I$vara, the Lord who

controls, is in the heart of everyone. He is the common indwelling Spirit of us all. This pranava, OM, is all-pervasive (sarvavyapi).
Knowing this, that OM is that all-pervasive Brahman and that you are one with that Brahman, the wise person (dhira) does not grieve

(na Socati). When you have this knowledge you are wise. Then there is no more sorrow for you, no more pleasure and pain. You go

beyond all dualities. We suffer because of our ignorance. When we have knowledge of the unity of everything, then there is no more

suffering.
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Preed T & TR it W |t |
FENGUA TR (g Sdife et FEEar |
Trirunnatarit sthapya saman Sarirarin hrdindriyani manasa sannivesya.

Brahmodupena pratareta vidvan srotarisi sarvani bhayavahani.

Svetasvatara upanisat - (Gamabhirananda, 1986, Ch: 2 V: 8)
The wise man should hold his body steady, with the three (upper) parts erect, turn his senses, with the help of the mind, toward the
heart, and by means of the raft of Brahman; cross the fearful torrents of the world.

=N ¢ AN faXuly = D o
Il AMATAET Hldd RId dd d [SHARI: |

T ¥ Q@eeaIR I -Eag i 3 STae 22 19 |
Vahneryatha yonigatasya miirtirna drsyate naiva ca linganasah.
Sa bhitya eavendhanayonigrhya-stadvobhayarii vai pranavena dehel 1311

haN [Ny < PN o |
A HERATERS TRafeRTead 122 |
Svadehamaranirm krtva pranavar cottararanim|

Dhyananirmathanabhyasaddevar pasyennigtidhavat| 14|

Svetasvatara upanisat - (Gamabhirananda, 1986, Ch: 1 V: 13 & 14)
Svetdsvatara upanisat- describes that OM is fire though potentially present in firewood is not seen until one stick is rubbed against

another. The Self is like that fire; it is realized by constant awareness of the sacred syllable OM. Let your body be the stick that is
rubbed and OM be the stick that is rubbed against (meditation). Then the real nature is realized which is hidden within, just as fire in a

sense hidden in the wood.

JEAqg fqeardrcaed HEH™ dogeral o |
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Brhacca tadidhiavyamacintyariiparin stiksmacca tatsiiksmatararin vibhati.
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Diaratsudiire tadihantike ca pasyatsvihaiva nihitarm guhayam.
Mundaka upanisat- (Gambhirananda, 1995, Ch: 3 V: 1.7)

That Brahman shines forth, vast, self-luminous, inconceivable, and subtler than the subtle. He is far beyond what is far and yet here
very near at hand. Verily, He is seen here, dwelling in the cave of the heart of conscious beings.

2.6G Srimad Bhagavata Mahapurana (Tapasyananda, 1982)

“Do you restrain by all means your fickle mind; my son by your superior intelligence set steady on Me. This is the sum and
substance of all yoga.” So spoke the Lord to Uddhava (11.23.61). “The mind that dwells on sense objects gets stuck in them. The
mind that remembers Me constantly gets dissolved in Me” says Lord Krsna to Uddhava. That is the mode of meditation advocated by
the Bhagavat. (11.14). Further from verses numbers 31 to 46 of Bhagavat Mahapurana (chapter 14 of sub-chapter 11) it is mentioned,
how the devotees should meditate on Lord Krsna’s personal and impersonal form and with what attributes one should meditate, when
asked by Uddhava.

2.6H Yoga Vasistha
T JEHAITE: IR SeAnTEd |
Yoga is the trick to calm down the mind.
TR T ST FEE: |
R Sad_ e A e gt
Tadabhyasena nirvanam ityabhyaso mahodayah.
sambha syaivam nisayam te nirvikalpa samadhind.
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Babhwvatuh cidakasariipinyau vyomagakrti.
Durat diiram abhiplutya tato brahmandamadatat.
(Yoga Vasistha 5.40, 41; Atreya, 1993)

Since liberation is (attained) by such practice, the practice (itself) is the supreme fulfillment. Conversing thus in the night, they two
(Leela and goddess) became of the form of the space of consciousness by Nirvikalpa Samadhi (or yogéc state of absolute
consciousness transcending the differentiation of the knower, knowledge and the known and possessed of the bodily form of heavenly
beings)

2.61 Hatha Yoga Text

A R Aeead [aeEd |
JTded dcqe gd o FS! A f&F@d 1 ge
Bhruvormadhye sivasthanarit manastatra viliyate|
Jiiatavyam tatpadarm turyam tatra kalo na vidyate |1 48 ||
(Muktibodhananda, Ch: 1V, V: 48)
The external point of the eyebrow centre is actually the trigger point of concentration arousing the @jfia cakra or guru cakra. If this
cakra is awakened by the kundalini sakti the experience is altogether beyond the scope of the five lower elements. It is the centre

of consciousness. Its bija mantra is ‘OM".
In Hatha yoga meditation, more specifically kundalini meditation, the divine power that lies dormant in every human being is aroused

and pulled upward through the cakras, the psychic centers of the body. At the top of the head, the seat of the highest consciousness the
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union of the individual and absolute consciousness takes place. This is expressed symbolically as the union of Sakti or kundalint with Lord
Siva. During meditation each cakra is visualized as a lotus with a certain number of petals. The muladhara, svadhisthana, manipura,
andhata, visuddhi and ajiia cakras have four, six, ten, twelve, sixteen and two petals respectively, while sahasrdara has one thousand. The
number of petals is determined by the number and position of nddis that emanate from the cakras and give it the appearance of a lotus.
Hanging downward when kundalini is dormant, the nadis turn upward with its ascendance. The cakras may be focused upon by chanting of
OM, the all inclusive universal sound vibration, in different pitches. When kundalini is awakened it does not proceed directly to the
sahasrara unless one is an exceptionally pure yogl. It must be moved up from one cakra to another and a great of concentration and patience
is required. When the kundalini finally rises from the @j7ia to the sahasrara union take place and this is called liberation. In summary, Hatha
yoga itself (by practicing preliminary practices called asanas, pranayamas, kriyas, bandhas mudras) leads to stages of meditation, while it

also prepares one’s body and mind for the practice of meditation (Hatha yoga Muktibodhananda, 2003).

Yoga teachings consider the syllable OM to be the force behind all thoughts. Either chanting or thinking about OM is anecdotally
reported to cause a quiet mental state.

Summary
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The sacred syllable OM is the primordial sound from which all other sounds and creation emerge. It underlies all phonetic creations. The
utterance of OM, consisting of the three letters 4, U, and M, covers the whole process of articulation. It is like the sound of a gong that
gradually tapers to a point and merges in silence. One who attains OM, merges with the Absolute.

Yoga teachings consider the syllable OM to be the force behind all thoughts. Either chanting or thinking about OM is anecdotally reported to

cause a quiet mental state.
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2.6 CONCEPT OF OM MEDITATION

2.6.1 TECHNIQUE OF OM MEDITATION

There are different techniques of meditation depending upon the object and the strategy chosen. Despite the difference in objects of
focus and techniques of meditation, three key factors have to be present in the practice of any kind of meditation. Those three factors

are (i) the object of meditation (locus of focus), (ii) the centre of consciousness (point of awareness) where the mind is held during

meditation, and (iii) the method employed to invoke concentration (Adhiswarananda, 2004).

The object of meditation can be anything as described earlier, but to practice of OM meditation the object should be only OM

internal or external, stable or dynamic. The sacred texts of Yoga and Vedanta maintain that the object of meditation must not be

frequently changed. The object of OM meditation is generally held within at a particular center, such as the heart, the forehead, the tip
of the nose, or the crown of the head or the seeker may place it outside his body, in-front of him on the ideal. However’ in some
meditation techniques the object of concentration and the center of consciousness (awareness) where the mind is held are same. The
method employed to invoke concentration is either selected by the seeker or prescribed by the teacher (Guru), and it also must not be

changed.

In OM meditation the meditator first concentrates on an OM picture and then mentally chants mantra ‘OM’ effortlessly and

finally expands to an all-pervasive level and goes for blissful silence.
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Sanaih sanairuparamed buddhya dhrtigrhitaya.
Atmasariistharit manah krtod na kificidapi cintayet.
(Cinmayananda, 2001, Ch: 6 V: 25)
With intellect set in firmness, attain quietitude little by little (step by step); with the mind fixed on the Self, do not think of anything.
The methodology of yoga is to control and purify the subconscious (region of vasands and sariiskaras) with the help of conscious effort.

Restlessness of body is to be overcome by slow and mindful practice of postures (@sanas). Irregular breath, an indicator of mental

restlessness, is to be made regular by smooth and rhythmic breathing (pranayama).The out going thoughts and improper tendencies of the

mind must be substituted by cultivating of moral and ethical virtues. Meditation helps to gain this control and constant awareness.

Meditation begins with concentration and intense focusing on the chosen object and dhyana happens only when mind becomes effortlessly
and continuously one-pointed like the flow of oil poured from one vessel into another. Sage Patafijali says “meditation is uninterrupted

flow of mind on its object. This itself turns into samadhi when the object alone shines and the thought of meditation (and of the meditator) is

lost, as it were”” (Usharbudh, 1986). That state of mind is niruddha where thoughts do not exist. Meditation is only possible in wakeful state

of consciousness. How mind exists in different states of consciousness and can be evolved higher is schematically depicted in Fig. 5

87



(G =)

(Transcendental state of consciousness)
Higher levels of samadhi

No miyd state

Wakeful state of A3
consciousness (g & Iiil) e i
UM dharana
(STt T1) | q1d dhyana
Jagrata sthana Concentrated state of mind\\
...... )
~Ekagrasthiti )

Scattered,
distracted
state of mind

)
Viksipta sthiti

Restless,

state of mind

Caiicalata

Dull, lethargic,
inactive mind

(e feurfa)

Miidha sthiti

/ Dream (€99 ¥) subconscious state \

Review of Literature

88



Review of Literature

Fig. 5 Stages of growth of mind
2.6.2 THE CONCEPT OF JA4PA
Japa is the spiritual practice of repeating a sacred word referring to the Divine. Such a sacred word can be a verse, a short prayer, a
phrase, or a mystic syllable. The purpose of the repetition is to bring the mind to a state of devotion and concentration. The practice of
japa is as old as religion itself, it is the most concentrated form of prayer. Faith in the purifying and transforming power of such sacred
holy names can be called “key words” which has every religious that inspire its followers. Many saints and prophets achieved God-
consciousness by chanting or repeating them. When a seeker repeats such a words with faith and fervor, it releases the power of

holiness, which fills his mind with devotion and then leads it to concentration, absorption, and illumination. Japa is the easy tool for

dhyana by increasing and decreasing the speed of japa mind can reach to the deeper level of relaxation.

OM is the concentrated prayer of the Vedas that says: “OM " meditate on the effulgence of that Supreme Divine Being, the creator of
the world Planes—earth, heaven, and interspaces. May that Divine Being direct our intelligence “OM.” OM is the seed word of all
prayer, in which concentrated prayer becomes most condensed. The repetition of OM merges in silence gradually culminates in
meditation. To help one maintain a constant remembrance of God, japa has many advantages over other methods. The practice of

meditation and ceremonial worship require disciplined will, fixed posture, faith, and effort, but the practice of japa needs only effort.
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Even when the repetition of a sacred word is merely mechanical, its healing, transforming, and purifying effect is certain. Since japa
does not require any special posture, time, place, formality, or environment, it can be practiced under all circumstances.

2.6.3 STEPS OF OM MEDITATION

The system of yoga teaches the means by which the individual human spirit (j7oatma) can be in communion with the Supreme
Universal spirit (paramatmd). It is a systematic approach for an individual to become one with, or attain the highest level of
consciousness of which man is capable. Around 200 B.C. the sage Patafijali evolved eight stages of yoga. These were systematically
presented in the yoga siitras, which consists of 196 aphorisms. The eight stages of yoga are: yama (universal moral commandments),
niyama (rules for self-purification), dsanas (postures), pranayama (conscious rhythmic regulation of breathing), pratyahara
(withdrawal and emancipation of the mind from the domination of the senses), dharana (concentration), dhyana (meditation), and

Samadhi (a state in which the aspirant becomes one with the Paramatma or Universal spirit). The eight stages are meant to follow

each other in sequence, with each stage preparing the practitioner for the next stage. These eight limbs can also be practiced

independently and are paths to Kaivalya (a state of liberation/freedom and enlightenment).

Specific to meditation, it has been described that in the absence of a specific task the mind is very distractible (caricalati), and

has to be taken through the stages of ‘streamlining the thoughts’ (ekagrata), and one-pointed concentration (dharana), before reaching
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the meditative state (dhyana) (Cinmayananda, 1984). The process of meditation thus encompasses ekagrata, dharana and dhyana,

where ekagrata and dharana are the preliminary steps. All types of meditation techniques whether traditional or modern comprise

these steps in varying duration.

Steps )
Process Key features Experience
o ‘ - Voluntary control
Ekagrata Channelizing the multiple
) o - Intense effort alertness, fatigue
Concentration | thoughts in one direction . .
- Analytical focusing
o . - Confined repetitions .
Fixing the mind on one Sustained
Dharana - Withdrawal from
single object with - attention,
F in irrelevant
ocusing single thought tiredness
- Non-analytical focusing
Continuous and . Awareness
- Single thought
Dhyana spontaneous dwelling of Silence
' - Effortless awareness
Meditation mind on . Peace
. ‘ - Slow expansion .
a single object Happiness
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Samadhi Absorption of subject, - Expansion Knowledge

object and the process - Powers Bliss

Svami Vivekananda in his book (Vivekananda, 2001) on Raja yoga says, when the mind is focused on a specific object
uninterruptedly for twelve seconds, one achieves one unit of dharana. Twelve such successive units of dharana make one unit of dhyana,

and twelve such successive units of meditation, lead to Samadhi. Samadhi is a state of complete absorption. Sage Patafjali says:

AETTIATATAI FTETRAmE GHIN: |
Tadevarthamatranirbhasam svariipasinyamiva samadhih.
(Taimni, 1961, Ch: 3 V: 3)
The same (contemplation) when there is consciousness only the object of meditation and not of itself (the mind) is Samadhi.
The absorption is attained when meditation becomes constant and continuous, and the mind merges in the object of meditation. There

exits no triputi. Samadhi is a quantum jump into next level of consciousness, the realm of knowledge, power and bliss (Nagendra,

Svamy, & Mohan, 2003).

2.6.4 REQUISITES OF OM MEDITATION

92



Review of Literature

Posture: The perfect posture for meditation is that in which the spine, the head, the chest, and the neck are kept erect and there is no
movement of the body, and the mind remains in a state of equilibrium (Madhusudhan, & Gambhiranda, 1998, Ch: 6 V: 35).
However’OM meditation can also be practiced while body is in slow actions or motion.

Time: Although there is no fixed time for the practice of meditation, the sacred texts mention ‘four timings’ that are most favorable

and auspicious. The first of them is time between three and five in the morning (brahmamiihurta). The second is midday, when nature

has a tendency to return to calmness and rest. The third is the hour of dusk (godhuli), when day merges into night and nature becomes
tranquil. And the fourth is midnight, when a deep silence pervades all of nature. Experienced teacher advocate that the time for
meditation once chosen, must be observed every day, because there is a cycle or rhythm in the movement of forces, spiritual as well as

material (Mokshadananda, 1997).
Place: The Vyasa Siitras state “There is no law of place; wherever the mind is concentrated, meditation should be practiced”
(Adhiswarananda, 2004). According to sacred texts of Vedanta, a mountain, a riverbank, a temple, a place where the practice of

meditation has been successfully carried out by many spiritual seekers (tapobhiimi) and a solitary place free from distractions

(Vivekananda, 1971).

oo™ oo
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Same sucau sarkaravahnivaluka vivarjite sabdajalasrayadibhih.
Maninukiile na tu caksupidane gquhanivatasrayane prayojayet.
Svetasvatara upanisat - (Gambhirananda, 1986, Ch: 2 V: 10)

Let yoga (meditation) be practiced within a cave protected from the high wind, or in a place which is level, pure, and free from pebbles,
gravel, and fire, undisturbed by the noise of water or of market —booth, and which is delightful to the mind and not offensive to the eye.

N DN o o

Bhagavad Gita: LT QA A8 [RTHHAHICHS: |

Ao AT NSTAFRITCAIIE 192 1

Sucau dese pratisthapya sthiramasanamatmanah.
Natyucchitram natinicam caildjinakusottaram.
(Tapasyananda, 2002, Ch: 6 V: 11)
On a clean and pure place neither too high nor too low he spreads kusagrass, a deerskin and a cloth.
Direction: The meditator is advised to sit facing the east, because the earth’s daily rotation is from west to east. By facing the east, one

faces the direction of motion (Adhi§warananda, 2004).

2.6.5 PROCESS OF OM MEDITATION

In this technique, willpower plays an important role. Through the exercise of willpower, the mind consciously and deliberately cultivates
a single thought to the exclusion of all other thoughts. OM Meditation begins with concentration on single OM picture and culminates in
absorption in that object. Absorption reveals the subtle nature of the object. By knowing it one is able to know the reality of subtle

entities in the universe. This is schematically presented in Fig. 2. 6.5.

Fig. 6
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2.7 GOAL OF OM MEDITATION

The goal of meditation is complete absorption in the object of meditation (Samadhi), finally leading to communion or union with
the Ultimate Reality. Different systems of thoughts and philosophies call it by different names: liberation - Moksa, beatific vision of
divine — nirvana, awakening, and enlightenment — Kaivalya, Self knowledge or knowledge of Brahman, attaining the Kingdom of
Heaven within. Longing for this goal distinguishes a human individual from the subhuman beings says Sri Rama Krsna

(Mumukhsananda, 1998).

The goal of meditation is the cessation of all miseries through the realization of the indwelling Self, or Purusa, which is Pure

Consciousness. The yoga system maintains that the cause of all miseries is ignorance, which deludes the Self, and entangles It in the
world of matter. This entanglement is essentially of the mind, and the remedy lies in disentangling the Self from the world of matter

and the world of mind. This is only possible through the knowledge of Reality. The aim of meditation is to find the Reality.

Meditation leads to Self realization (Satyananda, 1992).

96



Review of Literature

The seers of the Vedas mention four goals of life: knowledge of the right and wrong (dharma), worldly prosperity (artha),

fulfillment of legitimate desires (kama) and Self —Knowledge (moksa). Self-knowledge is the consummation of all the other goals.

According to Upanisads in this state, the dualities of subject and object, knower and known, seer and seen, all merge in the
indescribable expanse of the Absolute. Consciousness of time and space obliterate, and the fetters of causality broken for forever. No
sacrifice is too great to achieve this goal; no effort in this venture is ever lost or wasted. All scriptures of Yoga and Vedanta
emphasize on this goal which is the goal of all goals in human life.

The present thesis focused on the concepts of the four waking states of consciousness (Caficalata, Ekagrata, Dharana and
Dhyana).

2.8 BENEFITS OF ‘OM’ MEDITATION

The benefits of meditation are threefold: physical, psychological and spiritual. Meditation enables the physical and psychic energies to
flow into creative, constructive channels instead of burning out in destructive forms. Mind gains the poise, peace, naturalness,
serenity, stability of emotions, conservation of energy, and a capacity to bear the frustrations and the ups and downs of the life. For a

spiritual aspirant OM meditation purifies the heart, steadies the mind, distroys the obstracles, destroys the bondage of birth and death,

annihilates attachments (induces vairagya), roots out all desires, makes one fearless, removes delusion, gives supreme peace, develops
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prema (divine love), brings God consciousness, bestows eternal bliss, awakens the kundalini. The japa of ‘OM’ either done mentally

or physically has a tremendous influence on the mind. Meditation addresses all the unresolved issues and notions of subconscious.
Meditation brings about complete behavioral transformation. A new worldview induces a new quality of consciousness, which leads
to change in interpersonal relationships. Meditation teaches to act and not to react (Chao Khun, 1968).

Meditation awakens the dormant powers of the mind. Just as a vast amount of energy is hidden in an atom, so too is there a vast

reservoir of energy hidden in the depths of our psyche. The sacred texts of Yoga call this sleeping power of the mind kundalint
(Muktibodhananda, 2003). Life becomes blessed when the kundalini is awakened. Practitioner attains certain powers known as

siddhis (Taimni, 1961). Using the power of the mind, human beings have been able to achieve great wonders in the realm of science

and technology. It is the same power of the mind that makes impossible things possible in the realm of spirituality. The story of the
evolution of life is the story of the manifestation of mental powers. The mind being clear and free from conflicts becomes more
effective and efficient. Meditation brings spiritual illumination which liberates the Self from the trappings of the body-mind complex.
Meditation is the only way to Self-Knowledge, and Self-Knowledge can put an end to all the sorrows and sufferings of the life.

2.9 LIMITATIONS

1. Too much of meditation done indiscriminately could cause hazards leading to distortion of personality.
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2. Psychiatric patients normally are prohibited from the practice of meditation

3. Wrong practice could cause problems

2.10 SUMMARY

Meditation offers a fascinating window into human consciousness, psychology and experience. During meditation a state of mind is
reached which is characterized by deep relaxation as well as increased internalized attention.

Meditation is the freedom from thought, a state of no-mind. It is a state of pure consciousness with no contents. It is the activation of

natural 'seeing' activity, of the 'Self' or Consciousness. It is the finest way to increase one's personal energy by getting connected to the

Source. Meditation is one such technique that helps to purify, control (nirodha) and slowdown (prasamana) the mind and its
modifications (vrttis) by skill (kausala) and regular practice (abhyasa). The process of meditation begins with concentration (ekagrata)
and focused attention (dharana) on the chosen object and dhyana happens only when mind becomes effortlessly and continuously one-
pointed like the flow of oil poured from one vessel in to another. Sage Patafijali says “dhyana is an uninterrupted, spontaneous flow
of mind on its object. This itself turns into samadhi when the object alone shines and the thought of meditation (and of the meditator)

is lost, as it were”. The five characteristic features of meditation (dhyana) are (i) single thought, (ii) effortlessness, (iii) awareness, (iv)

slowness and (v) expansiveness (defocusing). Meditation involves three factors i.e., meditator, the object of meditation and the process
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of meditation (friputi). The object of focus is generally sacred and can be personal or neutral, stable or dynamic, concrete or abstract,

a word or an idea, an image or a symbol, a divine form or personality.

The concept of OM meditation has been well described in various Indian scriptures as well as Yogic teachings consider the syllable ‘OM’ to

be the force behind all thoughts. OM covers the whole threefold experience of man. It is the combination of three letters viz., A, U, and M.
‘A’ represents the physical plane. ‘U’ represents the mental and astral plane, the world of intelligent spirits, and all heavens. ‘M’ represents
the whole deep sleep state, which is unknown even in our wakeful state.

Either chanting or thinking about ‘OM’ is supposed to cause a quiet mental state. OM is the primordial sound from which all other sounds

and creation emerge.

In the traditional texts (the Patafijali’s Yoga Siitras and Bhagavad Gita it has been described that when awake and in the absence of a
specific task the mind is very distractible (caficalatd), and has to be taken through the stages of ‘streamlining the thoughts’
(concentration or ekagratd), and one-pointed concentration (focusing or dharand), before reaching the meditative state (defocused,

effortless single thought state or dhyana).
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Earlier study suggested that meditation on ‘OM’ produces a state of an alertful rest. The relationship between the mental state
and body physiology; emotional and cognitive processing and the biological correlates of religious experience.

In OM meditation the meditator first concentrates on an OM picture and then mentally chants mantra ‘OM’ effortlessly and finally
expands to an all-pervasive level and goes for blissful silence. This is one of the technique which develops tremendous willpower and
deliberately cultivates a single thought to the exclusion of all other thoughts. OM Meditation begins with concentration on single object
and culminates in absorption in that object. Absorption reveals the subtle nature of the object. By knowing it one is able to know the
reality of subtle entities in the universe.

3.1. INTRODUCTION

In India research on yoga and meditation started in 1918 at the Yoga Institute at Versova near Mumbai, the precursor of the Yoga

Institute at Santa Cruz (Khalsa, 2004; Yogendra, 1970). This was soon followed by the clinical work at the Kaivalyadhama Yoga
Institute in Lonavala under Svami Kuvalyananda in the 1920’s (Khalsa, 2004; Gharote, 1991). In 1925 early scientific studies were
reported by Svami Kuvalayananda of Lonavala in a quarterly journal Yoga Mimariisa. These studies helped to initiate interest in yoga

research by showing that the physiological effects of yoga could be examined in the laboratory. This was followed by a number of
studies which reported that yogis could exert voluntary control over the cardiovascular system and reduce their metabolic rate at will.

Mabharishi Mahesh Yogi introduced the Transcendental Meditation (TM) program to the United States and Canada around 1960. TM
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is a natural mental technique that requires no elaborate yoga postures, paraphernalia or particular environment. A number of scientific
studies were conducted on meditation based on different variables. The studies which are most relevant to the present study are
mentioned below in to three parts, 1. Studies on: Evoked Potentials, Autonomic & Respiratory Variables, and Studies on visual
scanning, attention, concentration and repetitive motor response followed by over all summary and finally also presented in separate

summary Tables: 3.2.1, 3.3.1, 3.4.1.

3.2 MEDITATION STUDIES BASED ON EVOKED POTENTIALS

Evoked potentials are used in meditation studies since a correlation between different evoked potential components and underlying
neural generators is reasonably well worked out (Woods & Clayworth 1985). Apart from this it appears that the cerebral cortex is
actively involved in meditation ( Lazar Kerr, Wasserman, Gray, Greve & Treadway, 2005 et al.). Hence, one may expect cortico-
efferent gating with changes occurring at subcortical relay centers (Napadow, Dhond, Conti, Makris, Brown & Barbieri, 2008). For
these reasons, there have been studies of short and midlatency auditory evoked potentials during meditation.

An early study on meditation (Telles & Desiraju, 1993a) used for the first time two important modifications in the research design for

yoga research. Here subjects were studied using the ‘self-as-control’ design and the two types of sessions, meditation and non-
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meditation, were repeated thrice in each subject. This study highlighted two points, (i) meditation is best described as a physiological
state of ‘alertful rest’, and (ii) considerable physiological variations are seen both intra- and inter-individually. This study assessed the
effects of meditation on the syllable ‘OM’ on mid-latency auditory evoked potentials, it was found that in seven experienced
meditators during meditation there was a significant decrease in the peak latency of the Nb wave (the maximum negativity occurring
between 35 and 65 ms.) In another study on the effects of meditation on ‘OM’ on mid-latency auditory evoked potentials were studied
in experienced meditators and novices (Telles, Nagarathna & Nagendra, 1994). There were two types of sessions before, during and
after (i) mental repetition of ‘OM’ (meditation session) and (ii) mental repetition of ‘ONE’ (control session). The experienced
meditators showed a significant increase in the peak amplitude of the Na wave (the maximum negative peak between 14 and 18 msec.)
during the meditation with a significant decrease in the Na wave peak amplitude during the control session. Hence during mental
repetition of a meaningful syllable (‘OM’) and of a neutral syllable (‘ONE’) neural changes occurred at the same level (possibly
diencephalic) though in opposite directions.

The studies on midlatency auditory evoked potentials have most often shown, changes in a component called the Na wave a negative
wave occurring (between 14 and 19 msec.). There have been changes in form of an increased amplitude (Telles, Nagarathna &
Nagendra, 1994) suggesting recruitment of more neurons. A decrease in latency has also been reported (Telles & Naveen, 2004),

suggesting a decrease in time taken to transmit sensory information.
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Studies on short latency auditory evoked potentials have not shown such clear changes. At moderate intensities (40—50 dB), the
latency of the inferior collicular wave (wave V) increased following meditation. However at higher stimulus intensities (55—70 dB),
the latency of this wave was slightly decreased (McEvoy, Frumkin & Harkins, 1980). This study on short latency auditory evoked
potentials in TM meditation practitioners demonstrated that short latency auditory evoked potential vary with stimulus characteristics.
Also a study on TM program appears to longitudinally reduce the brain’s response to acute pain along major sectors of the affective
dimension of the pain matrix, apparently related to reduced distress (Orme-Johnsona, Schneidera, Sonb, Nidicha,, & Cho, 2006).
Different changes in evoked potentials (ABR, MLR & P200) were observed before, during, and after a Qi- gong meditation session in
a within-subject design (Liu, Cui, Li & Huang, 1990). ABR Waves I through V increased in amplitude 55-76%, whereas MLR Na and
Pa amplitudes decreased 50-73% during Qi- gong meditation relative to the before and after conditions. It was hypothesized that the
brainstem may be synergistically released from descending inhibition to produce the ABR amplitude increase when the initial cortical
activity indexed by MLR potentials decreases during meditation. Also, presenting 10 m sec. tones Qi-gong meditators were assessed
before, during, and after a 30 min Qi- gong meditation session. P200 amplitude decreased 44% from the baseline to the meditation
state and returned to baseline after meditation suggestive of attenuated cortical responses/believed to be due to inhibition of neural
activity at thalamo-cortical and cortical levels.

TM meditators presented with auditory tones (1/s) demonstrated decreased P1, N1, P2, and N2 component latencies for meditators at

baseline and meditation/rest states compared to non-meditator control group values (Wandhofer, Kobal & Plattig, 1976). Another
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study used 50 tones (1s duration) presented in three blocks to TM meditators before, during, and after meditation in a within subject
design; additional recordings were made during sleep. Although N1 latency was longer in the before-control relative to the meditation
condition, this effect was unreliable and no other condition differences were found for any of the AEP components (Barwood,
Empson, Lister & Tilley, 1978).

TM meditators with two years practice demonstrated increased amplitudes of early components of SEPs relative to controls (Petrenko,
Orlova & Liubimov, 1993).

An auditory oddball task was used with eyes-closed to assess experienced TM meditators at pre-test baseline, after 10 min of rest, or
after 10 min of TM practice with conditions counter balanced across subjects (Travis & Miskov, 1994). P300 latency decreased at Pz
after TM practice relative to no change after the rest condition. TM practice was studied using a passive auditory paradigm listening
study with variable inter-stimulus intervals (1-4s) between identical tone stimuli (Cranson, Goddard & Orme-Johnson, 1990). The
subjects were non-meditator controls, novices, and highly experienced TM meditators with mean ages of 20, 28, and 41 years,
respectively; IQ scores did not differ among the groups. Passive P300 potential latency was shorter for the two meditation groups,
with the long-term meditators showing the shortest P300 latency regardless of their age (Polich, 1996). These results imply that AEPs
might reflect meditation trait differences.

Meditative practice and aging in TM meditators were evaluated relative to non-meditating controls (66 years) with visual ERPs

elicited by female and male names in a button-press task (Goddard, 1989, 1992). P300 latency was shorter in meditators than controls
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(543 ms. vs. 703 ms). The same subjects also performed an auditory oddball task, but neither P300 latency nor RT differed between
the groups. The results were interpreted as indicating trait effects of long-term TM practice are observed only if mental processing
demands are increased with more difficult visual tasks. A visual oddball task used to compare four groups of young (20 years) and
older (69 years) meditators and controls found that P300 latency and RT increased (as the discriminability of the targets was made
more difficult for all groups) (Goddard, 1992). P300 latencies were longer in older subjects in all conditions, while RTs were shorter
only as task difficulty increased. Further, P300 latencies were shorter in the older meditators vs. non-meditator comparison. These
results suggest the possibility of primarily P300 latency trait effects for meditating relative to non-meditating older subjects.
Brahmakumaris Raja Yoga meditators were assessed before and during meditation, with a decrease in Na peak latency found (Telles
& Naveen, 2004). The Na potential is thought to be generated at the midbrain-thalamic level, so that concentrative mantra meditation
may affect early thalamic sensory processes.

Sahaja Yoga emphasizes adopting the witness posture towards thoughts instead of flowing with them during meditation and is
therefore very close to the mindfulness end of the meditational spectrum. The practice of this method was assessed in three groups of
young adult epileptic patients (Panjwani, Selvamurthy, Singh, Gupta, Mukhopadhyay & Thakur, 2000). One group practiced Sahaja
meditation, another group sat quietly in ‘sham’ meditation, and a control patient group had no meditation instruction. ABR and MLR

measures were obtained prior to the meditation intervention, three months, and six months later. No ABR effects were obtained, but
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the Sahaja Yoga group demonstrated an increase in MLR Na-Pa amplitude at six months. Although Sahaja Yoga meditation in normal
control subjects was not assessed, this outcome also suggests the influence of meditation on initial cortical auditory processing.
A study on Cyclic meditation reported the P300 peak amplitudes after CM were higher at Fz, Cz, and Pz sites compared to the "pre"

values, which suggests cyclic meditation enhances cognitive processes underlying the generation of the P300 (Sarang, & Telles,

2006). A review study on meditation reports Cognitive event-related potential evaluation of meditation implies that practice changes
attentional allocation as well as neuroimaging studies indicate increased regional cerebral blood flow measures during meditation.

Taken together, meditation appears to reflect changes in anterior cingulate cortex and dorsolateral prefrontal areas (Cahn, & Polich,

20006).

A recent study reported that there was a significant increase in the peak amplitude of the Nb wave compared to before Cyclic
meditation (CM). Post Supine rest (SR) there was a significant increase in the peak latency of the Na wave compared to before SR. In
conclusion following CM the latencies of neural generators corresponding to cortical areas is prolonged, whereas following SR a

similar change occurs at mesencephalic-diencephalic levels (Subramanya, & Telles, 2009). A subsequent study on Vipassana

meditation suggested that meditation state can decrease the amplitude of neurophysiologic processes that subserve attentional

engagement elicited by unexpected and distracting stimuli (Cahn, & Polich, 2009).
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It has been shown that meditators significantly increased mismatch negativity amplitudes immediately after meditation, suggesting
transient state changes owing to meditation. Which indicate that concentrative meditation practice enhances preattentive perceptual
processes, enabling better change detection in auditory sensory memory

(Srinivasan & Baijal, 2007).

3.3 MEDITATION STUDIES ON AUTONOMIC AND RESPIRATORY VARIABLES
Past four decades research has been going on to explore the physiological and psychological benefits of meditation and the first study

conducted by Wallace, Benson and Wilson concluded that meditation is a wakeful hypometabolic physiologic state (Wallace, Benson,

& Wilson, 1971). In spite of forty years of research within and across meditation techniques, whether meditation increases the

autonomic arousal or decreases is not certain (Wallace, Orme-Johnson, Mills, Dillbeck, 1984; Zeier, 1984). Meditation was used an

indicator of academic achievement perhaps as a result of its relationship to awareness or wakefulness level suggesting the autonomic

arousal (Wallace, Orme-Johnson, Mills, Dillbeck, 1984). It was also suggested that exhalation feedback helps to concentrate on the

exhalation process and by this means slows respiration rate, and as a consequence, also heart rate (Zeier, 1984). Therefore, respiratory
feedback could be a useful tool for inducing relaxation and slowing of heart rate suggesting a decrease in autonomic arousals.

An earlier study by Orme-Johnson (1973) reported a study on 16 subjects, 8 of them were meditators and 8 were controls. The
meditators had a mean experience of fifteen months. They studied GSR habituation and spontaneous GSR fluctuations. In a second

experiment, they studied 6 meditators (with experience of meditation ranging from 2 - 54 months) and 8 non meditators. Though
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habituation was initially similar for the two groups, the meditators habituated in significantly fewer trials than non-meditators. Also,
there was a low frequency of spontaneous GSR fluctuations in meditators as compared to controls. The mean rate of spontaneous GSR
fluctuations was 6.14 in 10 minutes compared to 18 - 25 in 10 minutes meditation Vs pre-control periods. The meditators had 8.7
responses in 10 minutes during rest compared to 21.0 in 10 minutes for non-meditators.

In 1960 Hirai found changes in breathing during Zen meditation. The breath rate decreased to 4 - 5 breaths per minute. The same study
reported an acceleration of the pulse rate during meditation to a rate between 80 and 100 beats/minute.

In another study on experienced Zazen meditators, a decrease in spontaneous skin conductance responses during Zazen was reported
(Akishige, 1968). The same study also showed that there was a decrease in oxygen consumption and rate of respiration, associated with
Zen meditation. Sugi and Akutsu (1968) observed a 20% decrease in oxygen consumption associated with meditation in 10 Zen monks
with many years of experience. Goyeche, Chihara and Shimizu (1972) compared Zen meditation with relaxation in 8 subjects. There
was reduction in breath and heart rate during Zen meditation.

Elson, Hauri and Cunis (1977) studied on Ananda Marga meditators; both amateur and experienced practitioners (average experience
was 1.8 years). They found an increase in alpha and theta activity during meditation. There was a decrease in skin conductance and
rate of respiration. In another study Corby and others investigated 2 groups of 10 meditators each (Corby, Roth, Zarcone, & Kopell,
1978). One group had an average experience of 4.4 years. All the subjects were very committed to the practice of meditation and

practiced for a minimum of three hours per day. There was also a control group. Meditators showed a statistically significant increase
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in alpha and theta activity compared to the control group. This study also reported changes in autonomic variables. There was an
increase in skin conductance (i.e., lowered skin resistance) and absence of a deceleratory heart rate orienting response. Heart rate and

respiratory rate changes were not significant within the group. During meditation there was a trend for heart rate to decrease relative to

the control group. One of the subjects had a near samidhi experience, and they recorded an increase in heart rate, respiratory rate and

a marked decrease in skin resistance.

The autonomic and respiratory variables were studied in OM meditators (Telles, Nagarathna & Nagendra, 1995). The meditators
showed a statistically significant reduction in heart rate during meditation compared to the control period. During both types of
sessions, there was a comparable increase in the cutaneous peripheral vascular resistance. This was interpreted as a sign of increased
mental alertness even while being physiologically relaxed (as shown by the reduced heart rate). When repetition of ‘OM’ was
compared with the repetition of ‘ONE’ in 12 meditators, there was a difference in the autonomic and respiratory responses (Telles,
Nagarathna & Nagendra, 1998). Both types of sessions resulted in a decrease in the heart and breath rates, but repetition of OM alone
reduced the skin resistance, suggesting a subtle change in the mental state, related to the significance of the syllable. Finally, it was
interesting to note in a single case study that an accomplished meditator was able to switch between ‘single thought’ and ‘no thought’

states at will, with significant differences in the breath rate and pattern between the states (Telles & Desiraju, 1992).
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Another study reports eighteen male subjects were studied using the ‘self-as-control’ design and the two types of sessions, meditation
and non-meditation, were repeated thrice in each subject. The heart rate during the meditation period was increased compared to
‘baseline’ as well as compared to during the non-meditation period of control sessions. In contrast there was no significant change
during meditation, for the group as a whole, in GSR, respiratory rate and finger plethysmogram amplitude. The individual level
analysis revealed that changes in autonomic variables suggestive of both activation and relaxation occurred simultaneously in different
subdivisions of the autonomic nervous system in a meditator. Apart from this, there were differences in patterns of change among the
persons who practiced the same meditation (Telles, & Desiraju, 1993a). A similar study on yoga mantras and prayers have been found
beneficial in many physiological and psychological functions of the body. It has been demonstrated in a study, comparing the effects
of recitation of the Ave Maria (in Latin) or of a typical yoga mantra “Om-mani-padme-Om. It was found that both the Ave Maria and
yoga mantra caused striking, powerful, and synchronous increase in existing cardiovascular rhythms when recited six times a minute.
There was an increase in baroflex sensitivity, suggestive of induced favorable psychological and physiological effects (Bernardi,
Sleight, Bandinelli, Simone Cencetti, Lamberto Fattorini, Johanna Wdowczyc-Szulc, et al, 2001). Also a study on TM appears, it has

a beneficial impact upon cardiovascular functioning at rest and during acute laboratory stress in adolescents at-risk for hypertension

(Barnes, Treiber, & Davis, 2001). It was also suggested that a 16 week of TM practice may modulate the physiological response to
stress and improve coronary heart disease risk factors, which may be a novel therapeutic target for the treatment of coronary heart

disease (Paul-Labrador, Polk, Dwyer, Velasquez, Nidich, Rainforth, Schneider, Merz, 2006).

111



Review of Literature

Meditation is the attainment of a restful, alert physical and mental state which suggest that internalized attention and mindfulness as
two major core factors of behaviors of mind during meditation are characterized by different combinations of psychophysiological

properties and personality traits (Takahashi, Murata, Hamada, Omori, Kosaka, Kikuchi, Yoshida, & Wada, 2005). In a subsequent

study the frontal midline theta rhythm was correlated with cardiac autonomic activities during Zen meditation (Kubota, Sato, Toichi,
Murai, Okada, Hayashi, & Sengoku, 2001). A standard procedure of Zen meditation requiring sustained attention and breath control
was employed as the task to provoke frontal midline theta rhythm (F,, theta), and simultaneous EEG and ECG recordings were
performed. For the subjects in which Fm theta activities were provoked (6 men, 6 women, 48% of the total subjects), peripheral
autonomic activities were evaluated during the appearance of Fm theta as well as during control periods. Successive inter-beat
intervals were measured from the ECG, and heart rate variability was used to assess cardiac sympathetic and parasympathetic
functions separately. Both sympathetic and parasympathetic indices were increased during the appearance of F, theta compared with
control periods. Theta band activities in the frontal area were correlated negatively with sympathetic activation. This suggested a close
relationship between cardiac autonomic function and activity of the medial frontal neural circuitry. In another study conducted on 22
healthy subjects to evaluate the effect of Zen meditation on EEG coherance and heart rate varibility (HRV) in relation to trait anxiety
scores, there was an increase in slow alpha interhemispheric EEG coherance in the frontal regions and an increase in the HF power

and a decrease in the LF/HF ratio and heart rate (Murata, Takahashi, Hamada, Omori, Kosaka, Yoshida, & Wada, 2004). Another
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study suggest that specific correlated relationships exist between the change in autonomic nervous activity and EEG power depending

on the difference in mental task or meditation (Hamada, Murata, Takahashi, Ohtake, Saitoh, Kimura, Wada, & Yoshida, 2006).

These results suggest that lower trait anxiety more readily induces meditation with a predominance of internalized attention, while
higher trait anxiety more readily induces meditation with a predominance of relaxation. A review study reports that some of the
cardiovascular disease related benefits as a result of Transcendental Meditation technique could arise from normalization of
neuroendocrine systems whose function has been distorted by chronic stress (Walton, Schneider & Nidich, 2004).

Peng et al. (2004) analyzed beat-to-beat heart rate and continuous breathing signals from 10 experienced meditators (4 females; 6
males; mean age 42 years; range 29-55 years) during three traditional interventions: relaxation response, breath of fire, and segmented
breathing. Heart rate and respiratory dynamics were generally similar during the relaxation response and segmented breathing. It was
observed that high amplitude, low frequency (approximately 0.05-0.1 Hz) oscillations due to respiratory sinus arrhythmia during both
the relaxation response and segmented breathing, along with a significantly (p<0.05) increased coherence between heart rate and
breathing during these two maneuvers when compared to baseline. The third technique, breath of fire, was associated with a different
pattern of response, marked by a significant increase in mean heart rate with respect to baseline (p<0.01), and a significant decrease in
coherence between heart rate and breathing (p<0.05). These findings suggest that different meditative/breathing protocols may evoke

common heart rate effects, as well as specific responses. The results support the concept of a "meditation paradox," since a variety of
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relaxation and meditative techniques may produce active rather than quiescent cardiac dynamics, associated with prominent low
frequency heart rate oscillations or increases in mean resting heart rate.

A similar study reported that spirituality appears to be associated with a specific pattern of cardiac autonomic regulation, characterized
by a high level of cardiac autonomic control, irrespective of the relative contribution of the two autonomic branches. This pattern of
autonomic control may have health significance (Berntson, Norman, Hawkley & Cacioppo, 2008). Another study on Zen meditation
reports shifts in the respiratory modulation of heart rate, or respiratory sinus arrhythmia (RSA), reflect the different levels of practice
among practitioners with variable experience in Zazen; in turn the modulation of the RSA may reflect changes in the breathing pattern
as in the parasympathetic outflow related to the quality and focus of attention in each stage (Peressutti, Martin-Gonzalez, Garcia-
Manso, & Mesa, 2009). A short term meditation by EEG and HRV suggests involvement in the autonomic nervous system during and
after training also Imaging data demonstrated stronger subgenual and adjacent ventral anterior cingulate cortex activity (Tang, Ma,
Fan, Feng, Wang, Feng, Lu, Hu, Lin, Li, Zhang, Wang, Zhou, & Fan, 2009).

Hence, the autonomic—respiratory changes during meditation are suggestive of a state of ‘alertful rest’.

3.4 MEDITATION STUDIES RELATED TO VISUAL SCANNING, ATTENTION, CONCENTRATION AND REPETITIVE

MOTOR RESPONSE
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Several Studies on meditation has shown that during meditation a state is reached which is characterized by deep relaxation as well as
increased internalized attention (Murata, Takahashi, Hamada, Omori, Kosaka, Yoshida, & Wada, 2004). This is particularly the case
as recent neuroimaging studies have shown that mindfulness meditation is associated with increased activation in parts of the brain
related to attention (Brefczynski-Lewis, Lutz, Schaefer, Levinson, & Davidson, 2007). Also meditation practice associated with
reduced sympathetic activity and in some cases increased parasympathetic nervous system activity as well (Wallace, 1970; Wallace,
Benson, & Wilson, 1971).

A further study on Zen meditators, demonstrated an alpha suppression response, a sudden attenuation of alpha waves in response to a
stimulus, which did not habituate to repeated click stimuli during Zen meditation whereas controls habituated after the fifth or sixth click
(Kasamatsu, & Hirai,1966). This was taken to reflect a ‘hypersensitivity’ of attention during Zen meditation.

Banquet (1973) compared meditators with matched controls measuring the hypo metabolic state reaction time (RT) during a series of
visual stimuli. Meditators showed faster RT with less mistakes, and N100 and P200 of larger amplitude and shorter latency. The
transient effects were opposite for the two groups, i.e., longer RT and larger P300 amplitude was observed following meditation while
following rest there was no change in RT and a decrease in the P300 amplitude. These results suggest selective attention capacity and
information processing strategies associated with meditation.

Subsequently there have been reports of other studies on TM indicating its clinical applications and usefulness in enhancing the

cognitive performance and perceptual and motor skills.
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TM practice was studied using a passive auditory paradigm listening trial with variable inter-stimulus intervals (1- 4 seconds) between
identical tone stimuli (Cranson, Goddard, & Orme-Johnson, 1990). The subjects were non-meditator controls, novice, and highly
experienced TM meditators with mean ages of 20, 28, and 41 years, respectively; IQ scores did not differ among the groups. Passive
P300 potential latency was shorter for the two meditation groups, with the long-term meditators showing the shortest P300 latency
regardless of their age. These results imply that AEPs might reflect meditation trait differences. An auditory oddball task was used
with eyes-closed to assess experienced TM meditators at pre-test baseline, after 10 min of rest, or after 10 min of TM practice with
conditions counterbalanced across subjects (Travis, & Miskov, 1994). P300 latency decreased at Pz after TM practice relative to no
change after the rest condition. Taken together, these reports suggest the possibility of some meditation effects on the P300
component.

A study shown that it was more likely that the control group felt deprived of the additional attention in the form of interaction with the
yoga instructor which the yoga group had, this could possibly have made the control group more likely to experience poor motivation
for the task. This is especially possible since additional care (in this case interaction with the yoga instructor), is known to have
psychological benefits (Delbanco, 1993).

Some earlier studies reports there was a activation in frontal, prefrontal and cingulate areas which may represent the mental state of
altered self-experience (Neumann & Frasch, 2006). A study on TM suggests longitudinally reduces the affective/motivational

dimension of the brain’s response to pain (Orme-Johnson, Schneider, Son, Nidich, & Cho,2006). A subsequently study on cyclic
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meditation reports there was a greater improvements in compare to supine rest on performance in letter cancellation task, which
requires selective attention, concentration, visual scanning abilities, and a repetitive motor response (Sarang & Telles, 2007). A recent
study suggests five days of 20-min integrative meditation training from traditional Chinese medicine showed greater improvement in
conflict scores on the Attention Network Test, lower anxiety, depression, anger, and fatigue, and higher vigor on the Profile of Mood
States scale, a significant decrease in stress-related cortisol, and an increase in immunoreactivity. (Tang, Ma, Wang, Fan, Feng, Lu, Yu,
Sui, Rothbart, Fan, & Posner, 2007).

A practice of concentrative meditation enhances preattentive perceptual processes, enabling better change detection in auditory sensory
memory (Srinivasan, Baijal, 2007). Also Meditation produces long-term increases in the efficiency of the executive attentional network
(anterior cingulate/prefrontal cortex) but no effect on the orientation network which includes parietal systems (Chan & Woollacott,
2007) as well as mindfulness training may improve attention-related behavioral responses by enhancing functioning of specific
subcomponents of attention (Jha, Krompinger & Baime 2007). A study on Zen meditation suggests a regular practice of meditation may
have neuroprotective effects and reduce the cognitive decline associated with normal aging (Pagnoni & Cekic 2007). A fMRI study on

meditation showed the activation in attention regions and visual cortex (14, 16, 24, 26), which emphasize a cognitive component called

concentration, which includes aiming and sustaining attention. (Brefczynski-Lewis, Lutz, Schaefer, Levinson, & Davidson 2007). A

longitudinal study showed there was a decreased in the test of anxiety, nervousness, self-doubt, and concentration loss.
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A recent review study showed meditation increased activation in frontal, prefrontal and cingulate areas which may represent the mental
state of altered self-experience. Also suggests neurobiological examination methods - especially neuroimaging techniques - may

contribute to enlighten the phenomenon of qualitatively different states of consciousness (Neumann & Frasch, 2006)

A recent study on cyclic meditation was shown to improvement in performance in a letter cancellation task (Sarang & Telles, 2007).
Since the letter cancellation task assesses selective attention and concentration (Uttl & Pilkenton-Taylor, 2001), these results support the
idea of improved attention following cyclic meditation. The cancellation task also showed correlation with other tasks for cognitive

ability and sustained attention (Amador-Campos & Kirchner-Nebot, 1999).
3.5 SUMMARY

In summary based on these reports meditation may influence on cortical auditory processing suggestive of attenuated cortical
responses/believed to be due to inhibition of neural activity at thalamo-cortical and cortical levels. There have been changes in form of
an increased amplitude suggesting recruitment of more neurons and a decrease in latency has also been reported, suggesting a decrease
in time taken to transmit sensory information. An autonomic based earlier reports suggest whether meditation increases the autonomic
arousal or decreases is not certain. The individual level analysis revealed that changes in autonomic variables suggestive of both
activation and relaxation occurred simultaneously in different subdivisions of the autonomic nervous system in a meditator.
Meditation was used an indicator of academic achievement perhaps as a result of its relationship to awareness or wakefulness level

suggesting the autonomic arousal. It was also suggested that exhalation feedback helps to concentrate on the exhalation process and
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by this means slows respiration rate, and as a consequence, also heart rate. Therefore, respiratory feedback could be a useful tool for
inducing relaxation and slowing of heart rate suggesting a decrease in autonomic arousals. An increase in baroflex sensitivity,
suggestive of induced favorable psychological and physiological effects Hence, the autonomic — respiratory changes during meditation
are suggestive of a state of ‘alertful rest’. Meditation is associated with increased activation in parts of the brain related to attention.
These results suggest selective attention capacity and information processing strategies associated with meditation. Concentrative
meditation enhances preattentive perceptual processes, cognitive ability and enabling better change detection in auditory sensory
memory and increases efficiency of the executive attentional network (anterior cingulate/frontal- prefrontal cortex). As well as lower
trait anxiety more readily induces meditation with a predominance of internalized attention, while higher trait anxiety more readily

induces meditation with a predominance of relaxation.
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TABLE 3.2.1 MEDITATION STUDIES BASED ON EVOKED POTENTIALS

(The references are arranged in year-wise)

Review of Literature

Author & (N) | Experimental Design
Year of Publication

Variable studied

Findings

Barwood et al., (1978) 8 | Before, during, and after AEP Non significant decrease in N1 latency during
meditation meditation
Banquet, J. P., Bourzeix, | 20 | A comparative matched controlled | VEPs & RT After meditation showed faster RT's with less
J. C., & Lesévre, N. study (10 +10) mistakes, and N120 and P200 of larger
(1979). amplitude and shorter latency.
Mc Evoy et al., 5 Meditators vs. controls; Before vs. | ABR Wave V latency increased at 45- 50 dB and
(1980) after decreased at 60- 70 dB; intensity/ latency
relationship increased in slope from 45- 70 dB
Becker, D.E., Shapiro, D. | 50 | Comparative study on Zen, Yoga, | EEG, EP (Cz- All 5 groups showed: EEG alpha suppression
(1981). TM, attend and ignore to stimuli. | A2) EOG, SC and SC responses to click stimuli which showed
(10+10+10+10+10) clear habituation with no differences among
groups . The 2 control groups did not differ in
the orienting responses.
AEP: 3 medtn gps did not differ significantly in
P-300.For all 5 gps P200 amplitude | N100
responses were larger for yoga and TM
meditators
| Author & \ N) \ Experimental Design \ Variable studied | Findings
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Year of Publication

Goddard, (1989) 26 | Elderly meditators vs. elderly Auditory and Visual P300 latencies shorter in meditators, no
controls visual oddball auditory P300 effects
Cranson et al., 39 | Long Term Meditators vs. Short | Auditory oddball | P300 latency inversely correlated with length of
.(1990) Term Meditators vs. controls meditation practice: none>short> long
Liuetal., (1990) 21 Before, during, and after ABR, MLR, AEP | ABR- increased I - V wave amplitudes; MLR-
editation decreased Na- Pa amplitudes; Decreased P200
amplitude
Goddard, (1992) 32 | Elderly meditators vs. elderly Visual oddball P300 latencies longer in elderly than young;
controls vs. young meditators vs. elderly meditators vs. elderly controls had shorter
young controls P300 latencies and longer Reaction Times {RT];
Dissociation of P300 latency and RT
Gordeev, S. A., Baziian, 29 | A comparative study meditation | SEPs Meditation has the ability of extrasenses for
B. Kh., & Liubimov, N. vs control (17+12) & VEPs reversible changes of their mind by direct
N. (1992). adjustment of the activity of the ascending
nonspecific systems of the brain and by alterations
of interhemispheric relations forms the basis of
extrasensory activity.
Zhang, et al., (1993). 48 | A comparative study between Flash VEP Qigong mediation may have either facilitative or
4 groups - Long Term vs. Short inhibitory effects on the visual cortex depending
Term Vs. Controls. on the Qigong methods practiced by different
(14+12+11+11) individuals.
Author & (N) | Experimental Design Variable studied | Findings

Year of Publication
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Travis & Miskov, (1994) | 11 | Before vs. after meditation Auditory oddball | Decreased latency P300 after TM but not rest;
vs. after rest trend towards higher amplitude P300 after TM
(1993). f L. g Nb latency decreased in meditation but no
Meditation vs. Non- effect seen in control session, small effect
meditation condition, size
Before vs. during
meditation technique.
Telles, S, Nagarathna, R, 18 Sel as conl’rol deSl n MLR
& Desiraju, T. (1994). f ditati & Na amplitude increased in meditation and
Meditation vs. Non- decreased in non- meditation; Na amplitude
meditation condition; decreased while repeating “one”
baseline vs. “OM™
meditation vs. repetition of
"one
Murthy et al., 45 | Sudarshana Kriya Yoga; Patients: Auditory oddball | Improvement in depressive symptoms and increase
(1997, 1998) depressed vs. dysthymic vs. in P300 amplitude in novice meditators; effect
controls may be due to alleviation of depression
Musical Meditation Case control (1) auditory (1) MMN amplitudes in the trained children were
Luo, Y., Wei, J., Weekes, | 23 | design Pre and post recording mismatch larger than those in the control group.
B. (1999). sessions negativity (i1)) MMN amplitudes were identical in attend and
(MMN) ignore conditions. For both groups. This evidence
(i1) P300 of suggests that auditory brain function has been
event-related affected by musical meditation training
potentials
Panjwani et al., 34 Epilep sy patients: Yoga ABR, MLR, ABR= no effects; MLR= increased Na- Pa
(2000). p » . amplitude at 6 months in meditation group; VCS
group vs. “ sham Yoga Visual

increased
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Contrast

Sensitivity
[VCS]
Author & (N) | Experimental Design Variable studied | Findings
Year of Publication
Telles, S. & Naveen, K.V. | 16 | Meditation session vs. non- AEP-MLR Decreased peak latency of the Na wave; Decreased
(2004). meditation session latency in Na of AEP-MLRs
Sarang, S.P & Telles, S. 42 | Self as controlled P300 Cyclic meditation enhances cognitive processes
(2006). AERPs underlying the generation of the P300.
Srinivasan, N & Baijal, S. | 10- | Meditators vs.non-meditators---- | EEG & ERP Concentrative meditation practice enhances
(2007). 10 | A comparatative controlled preattentive perceptual processes, enabling better
change detection in auditory sensory memory.
Subramanya, P & Telles 47 | Self as controlled design MLAEPs CM the latencies of neural generators
S. (2009). corresponding to cortical areas is prolonged,
whereas following SR a similar change occurs at
mesencephalic-diencephalic levels.
Cahn, B.R. & Polich, J. -- | Self as controlled design ERPs lthe amplitude of neurophysiologic processes that

(2009).

subserve attentional engagement elicited by
unexpected and distracting stimuli
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TABLE 3.3.2 MEDITATION STUDIES BASED ON AUTONOMIC AND RESPIRATORY VARIABLES

Author & Year of (N) | Experimental Design Variables .
Publication . Findings
studied
Bagchi & Wenger, 14 | Meditation session vs. control Autonomic & Increase in skin resistance & decrease in
(1957) session respiratory respiratory rate
variables
Wenger &  Bagchi, | 4+4 | Novice & experienced; Autonomic & Increased heart beat-both groups; Decreases
(1961) respiratory respiratory rate & palmar conductance-both
variables groups; 20% reduction in pulse volume in
experienced meditators
Wallace, R.K. (1970). Self as control design Variables: (i) OC | During meditation (compared to before)
15 | EO— EC— MEDIN— EC— (n=9) Both open | (i) OC: | 20 %

EO
Smin 15min 30 min 10
min 5 min

and closed circuit
method

(i) GSR (iii)) ECG
(n=15)

(iv) EEG (n=Y5)
FP1, Cz, T3, P3,
01,02

(i1)) ECG: HR | by 5/min

(ii1) GSR: |

(iv) EEG: 1 alpha wave amplitude and regularity,
occasional slow alpha and low voltage theta.

(v) EEG: alpha blocking present, without
habituation
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Author & Year of ™) Experimental Design Variables .
Publication o Findings
studied
During (40 min) of Meditation /
Elson, B.D., Hauri, P., & | 11 Before — 40min — After Assessments: Relaxation.
Cunis, D. (1977). During EEG, GSR, Meditation: Stable EEG with alpha and
Meditn or Respiration theta activity,? basal GSR, | RR
Relaxation Controls: 6 out of 11 showed K
complexes and spindles in the EEG
Corby et al., (1978) -—-- Rest vs. meditation Autonomic & Respiratory suspension during
respiratory meditation; No changes in EEG
variables & EEG
Wallace, R.K., Benson, 36 EO— EC— MEDIN— EC— Variables: BP, During Meditation:
H., & Wilson, A.F. EO HR, GSR, Rectal | (i) OC: | 17%, |VE by lliter
(1971). Smin 15min 30 min 10 min | temperature, (ii) RR: ¥ by 3/min
5 min OC [closed circuit | (iii) HR: { by 3/min
methoq (n = 5), (iv) ¥Mean blood lactate:
open circuit (v)EEG: Tintensity slow alpha waves (8-
method (n =15)] 9 cps), with occasional theta waves.
Orme- Johnson, D.W. EXPT | EXPT I : GSR habituation & EXPT I: GSR Meditators Vs Controls
(1973). I: 8 Spontaneous GSR changes habituation & (1) Initially more stable
EXPT | EXPT II: Spontaneous GSR Spontaneous GSR | (ii) Habituated faster
IT: 8 | changes changes (11 trials Vs 26.1 trials)
EO MEDTN EO REST — EXPT II: (ii1) less spontaneous fluctuations of

NON MEDTN — REST
(10 min) EC (10 min)
(10 min)

Spontaneous GSR
changes

100 Q2 or more.
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Author & Year of ™) Experimental Design Variables o
Publication . Findings
studied
Corby, J.C., Roth, W.T., | 30 All 30 ss received: Condition I Autonomic measures:

Zarcone, V.P., & Kopell,

B.S. (1978).

55 dE tones every sec, different
frequency tones every 10-20 sec,
70 dB white noise every 4 min and
continuous 40 dB white noise
during medtn

GPI:=10
GpII: =10
Gp III: =10

Condition I
Condition III
Baseline
Concentrating All
ignored Relaxation
on breathing tones
Attending ignoring
Gp I repeated to
tones a word of
their choice
Duration of Gp II
& 111 each
condition-
repeated the 20
min pecific
mantra

(1) Meditators relative to controls, during

meditation: THR 1 SC
(i1) All groups | RR (Condition IIT )
(i11) HR Orienting response during

condition III: Controls - biphasic with

decceleratory component meditators

decceleratory component absent. EEG;

experts showed 1 alpha and 1 theta
power and minimal of EEG defined
sleep.
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Author & Year of (N) | Experimental Design | Variables studied | _. ..
Publication Findings
Telles & Desiraju, 1 Single thought state — Autonomic &
(1992). & & . Distinct breath rate & pattern in the two states
No thought state respiratory
Telles &  Desiraju, | 18 Experienced meditators- Autonomic & respiratory | Increased heart rate in meditation; Changes in autono
(1993) meditation & control sessions, 3 variables -both activation and relaxation - simultaneo
each in different subdivisions of the autonomic nervous
system.
Telles, Nagarathna & | 7 Self as control design Autonomic & , . .
Nagendra, (1995) Meditati . Decrease in breath rate; Increase in the skin
editation vs. non- respiratory resistance in both conditions
meditation
Telles, Nagarathna & | 12 Meditation on OM & Autonomic &
Nagendra, (1998) .. . Both sessions-decreased heart rate & breath rat
repetition on ONE respiratory Reduced skin resistance in meditation session
Kubota, Y., Sato, W., 25 Self as control trial 1) Electroencephalogram | i) Both sympathetic and parasympathetic indices wer

Toichi, M., Murai, T.,
Okada, T., Hayashi, A.,
& Sengoku, A. (2001).
Brain Research
Cognitive Brain
Research, 11(2): 281-
287.

Assessments: two sessions:
meditation & control

i1) Electrocardiogram

i11) Cardiac autonomic
variables like HRV &
inter beat intervals

For the Ss in
whom Fm theta
activities were

provoked (6M&6F
48% of n )
peripheral
autonomic

Tduring the appearance of Fm theta compared with
control periods.

i1) Theta band activities in the frontal area were
correlated negatively with sympathetic activation.
ii1) Results suggested a close relationship between
cardiac autonomic function and activity of medial fro
neural circuitry.
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activates were
evaluated.

Barnes, V. A., Treiber,

F. A., & Davis, H.

(2001). J Psychosom
Res, 51(4): 597-605.

35

Randomized Controlled Trial

Autonomic

TM appears to have a beneficial impact upon
cardiovascular functioning at rest and during acute
laboratory stress in adolescents at-risk for hypertensic
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Author & Yearof | (N) | Experimental Design | Variables studied | _. .
Publication Findings
Bernardi, et al. (2001) | 23 A comparatative study on two | Electrocardiogram, lrespiration to almost exactly 6/min, and
types of mantra chanting respiration, blood pressure, | enhanced heart rate variability and
baroreflex sensitivity, baroreflex sensitivity in both sessions.
Transcranial Doppler
ultrasonography,
Arambula et al., 1 Rest vs. meditation EEG, Heart rate
(2001) _ . . Decreased Breath rate; Increased
vs.rest; Befor-During- [HR], Skin alpha power in P4- O2 electrodes; Shift
After Conductance level | in breathing patterns —increased alpha
[SCL/, Blood
Volume Pulse
[BVP] & Respiration
Travis, F. (2001). -- A comparative study between | EEG & Autonomic changes | Monitoring patterns of physiological

EEG & Autonomic changes

variables may index dynamically changing
inner experiences during meditation
practice.
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Murata, T.,
Takahashi, T.,
Hamada, T., Omori,
M., Kosaka, H.,
Yoshida, H., &
Wada, Y. (2004).

22

Baseline Control

(1) EEG coherence

(i1) Heart rate variability
(HRV)

(i11) Spielberger's State-

Trait Anxiety Inventory

During meditation in all subjects showed,
(1)T slow alpha interhemispheric EEG
coherence in the frontal region,

(i1) T high-frequency (HF) power and |
ratio of low-frequency to HF power.

(ii1)) a negative correlation between the
percent change (with the control condition
as the baseline) in slow alpha
interhemispheric ~ coherence reflecting
internalized attention and the percent
change in HF reflecting relaxation. The
trait anxiety score was negatively
correlated with the percent change in slow
alpha interhemispheric coherence in the
frontal region and was positively
correlated with the percent change in HF.

Peng et al., (2004)

10

Relaxation response, breath
of fire & segmented
breathing.

Beat-to-beat heart rate
and continuous breathing
signals

Common as well as specific [increased
mean heart rate in breath of fire] changes
for all the 3 conditions
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Takahashi, T, et al., (2005) 20 A comparative EEG & Internalized attention and mindfulness as two
study design . major core factors of behaviors of mind during
Autonomic meditation are characterized by different
combinations of psychophysiological
properties and personality traits.
Cysarz & Bussing, (2005) 9 For all subjects-spontaneous | ECG & High degree of synchronization in Zen &
breathing, mental task, Respiratory Kinhin meditation compared to mental task &
Zen meditation, and Kinhin | trace spontaneous breathing
meditation
Hamada, etal. (2000 ¥ A comparative study Autonomic Specific correlated relationships exist
between Autonomic & EEG P P

& EEG

between the change in autonomic nervous
activity and EEG power depending on the
difference in mental task or meditation.
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Paul-Labrador, M. et al., | 103 Randomized placebo Autonomic & May modulate the physiological

(20006). controlled trial biochemical test response to stress and improve
coronary heart disease risk factors,
which may be a novel therapeutic
target for the treatment of coronary
heart disease.

Phongsuphap et al. -- A comparative Autonomic and Tbaroreflex sensitivity,

(2008). study . Tparasympathetic tone, and improving

respiratory efficiency of gas exchange in the lung.
variables
Barnes, et al (2008) Ethn | 66 (BAM=20, | Randomized Urine samples were urinary sodium excretion rate |in the

Dis:18(1):1-5.

Control=46)

controlled trial breathing
awareness meditation
(BAM) vs health education

collected, and
ambulatory SBP,
diastolic blood pressure,
and heart rate

BAM group but Tin the control group,
day & night time SBP |in the BAM
group, day time heart rate| in BAM

Berntson, G. G. et al.,
(2008).

229
study

A longitudinal

Autonomic
variables

Spirituality appears to be associated with a specific pattern of cardiac
autonomic regulation, characterized by a high level of cardiac
autonomic control, irrespective of the relative contribution of the two
autonomic branches. This pattern of autonomic control may have
health significance

Peressutti, C et al.,

19 | A comparative study

Autonomic &

Zazen in turn the modulation of the respiratory sinus arrhythmia may

(2009). respiratory reflect changes in the breathing pattern as in the parasympathetic
variables outflow related to the quality and focus of attention in each stage.

Tang, Y.Y. et al,, -- A comparative study | Autonomic, EEG and HRYV suggests involvement in the autonomic nervous

(2009). EEG & Neuro | system during and after training also Imaging data demonstrated
Image stronger subgenual and adjacent ventral anterior cingulate cortex

activity
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TABLE 3.4.1 MEDITATION STUDIES RELATED TO VISUAL SCANNING, ATTENTION, CONCENTRATION AND
REPETITIVE MOTOR RESPONSE

Author & Year of ™) Experimental Variables studied | _.
Publication . Findings
Design
Orme-Johnson et al 24 Lon gitudina / ﬂw R] TM meditation longitudinally reduces the
(2006). .. affective/motivational dimension of the brain’s
comparatitive response to pain.
design experience
VS non experience
TM meditators
Sarang & Telles, (2007). | 69 Se]f as control SLCT Cyclic Meditation improves the performance in
. letter cancellation task, which requires selective
CM vs Sup ine attention, concentration, visual scanning abilities,
rest. and a repetitive motor response.
Tang, Ma, Wang, et al 40 + A randomized Attention Network Test, Meditation showed greater improvement in
(2007). 40 Raven’s conflict scores on the Attention Network Test,
controlled s mdy Standard Progressive lower anxiety, depression, anger, and fatigue, and
( Meditation Vs Matrix, Profile of Mood higher vigor on the Profile of Mood States scale, a
Relaxatio n) States, a stress challenge of | significant |in stress-related cortisol, and fin

a mental arithmetic task,
measures of cortisol and

immunoreactivity.

secretory IgA
Srinivasan & Baijal, The study was carried | AMismatch nega tivily The results indicated that concentrative meditation
(2007). out with 10 meditators . practice enhances preattentive perceptual
and 10 nonmeditator (MM]V) P amdlg m

controls

processes, enabling better change detection in
auditory sensory memory.
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Chan & Woollacott 50 + | The study was carried StVOOp (mea Sures Meditation produces long-term increases in the
(2007). 10 out with 50 meditators . . efficiency of the executive attentional network
vs 10 controls executive atten thI’l) (anterior cingulate/prefrontal cortex) but no effect
and Global-Local | on the orientation network (parietal systems).
Letters (measures
orientational
attention) tasks
Jha, Krompinger & 17 A comparatitive study Attention Network | Mindfulness training may improve attention-
Baime meditators vs naive pre Test. behavi ] test related behavioral responses by enhancing
(2007). post design. est, benavioral tes functioning of specific subcomponents of
attention.
Pagnoni & Cekic 26 13 meditators vs 13 age | A/, RI, compu terized | A regular practice of meditation may have
(2007). matched control study . . neuroprotective effects and reduce the cognitive
sustained attention decline associated with normal aging.
task
Simpson, et al (2007). A Comparative clinical PTST Vipassana meditation is worthy of further study for
controlled trial those with comorbid PTSD and substance use
Vipassana meditation problems.
vs treatment as usual
Brefczynski-Lewis, et al | 14, Age matched ﬂ\/[ R Meditation showed the activation in attention
(2007). 16 & | comparative study regions and visual cortex (14, 16, 24, 26), which
11 meditators vs naive emphasize a cognitive component called
concentration, which includes aiming
and sustaining attention.
Holzel et al (2007). 15+ | Age matched control ﬂW R] Meditators showed stronger activations in the
15 study rostral anterior cingulate cortex and the dorsal

medial prefrontal cortex bilaterally, compared to
controls, which may reflect that meditators are
stronger engaged in emotional processing.
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Paul, Elam, & Verhulst | 64 A longitudinal folloup | srident performance | test anxiety, nervousness, self-doubt, and
(2007). study on academic concentration loss.
courses
Morone, Greco, & 37+ | Randomized Controlled Pain Acceptance Mindfulness meditation lead to improvement in
Weiner (2008). 37 Trial 4 . pain acceptance (P=.008) and physical function
Ques l.Ol?r%all”e, (P=03).
Activities
Engagement
subscale
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4.1 AIM

The present study aims at exploring the four states of mind (Caficalata, Ekagrata, Dharana and Dhyana) described in texts of yoga
and spiritual lore as possible basis in different types of Meditation and different stages of a single meditation technique.
4.2 OBJECTIVES

The objectives of this work are to study the effects of ‘OM’ Meditation during caficalata (random thinking), ekagrata (focusing),

dharana (meditative focusing), and dhyana (meditation without focusing) on the psycho-physiological changes namely:

¢ Brainstem auditory evoked potentials
e Autonomic and Respiratory variables

e Performance in a six letter cancellation task

4.3 RATIONALE OF THE STUDY

Evoked potentials (EPs) that can be elicited after a stimulus. EPs are evoked automatically with repetitive sensory stimulation,
whereas ERPs are elicited with cognitive task processing (Hall, 1992; Picton & Hillyard, 1974; Picton, et al. 1974). Auditory stimuli
produce the auditory brainstem response (ABR) and middle latency response (MLR). Long latency auditory evoked potentials

(LLAEP) are thought to reflect the activation of the primary auditory cortex (Polich & Starr, 1983; Wood & Wolpaw, 1982), while

137



Review of Literature

brainstem auditory evoked potentials (BAEPs) reflect neuronal activity in the auditory nerve, coclear nucleus, superior olive and
inferior colliculus of the brainstem. Brainstem components of the auditory pathway correspond to components of short-latency
potentials. This was considered especially important as the present study aimed at examining the changes during phases of
consciousness which have distinct differences related to ‘states of the mind’, which would be expected to be seen at the brainstem

level.

The autonomic nervous system can be controlled and its’ responses integrated and modified by the central nervous system
(CNS). Autonomic and respiratory variables are good indicators of levels of arousal and relaxation.

Performance in a letter cancellation task, which is known to be a quick measure of selective attention, concentration visual

scanning abilities, and a repetitive motor response (Uttl & Pilkenton-Taylor, 2001), has been shown to improve with other yoga

practices such as a moving meditation called ‘cyclic meditation’ (Sarang & Telles, 2007) and certain pranayamas. Hence it was
considered interesting to assess the performance in this task following non-meditative focusing (ekagrata) and meditative focusing

(dharana).

138



Review of Literature

4.4 HYPOTHESIS
The present study hypothesized that OM meditation may influence selective attention and concentration, as well as the baseline

autonomic functions and information processing at the brainstem level.

4.4.1 NULL HYPOTHESIS

In different phases of OM meditation null hypothesis postulates that:

1. The information transmission in auditory pathway will not be delayed in caficalata, ekagrata, and dharana while it will not
remain unaltered if not delayed at the brainstem level in dhyana phase.
2. Dhyana would not induce a state of deep rest with alertness and there will be no autonomic arousal in other phases of ekagrata

and dharana.
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3. There will be no increased attention in all phases ekagrata, dharana and dhyana with no higher increase in dhyana.

In this thesis the changes in (i) brainstem auditory evoked potentials (ii) autonomic and respiratory variables and (iii) performance in a

paper and pencil letter cancellation test were studied in normal volunteers while practicing in four different states of consciousness

viz., caficalata, ekagrata, dharana and dhyana. Methodology of the research has been described under the following sub-headings:

5.1

5.1.

PARTICIPANTS

1 SAMPLE SIZE

The sample size was calculated and the effect size obtained, based on reports in an unpublished Ph.D thesis entitled

‘psychophysiology of meditation including responses to external stimuli’ (Naveen KV, 2005). It was calculated using G-power software,

University of Duesseldorf, Germany; http://www.psycho.uni-duesseldorf.de /aap/projects/gpower;

Where the level was 0.05, power = 0.95 and the recommended sample size was thirty subjects. The number of subjects varied across the

variables studied. The details are as follows:

Sl. | Variable studied No. of subjects* No. of recording
No. sessions

1. Brainstem auditory evoked potential 30 30x4=120

2. Autonomic and respiratory Variables 30 30x4=120
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3. Six letter cancellation test 35 5x 2 =10 ( in subgroup)
4. Visual analogue scale (30+30=60) 120x 2 =240

*Note: the number of subjects varied for different variables as it was not always possible for all subjects to attend all sessions.

5.1.2 SELECTION AND SOURCE OF PARTICIPANTS

Thirty participants had a minimum of six months experience of OM meditation who were regular in their practice. The participants

were residential students at Svami  Vivekananda Yoga Anusandhana Samsthanaa Deemed University, Bangalore. They had all

enrolled for graduate and postgraduate study programs.

5.1.3 INCLUSION CRITERIA

Participants who fulfilled following conditions were included in the study:

(1) The participants were healthy volunteers with age range from 20 and 45 years (group mean age + SD was 29.1+5.1). This age
range was selected as the BAEPs, did not show variation within this age range in healthy individuals (Lanter, et al. 1993). Also, based
on previous experience of the difficulty in getting meditators who were committed to the practice of meditation it was decided to keep
the age range as wide as possible. (ii) male participants alone were studied as short latency auditory evoked potentials (Yadav, et al.

2002; 2003) and autonomic variables (Yildirir, et al. 2002) have been shown to vary with the phases of the menstrual cycles in
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females, (iii) readiness to participate in the trial, and (iv) practice of meditation for a minimum of 30 minutes per day, 4 days per week
for a minimum of six months were included in the trial. The regularity of meditation practice was based on self-reporting of the
meditators as well as (where possible) consultations with the meditation teacher (guru). (v) apart from their prior experience of ‘OM’
meditation they had undergone a two-month orientation program in ‘OM’ meditation under the guidance of an expert. The further
details of each subject have been given in the Appendix-2 & 3. Table 5.1A & 5.1B.

5.1.4 EXCLUSION CRITERIA

The following criteria were used to exclude the volunteers: (i) any health disorders especially psychiatric or neurological disorders, In
order to determine the health status of the participants, in all cases a routine case history was taken and a routine clinical examination
was conducted, (ii) auditory deficits assessed by checking the auditory thresholds of each ear separately (iii) autonomic dysfunction,
and (iv) any medication which alters the function of the nervous system (including autonomic functions), and (v) smoking or
alcoholism which may have influenced the autonomic and respiratory variables. None of the volunteers had to be excluded based on
these criteria.

5.1.5 ETHICAL CONSIDERATIONS

The study protocol was explained to the subjects and the signed informed consent was obtained from all subjects (a copy of the signed

informed consent form is enclosed as Appendix-1). None of them was aware of the hypothesis of the study. Approval was obtained

from the Institutional Ethical Committee.
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5.2. DESIGN OF THE STUDY
Each subject was assessed in four sessions i.e., two meditation and two control sessions to record brainstem auditory evoked potentials

(BAEP), respiratory with autonomic variables (ARV) and the six letter cancellation test (SLCT) were assessed before and immediate

after each session. The two control sessions were: (i) ekagrata, i.e., single topic listening to a lecture on meditation, with multiple, yet
associated thoughts and (ii) caficalata, i.e., non-targeted thinking. The two meditation sessions were (i) dharana, i.e., focusing on the

symbol ‘OM’ and (ii) dhyana, i.e., an effortless with effortless absorption with the object of meditation. The meditation on ‘OM’ is

specifically done on its meaning as it described under chapter 2 and not on its’ sound or form. All four sessions consisted of three
states, i.e., ‘pre’ (5 minutes), ‘during’ (20 minutes), and ‘post’ (5 minutes) separately on different days, for BAEP and ARV.

The assessments were made on four different days for each recording, not necessarily on consecutive days, but at the same time of the
day (i.e., the self-as-control design). The allocation of the subjects to the four sessions was randomized using a standard random
number table (ZAR, 2005). This was done to prevent the influence of being exposed to the laboratory for the first time, from
influencing the results.

To assess the quality of the practice visual analogue scale (VAS) were used at the end of each session.

5.2.1 STRUCTURE OF SESSIONS
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Subjects were assessed in twelve sessions. They underwent three dhyana (meditation), three dharana (one-pointed focusing), three

ekagrata (concentration) and three caficalatd (random thought) sessions, while (i) recording brainstem auditory evoked potentials, (ii)

recording respiratory and autonomic variables and (ii1) assessments for letter cancellation test (this test was administered before and

after the each session at the same time on different days, subjects were divided in to five subgroups).

5.2.2 ORDER OF SESSIONS
Subjects were allocated to the following four sessions separatly (i) BAEP, (ii)) ARV and (iii)) SLCT (in five subgroups) using a

random number table and hence the order of the sessions was different for each subjects. The sessions were:

1 = Control session [Non-targeted thinking (caficalata session)]

2 = Non-Meditation session [Concentrating on a single subject, but with several thoughts (ekagrata session]
3 = Meditation session [Focused attention on an object of meditation

(dharana session)]
4 = Meditation [Effortless de-focusing (dhyana session)]

5.2.A SCHEMATIC REPRESENTATION OF THE STUDY DESIGN
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Fig.7

1 | Pre:5Smin. | CTL1 [Non-targeted thinking (caficalata)]: 20 min. Post: 5 min.
2 | Pre:5min. | NON-MED 2 [Concentration (ekagrata )]: 20 min. Post: 5 min.
3 | Pre: 5 min. MED 3 [Focused attention (dharana)]: 20 min. Post: 5 min.
4 | Pre:5 min. MED 4 [Meditation (dhyana)]: 20 min. Post: 5 min.
(CTL = CONTROL; MED = MEDITATION)

5.2.B Schematic representation of the SLCT study design

Fig.8

| Pre CTLI1 [Non-targeted thinking (caficalata)]: 20 min. Post

Assessments Assessments

Review of Literature
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5 Pre NON-MED 2 [Concentration (ekagrata)]: 20 min. Post
Assessments Assessments

3 Pre MED 3 [Focused attention (dhdrand)]: 20 min. Post
Assessments Assessments

A Pre MED 4 [Meditation (dhyana)]: 20 min. Post
Assessments Assessments

(CTL = CONTROL; MED = MEDITATION)

5.3 VARIABLES STUDIED
The word parameter is described as ‘characteristic of distribution or relationship in the population which are estimated by statistical
analysis of a sample of observations’ whereas, the word variable denotes ‘measurement or attribute on which observations are made’

(Altman, et al. 1993). Hence in the present thesis the term ‘variable’ has been used to describe the assessments studied.

5.3.1 RATIONALE FOR STUDYING BRAINSTEM AUDITORY EVOKED POTENTIALS (BAEPS)
Evoked potentials that can be elicited after a stimulus is presented. EPs are evoked automatically with repetitive sensory, stimulation,

whereas ERPs are elicited with cognitive task processing (Hall, 1992; Picton & Hillyard, 1974; Picton, et al. 1974). Auditory stimuli
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produce the auditory brainstem response (ABR) and middle latency response (MLR). The long latency auditory evoked potential
(LLAEP) measures are thought to reflect the activation of primary auditory cortex (Polich & Starr, 1983; Wood & Wolpaw, 1982).
Visual and somatosensory sensory EPs also can be evoked, with standard clinical procedures now well defined (Chiappa, 1996). The
P300 component is usually elicited by assigning subjects a stimulus discrimination task and can be obtained across modalities
(Donchin, 1981; Johnson, 1988; Picton, 1992; Polich, 2003, 2004).

The clinical use of evoked potentials (EPs) has changed over time. Progressive advances in imaging technology have limited the
frequency of evoked-response studies in clinical practice. Current use of MRI technology is mostly responsible for this. The basic
difference that persists is that the MRI largely remains an imaging, structural, or anatomical test, while the EPs explains the
functionality of certain pathways of the nervous system. The MRI scan gives more accurate information about structural problems,
while the EPs give us information about the physiology of a certain anatomical pathway with much less spatial or localizing

information. Under given circumstances they may be complementary.

Brainstem Auditory evoked potentials (BAEPs) are very small electrical voltage potentials which are recorded in response to an
auditory stimulus from electrodes placed on the scalp. They reflect neuronal activity in the auditory nerve, coclear nucleus, superior
olive and inferior colliculus of the brainstem. They typically have a response latency within 0 to 10 milliseconds with an amplitude of

approximately less than 1 uV. Due to their small amplitude 500 or more repetitions of the auditory stimulus are required in order to
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average out the random backgound electrical activity. Brain stem auditory evoked potentials (i.e., 0-10 msec. range of components)

were recorded in the four states of consciousness viz., caficalata, ekagrata, dharana, and dhyana, as previous studies have shown that

middle latency auditory evoked potential components (0-100 msec. range of components; reflecting sub-cortical and primary auditory

cortex activity change during the practice of both meditation on OM (Telles & Desiraju, 1993a; Telles, et al. 1994) and during

Brahmakumaris Raja Yoga (BK) meditation (Telles & Naveen, 2004).

5.3.1A Specifications of Nicolet Bravo System

The Bravo EP (Nicolet, USA) is a 4-channel evoked potential acquisition and review system with options of performing wide variety of
tests such as Auditory Evoked Potentials (AEP), Somatosensory Evoked Potentials (SEP), Visual Evoked Potentials (VEP) and P300
Event Related Potentials (ERP). The Bravo EP amplifier has 4 acquisition channels, a headbox for electrode connections and a LED
electrode impedance panel. To perform AEP tests, acoustically shielded earphone (TDH-39, Amplivox, UK) is used to deliver either
‘tone’ or ‘click’ stimulus. The acoustic stimulus intensity (in dB) has the following options: sound pressure level (SPL), peak sound
pressure level (pSPL), peak equivalent sound pressure level (peSPL) and normal hearing level (nHL). The Bravo EP has software

package, which allows running P300 cognitive response test. The main features of the P300 software include 4-channel recording and
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independent averaging for frequent and rare stimuli (Nicolet Biomedical Inc., 1998). Plate. 1 shows the Nicolet Bravo EP - 4 channels
amplifier (Nicolet, USA) and closed circuit TV.

5.3.1B Computer averaged brain stem auditory evoked potentials [ BAEPs]

BAEPs were recorded using only one channel the Nicolet Bravo system (Nicolet Biomedicals, U.S.A). Sample record of BAEPs
responses are presented in Figure.11 in Appendix-10.

5.3.1C The amplifier settings were as follows

low frequency filter 100Hz, high frequency filter 3KHz, sensitivity 50 microvolts, number of sweeps averaged 1500, sweep width 10
ms, with 0 ms delay. Binaural click stimuli, of alternating polarity, with 11.1 Hz frequency and 100 micro-seconds duration were
delivered through acoustically shielded earphones (Amplivox, UK). The stimulus intensity was kept at 80dB nHL. The rejection level
was expressed as a percentage of the full scale range of the analog-to-digital converter. This level was set at 90%. Silver chloride
(Ag/AgCl) disc electrodes were placed on the scalp using a conductive water soluble paste. The active electrode was at Cz according
to the International 10-20 system (Jasper, 1958) referenced to the linked ear lobes; with the ground electrode on the forehead (FPz).

All electrode impedances were kept below SKQ throughout the session.

5.3.1E Testing procedure:
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Plate .1 Setup in the Evoked Potentials Laboratory

Nicolet Bravo system (Nicolet
Biomedicals, U.S.A.) a 4-channel
EP acquisition and analysis system

with a closed circuit TV on the left.
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A subject seated in a sound attenuated
cabin with electrodes at Cz (active)
referred to linked ear lobe and a ground
electrode (FPz), with acoustically
shielded ear phones to deliver binaural

clicks during the recording of BAEP.

Subjects were comfortably seated during recording sessions in a dimly lit, air-conditioned and sound attenuated cabin. They were
monitored on a closed circuit TV. Instructions were given through two-way intercom so that the subjects remained relatively
undisturbed during the session. Plate.1 shows a subject in sitting posture with electrode connections and earphone in the recording
cabin with acoustically shielded earphone (Amplivox, UK) used to deliver the ‘clicks’, and a head-box for electrode connections with

LED electrode impedance panel.

5.3.1F Electrode positions
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The recording sites were prepared using electrode gel (Ten20 Conductive EEG Paste, D.O. Weaver & Co., USA). Silver chloride disk
electrodes were used for recording. There were one active recording sites Cz according to the International 10-20 system (Jasper,

1958), referenced to the linked ear lobes [A1 — A2], with the ground electrode on the forehead (FP;). All electrode impedances were

kept below 5KQ throughout the session.

/ Figure.9 Electrode sites Cz, Fpz, & A1-A2 of BAEPs responses. \

» Om O=
o0 Oy Ow
0D Om O

&5.3.1.1 Variables Measured J

The following variables were measured:
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For the BAEPs the peak latencies and peak amplitudes of all seven waves were measured at Cz (vertex electrode site). Peak latency
(msec) is defined as the time from stimulus onset to the point of maximum positive amplitude within the latency window. Peak
amplitude (uv) is defined as the voltage difference between a pre stimulus baseline and the largest positive going peak within a given

latency window.

5.3.2 RATIONALE FOR STUDYING AUTONOMIC AND RESPIRATORY VARIABLES

In the present study, the autonomic variables, which were measured, were the galvanic skin resistance, the finger plethysmogram
amplitude, the heart rate, and heart rate variability (HRV). Some variables mentioned clearly reflect activity in either sympathetic or
parasympathetic subdivisions of the autonomic nervous system. For example, an increase in skin conductance would reflect increased
sudomotor sympathetic activity while a decrease in finger plethysmogram amplitude reflects an increase in sympathetic vasomotor
activity (Appenzeller, 1982). The HRV spectrum is believed to be a useful indicator of cardiac sympathetic activity (reflected by low
frequency [LF] band power values) and parasympathetic activity (reflected by high frequency [HF] band power values) (Task Force of

the European Society of Cardiology and the North American Society of Pacing and Electrophysiology, 1996).

5.3.2A Condition of recordings of autonomic and respiratory variables (ARYV)
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Subjects were seated in an air-conditioned sound attenuated cabin with dim lighting. The temperature of the recording room was
maintained between 20 - 25° Celsius, The recording leads led out of the cabin and were connected to A 4-channel polygraph [Polyrite
D] (Recorders & Medicare Systems, Chandigarh, India) used to record the electrocardiogram (EKG), galvanic skin resistance (GSR),
Respirogram (RS1) and Finger Plethysmogram (FPA), and monitored on a closed circuit TV. Instructions were given through two-
way intercom so that the subjects remained relatively undisturbed during the session. Plate. 2 shows a subject in seated with
transducers to record the EKG, GSR, RS1 and FPA.

Plate. 2 Setup in the Autonomic Function Testing Laboratory

A 4-channel polygraph [Polyrite D]
(Recorders & Medicare Systems,
Chandigarh, India) used to record the
EKG, GSR, Respirogram and Finger
Plethysmogram., and a PC to digitize the
heart rate signal to obtain the HRV

spectrum

A subject seated in a sound
attenuated cabin with transducers to
record the EKG, GSR, Respirogram

and Finger Plethysmogram
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5.3.2B Autonomic and respiratory variables measured

1.  Heart Rate (HR): The electrocardiogram was recorded using standard bipolar limb lead II configuration and an AC amplifier
with 99 Hz high cut filter and 1.5 Hz low cut filter settings. The ECG was digitized using a 14 bit analog-to-digital converter
(ADC) at a sampling rate of 1024 Hz. The data recorded was visually inspected off-line and only noise free data was included
for analysis. The following variables were measured (i) LF: Low frequency power of HRV spectrum is known to correspond to
sympathetic modulation when expressed in normalized units. Low frequency band ranges between 0.05 - 0.15 Hz. (ii) HF:
High frequency power (normalized units) of HRV spectrum ranges between 0.15 — 0.4 Hz. The efferent vagal activity is a
major contributor to the HF component. (iii) Ratio of low and high frequency powers (LF/HF ratio) is correlated with the

sympathovagal balance.
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ii.  Skin conductance: Skin conductance was recorded using Ag/AgCl disc electrodes with electrode gel, placed in contact with the
volar surface of the distal phalanges of the index and middle fingers of the left hand. A low level DC preamplifier was used
and a constant voltage of 0.5V was passed between the electrodes (Vempati & Telles, 2002).

iii.  Respiration: Respiration was recorded using a volumetric pressure transducer fixed around the trunk about 8 cm below the
lower costal margin as the subject sat erect.

iv. A photo plethysmograph: For this recording, the transducer was placed on the volar surface of the distal phalanx of the left

thumb to record the digit pulse volume (DPV), also called the finger plethysmogram.
5.3.2C Heart rate and Heart rate variability spectrum (HRYV)

Heart rate variability (HRV) describes the variations between consecutive heartbeats. The regulation mechanisms of HRV originate
from the sympathetic and parasympathetic nervous systems in addition to other controls and hence, HRV is used as a quantitative
marker of the autonomic control over the heart. The electrocardiogram was recorded using standard bipolar limb lead II configuration
and an AC amplifier with 99 Hz high cut filter and 1.5 Hz low cut filter settings. The ECG was digitized using a 14 bit analog-to-
digital converter (ADC) at a sampling rate of 1024 Hz. The data recorded was visually inspected off-line and only noise free data was
included for analysis.

The R waves were detected to obtain a point event series of successive R-R  intervals, from which the beat-to-beat heart rate series

was computed. The data recorded was visually inspected off-line and only noise free data was included for analysis. The heart rate
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was obtained based on R-R inter beat interval analysis. The HRV power spectrum was obtained using Fast Fourier transform analysis
(FFT) (Raghuraj, et al. 1998). Schematic representation of ECG and Heart rate variability (HRV) are presented in Figure.10.
According to guidelines of the Task force of the European Society of Cardiology and the North American Society of Pacing and
Electrophysiology, the low frequency and high frequency values were expressed as normalized units (Task force of the European
Society of Cardiology and the North American Society of Pacing and Electrophysiology, 1996).

5.3.2.1 Definition and components of Heart rate variability

Heart rate variability is the measure used to describe variation of both instantaneous heart rate and RR intervals from an
electrocardigraphic recording (EKG). Also, other terms like cycle length variability and heart period variability have been used to
describe oscillations in consecutive cardiac cycles.

History: the link between brain and heart the heart has been a subject of intense study since ancient times. The Greek medicine in 3™
century BC, put forward the concept of ‘pneuma’ or ‘spirit’ a kind of delicate airy substance within the body that was believed to
mediate between the brain and the heart, between thoughts and emotions, and to be responsible for the translation of ‘mental’ states
into ‘physical’ action and vice versa; and sympathy’ (sympatheia), a notion that was called in to account for the simultaneous
emotional experiences in different bodily parts, and which proved to be a very useful concept to refer to psychosomatic connections
that escaped empirical validation. Claude Bernard was quoted in Cournand (1979) “In man the heart is not only the central organ of

circulationof blood, it is a center influenced by all sensory influences. They may be transmitted from the periphery thought the spinal
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cord, from the organs through the sympathetic nervous system, or from the central nervous system itself. In the fact the sensory stimuli
coming from the brain exhibit their strongest effects on the heart”. Two way communication between brain and heart was proposed
initially by Darwin in 1872 who stated” when the mind is strongly excited, we might expect that it would instantly affect in a direct
manner the heart; and this is universally acknowledge. When the heart is affected it reacts on the brain; and the state of the brain again
reacts through the pneumo-gastric [now known as vagus] nerve on the heart; so that under any excitement there will be much mutual
action and reaction between these, the two most important organs of the body..” Studies which exemplified the phenomenon of
respiratory sinus arrhythmia (RSA) were evident as early as 1773 when Hales noted respiratory rhythms in the BP and pulse of a
horse. In 1847 Ludwig in his experiments with dogs with a kymograph described RSA. Wundt (1902) proposed that pulse rate
increases during inspiration and decreases during expiration. Hering (1910) in his study concluded that vagus has an important role in
reducing the heart rate and can be demonstrated during respiration. In 1915 Eppinger and Hess states that “clinical facts, such as
respiratory arrhythmia, habitual bradycardia have furnished the means of drawing our attention to the variations in the tonus of the
vagal system in man. Bainbridge (1920) reported that changes in blood flow as a result of changes in thoracic pressure associated
with respiration were related to alterations in baroreceptor and volume receptor responses.

The influence of respiratory rate and amplitude, blood gas concentrations, and efferent cardio regulatory neural pathways on RSA was
evidenced by Anrep et al (1936). Hon in 1958 and 1963, working on obstetrics elucidated HRV as an index of global foetal distress.

Wolf in 1967 illustrated HRV as an effective measure of communication between heart, vagus and brain.
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The task force report (Malik et al, 1996) came with detailed explanation and applications of HRV are assessment of neurocardiac
regulation.

Measurement of HRV: HRV represents an economical, non-invasive and sensitive procedure for investigating autonomic neurocardiac
regulation, giving good quantitative estimation of cardiac autonomic activity (Task force report, 1996). According to Bernston et al
1997, HRV is being extensively used in investigations of central regulations of autonomic state and to study the link between
psychological process and physiological functions.

There are several methods for the calculation of the HRV. According to the mathematical processing they can be divided into two
classes, time domain and frequency domain methods. Time domain methods can be further divided into statistical methods and
geometric methods. The frequency domain methods are divided into parametric and non-parametric methods.

5.3.2.2 Time domain analysis (Gujjar et al, 2004, Udupa et al, 2006):

Time domain parameters

Parameters | Units | Description Physiologic Correlates
SDNN ms Standard deviation of all NN | Sensitive to all sources of variation, eg.
intervals Respiratory, baroreceptor,
thermoregulation and activity.
SDANN ms Standard deviation of all NN | More sensitive to lowest frequencies,

intervals in all 5-minute | posture, activity and the basic day-night
segments of the entire | change in heart rate. This measure
recording basically shows how much heart rate
differs during each 5-minute period from
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the overall daylong mean heart rate.

RMSSD

ms

The square root of the mean
of the sum of squares of
differences between sdjacent
NN intervals

NN50

Count

Count of number of pairs of
NN (Normal to normal RR)
intervals differing by >50 ms

pNN50

%

NN50 divided by total
number of all NN intervals

Both the RMSSD and pNN 50 indices are
most sensitive to components. They select
the changes that occurs from one QRS
cycle to the very next. Some evidence
suggests these time domains are the best
predictors of parasympathetic activity.

TNN

ms

Triangular index of NN
interval

Estimate overall HRV

5.3.2.3 Frequency domain analysis: HRV is

composed of certain well defined rhythms which contain information about the

contribution of different regulatory mechanisms of cardiovascular control. To evaluate the dynamics of these rhythms and to

understand how overall HRV is distributed into different rhythms, the variations of heart rate must be divided into frequency

components. In order to provide deeper insight into the dynamics and components of HRV, more advanced second order statistics

such as power spectral density analysis have to be applied. Power spectral analysis by definition, decomposes the heart rate signal into

its frequency components and quantifies them in terms of their relative intensity, termed power. It provides estimates of the power

spectrum density function of heart rate, i.e. information how overall HRV (variance of RR intervals or heart rates) is distributed as a

function of frequency into different components. The heart rate spectrum can be analyzed with two methods; (1) Non-parametric Fast
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Fourier transformation (FFT) spectra and (2) Parametric auto regressive (AR) modeling, directly to beat-to-beat time series or to

resssembled data (Gujjar et al, 2004, Udupa et al, 2006).

Frequency domain parameters

Power Units Frequency Physiologic Correlates
range

Total power ms” Sensitive to all sources of
variation

Low frequency | ms” 0.04-0.15 Hz Sympathetic and

power (LF) parasympathetic tone

Very low frequency | ms” 0.003-0.04 Hz Thermoregulation? Rennin-

power (VLF) angiotensin-aldosterone
system (RAAS)?

High frequency ms” 0.15-0.4 Hz Parasympathetic tone,

power (HF) Respiration

LF nu Normalized units | LF/(LF+HF)*100 | Sympathetic and

parasympathetic tone
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HF nu Normalized units | HF/(LF+HF)*100 | Parasympathetic tone,
Respiration
LF/HF ratio - Sympathovagal balance

5.3.3 RATIONALE FOR STUDYING SIX LETTER CANCELLATION TEST (SLCT)

Review of Literature

Cancellation tests require visual selectivity and a repetitive motor response. A six letter cancellation test was administered to assess

functions such as selective and focused attention, visual scanning, and the activation and inhibition of rapid responses. The six letter

cancellation test has been used in similar type of design on Indian population (Natu & Agarawal, 1997). A sample worksheet of six

letter cancellation test is given in Appendix-6.

5.3.3A Testing procedure

Thirty-five participants with age range between 20 and 45 years (M age + SD, 28.6+5.0) were assessed in four sessions (i.e., Ekagrata,

Dharana, Dhyana, and Caricalatd) each. A session consisted of 20 minutes of practice. The details have been given under

intervention.

The assessments were made on four different days, not necessarily on consecutive days, but at the same time of the day (i.e., the self-

as-control design). The allocation of the subjects to the four sessions was randomized using a standard random number table. This was
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done to prevent the influence of being exposed to the laboratory for the first time, from influencing the results. Assessments were

made immediately before and after each session.

5.3.3B Reliability and validity of the test

Reliability refers to the consistency of measurement which is reflected in the reproducibility of the scores. The six letter cancellation
test has been evaluated for its reliability and validity based on standard criteria. Reliability is ascertained based on (i) temporal
stability and (ii) internal consistency (Singh, 2002). Also have been established for use in an Indian population (Natu & Agarwal
1997; Agarwal, et al. 2002).

Validity concerns what the test measures and how well it does so. In the present study the six letter cancellation test is directly related
to the attention of the person being examined. Cancellation tests require visual selectivity and a repetitive motor response. These tests
assess many functions such as sustained attention, visual scanning, and the activation and inhibition of rapid responses (Lezak, 1995).

Hence it may be said that the content validity of this test is adequate for the purpose for which it is intended.
5.3.3C Assessments

The six-letter cancellation task was presented on a worksheet which specified the six target letters to be cancelled and had a working

section of letters of the alphabet arranged randomly in 22 columns and 14 rows. The participants were asked to cancel as many of the
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six target letters as possible in the specified time of 90 seconds. They were told that there were two possible strategies, i.e., marking all
six letters at a time or selecting any one target letter of the six. Participants were asked to choose whichever strategy suited them. They
were also told that they could follow a horizontal, vertical, or a random path according to their choice (Natu & Agarwal, 1997).

The scoring was done by a person who was unaware when the assessment was made and whether the assessment was ‘before’ or
‘after’ the session. Each cancelled letter was scored as ‘1’ irrespective of whether it was correctly or incorrectly cancelled. The total
number of cancellations and wrong cancellations were counted and the net scores were calculated by deducting wrong cancellations
from the total cancellations attempted. As this test was administered before and immediately after the intervention, to avoid the test-
retest effect of memory, parallel worksheets were prepared for each session by changing the target letters and the sequence of letters in
the working section. The reliability and validity of the task have been established for use in an Indian population (Agarwal, et al.

2002).

5.4 INTERVENTIONS
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Throughout all sessions subjects kept their eyes closed and followed prerecorded instructions. The instructions emphasized carrying

out the practice slowly, with awareness and relaxation. The meditators who participated in the study underwent a month of orientation

sessions where they practiced two phases which formed a continuum in meditation (dharana and dhyana) as two separate states and
two control states, i.e., caficalatd or non-focused thinking and ekagrata or focusing without meditation and on more than one thought.
These states are described in the traditional texts i.e., the Patafijali’s Yoga Stitras and Bhagavad Gita, stating that when awake and in

the absence of a specific task the mind is very distractible (caficalatd), and has to be taken through the stages of ‘streamlining the
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thoughts’ (concentration or ekagrata), before moving on to the states of meditation. These are: one-pointed concentration or dharana
and a defocused, effortless single thought state or dhyana.

In the caficalatd session the 20 minute period consisted of ‘non-targeted thinking” during which subjects were asked to allow their

thoughts to wander freely as they listened to a compiled audio CD consisting of brief periods of conversation and talks on multiple

topics recorded from a local radio station transmission. In the ekagrata session the 20 minute period consisted of focusing on a single

topic, which was listening to a lecture on meditation, with multiple, yet associated thoughts. In the dharana session the 20 minute

period consisted of focusing on the symbol, ‘OM’. During this session they were asked to focus on the meaning of the syllable, OM,

which is used as a symbol for the entire universe because OM is considered to represent ‘that which sustains everything

(Cinmayananda 1984). In the dhyana session the 20 minutes of the practice consisted of meditation with effortless absorption in the

)

single-thought state of the object of meditation; i.e., ‘OM".
For the two meditation sessions and two control sessions, subjects were given guided instruction through a separate recorded video
with specific images and instructions for each session: The quality of meditation was rated using the subjectivity rated Visual Analog

Scale (VAS).
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5.4.1 Visual analogue scale (VAS)

Visual analog scales were measured to test the qualitative subjective experiences like the quality of practice. A visual analog scale is a
measurement scale that is used to measure a characteristic or attitude which is believed to range across a continuum of values and
cannot easily be directly measured. It consists of a horizontal line, 10 cm in length, anchored by word descriptions at each end

(Wewers & Lowe, 1990). A sample worksheet of visual analogue scale (VAS) is given in Appendix-7.

5.4.2 Testing procedure of VAS

The subjects were asked to mark the line at the point that they felt represented their perception of their current state. The VAS score
was determined by measuring in millimeters from the left-hand end of the line to the point that the subject marked. There are no
standard data available as this scale was used for the first time to understand these types of subjective experiences; however these

types of scales are used in measurement of clinical phenomena like pain (Wewers & Lowe, 1990).
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5.5 DATA EXTRACTION

5.5.1 BRAINSTEM AUDITORY EVOKED POTENTIAL (BAEPs)

For the BAEPs the peak latencies and peak amplitudes of all seven waves were calculated. Peak latency (msec) is defined as the time
from stimulus onset to the point of maximum positive amplitude within the latency window. Peak amplitude (uv) is defined as the
voltage difference between a pre stimulus baseline and the largest positive going peak within a given latency window.

5.5.1.1 Neural generators for BAEPs

The latencies and the neural generators for the 5 BAEP components are given below:

BAEPs Latency Neural Generator

components

Wave | 1.9 Auditory portion of the eighth cranial nerve

Wave II 3.6 Near or at the cochlear nucleus A portion - from the
eighth nerve fibers around the cochlear nucleus

Wave 111 4.2 The lower pons through the superior olive and trapezoid
body

Wave IV 5.2 The upper pons or lower midbrain, in the lateral
lemniscus and the inferior colliculus; A contralateral

Wave V 5.8 brainstem generator for wave V is suggested

A Schematic representation of BAEP responses (fig. 12) and a sketched auditory pathway (fig. 13) is presented in Appendix-10.

5.5.2 AUTONOMIC AND RESPIRATORY VARIABLES
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(1) The Heart Rate [HR]: The heart rate in beats per minute (bpm) was calculated by counting the R waves of the QRS
complex in the EKG in 60-second epochs, continuously. The data were continuously acquired throughout the recording
session; hence it was divided into six phases of five minutes for analysis.

(i1) The Galvanic Skin Resistance (GSR) was obtained at 20 sec intervals, continuously and expressed in Kilohms (KQ).

(i11))  The breath rate in cycles per minute (cpm) was calculated by counting the breath cycles in 60 second epochs, continuously.

(iv)  The amplitude of the digit pulse volume (DPV) was sampled from the peak of the pulse wave at 30-second intervals and
presented in puV.

5.5.2.1 Heart rate variability

The data with small episodes of artifacts were shredded and were included for analysis. Data were analyzed with an ‘advanced HRV
analysis software’ program developed by Biomedical Signal Analysis Group, University of Kuopia, Finland (Niskanen, Tarvainen,
Ranta-aho, & Karjalainen, 2004). The heart rate in beats per minute was calculated by counting the R waves of QRS complex in the
ECG in successive epochs of 60 seconds and averaged for each 5-minute block period. The HRV power spectrum was obtained using
Fast Fourier Transform analysis (FFT). The energy in the HRV series of the following specific bands was studied, viz., the very low
frequency component (0.0 - 0.04 Hz), low frequency component (0.05 - 0.15 Hz), and high frequency component (0.15 - 0.50 Hz).
The low frequency and high frequency values were expressed as normalized units, which represent the relative of each power

component in proportion to the total power minus VLF component [LF norm = LF / (total power-VLF) x 100; HF norm = HF / (total
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power — VLF) x100)] (Task Force of the European Society of Cardiology and the North American Society of Pacing and
Electrophysiology, Heart Rate Variability: standards of measurement, physiological interpretation, and clinical use, 1996). Figure.10

shows schematic illustration of ECG and heart rate variability spectrum (HRV) derived after Fast Fourier Transform analysis (FFT).
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Figure. 10 Schematic illustration of ECG and heart rate variability spectrum (HRYV)
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Fast Fourier Transform analysis (FFT): HRV power spectrum
(VLF band = 0.0 - 0.05 Hz, LF band = 0.05 - 0.15 Hz and HF = 0.15 - 0.50 Hz)
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5.5.3 SIX LETTER CANCELLATION TEST
The six-letter cancellation task was presented on a worksheet which specified the six target letters to be cancelled and had a working
section of letters of the alphabet arranged randomly in 22 columns and 14 rows. The participants were asked to cancel as many of the
six target letters as possible in the specified time of 90 seconds. They were told that there were two possible strategies, i.e., marking all
six letters at a time or selecting any one target letter of the six. Participants were asked to choose whichever strategy suited them. They
were also told that they could follow a horizontal, vertical, or a random path according to their choice (Natu & Agarwal, 1997).

The scoring was done by a person who was unaware when the assessment was made and whether the assessment was ‘before’

or ‘after’ the session. Each cancelled letter was scored as ‘1’ irrespective of whether it was correctly or incorrectly cancelled. The total
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number of cancellations and wrong cancellations were counted and the net scores were calculated by deducting wrong cancellations
from the total cancellations attempted. As this test was administered before and immediately after the intervention, to avoid the test-
retest effect of memory, parallel worksheets were prepared for each session by changing the target letters and the sequence of letters in
the working section. The reliability and validity of the task have been established for use in an Indian population (Agarwal, et al.

2002).

5.6 DATA ANALYSIS
5.6.1 BRAINSTEM AUDITORY EVOKED POTENTIALS
The raw data obtained for each subject in each recording session were tabulated separately. Statistical analysis was done using SPSS
(Version 10.0) in following steps:
» The group mean and standard deviation were calculated of for all seven waves and data were tested for variance and normal
distribution by F-test and Kolmogorov-Smirnov test respectively.
» For the normally distributed data, the peak latencies and peak amplitudes of all seven waves were analyzed using repeated-
measures analyses of variance (ANOVAs), and post-hoc analyses with Bonferroni adjustment was to compare ‘pre’ data with

‘during’ and ‘post’.
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» The repeated measures analyses of variance (ANOV As) were performed with two ‘Within subjects’ factors, i.e., Factor 1:

Sessions; with four levels, viz., caficalata, ekagrata, dharana, and dhyana, and Factor 2: States; with six levels, viz., Pre,

During (D1 to D4), and Post. These repeated measures ANOVAs were carried out for the peak latency and peak amplitude of

all levels.

» This was followed by a post-hoc analysis with Bonferroni adjustment for multiple comparisons between the mean values of

different states (Pre, During 1 to During 4 and Post).

5.6.2 AUTONOMIC AND RESPIRATORY VARIABLES
The raw data obtained for each subject in each recording session for each variable were tabulated separately. Statistical analysis was
done using SPSS (Version 10.0) in following steps:
» The group mean and standard deviation were calculated for each variables and data were tested for variance and normal
distribution by F-test and Kolmogorov-Smirnov test respectively.
» For the normally distributed data, of each variables were analyzed using repeated-measures analyses of variance (ANOVAs),

and post-hoc analyses with Bonferroni adjustment was to compare ‘pre’ data with ‘during’ and ‘post’.
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» The repeated measures analyses of variance (ANOV As) were performed with two ‘Within subjects’ factors, i.e., Factor 1:

Sessions; with four levels, viz., caficalata, ekagrata, dharana, and dhyana, and Factor 2: States; with six levels, viz., Pre,
During (D1 to D4), and Post.

» This was followed by a post-hoc analysis with Bonferroni adjustment for multiple comparisons between the mean values of

different states (Pre, During 1 to During 4 and Post).

5.6.3 SIX LETTER CANCELLATION TEST
Statistical analysis was done using SPSS (Version 10.0). The total net scores were analyzed using a repeated-measures

ANOVA. There was one Within-subjects factor, i.e., States with two levels (pre and post) and one Between-subjects factor, i.e.,

Groups, with four levels (Caficalata, Ekagrata, Dharand, and Dhyana). Post-hoc tests for multiple comparisons with Bonferroni

adjustment were used to detect significance differences between mean values.
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6.1 BRAINSTEM AUDITORY EVOKED POTENTIALS
6.1.1 RECAPITULATION

The BAEPs (peak latency and peak amplitude of all seven waves) were recorded pre during and post in 30 practitioners in four

sessions i.e. caficalatd, ekagratda, dharana, and dhyana from Cz electrode sites, referenced to linked earlobes. As described under

Methods (Data Analysis), repeated measures analysis of variance (RMANOVA) were performed with two ‘Within Subjects’ factors,
i.e., Factor 1: Sessions; caficalata, ekagrata, dharana, and dhyana, and Factor 2: States; Pre, During (D1 to D4), and Post. These
RMANOVA were carried out for each wave of BAEP separately, for both peak latencies and peak amplitudes. This was followed by a
Post-hoc analysis with Bonferroni adjustment for multiple comparisons between the mean values of different states (Pre, During-D1 to
D4 and Post). The results [latency and amplitude] for the individual waves [I-V] are given below.

The mean £ SD with statistical significance for BAEPs are given below while Summary Tables and others are presented in
Appendix-4.

The Graphs for the actual data of individual subject in Sessions (caficalata, ekagrata, dharana and dhyana) are presented in Appendix-

5.

6.1.2 WAVE I - LATENCY
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RMANOVA which consisted of the two Within-Subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii)

States [Pre, During (D1 to D4) and Post] showed a significant difference between States (F=2.898, p=0.037, Huynh-Feldt
epsilon=0.634), while the difference between Sessions (F=1.093, p>0.05, Huynh-Feldt epsilon=0.855), and the interaction between

Sessions and States (F=0.717, p >0.05, Huynh-Feldt epsilon=0.372) was not significant.

Post-hoc analysis with Bonferroni adjustment for each session (caficalata, ekagrata, dharana and dhyana) separately showed no
significant difference between States [Pre, During (D1 to D4) and Post] for each session (p>0.05, for all comparisons). The actual data
of individual subjects in the Sessions (caficalata, ekagrata, dharana and dhyana) are presented with group mean values = SD in Table

6.1.2.

6.1.3 WAVE I - AMPLITUDE
RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii) States [Pre,

During (D1 to D4) and Post] showed no significant difference between Sessions (F=0.556, p> 0.05, Huynh-Feldt epsilon=0.834) and
States (F=0.150, p>0.05, Huynh-Feldt epsilon=1.000, hence sphericity assumed). Also, the interaction between Sessions and States

(F=0.435, p>0.05, Huynh-Feldt epsilon=0.595) was not significant.
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Post-hoc analysis with Bonferroni adjustment for each session (caficalata, ekagrata, dharana and dhyana) separately showed no

significant difference between States [Pre, During (D1 to D4) and Post] for each session (p>0.05, for all comparisons). The actual data

of individual subject in Sessions (caficalata, ekagrata, dharana and dhyana) are presented with group mean values + SD in Table

6.1.3. In Appendix-4.

6.1.4 WAVE II - LATENCY

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii) States [Pre,

During (D1 to D4) and Post] showed a significant difference between the States (F=4.811, p<0.01, Huynh-Feldt epsilon=0.515), while
the difference between the Sessions (F=0.707, p>0.05, Huynh-Feldt epsilon=0.730) and the interaction between the Sessions and

States (F=0.831, p>0.05, Huynh-Feldt epsilon=0.210) was not significant.

Post-hoc analysis with Bonferroni adjustment for each session (caficalata, ekagrata, dharana and dhyana) separately showed a

significant increase in the latency of Wave II during the ekagrata session when comparing the During 3 and During 4 epochs with the

Pre values (p=0.007 and p=.002 respectively). The comparison of states [Pre, During (D1 to D4) and Post] during other sessions
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(caficalata, ekagratd, dharana and dhyana) showed no change (p>0.05, for all comparisons). The actual data of individual subject in

Sessions (caficalata, ekagrata, dharana and dhyana) are presented with group mean values + SD in Table 6.1.4.

Table 6.1.4.

Group Mean * SD values of Peak Latencies for Wave II recorded pre, during and post of two meditation and two control

sessions.
Phases Pre D1 D2 D3 D4 Post
Caricalata 2.94+0.21 | 3.01+£0.15 | 3.00+£0.14 | 2.99+0.13 | 3.01+£0.14 | 2.99+0.13
% Change 2.38 2.04 1.7 2.38 1.7
Ekagrata 2.96+0.14 | 3.00+0.16 | 2.98+0.11 | 3.01+0.14* | 3.01+£0.13* | 2.99+0.12
% Change 1.35 0.68 1.69 1.69 1.01
Dharana 2.95+0.15 | 2.99+0.15 | 2.97+0.14 | 2.98+0.15 | 2.98+0.13 | 2.98+0.15
% Change 1.36 0.68 1.02 1.02 1.02
Dhyana 2.96+0.13 | 2.98+0.14 | 3.00+0.14 | 2.99+0.13 | 3.00+£0.14 | 2.96+0.19
% Change 0.68 1.35 1.01 1.35 0
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*p < 0.05, RMANOVA with Bonferroni adjustment. Comparing individual states. (i.e. D1,D2,D3,D4, and Post). While there was an

increase of 1.7% to 2.38% in Caficalata, Ekagrata showed 0.68% to 1.69%, Dharana showed 0.68% to 1.36%, Dhyana showed 0% to

1.35%

6.1.5 WAVE Il - AMPLITUDE

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii) States [Pre,

During (D1 to D4) and Post] showed no significant difference between Sessions (F=0.240, p>0.05, Huynh-Feldt epsilon=1.000, hence
sphericity assumed) and States (F=0.537, p>0.05, Huynh-Feldt epsilon=0.932). Also, the interaction between the Sessions and States

(F=1.237, p>0.05, Huynh-Feldt epsilon=0.919) was not significant.

Post-hoc analysis with Bonferroni adjustment for each session (caficalata, ekagrata, dharana and dhyana) separately showed

no significant difference between states [Pre, During (D1 to D4) and Post] of each session (p>0.05, for all comparisons). The actual

data of individual subjects in Sessions (caficalata, ekagrata, dharana and dhyana) are presented with group mean values + SD in Table

6.1.5. in the Appendix-4.
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6.1.6. WAVE III - LATENCY

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii) States [Pre,

During (D1 to D4) and Post] showed a significant difference between Sessions (F=3.900, p=0.013, Huynh-Feldt epsilon=0.962) and
between States (F=3.094, p=0.024, Huynh-Feldt epsilon=0.691). The interaction between Sessions and States (F=0.981, p>0.05,

Huynh-Feldt epsilon=0.223) was not significant.

Post-hoc analysis with Bonferroni adjustment for each session (caficalata, ekagrata, dharana and dhyana) separately showed a
significant increase in the latency of Wave III during the ekagrata session (Pre versus During 2; p=0.03). The comparisons during
other Sessions (caficalatda, dharana and dhyana) showed no change (p>0.05, for all comparisons). The actual data of individual

subjects in Sessions (caficalata, ekagrata, dharana and dhyana) are presented with group mean = SD in Table 6.1.6.

Table 6.1.6.

Group Mean * SD values of Peak Latencies for Wave III recorded pre, during and post of two meditation and two control

sessions.
Phases Pre D1 D2 D3 D4 Post
Caticalata 3.90+0.19 | 3.95+0.16 | 3.94+0.16 | 3.95+0.14 | 3.96+0.15 | 3.95+0.14
% Change 1.28 1.03 1.28 1.54 1.28
Ekdgmtd 3.93+0.14 | 3.97+£0.17 | 3.97+0.13* | 3.96+0.14 | 3.96+0.15 | 3.96+0.14
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% Change 1.02 1.02 0.76 0.76 0.76
Dharana 3.914+0.15 | 3.91+0.16 | 3.93+0.15 | 3.95+0.16 | 3.93+0.13 | 3.93+0.15
% Change 0 0.51 1.02 0.51 0.51
Dhyana 3.9240.14 | 3.91+0.16 | 3.93+0.13 | 3.95+0.14 | 3.94+0.13 | 3.91+0.18
% Change -0.26 0.26 0.77 0.51 -0.26

Review of Literature

*p < 0.05, RMANOVA with Bonferroni adjustment. Comparing individual states. (i.e. D1, D2, D3, D4, and Post). Minus sign indicate

a decrease with respect pre data. While there was an increase of 1.03% to 1.54% in Caficalata, Ekagrata showed 0.76% to 1.02%,

Dharana showed decrease of 0% to 1.02%, Dhyana showed 0.26% to 0.77% in Peak Latencies for Wave II1.

6.1.7. WAVE III - AMPLITUDE

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii) States [Pre,

During (D1 to D4) and Post] showed no significant difference between Sessions (F=0.307, p>0.05, Huynh-Feldt epsilon=1.000, hence

sphericity assumed) and States (F=0.912, p>0.05, Huynh-Feldt epsilon=0.957). Also, the interaction between Sessions and States

(F=1.052, p>0.05, Huynh-Feldt epsilon=0.981) was not significant.
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Post-hoc analysis with Bonferroni adjustment for each session (caficalata, ekagrata, dharana and dhyana) separately showed

no significant difference between states [Pre, During (D1 to D4) and Post] of each session (p>0.05, for all comparisons). The actual

data of individual subjects in Sessions (caficalata, ekagrata, dharana and dhyana) are presented with group mean values = SD in Table

6.1.7. in the Appendix-4.

6.1.8. WAVE IV — LATENCY

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii) States [Pre,

During (D1 to D4) and Post] showed a significant difference between States (F=5.864, p<0.001, Huynh-Feldt epsilon=0.845) while
the difference between Sessions (F=0.669, p>0.05, Huynh-Feldt epsilon=0.953) and the interaction between Sessions and States

(F=0.824, p>0.05, Huynh-Feldt epsilon=0.476) was not significant.

Post-hoc analysis with Bonferroni adjustment for each session (caficalata, ekagrata, dharana and dhyana) separately showed

no significant difference between States [Pre, During (D1 to D4) and Post] of each session (p>0.05, for all comparisons). The actual

data of individual subjects in Sessions (caficalata, ekagrata, dharana and dhyana) are presented with group mean + SD in Table 6.1.8.

in the Appendix-4.

6.1.9. WAVE IV — AMPLITUDE
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RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii) States [Pre,

During (D1 to D4) and Post] showed no significant difference between Sessions (F=0.886, p>0.05, Huynh-Feldt epsilon=0.977) and
between States (F=1.785, p>0.05, Huynh-Feldt epsilon=0.831). Also, the interaction between Sessions and States (F=1.109, p>0.05,

Huynh-Feldt epsilon=0.987) was not significant.

Post-hoc analysis with Bonferroni adjustment for each session (caficalata, ekagrata, dharana and dhyana) separately showed
no significant difference between states [Pre, During (D1 to D4) and Post] for each session (p>0.05, for all comparisons). The actual
data of individual subjects in Sessions (caficalata, ekagrata, dharana and dhyana) are presented with group mean values + SD in Table

6.1.9. in the Appendix-4.

6.1.10. WAVE V — LATENCY

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii) States [Pre,

During (D1 to D4) and Post] showed a significant difference between Sessions (F=3.894, p=0.015, Huynh-Feldt epsilon=0.893), and
between States (F=11.713, p<0.001, Huynh-Feldt epsilon=0.836) while the interaction between Sessions and States (F=1.350, p>0.05,

Huynh-Feldt epsilon=0.459) was not significant.
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Post-hoc analysis with Bonferroni adjustment for each session (caficalata, ekagrata, dharana and dhyana) separately showed a

significant increase in the latency of Wave V during the caficalatd session (Pre versus During 2; p=0.042), ekagrata session [Pre

versus During 2 (p=0.009), Pre versus During 3 (p=0.026), Pre versus During 4 (p=0.005) and Pre versus Post (»p=0.001) and during

dharana session (Pre versus Post; p=0.018). Other comparisons during the sessions mentioned above and all the comparisons during
the dhyana session were not significant (p>0.05, for all comparisons). The actual data of individual subjects in Sessions (caficalata,

ekagrata, dharana and dhyana) are presented with group mean values + SD in Table 6.1.10.
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Group Mean = SD values of Peak Latencies for Wave V recorded pre, during and post of two meditation and two control

sessions.

Phases Pre Dl D2 D3 D4 Post
Caricalata 5.78+0.18 | 5.824+0.18 | 5.84+0.17** | 5.84+0.20 | 5.84+0.18 5.82+0.17
% Change 0.69 1.04 1.04 1.04 0.69
Ekagrata 5.76+£0.19 | 5.83+0.18 | 5.83+0.18** | 5.83+0.17* | 5.87+£0.19** | 5.85+0.18***
% Change 1.22 1.22 1.22 1.91 1.56
Dharana 5.75+0.20 | 5.80+0.19 | 5.80+£0.19 | 5.78+0.21 5.80+0.21 5.82+0.18**
% Change 0.87 0.87 0.82 0.87 1.22
Dhyana 5.7940.18 | 5.81+0.19 | 5.82+0.19 | 5.81+0.18 | 5.81+0.20 5.82+0.18
% Change 0.35 0.52 0.35 0.35 0.52

*p <0.05, **p <0.01, ***p <0.001; RMANOVA with Bonferroni adjustment (within session). Comparing individual states. (i.e. D1,

D2, D3, D4, and Post). While there was an increase of 0.69% to 1.04% in Caricalata, Ekagrata showed 1.54% to 1.22%, Dharana

showed 0.82% to 1.22%, Dhyana showed 0.35% to 0.52% in Peak Latencies for Wave V.

6.1.11. WAVE V- AMPLITUDE

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii) States [Pre,

During (D1 to D4) and Post] showed a significant difference between Sessions (F=6.515, p<0.001, Huynh-Feldt epsilon=0.897), and
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between States (F=8.574, p<0.001, Huynh-Feldt epsilon=0.858) while the interaction between Sessions and States (F=1.320, p>0.05,

Huynh-Feldt epsilon=0.825) was not significant.

Post-hoc analysis with Bonferroni adjustment for each session (caficalata, ekagrata, dharana and dhyana) separately showed a
significant decrease in the amplitude of Wave V during the caficalata session [Post versus During 1 (p<0.001), Post versus During 2
(p<0.01) and Post versus During 3 (p<0.001), ekagrata session [Post versus During 1 (»p<0.05), Post versus During 2 (p<0.05). Other
comparisons during the sessions mentioned above and all the comparisons during dharana and dhyana sessions were not significant

(p>0.05, for all comparisons). The actual data of individual subjects in Sessions (caficalatd, ekagratda, dharand and dhyana) are

presented with group mean values = SD in Table 6.1.11. in the Appendix-4.

6.1.12. WAVE VI & VII - LATENCY AND AMPLITUDE

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii) States [Pre,

During (D1 to D4) and Post] did not show any significant difference between Sessions and between States of wave VI, VII in latency

and amplitude.
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The actual data of individual subjects in Sessions (caficalata, ekagrata, dharana and dhyana) are presented with group mean values +

SD in Tables 6.1.12. 2, 3 & 4 respectively In the Appendix-4.

6.1.13. FOUR ADDITIONAL DERIVED VALUES
In addition to the absolute values of the peak latency and peak amplitude there are four other, derived values which are used to get
information about brainstem functioning. These are as follows: (i) Wave V to Wave I inter-peak latency interval. The wave V-I inter-
peak latency interval is considered to represent conduction from the proximal part of the eighth nerve through pons and into the
midbrain. (i) Wave III to Wave I inter-peak latency interval. This inter-peak latency interval represents conduction from the eighth
nerve into the core of the lower pons. (iii)) Wave V to Wave III inter-peak latency interval. This latency interval reflects conduction
from the lower to the upper pons, and possibly into the mid brain. It is not yet entirely clear whether the wave V-III inter-peak latency
interval represents conduction along the ipsilateral or contralateral brainstem, in case the auditory stimulation was monaural.
However, there is greater evidence to support a contralateral brainstem site. (iv) Wave V/ Wave I peak amplitude ratio.

It is well recognized that absolute amplitudes of BAEP peaks vary widely among normal individuals. In addition, several
technical factors influence the absolute amplitudes of the BAEP peaks. Hence comparison of the absolute amplitudes across

individuals, or even across the sessions of an individual cannot be considered to be meaningful. For this reason in the present project
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the wave V/ wave I peak amplitude ratio was assessed. The wave V to wave I peak amplitude ratio gives an indication of the

proportion of neurons recruited centrally and in the periphery. These derived, inter-peak data are also presented in the Appendix-4.

The actual data of individual subjects in Sessions (caficalata, ekagrata, dharana and dhyana) for the above mentioned derived

variables are presented with group mean values + SD are given in Tables 6.1.13. in the Appendix-4.

6.2. AUTONOMIC AND RESPIRATORY VARIABLES

6.2.1. RECAPITULATION

Autonomic and respiratory variables were recorded in 30 practitioners in four sessions i.e. caficalata, ekagrata, dharana, and dhyana.

RMANOVA were performed with two ‘Within subjects’ factors, i.e., Factor 1: Sessions; caficalata, ekagrata, dharand, and dhyana,

and Factor 2: States; Pre, During (D1 to D4), and Post. These RMANOVA were carried out for each variable separately. This was
followed by a Post-hoc analysis with Bonferroni adjustment for multiple comparisons between the mean values of different states
(Pre, During 1 to During 4 and Post). The mean + SD with statistical significance of autonomic & respiratory variables for all the

sessions are given below in the result sections as Summary Tables.

The actual data of individual subject in Sessions (caficalata, ekagrata, dharana and dhyana) for the individual variables i.e., heart rate

[HR], respiration rate [RR], finger plethysmogram [PLT] and galvanic skin resistance {GSR],as well as the individual variables of
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frequency domain analysis of heart rate variability i.e., low frequency [LF], high frequency [HF] and low frequency and high
frequency ratio [LF/HF], the individual variables of time domain analysis of heart rate variability i.e., mean RR, mean HR, NN50,

pNNS50, and RMSSD are presented with group mean values + SD in different tables.

The Graphs for the actual data of individual subject in Sessions (caficalata, ekagratda, dharana and dhyana) for the all individual
variables i.e., heart rate [HR], respiration rate [RR], finger plethysmogram [PLT] and galvanic skin resistance {GSR], as well as the
individual variables of frequency domain analysis of heart rate variability i.e., low frequency [LF], high frequency [HF] and low

frequency and high frequency ratio [LF/HF], the individual variables of time domain analysis of heart rate variability i.e., mean RR,

mean HR, NN50, pNN50, and RMSSD are presented with group mean values + SD in the Appendix-5.

6.2.2 RESPIRATORY RATE

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii) States [Pre,

During (D1 to D4) and Post] showed a significant difference between Sessions (F=15.32, p<0.001, Huynh-Feldt epsilon €=0.986), and
between States (F=4.12, p<0.001, Huynh-Feldt epsilon £=0.759). Also significant interaction between Sessions and States (F=5.75,

p<0.05, Huynh-Feldt epsilon €=0.323) was observed.
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Post-hoc analysis with Bonferroni adjustment for caficalata session showed a significant increase in the respiratory rate in

sessions (Pre versus During 1, During 3 and During 4; p<0.05), dharana session (Pre versus Post; p<0.05). But in session dhyana there

was significant decrease in respiratory rate (Pre versus During 1; p<0.01, During 2, During 3, During 4 and Post; p<0.001
respectively).The actual data of individual subjects in Sessions (caficalata, ekagratda, dharana and dhyana) are presented with group
mean values = SD in Table 6.2.2.

Table 6.2.2.
Group mean values = S.D of the respiratory rate (in bpm) reordered pre, during and post of two meditation and two control

sessions.
Phases Pre Dl D2 D3 D4 Post
Caiicalata 14+3 16 £ 3* 176 16 £2%* 16 £2%* 15+2
% Change 8.41 15.56 10.56 9.63 2.69
Ekagrata 15+3 16+3 16 £2 162 162 15+3
% Change 3.39 1.99 2.87 2.59 -3.50
Dharana 15+£2 15+3 14+3 14+3 14+5 14 + 3%
% Change -1.51 -3.71 -5.96 -4.33 -8.33
Dhyana 16+3 14+3%* 13 £ 2%%% | [ 2£3%%% | [343%%* | [343H**
% Change -8.86 -15.50 -19.59 -18.58 -14.29
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*p <0.05, **p <0.01, ***p <0.001; RMANOVA with Bonferroni adjustment (within session). Comparing individual states. (i.e. D1,

D2, D3, D4, and Post). Minus sign indicate a decrease with respect pre data. While there was an increase of 2.69% to 15.56% in

Caficalata, Ekagrata showed 1.99% to 3.39%, Dharana showed decrease of 1.51% to 8.33%, Dhyana showed decrease of 8.86% to

19.59% in respiratory rate.

6.2.3 DIGIT PULSE VOLUME

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii) States [Pre,

During (D1 to D4) and Post] showed no significant difference between Sessions (F=1.11, p=0.35, Huynh-Feldt epsilon &=1.0), but
significant change was observed between States (F=4.22, p<0.05, Huynh-Feldt epsilon €=0.427). No significant interaction between

Sessions and States (F=1.52, p=0.22, Huynh-Feldt epsilon €=0.144) was observed.

Post-hoc analysis with Bonferroni adjustment for caficalata session showed a significant increase in the digit pulse volume in
dhyana session (Pre versus During 1; p<0.05). No significant changes were observed in other sessions. The actual data of individual

subjects in Sessions (caficalata, ekagrata, dharana and dhyana) are presented with group mean values + SD in Table 6.2.3.
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Group mean values = S.D. of the digit pulse volume (in p volts) recorded pre, during and post of two meditation and

two control sessions.

Phases Pre D1 D2 D3 D4 Post
2496 2182 2275 2124 2181 2355
Caiicalata + 1636 +1399 +1503 | £1609 + 1867 + 1827
% Change -12.56 -8.84 -14.90 -12.61 -5.62
2623 2543 2424 2277 2280 2280
Ekdgmtd +1303 | +£1290 +1348 + 1323 + 1377 + 1263
% Change -3.04 -7.60 -13.20 -13.07 -13.07
2350 2586 2422 2235 2231 2184
Dharana +1542 | £1852 +1699 | +£1317 +1175 + 1299
% Change 10.06 3.05 -4.89 -5.07 -7.06
2548 2860 2887 2766 2738 2605
Dhyana + 1301 | + 1490%* + 1402 +1362 + 1395 + 1333
% Change 12.26 13.31 8.57 7.48 2.28

*p < 0.05, RMANOVA with Bonferroni adjustment (within session). Comparing individual states. (i.e. D1, D2, D3, D4, and Post).

Minus sign indicate a decrease with respect pre data. While there was an decrease of 5.62% to 14.90% in Caricalata, Ekagrata showed

decrease of 3.04% to 13.20%, Dharana showed increase 3.05% to 10.06%, Dhyana showed increase 2.28% to 12.26% digit pulse

volume.
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6.2.4 GALVANIC SKIN RESISTANCE

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii) States [Pre,

During (D1 to D4) and Post] showed no significant difference between Sessions (F=0.99, p=0.40, Huynh-Feldt epsilon £=0.957),
while significant changes were observed between States (F=18.56, p<0.001, Huynh-Feldt epsilon £€=0.535). No significant interaction

between Sessions and States (F=1.05, p=0.39, Huynh-Feldt epsilon €=0.584) was noticed.

Post-hoc analysis with Bonferroni adjustment for caficalatd session showed a significant increase in the galvanic skin
resistance in caficalatd, ekagrata, dharana and dhyana sessions [(caficalatd : Pre versus During 2; p<0.05), (ekagrata: Pre versus
During 1; p<0.05, During 2; p<0.01, During 3; p<0.05, During 4; p<0.05, and Post p<0.05) (dharana: Pre versus During 1; p<0.05,
During 2; p<0.05, During 3; p<0.05, and During 4; p<0.05) and (dhyana: Pre versus During 1; p<0.01, During 2, During 3, During 4,
and Post; p<0.001 respectively)]. The actual data of individual subjects in Sessions (caficalata, ekagrata, dharana and dhyana) are

presented with group mean values = SD in Table 6.2.4.
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control sessions.

Phases Pre D1 D2 D3 D4 Post
429.9 461.4 462.8 461.5 474.1 468.3
Caficalatd | £127.7 | +137.2% +113.7* +111.8 +116.1 +109.7
% Change 7.32 7.64 7.34 10.28 8.94
439.7 472.3 486.6 489.1 491.0 489.2
Ekagrata +141.3 | +£139.1%* +134.4%* + 40.5% + 31.4% +29.1%*

Review of Literature

Group mean values + S.D. of the galvanic skin resistance (in KQ) recorded pre, during and post of two meditation and two
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% Change 7.43 10.67 11.25 11.68 11.28
429.1 4515 460.1 465.7 477.9 463.1
Dharand | £129.1 | +125.5% +31.4% +127.9% | +£1483* | +£1259
% Change 5.20 7.23 8.52 11.36 7.91
4349 | 4723 495.0 505.8 509.0 4973
Dhyana | £132.0 | +122.5%% | +116.6%%* | & [22.4%%% | £ [37.6%%% | £]]3. 4%
% Change 8.60 13.81 16.31 17.03 14.34

6.2.5 HEART RATE

showed 5.20% to 11.36%, Dhyana showed 8.60% to 17.03%.

Review of Literature

*p <0.05, **p <0.01, ***p <0.001; RMANOVA with Bonferroni adjustment (within session). Comparing individual states. (i.e. D1,

D2, D3, D4, and Post).. While there was an increase of 7.3% to 10.28% in Caficalata, Ekagrata showed 7.43% to 11.36%, Dharana

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii) States [Pre,

During (D1 to D4) and Post] showed a significant difference between Sessions (F=4.05, p<0.01, Huynh-Feldt epsilon £€=0.930), and
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between States (F=8.54, p<0.001, Huynh-Feldt epsilon €=0.631). Significant interaction between Sessions and States (F=0.56,

p<0.001, Huynh-Feldt epsilon e=0.685) was also observed.
Post-hoc analysis with Bonferroni adjustment for caricalata session showed a significant decrease in the heart rate in sessions

(Pre versus During 1; p<0.05, During 2; p<0.001, During 3; p<0.01, During 4; p<0.01 and Post; p<0.05). No significant changes were
observed in other sessions. The actual data of individual subjects in Sessions (caficalata, ekagrata, dharana and dhyana) are presented

with group mean values £+ SD in Table 6.2.5.
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Table 6.2.5.

Group mean values = S.D. of the heart rate (in BPM) recorded pre, during and post of two meditation and two control

sessions.
Phases Pre D1 D2 D3 D4 Post
Caficalata 69+10 | 70+11 69+ 11 71+ 11 71+ 11 68 + 10
% Change 0.90 0.41 2.43 2.47 -0.88
Ekagrata 70+10 | 70+10 68 £ 11 68 £ 10 69 £ 11 69+ 11
% Change -0.14 -2.69 -2.71 -1.30 -2.21
Dharana 70+11 | 68+12 68 +12 68 £ 12 68+ 11 68+ 11
% Change -2.64 -3.87 -3.89 -3.61 -2.93
Dhyana 69+9 66 + 9* 65+10%*** 64 £+ 9** 64 £ 9** 66 + 8*
% Change -5.40 -6.59 -7.73 -7.18 -4.93

*p <0.05, **p <0.01, ***p <0.001; RMANOVA with Bonferroni adjustment (within session). Comparing individual states. (i.e. D1,

D2, D3, D4, and Post). Minus sign indicate a decrease with respect pre data. While there was an decrease of 0.41% to 2.47% in

Caricalata, Ekagrata showed 0.14% to 2.71%, Dharana showed 2.64% to 3.89%, Dhyana showed 4.93% to 7.73% in heart rate.

6.2.6 HEART RATE VARIABILITY (HRV)
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The heart has extensive innervation from the parasympathetic and sympathetic limbs of the ANS and is responsible for the rapid
regulation of the cardiac thythm and pumping action in order to match the cardiac output with the body needs during various
environmental stimuli of daily life viz, physical, mental stress, posture changes etc. Sino-atrial node and the atrio-ventricular node
receive both parasympathetic and sympathetic efferent innervation whereas the ventricles are supplied only by the sympathetic
division. The efficient way to demonstrate the effects of autonomic modulation of the heart is to monitor the function of the sino atrial
node, which is represented by changes in the heart rate Increased efferent vagal activity reduces the heart rate and increases the heart
rate variability whereas increased sympathetic activity increases the heart rate and reduces the heart rate variability. Heart rate

fluctuations therefore, are reflective of neurocardiac regulation and form the basis of assessment of HRV.

6.2.6A Low frequency (in normalized units)

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii) States [Pre,
During (D1 to D4) and Post] showed significant difference between Sessions (F=11.39, p<0.001, Huynh-Feldt epsilon £€=0.978), and
between States (F=2.52, p<0.05, Huynh-Feldt epsilon €=0.895). Also there was significant interaction between Sessions and States

(F=5.73, p<0.001, Huynh-Feldt epsilon €=0.898) was observed.
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Post-hoc analysis with Bonferroni adjustment for caficalata session showed a significant increase in low frequency in caficalata
and ekagrata sessions [(caficalata: Pre versus During 1; p<0.05, During 2; p<0.05, During 3; p<0.01 and Post; p<0.05), (ekagrata: Pre

versus During 1, During 2, During 4, and Post; p<0.05 respectively)]. But there was significant decrease in low frequency in dhyana

session (Pre versus During 1; p<0.001, During 2; p<0.05, During 3; p<0.05, During 4; p<0.001, and Post; p<0.05). No significant
change was observed in dharana session. The actual data of individual subjects in Sessions (caficalata, ekagrata, dharana and dhyana)
are presented with group mean values = SD in Table 6.2.6A.

Table 6.2.6A

Group mean values = S.D of the LF reordered before, during and after, during two phases of meditation and two

control sessions.

Phases Pre D1 D2 D3 D4 Post
52.83 61.24 62.33 64.81 62.53 62.11
Caricalata + 18.64 + 16.05%* + 17.55% | £17.38%* +17.66 + 18.82%*
% Change 15.93 17.98 22.67 18.37 17.57
54.90 63.56 62.16 62.52 63.22 63.15
Ekagrata +15.98 + 18.00%* + 16.57* +16.52 + 17.06%* +17.26*
% Change 15.78 13.22 13.87 15.15 15.03
59.45 55.97 59.22 59.64 53.74 58.54
Dharana +15.56 +19.79 +17.69 +17.24 +17.23 +15.43
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% Change -7.54 -0.37 0.31 -9.60 -1.53
60.42 46.20 51.10 50.46 44.86 49.50
*p < 0.05, **p < | Dhyana +15.57 | £20.16%** | +£19.55% | +£16.39*% | +13.07*** | +17.07* | 0.0I, **¥p <
% Ch 23. -15.42 -16.4 -25. -18.
0.001: %0 Change 3.53 5 6.48 5.75 8.06 RMANOVA with

Bonferroni adjustment (within session). Comparing individual states. (i.e. D1, D2, D3, D4, and Post). Minus sign indicate a decrease

with respect pre data. While there was an increase of 15.95% to 22.67% in Caficalata, Ekagrata showed 13.22% to 15.78%, Dharana

showed decreased of 0.31% to 9.60%, Dhyana showed decrease of 15.42% to 25.53% in LF.

6.2.6B High frequency (in normalized units)

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii) States [Pre,
During (D1 to D4) and Post] showed significant difference between Sessions (F=8.03, p<0.001, Huynh-Feldt epsilon £=0.908)

whereas no singnificant change was observed between States (F=1.14, p=0.33, Huynh-Feldt epsilon €=0.593), while there was a

significant interaction between Sessions and States (F=3.79, p<0.01, Huynh-Feldt epsilon €=0.284) was observed.

Post-hoc analysis with Bonferroni adjustment showed a significant decrease in high frequency in ekagrata session (Pre versus

During 1; p<0.05, During 2; p<0.05, During 4; p<0.05 and Post; p<0.05), while there was significant increase in high frequency in

dhyana session (Pre versus During 1; p<0.001, During 2; p<0.05, During 3; p<0.05, During 4; p<0.001, and Post; p<0.05). But there
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was no significant changes observed in caficalata and dharana sessions. The actual data of individual subjects in Sessions (caficalata,

ekagrata, dharana and dhyana) are presented with group mean values + SD in Table 6.2.6B.

Table 6.2.6B

Group mean values = S.D of the HF reordered pre, during and post of two meditation and two control sessions.

Phases Pre D1 D2 D3 D4 Post
46.43 38.75 37.67 35.21 37.40 37.89
Caficalata +19.45 | £16.05 +17.55 +17.35 +17.57 + 18.82
% Change -16.55 -18.87 -24.16 -19.45 -18.39
45.11 36.44 37.82 37.48 36.76 36.85
Ekagrata +15.99 + 18* +16.58* | +16.52 +17.03* +17.26*
% Change -19.23 -16.15 -16.19 -18.5 -18.31
40.55 45.03 40.77 40.36 47.25 41.46
Dharana +15.56 | £19.79 +17.69 +17.24 +17.43 +15.43
% Change 11.05 0.54 -0.46 16.51 2.24
53.80
39.58 + 48.90 49.53 54.53 50.50
Dhyana +15.57 | 20.15%** | +19.54* | £16.40* | £ 13.57 *** +17.07*
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% Change 35.92 23.55 25.12 37.76 27.57

*p <0.05, **p <0.01, ***p <0.001; RMANOVA with Bonferroni adjustment (within session). Comparing individual states. (i.e. D1,

D2, D3, D4, and Post). Minus sign indicate a decrease with respect pre data. While there was a decrease of 18.39% to 24.16% in
Caricalata, Ekagrata showed 16.15% to 19.23%, Dharana showed 0.46% to 16.51%, Dhyana showed 23.55% to 37.76% in HF.
6.2.6C Low frequency and high frequency ratio

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii) States [Pre,
During (D1 to D4) and Post] showed significant difference between Sessions (F=5.55, p<0.01, Huynh-Feldt epsilon €=0.618) whereas

no singnificant change was observed between States (F=1.64, p=0.18, Huynh-Feldt epsilon e=0.661). Also no significant interaction

between Sessions and States (F=1.85, p=0.12, Huynh-Feldt epsilon €=0.286) was observed.

Post-hoc analysis with Bonferroni adjustment showed a significant increase in low and frequency ratio as well as in ekagrata
session (Pre versus During 1; p<0.05, During 2; p<0.05, During 4; p<0.05 and Post; p<0.05). No significant changes were noticed in
other sessions. The actual data of individual subjects in Sessions (caficalata, ekagrata, dharana and dhyana) are presented with group

mean values = SD in Table 6.2.6C.
Table 6.2.6C

Group mean values = S.D of the LF/HF reordered pre, during and post of two meditation and two control sessions.
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Phases Pre D1 D2 D3 D4 Post
1.85 2.81 3.19 3.18 2.91 2.98
Caificalata +2.03 +4.66 +4.79 +3.34 +398 |[£3.52
% Change 51.72 71.95 71.43 56.75 60.79
1.65 3.04 2.36 2.34 2.51 2.79
Ekagrata +1.45 +3.37* | £2.03* +1.78 +1.92*% |£2.73*
% Change 83.67 43.02 41.44 51.60 68.73
1.86 1.96 2.05 2.15 1.66 1.96
Dharana +1.19 +2.03 +1.75 +1.87 +1.65 |£1.75
% Change 5.06 10.21 15.25 -11.01 5.11
2.30 1.62 1.53 1.35 0.98 1.31
Dhyana +2.52 +3.03 +1.42 +1.17 +£0.73 | £1.11
% Change -29.66 -33.46 -41.22 -57.22 | -42.93

6.2.6D Mean RR

Review of Literature

*p < 0.05, RMANOVA with Bonferroni adjustment (within session). Comparing individual states. (i.e. D1, D2, D3, D4, and Post).

Minus sign indicate a decrease with respect pre data. While there was an increase of 51.72% to 71.95% in Carficalata, Ekagrata

showed increase of 41.44% to 83.67%, Dharana showed decrease of 5.06% to 11.01%, Dhyana showed 29.66% to 57.22% in LF/HF.

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii) States [Pre,

During (D1 to D4) and Post] showed no significant difference between Sessions (F=0.47, p=0.68, Huynh-Feldt epsilon €=0.880)
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whereas a significant change was observed between States (F=2.75, p<0.05, Huynh-Feldt epsilon £=0.695), while significant

interaction between Sessions and States (F=2.07, p<0.05, Huynh-Feldt epsilon €=0.319) was observed.

Post-hoc analysis with Bonferroni adjustment for ekagrata session showed a significant increase in mean RR (Pre versus
During 2; p<0.05, During 3; p<0.05, and During 4; p<0.05), while there was no significant change in mean RR in other sessions. The
actual data of individual subjects in Sessions (caficalata, ekagrata, dharana and dhyana) are presented with group mean values + SD in

Table 7.2.6.4.

Table 6.2.6D.

Group mean values = S.D of the Mean RR reordered pre, during and post of two meditation and two control sessions.

Phases Pre D1 D2 D3 D4 Post
0.90 0.89 0.89 0.89 0.87 0.90
Caficalata +0.13 +0.13 | +£0.13 | £0.13 +0.12 +0.13

% Change -0.27 1-035 |-1.04 -2.93 0.46
0.91 0.92
0.88 0.85 + + 0.91 0.90

Ekagrata +0.11 +0.19 | 0.12* | 0.12** | +£0.12* | +0.12
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% Change -2.74 1 3.56 4.52 3.69 1.93
0.87 0.89 0.90 0.89 0.90 0.88
Dharana +0.12 | £0.13 |£0.15 |+£0.13 +0.12 +0.12
% Change 2.12 3.85 2.79 3.01 1.72
0.89 0.91 0.92 0.93 0.88 0.89
Dhyana +£0.10 |£0.12 |+£0.13 |£0.12* |+£0.16 |+£0.17
% Change 1.98 3.64 3.95 -1.08 -0.30

6.2.6E Mean HR

interaction between Sessions and States (F=2.17, p<0.05, Huynh-Feldt epsilon £=0.666) was noticed.

Review of Literature

*p <0.05, **p <0.01, ***p <0.001; RMANOVA with Bonferroni adjustment (within session). Comparing individual states. (i.e. D1,

D2, D3, D4, and Post). Minus sign indicate a decrease with respect pre data. While there was a decrease of 0.27% to 2.93% in

Caficalata, Ekagrata showed 1.93% to 4.52%, Dharana showed 1.72% to 3.85%, Dhyana showed 0.3% to 3.95% mean RR.

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii) States [Pre,

During (D1 to D4) and Post] showed no significant difference between Sessions (F=1.21, p=0.31, Huynh-Feldt epsilon £=0.981)

whereas a significant change was observed between States (F=3.34, p<0.05, Huynh-Feldt epsilon £=0.807). Also significant

Post-hoc analysis with Bonferroni adjustment for ekagrata session showed a significant decrease in mean HR (Pre versus

During 2; p<0.05, During 3; p<0.01, and During 4; p<0.05), while there was no significant change in mean HR in other sessions. The
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actual data of individual subjects in Sessions (caficalata, ekagrata, dharana and dhyana) are presented with group mean values + SD in

Table 6.2.6E.

Table 6.2.6E.

Group mean values = S.D of the Mean HR reordered pre, during and post of two meditation and two control sessions.

Phases Pre D1 D2 D3 D4 Post
69.18 69.09 69.18 69.79 71.42 68.84
Carficalata +11.12 | £11.31 | £11.71 |£11.52 |+10.68 | £10.69
% Change -0.14 0.00 0.87 3.24 -0.49
70.07 69.31 67.71 67.12 67.91 68.75
Ekagrata +10.32 | £10.26 | £10.27* | £9.98** | £10.29* | £10.29
% Change -1.09 -3.37 -4.21 -3.08 -1.88
71.31 6991 69.06 69.18 69.02 69.87
Dharana +11.53 | £11.55 | £12.07 | £11.97 | +1047 | £10.27
% Change -1.97 -3.16 -2.99 -3.21 -2.02
68.62 66.60 66.67 67.08 68.25 67.99
Dhyana +7.63 +11.53 | £9.20 +9.70 +8.64 +10.50
% Change -2.96 -2.85 -2.25 -0.55 -0.92

*p <0.05, **p <0.01, ***p <0.001; RMANOVA with Bonferroni adjustment (within session).

Comparing individual states. (i.e. D1,

D2, D3, D4, and Post). Minus sign indicate a decrease with respect pre data. While there was decrease of 0% to 3.24% in Caficalata,

Ekagrata showed 1.09% to 4.21%, Dharana showed 1.97% to 3.21%, Dhyana showed 0.55% to 2.96% in mean HR.

6.2.6F pNN50

207



Review of Literature

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii) States [Pre,

During (D1 to D4) and Post] showed significant difference between Sessions (F=3.50, p<0.05, Huynh-Feldt epsilon £=0.873) and
between States (F=4.64, p<0.001, Huynh-Feldt epsilon £€=0.827). Also significant interaction between Sessions and States (F=2.07,

p<0.05, Huynh-Feldt epsilon €=0.617) was observed.

Post-hoc analysis with Bonferroni adjustment for dhyana session showed a significant increase in pNN50 (Pre versus During

2; p<0.01, and During 3; p<0.05), while no significant change was observed in pNN50 of other sessions. The actual data of individual

subjects in Sessions (caficalatd, ekagrata, dharana and dhyana) are presented with group mean values + SD in Table 6.2.6F.

Table 6.2.6F.

Group mean values = S.D of the pNNS0 reordered pre, during and post of two meditation and two control sessions.

Phases Pre D1 D2 D3 D4 Post
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*p < 0.05, **p < 0.01,
RMANOVA with
(within session).
states. (i.e. D1, D2, D3,
sign indicate a decrease

While there was

7.37% in Caificalata,

29.9 21.7 23.1 21.1 21.5 24.6
Caficalata +16.8 | £19.3 +18.8 +16.7 +16.7 | £17.6
% Change -5.37 0.99 -7.66 -6.29 7.37
22.5 234 26.4 27.6 27.1 24.5
Ekagrata +18.0 | £18.0 +19.1 +190 | £18.6 | £17.2
% Change 3.85 17.10 22.31 20.27 8.89
24.0 243 25.7 25.6 25.8 24.3
Dharana +18.2 | £18.1 +20.4 +187 | £19.2 | £17.1
% Change 1.29 7.09 6.73 7.46 1.24
25.7 28.6 32.8 32.5 29.8 28.5
Dhyana +192 | £20.6 +20.3%* +209* | £20.8 | £18.9
% Change 10.93 27.39 26.45 15.72 10.72

Review of Literature

*E*p < 0.001;
Bonferroni  adjustment
Comparing  individual

D4, and Post). Minus
with respect pre data.

decrease of 0.99% to

Ekagrata showed

increase of 3.85% to 22.31%, Dharana showed increase of 1.24% to 7.46%, Dhyana showed 10.72% to 27.39% in pNNS50.

6.2.6G RMSSD

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii) States [Pre,

During (D1 to D4) and Post] showed significant difference between Sessions (F=4.53, p<0.01, Huynh-Feldt epsilon £=0.950) and

between States (F=3.18, p<0.01, Huynh-Feldt epsilon £€=0.941). While no significant interaction was observed between Sessions and

States (F=1.11, p=0.34, Huynh-Feldt epsilon £€=0.843).
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Post-hoc analysis with Bonferroni adjustment for dhyana session showed no significant change in RMSSD in any one of the

session. The actual data of individual subjects in Sessions (caficalata, ekagrata, dharana and dhyana) are presented with group mean

values = SD in Table 6.2.6G.

Table 6.2.6G

Group mean values = S.D of the RMSSD reordered pre, during and post of two meditation and two control sessions.

Phases Pre D1 D2 D3 D4 Post
49.35 46.71 45.78 49.87 48.73 49.88
Caricalata +16.34 | £21.39 | £23.08 | +£24.53 +18.21 +22.28
% Change -5.34 -7.23 1.05 -1.25 1.08
54.43 50.24 51.73 55.15 61.04 53.79
Ekagrata +25.10 | £23.06 | £2595 | £25.88 +28.57 +23.89
% Change -7.70 -4.95 1.32 12.14 -1.17
52.00 54.95 50.69 54.70 57.50 53.90
Dharana +22.01 | £27.07 | £2429 | £27.14 +23.78 +22.77
% Change 5.66 -2.53 5.19 10.57 3.65
54.17 62.28 61.87 63.49 65.61 64.34
Dhyana +26.78 | £31.76 | £32.65 | £33.32 +31.26 +36.38
% Change 14.96 14.21 17.20 21.11 18.77
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RMANOVA with Bonferroni adjustment (within session). Comparing individual states. (i.e. D1, D2, D3, D4, and Post). Minus sign

indicate a decrease with respect pre data. While there was decrease of 1.05% to 7.23% in Caficalata, Ekagrata showed 1.32% to

12.14%, Dharana showed 2.53% to 10.57%, Dhyana showed increased of 14.21% to 21.11% in RMSSD.

6.2.6H NNSO

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caficalata, ekagrata, dharana and dhyana) and (ii) States [Pre,

During (D1 to D4) and Post] showed significant difference between Sessions (F=2.74, p<0.05, Huynh-Feldt epsilon £=0.838) and
between States (F=3.52, p<0.05, Huynh-Feldt epsilon €=0.893). Also significant interaction between Sessions and States (F=2.09,
p<0.02, Huynh-Feldt epsilon €=0.738) was noticed.

Post-hoc analysis with Bonferroni adjustment for dhyana session showed a significant increase in NN50 (Pre versus During 2;
p<0.001, and During 3; p<0.05), while no significant change was observed in NN50 of other sessions. The actual data of individual

subjects in Sessions (caficalata, ekagrata, dharana and dhyana) are presented with group mean values + SD in Table 6.2.6H.
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Review of Literature

Group mean values = S.D of the NN50 reordered pre, during and post of two meditation and two control sessions.

*p < 0.05, ***p <
RMANOVA with
adjustment (within
Comparing

(i.e. D1, D2, D3,
Minus sign indicate

respect pre data.

Phases Pre D1 D2 D3 D4 Post
72.53 67.70 73.10 67.80 69.90 76.63
Carficalata +49.68 +54.22 + 54.56 +48.09 +49.38 +54.70
% Change -6.66 0.78 -6.53 -3.63 5.65
74.73 74.77 82.47 85.27 84.67 77.60
Ekdgmtd +53.28 +51.97 + 54.60 + 54.07 +53.03 +49.34
% Change 0.04 10.35 14.09 13.29 3.84
75.97 76.60 79.13 78.60 79.17 73.73
Dharana +51.02 +51.38 +57.74 +53.38 +54.45 +47.34
% Change 0.83 4.17 3.47 4.21 -2.94
75.97 85.10 | 99.80 100.63 86.06 85.87
Dhyana +51.44 +56.95 | £57.14*** | £ 58.06* +61.93 | +58.82
% Change 12.02 31.37 32.46 13.28 13.03

0.001;
Bonferroni
session).
individual states.
D4, and Post).

a decrease with

While there was
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decrease of 0.78% to 6.53% in Caficalata, Ekagratd showed increased of 0.04% to 14.09%, Dharana showed decreased of 0.83% to

4.21%, Dhyana showed increased of 13.03% to 32.46% in NN50.

6.3. SIX LETTER CANCELLATION TEST

6.3.1. RECAPITULATION

Performance in letter cancellation task were assessed in 35 practitioners in four sessions i.e. caficalata, ekagrata, dharand, and dhyana.

RANOVA were performed with two ‘Within Subjects’ factors, i.e., Factor 1: Sessions; caficalata, ekagrata, dharana, and dhyana, and
Factor 2: States; Pre and Post. This was followed by a Post-hoc analysis with Bonferroni adjustment for multiple comparisons between
the mean values of different states (Pre and Post). The groups mean values and standard deviations for total scores, scores for wrong
cancellations and net scores before and after caficalata, ekagrata, dharand, and dhyana sessions are given in Table 6.3.1.

Six-letter cancellation task

Repeated measures analysis of variance (ANOVA).

The RMANOVA showed a significant interaction between Groups and States for total scores in all the sessions (£=9.795,

df=3, 36, p<.001, Huynh-Feldt epsilon=0.900), net scores (F=10.198, df=3, 34, p<0.001, Huynh-Feldt epsilon=0.821) and wrong
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scores in sessions and states (F=3.207, df=3, 36, p<.05, Huynh-Feldt epsilon=0.897). This suggested that for all three scores, Groups
and States were not independent of each other (Zar, 2005).

Post hoc tests with Bonferroni adjustment.

Total and net scores were significantly higher after the dharana session compared to the pre scores (p<.02), whereas after the

caficalata session they were significantly lower (p<.001). No significant change was observed in other sessions for the letter

cancellation task.

Table 6.3.1.

Total scores, net scores and scores for letters wrongly cancelled in a six letter cancellation task before and after separate sessions

of caficalata, ekagrata, dharana, and dhyana.

Total Scores Net Scores Score for Wrong
Cancellation
States Pre Post % Pre Post % Pre Post %
change change change
Carficalata | 35.26 26.60 -24.65 | 34.11 26.17 -23.28 | 1.14 0.40 -64.91
+9.87 | £6.72%** +10.29 | +6.76*** +2.02 | +0.60*
Ekagrata | 31.54 31.69 0.48 30.97 31.23 0.84 0.57 0.46 -19.3
+9.20 +9.39 +8.71 +9.54 +1.44 | +1.15
Dharana | 32.26 37.49 16.21 32.60 36.94 13.31 0.23 0.29 26.09
' +8.90 | +11.78* +8.79 +12.32% +0.60 | +0.79
Dhyana | 36.96 35.11 -5.01 36.46 34.51 -5.35 0.23 0.60 160.87
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‘111.43 +9.23 ‘ ‘111.46‘ +9.55 ‘ ‘10.60‘ +1.58 ‘ ‘

*p <0.05, ***p <0.001; RMANOVA with Bonferroni adjustment (within session).

Comparing individual states. (i.e. D1, D2, D3, D4, and Post). Minus sign indicate a decrease with respect pre data. While there was a
decrease of 24.65% in Caficalata, Ekagrata showed increased of 0.48%, Dharana showed an increase of 16.21%, Dhyana showed

decrease of 5.01% in Total scores.
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There was a decrease of 23.28% in Caricalata, Ekagrata showed an increase of 0.84%, Dharana showed an increase of 13.31%,

Dhyana showed decrease of 5.35% in Net scores.

There was a decrease of 64.91% in Caricalata, Ekagrata showed decreased of 19.30%; Dharana showed an increase of 26.09%,
Dhyana showed an increase of 160.87% in scores for Wrong Cancellation task.
6.4 SUMMARY OF RESULTS

Trend Table: 6.4.1

The trend in arrows and percentage change shown for peak latencies in during States for wave I, wave III and wave V

SI. No. Variables During

C E Dh Dhy
I. Wave | ~ ~ ~ ~
2. % change 2.32 1.22 0.40 0.54
3. Wave 111 ~ ) 0 ~
4. % change 1.28 0.89 0.51 0.32
5. Wave V i i ~ ~
6. % change 0.95 1.39 0.5 0.39

Note: C = Caificalata., E = Ekagrata ., Dh = Dharana., Dhy = Dhyana.

~ = no significant change.
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Trend Table: 6.4.2

Review of Literature

The trend in arrows and percentage change shown in autonomic & respiratory variables reordered during phases of two

meditation and two control sessions

Variables During

C E Dh Dhy
RR ! J ~ !
% change 16.07 6.67 -5 -18.75
HR ~ ~ ~ )
% change 1.81 -1.79 -2.86 -6.16
PLT ~ ~ ~ 0
% change -12.24 -9.23 8.60 10.39
GSR 1 1 1 1
% change 8.15 10.25 8.09 13.95

Note: C = Caricalata., E = Ekagrata., Dh = Dharana.,

~ = no significant change.

Dhy = Dhyana.

Trend Table: 6.4.3

The trend in arrows and percentage change shown in frequency domain measures of heart rate variability spectrum reordered

during phases of two meditation and two control sessions

Variables

During

C

| E

| Dh

| Dhy
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LF I I ~ !
% change 18.75 14.53 3.8 2924
HF - f - !
% change -19.76 -17.68 6.91 30.60
LF/HF ~ 1 - ~
% change 63.38 55.30 5.11 ~40.43

Note: C = Caricalata., E = Ekagrata., Dh = Dharana., Dhy = Dhyana.

~ = no significant change.

Trend Table: 6.4.4

Review of Literature

The trend in arrows and percentage change shown in time domain measures of heart rate variability spectrum reordered during

phases of two meditation and two control sessions

Variables During

C E Dh Dhy
Mean RR ! ) 1 )
% Change -1.15 2.26 2.94 2.12
Mean HR 1 | l !
% Change 0.18 -2.17 -2.03 -2.01
RMSSD ! 0 0 0
% Change -2.88 -2.83 2.08 11.59
NNS50 ! 1 0 1
% Change -3.10 6.12 2.12 18.96
PNN50 ! T 1 T
% Change -3.01 10.81 3.78 16.19

Note: C = Caificalata., E = Ekagrata ., Dh = Dharana., Dhy = Dhyana.
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~ = no significant change.
Trend Table: 6.4.5

The trend in arrows and percentage change shown for total scores, net scores and scores for letters wrongly cancelled in a six

letter cancellation task before and after separate sessions of caficalata, ekagrata, dharana, and dhyana

variables sessions

C E Dh Dhy
Ts lxxx - Tr -
% change -24.56 0.48 16.21 -5.01
NS l*** ~ T:’: ~
% change -23.28 0.84 13.31 -5.35
Ws 1 ~ ~ ~
% change -64.91 -19.3 26.09 160.87

Note: C = Caificalata., E = Ekagrata ., Dh = Dharanda., Dhy = Dhyana.
~ = no significant change.
The present study does demonstrate a difference between dharana and dhyana states of meditation based on the most pertinent results

detailed in the previous section are discussed under the three main categories of variables (i) measures of sensory information
processing,  measured throughout (pre, during and post states) the recording sessions, (ii) measures of reduction in

psychophysiological arousal entails and (iii) performance in a letter cancellation task measured before and after the sessions.
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7.1 BRAINSTEM AUDITORY EVOKED POTENTIALS (BAEPs)

The wave V peak latency was significantly increased during caficalata by 0.9 percent and ekagrata by 1.4 percent, but there was no

change during dharana and dhyana sessions. In the literature there is only one previous study of short latency auditory evoked

potentials in TM practitioners. In this study, at moderate stimulus intensities (40 to 50 dB) the wave V latency increased following
meditation (McEvoy, et al. 1980). In contrast, at higher stimulus intensities the wave V latency was slightly decreased by a
comparison of slopes and intercepts of stimulus intensity-latency functions. The authors suggested a possible effect of Transcendental
Meditation on brainstem activity. In the present study there was no attempt to vary the stimulus intensity which was kept at 80 dB
normal hearing level. This would fit in the category of a higher intensity stimulus based on the categorization in the earlier study

(McEvoy, et al. 1980). Compared to that study, even at this high stimulus intensity the latency of wave V did not decrease during
either of the two meditation sessions (dharana and dhyana) while an increase in wave V peak latency was found in caficalatd and
ekagrata sessions.

An increase in latency of an evoked potential component is taken to suggest that sensory information processing at the level of the

underlying neural generator is delayed (Telles, & Desiraju, 1993). This suggests that in caficalata and ekiagratd mental states, sensory

processing at the midbrain level was delayed. Another feature of the present study is that a difference was seen in the nature of results

in the two meditation sessions.
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In the introduction it was already mentioned that dharana and dhyana states have been described in an ancient yoga text, namely

Patafijali’s yoga Siitras. In this text, dharana literally means ‘fixing the mind on a specific object’ (Patafijali’s yoga Siitras Chapter 5

verse 1). The mind could be fixed on any point and as long as disturbances from any source are warded off this mental state is called

dharana. When dharana becomes effortless it takes the form of dhyana which is defined as the uninterrupted spontaneous flow of the

mind towards the chosen object.

In contrast to this the two control sessions (caficalata and ekagratd) are described in another ancient text, the Bhagavad Gita
(Bhakttivedanta Svami Prabhupada, 1988). The caricalata state is characterized by constant shifting of thoughts from one object to
another. The ekagrata state is quite different from this and is similar to concentration. When haphazard thoughts are streamlined in a
single direction it is called ekagrata.

Hence irrespective of whether meditators were in a state of random thinking (caficalatd) or channelized thinking in concentration
(ekagrata) there was a delay in sensory information processing, as mentioned above at the mid-brain level, (possibly the inferior
colliculus) level. The mental state was characterized by a lack of effort during dhyana session whereas, there is an effort involved

during dharana session. In both the sessions, the latency of wave V did not show any significant change in sensory information
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processing. In contrast, there was a significant delay seen post dhdrana session, while no such changes was observed post dhyana

session. During dhyana compared to before there was a relative increase in wave V amplitude (relative to wave III) suggesting

recruitment of more neurons at the inferior collicular level.

Further studies are required to understand whether neural relay centers further along the auditory pathway would also change

differently in dharana and dhyana states. The main limitation of the present study is the fact that there was no attempt to vary stimulus

intensities and hence the earlier findings of McEvoy, Frumkin and Harkins (1980), could not be examined. Despite these limitations
the present study does demonstrate a difference between dharana and dhyana states of meditation based on brainstem auditory evoked

potentials.

7.2 AUTONOMIC AND RESPIRATORY VARIABLES

In the present study, changes in autonomic and respiratory variables were evaluated in four mental states. These were: caficalata,
ekagrata, dharana and dhyana. The study assessed the autonomic and respiratory variables on normal healthy volunteers who were

experienced in practicing meditation on the syllable ‘OM’ in two meditation (i.e., dharana and dhyana) and two control sessions (i.e.
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caficalatd and ekagrata sessions) in four mental states. Several changes of different autonomic and respiratory variables were observed
at each of these four stages.

In this study the low frequency (LF) power of Heart rate variability (HRV) was lower during dhyana sessions. The high
frequency (HF) power was higher during the dhyana practice. The LF/HF ratio was higher during the ekagrata practice. The changes
in LF power suggest that there was increased sympathetic activity in caficalatd and ekagrata sessions. In the time domain analysis of
heart rate variability RMSSD was higher during all sessions except caficalatd. NN50 was also higher during ekagrata, dharana and
dhyana. The pNN50 was higher during all three sessions except caficalata.

The breath rate was significantly lower during dhyana sessions while there was significantly increased during caficalata. The lowering
of breath rate was consistent during and after the practice of dhyana session. The heart rate too was lower during d/yana in the present
study. All four session viz., caficalata, ekagrata, dharana and dhyana showed an increase in skin resistance during the practices

Following meditative defocusing dhyana, there was significant change in mention above variables which suggests a physiological

relaxed state, while there were no such changes seen following other sessions.
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From the late 1960s there have been several studies on the effects of practicing meditation in both inexperienced as well as
experienced meditators (Wallace, et al. 1971; Wallace, 1970).These studies did not support a single idea of meditation and showed
varied results. However majority of these studies showed a parasympathetic dominance and reduced sympathetic activity, there were
few studies (Corby, et al. 1978) which showed contradictory results challenging the relaxation model of meditation.

Hence these early studies did not support a single model of meditation as being either activating or relaxing. A subsequent
study which used a self-as-control design assessed each individual in both meditation and non meditation sessions, each of which was
repeated thrice (Telles & Desiraju, 1993°). Here, differences between subjects and differences in the repeat sessions of an individual
were attributed to inherent individual differences between individuals. It was considered that this could definitely influence the
individual’s physical response to yoga. Another factor which was considered important is the fact that an individual’s mental state
varies from one day to another, or even within shorter time periods.

However it was considered worth examining the description of meditation in ancient yoga texts and understanding whether this

description would influence the effects observed experimentally.

In Patafijali’s Yoga Siitras (circa 900 B.C.) there are two meditative states described (Taimni, 1986). These are focusing on the
object of meditation (called dharana in Sariiskrta; Patafjali’s Yoga Siitras 3:1) and a meditative state characterized by no effort and

by ‘de-focusing’ (called dhyana in Samiskrta; Patafjali’s Yoga Siitras 3.2). The two are supposed to follow one another, in sequence.
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With this separation of meditation, as dharana and dhyana sessions, dharana may be suspected to be more physiologically activating
whereas dhyana would suggest more of physiological relaxation.
In the present study changes in autonomic and respiratory variables were evaluated in four mental states. These were: caficalata,

ekagrata, dharana and dhyana. The change of different autonomic and respiratory variables in each of these four stages is given

below.

Heart rate variability has been found to be valuable in describing the role of the two divisions of autonomic system in cardio-
circulatory regulation. Some of the autonomic variables which were assessed in the present study directly indicate the level of activity
in different subdivisions of the sympathetic nervous system whereas others indicate autonomic balance. The heart rate for example, is
regulated by dual innervations (sympathetic and vagal) as well as humoral factors (Andreassi, 2000). This also applies to the heart rate
variability (HRV) components. The low frequency (LF) band of the HRV is mainly related to sympathetic modulation when expressed
in normalized units (Task force of the European Society of Cardiology and the North American Society of Pacing and

Electrophysiology, 1996), while the efferent vagal activity is a major contributor to the high frequency (HF) band. The LF/HF ratio is

correlated with the sympathovagal balance (Malliani et al., 1991). In the present study the LF power was lower during dhyana

sessions. The HF power was higher during the dhyana practice. The LF/HF ratio was higher during the ekagrata practice. The changes
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in LF power suggest that there was increased sympathetic activity in caficalatd and ekagrata sessions. Hence dharana did not influence

the HRV in the same way.

An increase in finger plethysmogram amplitude is correlated with decreased nor adrenergic vasomotor sympathetic control of
the cutaneous blood vessels (Telles, 1995). The skin conductance level is an indicator of the level of activity in the cholinergic
sudomotor sympathetic nerves supplying the eccrine sweat glands (Shields et al., 1987), which is believed to be the major contributor

to changes in the spontaneous electrodermal activity (Fowles, 1986). In the present study there was increase in skin resistance during

all four session viz., caficalata, ekagrata, dharana and dhyana. An increased skin resistance is well recognized as marker of reduced

psychophysiological arousal in meditation (Orme-Johnson, 1973). It is also to be noted that the highest percent increase was during
dhyana (14.0 percent) compared to the lowest percent increase during dharana (8.1 percent).

Unlike these variables it is well established that the breath rate depends upon numerous factors ranging from physical activity to

psychological stressors (Stevenson and Ripley, 1952).

The breath rate was significantly lower during dhyana sessions (18.75) while there was significantly increased during caficalata (16.07

percent). The lowering of breath rate was consistent during and after the practice of dhyana session. The rate of breathing is known to
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vary directly with the level of anxiety (Srinivas & Telles, 1999). A decreased breath rate is a well recognized correlate of reduced

psychophysiological arousal. Hence for this variable also there were difference between dharana and dhyana.
The heart rate was also lower during dhyana in the present study there was a lowering of both breathing rate and heart rate during

dhyana suggestive of physiological relaxation.

In the time domain analysis of heart rate variability the most commonly used measures derived from interval differences include
RMSSD, which is the square root of the mean squared differences of successive NN intervals; NN50, the number of interval
differences of successive NN intervals greater than 50 ms; and pNN50, the proportion derived by dividing NN50 by the total number
of NN intervals. All of these measurements of short-term variation assess high-frequency variations in heart rate and thus are highly
correlated. It is also believed that both the RMSSD and pNN50 indices sensitive to changes in the high frequency components. They
select the changes that occur from one QRS cycle to the very next. Some evidence suggests that these time domain are the best
predictors of parasympathetic activity (Task force of the European Society of Cardiology and the North American Society of Pacing

and Electrophysiology, 1996).

In the present results RMSSD was higher during all sessions except caficalata. NN50 was also higher during ekagrata, dharana and

dhyana. The pNN50 was higher during all three sessions except caficalata. The RMSSD (along with the pNN50) are time domain

measures which are highly correlated with frequency domain measures and recognized to be strongly dependent on vagal tone (Massin
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et al., 1999). Hence ekagrata, dharana and dhyana apeeared to be related to changes in vagal tone, with percentage changes (in

pNNS50, for example) of 10.9 percent, 3.8 percent, and 16.2 percent. Hence here also, the highest magnitude of change occurred during

dhyana, while lowest change occurred during dharana.

7.3 SIX LETTER CANCELLATION TASK

The present study assessed the effects of meditation focusing (dharana) and meditative defocusing (dhyana) (as well as two ‘control’
conditions) on the performance in a letter cancellation task. The net scores improved following meditative focusing (dharana), alone,

while they were lower after non targeted thinking (caficalata).

Several studies have shown an improvement in the efficiency of executive or orientational processing following meditation (Chan &
Woollacott, 2007). There are also reports of changes associated with increased concentration and attention. For example, a study on
Zen meditators reported an increase in both sympathetic and parasympathetic indices during the appearance of frontal midline theta
rhythm (Fm theta) compared to control periods (Kubota, Sato, Toichi, Murai, Okada, Hayashi, & Sengoku, 2001). The Fm theta
rhythm is recognized as distinct theta activity which reflects mental concentration associated with a low anxiety state. This suggested
that meditation brought about a relaxed state with heightened internalized attention and concentration.

A study of the contingent negative variation amplitude was the basis of assessing the effect of meditation on attention to external

objects (Travis, Tecce, Arenander, & Wallace, 2002). Here the effects of transcendent experiences occurring during the practice of
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transcendental meditation were studied on the contingent negative variation amplitude, rebound and distraction effects. The contingent
negative variation is an event-related potential occurring between a warning stimulus and an imperative stimulus requiring a response
(Walter, Cooper, Aldridge, Callum, & Wnter 1964). The changes in transcendental meditation practitioners suggested that
transcendent experiences could enhance cortical responses and executive functioning.

Another event related potential was shown to change following the practice of a meditation technique called cyclic meditation (Sarang
& Telles, 2006°). Cyclic meditation (CM) consists of cycles of ‘stimulating’ and of ‘calming’ practices. The P300 peak latency was
reduced to a greater extent following CM compared to an equal duration period of supine rest. The P300 latency reflects the speed of
stimulus classification and is an index of stimulus processing, rather than response generation (Polich, 2004). The P300 peak latency is
negatively correlated with mental function in normal persons; shorter latencies being associated with superior cognitive performance
in tasks for attention and immediate memory.

In a separate study, following cyclic meditation there was an improvement in performance in a letter cancellation task (Sarang &
Telles, 2007). Since the letter cancellation task assesses selective attention and concentration (Uttl & Pilkenton-Taylor, 2001), these
results support the idea of improved attention following cyclic meditation. However, cyclic meditation practice was also associated
with a decrease in oxygen consumption (Telles, Reddy, & Nagendra, 2000; Sarang & Telles, 2006%) and changes in the heart rate
variability suggestive of vagal dominance and/or sympathetic withdrawal (Sarang & Telles, 2006"). Hence CM, as was earlier

mentioned for Zen Meditation (Kubota, et al., 2001), was characterized by both relaxation and alertness.
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In the present study attention alone was measured. There was no attempt to assess objective indicators of relaxation/arousal

simultaneously. The present results suggest that meditative focusing (dharanad) may be the phase during which attention improves.We

may also speculate that relaxation occurs during the dhyana phase. Further studies using objective measurements would substantiate

these findings and help to understand the mechanisms involved.

8.1 SUMMARY OF THE FINDINGS

1. In the present study thirty subjects were studied in four separate sessions i.e., caficalatd (random thought), ekagrata (concentration),

dharana (focused attention) and dhyana (meditation). The sample size was calculated and the effect size obtained, based on reports in

an unpublished Ph.D thesis entitled ‘Psychophysiology of meditation including responses to external stimuli’ (Naveen, 2005).

2. In the traditional texts [the Patafijali’s Yoga Siitras (Taimini, 1961) and Bhagavad Gita (Bhakttivedanta Svami Prabhupada,
1998)] it has been described that when awake and in the absence of a specific task the mind is very distractible (caficalatd), and has to
be taken through the stages of ‘streamlining the thoughts’ (concentration or ekagratd), followed by one-pointed concentration

(focusing or dharand), then reaching the meditative state (defocused, effortless single thought state or dhyana). Earlier findings
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suggest that ‘OM’ meditation facilitates the neural activity in mesencephalic or diencephalic level as well as psycho-physiological
relaxation. Based on these backgrounds, the present study was carried out to understand the psycho-physiological effects of these four
states of wakeful mind.

3. The study design consisted of four sessions i.e., two meditation and two control sessions. All four sessions consisted of three states,
i.e., ‘pre’ (5 minutes), ‘during’

(20 minutes), and ‘post’ (5 minutes) separately on different days.

4. The following assessments were made:

¢ Brainstem Auditory Evoked Potentials (BAEPs)

e Autonomic and Respiratory variables (ARV) and

e Six letter cancellation task (SLCT)

5. For each of the variables the data were analyzed separately using repeated measures ANOVA followed by post-hoc analysis.

6. The results have shown the following changes:
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(1) Brainstem auditory evoked potential —There was a significant increase in the latency only of Wave V during the caricalati session

(Pre versus During, 0.4%), ekagrata session (Pre versus During & post, 0.9% and 1.56%) and following the dharana session (Pre

versus Post, 1.22%). There were no significant changes in amplitude of wave V as well as other waves during all sessions.

(i1) Autonomic and respiratory variables
Galvanic Skin Resistance (GSR): There was a significant increase in the galvanic skin resistance during and after the dhyana session
(8.60% to 17.03%) in comparison to caficalata (7.3% to 10.28%), ekagrata (7.43% to 11.36%), and dharana (5.20% to 11.36%)
sessions.
e Finger Plethysmogram Amplitude (FPA): There was a significant increase in the digit pulse volume in dhyana session (Pre
versus During 2.28% to 12.26%).
e Electrocardiogram (EKG): There was a significant decrease in the heart rate in dhyana session (Pre versus During & post,
4.93% to 7.73%).
e Respiratory rate: There was a significant increase in the respiratory rate in caficalata sessions (Pre versus During & post 2.69%
to 15.56%). But in session dhyana there was significant decrease in respiratory rate (Pre versus During & post 8.86% to

19.59%).
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e HRV LF: There was a significant increase in low frequency in caficalata and ekagrata sessions caficalati (Pre versus During &
post 15.95% to 22.67%), ekagrata (Pre versus During & post 13.22% to 15.78%). But there was significant decrease in low
frequency in dhyana session (Pre versus During & post 15.42% to 25.53%)).

e HF: There was a significant decrease in high frequency in ekagrata session (Pre versus During & post 16.15% to 19.23%), while
there was significant increase in high frequency in dhyana session (Pre versus During & post 23.55% to 37.76%).

e LF/HF: There was a significant increase in low and high frequency ratio in ekagrata session (Pre versus During & post 41.44%

to 83.67%).
(iii) Six letter cancellation task (SLCT): Total and net scores were significantly higher after the dharana session (16.21% and 13.31%)
compared to the pre scores, whereas after the caficalati session they were significantly lower (24.65% and 23.28%). No significant

change was observed in other sessions for the letter cancellation task.

7. The possibility that the neural transmission of auditory sensory information is not delayed through the inferior colliculus during

dhyana may be considered to be supported by the fact the wave V to wave III (wave V / wave III) amplitude ratio was significantly

higher during dhyana. LF power was lower during dhyana sessions. The HF power was higher during the dhyana practice. This may
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be due to relaxation component of dhyana. An increased skin resistance is well recognized as marker of reduced psychophysiological

arousal in meditation (Orme-Johnson, 1973). It is also to be noted that the highest 13 percent increase was during dhyana. Unlike
these variables it is well established that the breath rate depends upon numerous factors ranging from physical activity to
psychological stressors (Stevenson and Ripley, 1952). The heart rate was also lower during dhyana in the present study there was a
lowering of both breathing rate and heart rate during dhyana suggestive of physiological relaxation. The RMSSD (along with the
pNN50) are time domain measures which are highly correlated with frequency domain measures and recognized to be strongly

dependent on vagal tone (Massin et al., 1999). Hence ekagrata, dharana and dhyana appeared to be related to changes in vagal tone,

the present results suggest that meditative focusing (dharani) may be the phase during which attention improves

8.2 CONCLUSIONS

These results showed that information transmission along the auditory pathway is delayed during caficalatd and ekagrata with no

change during dharana and dhyana. In dhyana there was a relative increase in wave V amplitude (relative to wave III) suggesting

recruitment of more neurons at the inferior collicular level durig compared to before. This suggests that auditory information

transmission was delayed at the inferior collicular level (the tectum) as the wave V corresponds to the tectum. Also, the changes in
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autonomic and respiratory variables suggested a higher magnitude of psycho-physiological relaxation during dhyana (decrease by
18% in RR, 6% in HR whereas increase by 10% in PLT, and 13% in GSR) as compared to other sessions. Performance in the six
letter cancellation task also suggested that meditative focusing (dharani) may improve attention by 13% in net score.

Hence the null Hypothesis: (1) the information transmission in auditory pathway will not be delayed in caficalata, ekagrata, and
dharana while it will not remain unaltered if not delayed at the brainstem level in dhyana phase (2) dhyana would not induce a state of
deep rest with alertness and there will be no autonomic arousal in other phases of ekagrata and dharana (3) there will be no increased
attention in all phases ekagrata, dharana and dhyana with no higher increase in dhyana is disproved. It appears that separating

meditation as dharana and dhyana and comparing these phases with caficalata, and with ekagrata as a third, meditative state is useful.

The states have different and distinct changes.

8.3 STRENGTH

The distinction between two phases described by Patafijali (Circa 900 B.C.), dharana and dhyana, resulted in group significant and
distinct changes showing that the phase of dharana promotes autonomic arousal, increased higher attention, visual scanning and

delayed information processing while dhyana decreased the ANS arousal, yet promoting attention as also no delayed information
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processing. These conclusions of study would possibly explain the controversial findings of the different techniques of meditation as

also in the different phase of meditation.

8.4 LIMITATIONS OF THE PRESENT STUDY

I.  The subjects were volunteers from student community which may make it less possible to generalize the findings.

II. That there was no attempt to vary stimulus intensities and hence the earlier demonstrated the short latency auditory evoked

potentials very with stimulus characteristic (McEvoy, et al. 1980) could not be examined.

8.5 IMPLICATIONS OF THE STUDY

The present findings support the outcomes of the earlier studies on ‘OM’ meditation leads to changes at the thalamic/primary cortical
areas which is beneficial for attention (Telles & Desiraju, 1993) also a sign of increased mental alertness, even while being
physiologically relaxed while chanting “OM ™ (Telles, et al. 1995).

These findings have possible applications in

I. Education

II. Health care and
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Specific occupations described below.

Education: Most systems of education place emphasis on attention, concentration, memory, mental alertness, etc. Since the
practice of meditation leads to changes at thalamic/primary cortical areas (Telles & Desiraju, 1993) which are known to
facilitate these activities, meditation has an important role to play in education. Also the present day education exposes the
student to various stresses especially at the mental levels. Thus mental relaxation has become an essential need, which would

be fulfilled by the practice of meditation.

Health care: Stress is a major factor in modern illness (Nagendra & Nagarathna, 2000). Meditation on ‘OM’ has been found to
be effective to reduce stress levels with increasing a higher magnitude of psycho-physiological relaxation coupled with
increased mental alertness. For this reason, meditation may be an adjunct in treating several diseases. Hence, meditation acts as
a holistic treatment for prevention, promotion of positive health management of disease, and as an important part of

complementary and alternative medicine (CAM).

Specific occupations: Certain occupations require immediate decision making (viz., air force pilots, drivers, musicians, artists,
scientists, and sports men) which need sharp auditory information processing, higher mental alertness and a mentally relaxed

state. ‘OM’ meditation is found to improve all of these and therefore is of great use to these occupations.
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SUGGESTIONS FOR FUTURE WORK

Larger numbers of subjects are from diverse section of the society.
Analysis of the results found in the different techniques of meditation and different phase of each meditation techniques based

other Dharana and Dhyana components in them.

Further studies are required to understand whether neural relay centres further along the auditory pathway would also change

in dharana and dhyana stages, using middle and long latency evoked potentials.

Further studies should include functional magnetic resonance imaging (fMRI) to study which part of the brain is involved

during different stages of meditation.

Adiswarananda, Svami. (2004). Meditation and its Practices. Adaita Asharama: Kolkata.

Agarwal, A. K., Kalra, R., Natu, M. V., Dadich, A. P., & Deswal, R. S. (2002). Psychomotor performance of psychiatric inpatients
under therapy: assessment by paper and pencil tests. Human psychopharmacology, 17, 91-93.

Amador-Campos, j. A., & Kirchner-Nebot, T. (1999). Correlations among scores on measures of field dependence-independence
cognitive style, cognitive ability, and sustained attention. Perceptual and Motor Skills, 88, 236-239.

Apte, S. V. (1992). Practical Sanskrit English Dictionary. Motilal Banarasidas Publishers, Pvt. Ltd: Delhi.

239



Review of Literature

Atreya, B. L., & Samvid. (1993). The Vision and way of Vasistha. Indian Heritage Trust: Madras.

AARC Clinical Practice Guidelines for metabolic measurement using indirect calorimetry during mechanical ventilation.
Respiratory Care. 1994; 39 (12): 1170-1175.

Akishige Y, A historical survey of the psychological studies in Zen. Kyushu psychological studies, V, Bulletin of the faculty of
Literature of Kyushu University. 1968; 11: 1-56.

Altman, D. G., Gore, S. M., Gardner, M. J., & Pocock, S. J. (1983). Statistical guidelines for contributors to medical journals.
British Medical Journal, 286: 1489-1493.

Bahadur, K. P. (1988). The wisdom of gaﬁkhya. Sterling Pvt. Ltd: Bangalore.

Bangali, B. (2002). Yoga Siitra of Patafijali with the commentary of Vyasa. Motilal Banarasidas Publishers Pvt. Ltd: Delhi.

Banquet, J. P. (1973). Spectral analysis of the EEG in meditation. Electroencephalography and clinical neurophysiology, 35, 143-
151.

Bhaktivedanta Svami Prabhupada, A. C. (1998). Bhagavad Gita: as it is. The Bhaktivedanta Book Trust: Mumbai.

Brefczynski-Lewis, J. A., Lutz, A., Schaefer, H. S., Levinson, D. B., & Davidson, R. J. (2007). Neural correlates of attentional

expertise in long-term meditation practitioners. Proceedings of the National Academy of Sciences of the United States of America,
104(27), 11483-11488.

Brown, D. P. (1977). A model for the levels of concentrative meditation. The International journal of clinical and experimental
hypnosis, 25, 236-273.

240



Review of Literature
Bernardi, L., Sleight, P., Bandinelli, G., Cencetti, S., Fattorini, L., Johanna Wdowczyc-Szulc, J. & Lagi, A. (2001). Effect of
rosary prayer and yoga mantras on autonomic cardiovascular rhythms: comparative study. British medical journal, 323: 22-29.

Barnes, V. A., Treiber, F. A., & Davis, H. (2001). Impact of Transcendental Meditation on cardiovascular function at rest and
during acute stress in adolescents with high normal blood pressure. Journal of psychosomatic research, 51(4): 597-605.

Berntson, G. G., Norman, G. J., Hawkley, L. C., & Cacioppo, J. T. (2008). Spirituality and Autonomic Cardiac Control. Annals of
behavioral medicine, 35(2): 198-208.

Becker, D. E., Shapiro, D. (1981). Physiological response to clicks during Zen, Yoga, and TM meditation. Psychophysiology, 18:
694 -699.

Brahmavadhut, Sri Sukhanandanatha. (1992). Shabdarthachintamani. Printwell: Jaipur.

Brunia, C. H. M. (1993). Waiting in readiness: gating in attention and motor preparation. Psychophysiology, 30: 327-339.

Cahn, B. R., & Polich, J. (2006). Meditation states and traits: EEG, ERP, and neuroimaging studies. Psychological bulletin, 132,
180-211.

Chan, D., & Woollacott, M. (2007). Effects of Level of Meditation Experience on Attentional Focus: Is the Efficiency of
Executive or Orientation Networks Improved? Journal of alternative and complementary medicine, 13, 651-658.

Cahn, B. R., & Polich, J. (2009). Meditation (Vipassana) and the P3a event-related brain potential. International journal of
psychophysiology, 72(1): 51-60.

Chao, Khun, Phra Sobhana Dhammasudhi. (1968). Insight Meditation. The Committee for the advancement of Buddhism:
London.

241



Review of Literature

Cinmayananda, Svami. (2001). Kenopanisad. Central Cinmayananda Mission: Bombay.

Cinmayananda, Svami. (2002). Katha Upanisad. Central Chinmayananda Mision: Bombay.

Cinmayananda, Svami. (2002). Talks on Shanakar’s Vivekcudmani. Central Cinmayananda Misién: Bombay.
Cinmayananda, S. (1984). Mandukya Upanisad. Sachin publishers: Bombay.

Cinmayananda, Svami. (2001). The Holy Gita. Central Chinmaya Mission Trust: Mumbai.

Cinmayananda, Svami. (2002). Talks on Shanakar’s Vivekcudmani. Central Cinmayananda Mission, Bombay.

Corby, J. C., Roth, W. T., Zarcone, V. P. J. R., & Kopell, B. S. (1978). Psychophysiological correlates of the practice of Tantric
Yoga meditation. Archives of General Psychiatry, 35, 571-577.

Cysarz, D. (2005). Biissing A. Cardiorespiratory synchronization during Zen meditation. European journal of applied physiology,
95(1): 88-95.

Cranson, R., Goddard, P. H., & Orme-Johnson, D. (1990). P300 under conditions of temporal uncertainty and filter attenuation:
Reduced latency in long-term practitioners of TM. Psychophysiology, 27: S23.

David, w. (1973). Orme-johnson Autonomic Stability and Transcendental Meditation. Psychosomatic Medicine, 35: 341-349.

Doraiswamy, P. M., & Xiong, G. L. (2007). Does Meditation Enhance Cognition and Brain Longevity? Ann N Y Acad Sci. [Epub
ahead of print]

242



Review of Literature
Delbanco, T. (1993). The healing roles of doctor and patient, in Healing and the mind, B. Moyers, New York, ed., David Grubin
Productions, 7-23.

Deiber, M. P., Ibanez, V., Fischer, C., Perrin, F., & Mauguiére, F. (1988). Sequential mapping favors the hypothesis of distinct
generators for Na and Pa middle latency auditory evoked potentials. Electroencephalography and Clinical Neurophysiology, 71:
187-197.

Dillbeck, M. C. (1977). The effect of the Transcendental Meditation technique on anxiety level. Journal Clinical Psychology,
33(4): 1076-1078.

Elson, B. D., Hauri, P., & Cunis, D. (1977). Physiological changes in Yoga meditation. Psychophysiology, 14, 52-57.
Feuerstein, G. (2001). The Yoga tradition, its history, litrature, philosophy and practice. Hohm Press: Arizona.

Fredrikson, M., & Engel, B. T. (1985). Cardiovascular and electrodermal adjustments during a vigilance task in patients with
borderline and established hypertention. Journal of psychosomatic research, 29, 235-246.

Fox, E. (1993). Attentional bias in anxiety: selective or not?. Behavioral Research and Therapy, 31(5): 487-93.
Gamabhiranada, Svami. (1986). Svetasvatara Upaniiiat with the comentary of Shankarachanrya. Advaita Ashram: Calcutta.
Gamabhiranada, Svami. (1995). Mundaka upanisat. Advaita Ashram: Calcutta.

Gamabhiranada, Svami. (1998). Taittiriya upanisat. Advaita Ashram: Calcutta.

Gordeev, S. A., Baziian, B. Kh., Liubimov, N. N. (1992). The dynamics of somatosensory and visual evoked potentials as a
correlate of reversible states of altered consciousness. Biulleten' eksperimental'noi biologii i meditsiny, 114(11): 451-453.

243



Review of Literature

Goyeche, J. R. M., Chihara, T., & Shimizu, H. (1972). Two concentration methods: A preliminary comparison. Psychologia, 15:
110-111.

Gujjar, A. R., Sathyaprabha, T. N., Nagaraja, D., Thennarasu, K., & Pradhan, N. (2004). Heart rate variability and outcome in
acute severe strok: role of power spectral analysis. Neurocritical care, 1(3): 347-353.

Hirai, T. (1960). Electroencephalographic study on the Zen Meditation (ZAZEN)-EEG changes during concentrated relaxation.
Psychiatria et neurologia Japonica, 62, 76-105.

Hamada, T., Murata, T., Takahashi, T., Ohtake, Y., Saitoh, M., Kimura, H., Wada, Y., & Yoshida, H. (2006). Changes in
autonomic function and EEG power during mental arithmetic task and their mutual relationship. Rinsho byori. The Japanese
Jjournal of clinical pathology, 54(4): 329-334.

Hirai, T. (1975). Zen Meditation Therapy. Japan publications, Tokyo.

Jasper, H. H. (1958). The ten-twenty electrode system of the International federation. Electroencephalography and clinical
neurophysiology, 10: 371-375.

Joseph, C., Ram, Shankar, A., Kulkarni, D. D., Ramchandra, M., Narasimhalu, G., & Desiraju, T. (1987). Post meditational effects
of Brahmakumaris (BK) and Transcendental Meditation(TM) on computer — averaged event related evoked potential components
recorded in the P300 cognitive paradigm. Indian Journal of Physiology and Pharmacology. 31: 49.

Kubota, Y., Sato, W., Toichi, M., Murai, T., Okada, T., Hayashi, A., & Sengoku A. (2001). Frontal midline theta rhythm is
correlated with cardiac autonomic activities during the performance of an attention demanding meditation procedure. Brain
research. Cognitive brain research, 11, 281-287.

Kasamatsu, A., Hirai, T. (1966). An electroencephalographic study on the Zen meditation (zazen). Folio psychiatry Neurology
Japonica, 20: 315-36.

244



Review of Literature

Khushu, S., Telles, S., Kumaran, S., Naveen, K. V. & Tripathi, R. P. (2000). Frontal activation during meditation based on
functional magnetic resonance imaging (fMRI). Indian Journal of Physiology and Pharmacology, 44(5): 34.

Kjaer, T. W., Bertelsen, C., Piccini, P., Brooks, D., Alving, J., & Lou, H. C. (2002). Increased dopamine tone during meditation-
induced change of consciousness. Brain Research. Cognitive Brain Research, 13(2): 255-259.

Lang, R., Dehof, K., Meurer, K. A., & Kaufmann, W. (1979). Sympathetic activity and Transcendental meditation. Journal of
neural transmission, 44, 117-135.

Lauter, J. L., Oyler, R. F., & Lord-Maes, J. (1993). Amplitude stability of auditory brainstem responses in two groups of children
compared with adults. British journal of audiology, 27: 263-271.

Lazar, S. W, Kerr, C. E., Wasserman, R. H., Gray, J. R., Greve, D. N., Treadway, M. T., McGarvey, M., Quinn, B. T, Dusek, J. A,
Benson, H., Rauch, S. L., Moore, C. L., & Fischl B. (2005). Meditation experience is associated with increased cortical thickness.
Neuroreport, 28: 1893-1897.

Lutz, A., Greischar, L. L., Perlman, D. M., & Davidson, R. J. (2009). BOLD signal in insula is differentially related to cardiac
function during compassion meditation in experts vs. novices. Neuroimage. [Epub ahead of print]

Laberge, D. (1995). Attentional processing: the brain’s art of mindfulness. UK: Harvard University Press, Cambridge.

Lehrer, P. M., Schoicket, S., Carrington, P., & Woolfolk, R. L. (1980). Psychophysiological and cognitive responses to stressful
stimuli in subjects practicing progressive relaxation and clinically standardized meditation. Behavior Research and Therapy,
18(4): 293-303.

Lou, H. C., Kjaer, T. W, Friberg, L., Wildschiodtz, G., Holm, S., & Nowak, M. A. (1999). A 150 — H20 PET study of meditation
and the resting state of normal consciousness. Human Brain Mapping, 7(2): 98-105.

245



Review of Literature

Madhusudhan, Saraswati., & Gambhiranada, Svami. (1998). Bhagavad Gita. Advaita Ashrama, Himalaya.

Manjunath, N. K., Srinivasa, R., Nirmala, K. S., Nagendra, H. R., Kumar, A., & Telles, S. (1998). Shorter latencies of middle
latency auditory evoked potentials in congenitally blind compared to normal sighted subjects. The International journal of
neuroscience, 95: 173-181.

McEvoy, T. M., Frumkin, L. R, Harkins, S. W. (1980). Effects of meditation on brainstem auditory evoked potentials. The
International journal of neuroscience, 10: 165-170.

Mishra, U. K., & Kalita, J. (2001). Clinical neurophysiology. B. 1. Churchill Livingstore: New Delhi.
Mokshadananda, Svamzi. (1997). Jivan-Mukti-Viveka of Svami Vidyaranya. Advaita Ashrama: Calcutta.
Muktibodhananada, Svamsi. (2003) HathaYoga Paradipika. Yoga Publication Trust: Munger.

Mumukshananda, Svami. (1998). Teachings of Ramakrishna Pramahansa. Advaita Ashram: Champawat, Himalaya.

Murata, T., Takahashi, T., Hamada, T., Omori, M., Kosaka, H., Yoshida, H., & Wada, Y. (2004). Individual trait anxiety levels
characterizing the properties of Zen meditation. Neuropsychobiology, 50, 189-194.

Malliani, A., Pagani, M., Lombardi, F., & Cerutti, S. (1991). Cardiovascular neural regulation explore in the frequency domain,
Circulation, 84: 482-92.

Mountcastle, V. B. (1980). Medical Physiology (vol.2). St. Louis: CV Mosby; 1980.

Nagendra, H. R. (2001). Mind Sound Resonance Technique. Svami Vivekananda Yoga Prakashana: Bangalore.

246



Review of Literature

Nagendra, H. R., & Nagrathana, R. (2003). New perspectives in stress management. Svami Vivekananda Yoga Prakashana:
Bangalore.

Nagendra, H. R., & Nagrathana, R. (2001). Promotion of Positive Health. Svami Vivekananda Yoga Prakashana: Bangalore.

Nagendra, H. R., Svami, N. V. C., & Mohan, T. (2003). Patafijali Yoga Stitras. Svami Vivekananda Yoga Prakashana: Bangalore.

Napadow, V., Dhond, R., Conti, G., Makris, N., Brown E. N., & Barbieri, R. (2008). Brain correlates of autonomic modulation:
combining heart rate variability with fMRI. Neuroimage, 42: 169-177.

Natu, M. V., & Agarwal, A. K. (1997). Testing of stimulant effects of coffee on the psychomotor performance: an exercise in
clinical pharmacology. Indian journal of pharmacology, 29, 11-14.

Newberg, A., Alavi, A., Baime, M., Pourdehnad, M., Santanna, J., & D'aquili, E. (2001). The measurement of regional cerebral
blood flow during the complex cognitive task of meditation: a preliminary SPECT study. Psychiatry research, 10, 113-122.

Naveen, K. V., & Telles, S. (2003). Sensory perception during sleep and meditation: common features and differences. Perceptual
and Motor Skills, 96: 810-11.

Nishimura. M., & Onodera, S. (2000). [Relaxative effects of supine floating on heart rate, blood pressure and cardiac autonomic
nervous [correction of nerveous system activity]| Uchu Koku Kankyo Igaku, 37(3): 49-56

Niskanen, J. P., Tarvainen, M. P., Ranta-aho, P. O., & Karjalainen, P. A. (2004). Software for advanced HRV analysis. Computer
Methods and Programs in Biomedicine, 76: 73-81.

Narayansvami, K. A. (2003).Thirty minor Upanisads. Himanshu Laser System: Delhi.

247



Review of Literature

Orme-Johnson, D. W. (1973). Autonomic stability and Transcendental Meditation. Psychosomatic medicine, 35, 341-349.

Orme-Johnsona, D. W., Schneidera, R. H., Sonb, Y. D., Nidicha, S., & Cho, Z. H. (2006). Neuroimaging of meditation’s effect on
brain reactivity to pain. Neuroreport, 21, 17(12): 1359-1363.

Polich, J. (1999). P300 in clinical applications. In E. Niedermeyer, F. Lopes da Silva, (Eds.), Electroencephalography: Basic
Principles, Clinical Applications and Related Fields (pp. 1073-1091). Baltimore-Munich: Urban and Schwarzenberg.

Panjwani, U., Selvamurthy, W., Singh S. H., Mukhopadhyay, S., Thakur, L. (2000). Effect of Sahaja yoga meditation on auditory
evoked potentials (AEP) and visual contrast sensitivity (VCS) in epileptics. Applied psychophysiology and biofeedback, 25 (1): 1-
12.

Peng, C. K., Henry, 1. C., Mietus, J. E., Hausdorff, J. M, Khalsa, G., Benson, H., & Goldberger, A. L. (2004). Heart rate dynamics
during three forms of meditation. International journal of cardiology, 95(1): 19-27.

Paul-Labrador, M., Polk, D., Dwyer, J. H., Velasquez, 1., Nidich, S., Rainforth, M., Schneider, R., & Merz, C. N. (2006). Effects
of a randomized controlled trial of transcendental meditation on components of the metabolic syndrome in subjects with coronary
heart disease. Archives of internal medicine, 166(11): 1218-1224.

Phongsuphap, S., Pongsupap, Y., Chandanamattha, P., & Lursinsap C. (2007). Changes in heart rate variability during
concentration meditation. International journal of cardiology, 130(3): 481-484.

Peressutti, C., Martin-Gonzalez, J. M., Garcia-Manso, M. J., & Mesa, D. (2009). Heart rate dynamics in different levels of Zen
meditation. International journal of cardiology, [In press].

Polich, J. (2004). Clinical application of P300 event-related brain potential. Physical Medicine and Rehabilitation Clinics of North
America, 15, 133-161.

248



Review of Literature

Prabhavananda, Svami. (2002). Patafijali Yoga Siitras. Sri Ramakrishana Math, Madras.
Prasad, P. S. K. (1990). Bhagavad Gita Explained to the Modern Man. Karunkar Pandarangi, Hyderabad.

Pandit Usharbudh Arya. (1986). Yoga Stitras of Patafijali with the exposition of Vyasa. The Himalayan International Institute:
Pennsylvania.

Ramgopalachari, C. (1958). Mahabharata. Bharti Vidya Bhavan: Bombay.

Rai, L., & Ram, K. (1993). Energy expenditure and ventilatory responses during virasana- a yogic standing posture. Indian
Journal of Physiology and Pharmacology, 37(1), 45-50.

Rai, L., Ram, K., Kant, U., Madan, S. K., & Sharma, S. K. (1994). Energy expenditure and ventilatory responses during
siddhasana - a yogic seated posture. Indian Journal of Physiology and Pharmacology, 38(1), 29-33.

Raghuraj, P., Ramakrishnan, A. G., Nagendra, H. R. & Telles, S. (1998). Effect of two selected yogic-breathing techniques on
heart rate variability. Indian Journal of Physiology and Pharmacology, 42(4): 467-472.

Rinck, M., Becker, E. S., Kellermann, J., & Roth, W. T. (2003). Selective attention in anxiety: distraction and enhancement in
visual search. Depression and Anxiety, 18(1): 18-28.

Rinck, M., Becker, E. S., Kellermann, J., & Roth, W. T. (2003). Selective attention in anxiety: distraction and enhancement in
visual search. Depression and Anxiety, 18(1): 18-28.

Sarang, S. P., & Telles, S. (2006") Oxygen consumption and respiration during and after two yoga relaxation techniques. Applied
psychophysiology and biofeedback, 31, 143-153.

249



Review of Literature
Sarang, P., & Telles, S. (2006b) Effects of two yoga based relaxation techniques on heart rate variability. International journal of
stress management, 13, 460-475.

Sarang, S. P., & Telles, S. (2006°) Changes in P300 following two yoga-based relaxation techniques. The International journal of
neuroscience, 116, 1419-1430.

Sarang, S. P., & Telles, S. (2007). Immediate effect of two yoga-based relaxation techniques on performance in a letter-
cancellation task. Perceptual and Motor Skills, 105, 379-385.

Srinivasan, N., & Baijal, S. (2007). Concentrative meditation enhances preattentive processing: a mismatch negativity study.
Neuroreport, 18(16): 1709-1712.

Subramanya, P., & Telles, S. (2009). Changes in midlatency auditory evoked potentials following two yoga-based relaxation
techniques. Clinical EEG and neuroscience, 40(3): 190-195.

Solberg, E. E., Ekeberg, O., Holen, A., Ingjer, F., Sandvik, L., Standal, P. A., & Vikman, A. (2004). Hemodynamic changes
during long meditation. Applied psychophysiology and biofeedback, 29(3): 213-221.

Satyananda, Saraswati, Svami. (1992). Meditations. Bihar School of Yoga: Munger.

Sugi, Y., & Akutsu, K. (1968). Studies on respiration and energy-metabolism during sitting in Zazen, Research Journal of
Physical Education, 12, 190-206.

Sukhanandanatha, Brahmavadhut. (1992). Sri. Shabdarthachintamani. Printwell, Jaipur.

Sun, F. L., Li, D. M, & Li, G. Y. (1996). Influence of different combination of mental activity and respiratory cycle on heart rate
variability. Zhongguo Zhong Xi Yi Jie He Za Zhi, 16(3): 153-155.

250



Review of Literature

Swahanada, Svami. (1984). Chandogya upanisat. Sri Ramkrishana Math, Madras.

Szabo, A., Mesko, A., Caputo, A., & Gill, E. T. (1999). Examination of exercise-induced feeling states in four modes of exercise.
International Journal of Sport Psychology, 29: 376-379.

Sakakibara, M., Takwuchi, S., & Hayano, J. (1994). Effect of relaxation training on cardiac parasympathetic tone.
Psychophysiology, 31: 223-228.

Taimini, [. K. (1986). Science of Yoga. The Theosophical Society Publishing House, Madras.

Takahashi, T., Murata, T., Hamada, T., Omori, M., Kosaka, H., Kikuchi, M., Yoshida, H., & Wada, Y. (2005). Changes in EEG
and autonomic nervous activity during meditation and their association with personality traits. International journal of
psychophysiology, 55(2): 199-207.

Tapasyananda, Svami. (2002). Srimad Bhavad Gita. Sri Ramkrishana Math, Chennai.

Tapasyananda, Svami. (1982). Srimad Bhagavat Mahapurana. Sri Ramkrishana Math: Chennai.

Telles, S., & Desiraju, T. (1993). Recording of auditory middle latency evoked potentials during the practice of meditation with
the syllable ‘OM’. The Indian journal of medical research, 98: 237-239.

Telles, S., Nagarathna, R., & Nagendra, H. R. (1994). Alterations in auditory middle latency evoked potentials during meditation
on a meaningful symbol "OM". The International journal of neuroscience, 76: 87-93.

Telles, S., Nagarathna, R., & Nagendra, H. R. (1995). Autonomic changes during ‘OM’ meditation. Indian journal of physiology
and pharmacology, 39(4): 418-420.

251



Review of Literature

Telles, S., Nagarathna, R., & Nagendra, H. R. (1998). Autonomic changes while mentally repeating two syllables — one
meaningful and the other neutral. Indian journal of physiology and pharmacology, 42(1): 57-63.

Telles, S., & Naveen, K. V. (2004). Changes in middle latency auditory evoked potentials during meditation. Psychological
reports, 94: 398-400.

Telles, S., & Desiraju, T. (1993"). Autonomic changes in Brahmakumaris raja yoga meditation. International journal of
psychophysiology, 15, 147-152.

Telles, S., Raghuraj, P., Maharana, S., Nagendra, H. R. (2007). Immediate effect of three yoga breathing techniques on
performance on a letter-cancellation task. Perceptual and motor skills, 104, 1289-1296.

Telles, S., Reddy, S. K., & Nagendra, H. R. (2000). Oxygen consumption and respiration following two yoga relaxation
techniques. Applied psychophysiology and biofeedback, 25, 221-227.

Travis, F., Tecce, J., Arenander, A., & Wallace, R. K. (2002). Patterns of EEG coherence, power, and contingent negative
variation characterize the integration of transcendental and waking states. Biological Psychology, 61, 293-319.

Tang, Y. Y., Ma, Y., Wang, J., Fan, Y., Feng, S., Lu, Q., Yu, Q., Sui, D., Rothbart, M. K., Fan, M., & Posner, M. 1. (2007). Short-
term meditation training improves attention and edings of the National Academy of Sciences of the United States of America,
104(43): 17152-17156.

Tang, Y. Y., Ma, Y., Fan, Y., Feng, H., Wang, J., Feng, S., Lu, Q., Hu, B., Lin, Y., L1, J., Zhang, Y., Wang, Y., Zhou, L., & Fan,
M. (2009). Central and autonomic nervous system interaction is altered by short-term meditation. Proceedings of the National
Academy of Sciences of the United States of America, 106(22): 8865-8870.

Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology. (1996).
Heart Rate Variability: standards of measurement, physiological interpretation, and clinical use. European Heart Journal, 17: 354-
81.

252



Review of Literature
Telles, S., Joshi, M., Dash, M., Raghuraj, P., Naveen, K. V., & Nagendra, H. R. (2004). An evaluation of the ability to voluntarily
reduce the heart rate after a month of yoga practice. Integrative Physiological & Behavioral Science, 39(2): 119-125.

Throll, D. A. (1982). Transcendental medication and progressive relaxation: their physiological effects. Journal of Clinical Psychology,
38(3): 522-530.

Travis, F., & Miskov, S. (1994). P300 latency and amplitude during eyes-closed rest and Transcendental Meditation practice.
Psychophysiology, 31: S67.

Usharbudh, A. P. (1986). Yoga Siitras of Patafijali with the exposition of Vyasa. The Himalayan International Institute,
Pennsylvania.

Uttl, B., & Pilkenton-Taylor C. (2001). Letter cancellation performance across the adult life span. The Clinical neuropsychologist,
15, 521-530.

Udupa, K., Sathyaprabha, T. N., Thirthalli, J., Kishore, K. R, Raju, T. R., & Gangadhar, B. N. (2006). Alteration of cardiac
autonomic functions in patients with major depression: a study using heart rate variability measures. Journal of affective disorders.
100: 137-141.

Vempati, R. P., & Telles, S. (2002). Yoga based relaxation reduces sympathetic activity judged from base line levels.
Psychological Reports, 90: 487-494.

Vempati, R. P., & Telles S. (2002). Yoga based relaxation reduces sympathetic activity judged from base line levels.
Psychological Reports, 90: 487-94.

Vivekananda, Svami. (2001). Conquering the Internal Nature: Raja Yoga. Advaita Ashram: Champawat, Himalaya.

253



Review of Literature

Vivekananda, Svami. (1971). The Yogas and Other Works. Edited by Svami Nikhilananda. Ramkrishana-Vivekananda Center,
New York (pp.694).

Vyas, R., & Dikshit, N. (2002). Effect of meditation on respiratory system, cardiovascular system and lipid profile. Indian journal
of physiology and pharmacology, 46(4): 487-491.

Vivekananda, Svami. (2001). Conquering the Internal Nature: Raja Yoga. Advaita Ashram: Champawat, Himalaya.

Vivekananda, Svami. (1971). The Yogas and Other Works. Edited by Svami Nikhilananda. Ramkrishana-Vivekananda Center,
New York. (pp.694).

Vdyananda Saraswati Svami. (1985). The Brahmasutra. Deva Vedic Prakssana: Bandra, Bombay.

Wallace, R. K., Benson, H., & Wilson, A. F. (1971). A wakeful hypometabolic physiologic state. The American journal of
physiology, 221, 795-799.

Wallace, R. K., Orme-Johnson, D. W., Mills, P. J., & Dillbeck, M. C. (1984). Academic achievement and the paired Hoffman
reflex in students practicing meditation. The International journal of neuroscience, 24(3-4): 261-266.

Wallace, R. K. (1970). Physiological effects of Transcendental Meditation. Science, 167, 1751-1754.

Walter, W. G., Cooper, R., Aldridge, V. J., Mccallum W. C., & Winter, A. L. (1964). Contingent negative variation: an electric
sign of sensorimotor association and expectancy in the human brain. Nature, 203, 380-384.

Woods, D. L, & Clayworth, C. C. (1985). Click spatial position influences middle latency auditory evoked potentials (MAEPs) in
humans. Clinical EEG, 60: 122-129.

254



Review of Literature
Wewers, M. E., & Lowe, N. K. (1990). A critical review of visual analogue scales in the measurement of clinical phenomena.
Research in nursing & health, 13(4): 227-236.

Walton, K. G., Schneider, R. H., & Nidich, S. (2004). Review of controlled research on the transcendental meditation program and
cardiovascular disease. Risk factors, morbidity, and mortality. Cardiology in review, 12(5): 262-266.

Wallace, R. K., Benson, H., & Wilson, A. F. (1971). A wakeful hypo metabolic physiological state. American Journal of Physiology,
227:795-799.

Wewers, M. E., & Lowe, N. K. (1990). A critical review of visual analogue scales in the measurement of clinical phenomena.
Research in Nursing and Health, 13: 227-36.

Yadav, A., Tandon, O. P., & Vaney, N.(2002). Auditory evoked responses during different phases of menstrual cycle. Indian
Journal of Physiology and Pharmacology, 46: 449-456.

Yildirir, A., Kabakci, G., Akgul, E., Tokgozoglu, L., & Oto, A. (2002). Effects of menstrual cycle on cardiac autonomic
innervation as assessed by heartrate variability. Annals of noninvasive electrocardiology, 7(1): 60-63.

Yesavage, J. A., & Jacob, R. (1984). Effects of relaxation and mnemonics on memory, attention and anxiety in the elderly.
Experimental Aging Research, 10(4): 211-14.

ZAR, J. H. (2005). Biostatistical analysis. (4th ed.) Person Education (Singapore) Pvt. Ltd. Delhi, India.

Zeier, H. (1984). Arousal reduction with biofeedback-supported respiratory meditation. Biofeedback and self-regulation, 9(4):
497-508.

Zhang, W., Zheng, R., Zhang, B., Yu, W., & Shen, X. (1993). An observation on flash evoked cortical potentials and Qigong
meditation. The American journal of Chinese medicine, 21(3-4): 243-249.

255




Review of Literature




EFFECT OF 'OM MEDITATION ON BRAINSTEM AUDITORY EVOKED POTENTIALS, AUTONOMIC AND RESPIRATORY VARIABLES' AND SELECTIVE ATTENTION

Thesis submitted by


SANJAY KUMAR


Towards the partial fulfillment of 


DOCTOR OF PHILOSOPHY (YOGA) 


NOVEMBER 2009


[image: image23.bmp]

SWAMI VIVEKANANDA YOGA ANUSANDHANA SAMSTHANA


(declared as Deemed University under Section 3 of the UGC Act, 1956) 


BANGALORE - 560 019


I N D I A

CONCEPT OF OM MEDITATION AND ITS COMPONENTS (CAÏCALATÄ, EKÄGRATA, DHÄRAËÄ & DHYÄNA) ACCORDING TO ANCIENT YOGIC TEXTS AND SPIRITUAL LORE

Thesis Submitted for the Award of

DOCTOR OF PHILOSOPHY (YOGA)

By


SANJAY KUMAR 

Under the Guidance of 


H.R. NAGENDRA M.E., Ph.D.


SHIRLEY TELLES M.B., B.S., M.Phil., Ph.D., D.Sc.

SWAMI VIVEKANANDA YOGA ANUSANDHANA SAMSTHANA


(declared as Deemed University under Section 3 of the UGC Act, 1956) 


BANGALORE - 560 019


I N D I A


CERTIFICATE


This is to certify that Sanjay Kumar who has been given Ph.D. registration with effect from September 11, 2004 by Swami Vivekananda Yoga Anusandhana Samsthana, Deemed University under the Division of Yoga and Life Sciences has successfully completed the required ‘training’ in acquiring the relevant background knowledge in physiology, neurology and psychology related to Yoga He has completed the required ‘course of research’ for not less than two years to submit this thesis as per the rules and regulations of the University.

We also declare that the subject matter of this thesis entitled                  EFFECT OF 'OM MEDITATION ON BRAINSTEM AUDITORY EVOKED POTENTIALS, AUTONOMIC AND RESPIRATORY VARIABLES AND SELECTIVE ATTENTION' has not previously formed the basis of the award of any degree, diploma, associate-ship, fellowship or similar titles.


H.R. Nagendra M.E., Ph.D.                           Shirley Telles M.B., B.S., .Phil., Ph.D.

Vice-chancellor                                           Professor & Head                 

(Guide)                                                    Department of Biosciences                                                                                                                                                                                                                   

                                              (Co-guide)


Date:


Place: Bangalore     


D E C L A R A T I O N


I, hereby declare that this study was conducted by me at Swami Vivekananda Yoga Anusandhana Samsthana (S-VYASA), Bangalore, under the guidance of Dr. H.R. Nagendra, Vice-chancellor and Dr. Shirley Telles, Prof. & Head, Dept. of Biosciences, Swami Vivekananda Yoga Anusandhana Samsthana, Deemed University, Bengaluru. 


I also declare that the subject matter of my thesis entitled “EFFECT OF 'OM MEDITATION ON BRAINSTEM AUDITORY EVOKED POTENTIALS, AUTONOMIC AND RESPIRATORY VARIABLES AND SELECTIVE ATTENTION” has not previously formed the basis of the award of any degree, diploma, associate-ship, fellowship or similar titles.

Date:                      



       SANJAY KUMAR

Place: Bengaluru




(Candidate)


ACKNOWLEDGEMENT


No duty is more urgent than that of acknowledgement. 


I express my profound gratitude to my guides, Dr. H.R. Nagendra and Dr. Shirley Telles for their encouragement and guidance. Their contribution in my development cannot be expressed in words. 


My grateful acknowledgements to Indian Council of Medical Research for funding this project.


Also my grateful acknowledgements are due to the Pujaniya Late. Laxmi Aunty,  Late.  Prof. A.S.N Shastry, Prof. Ramachandra Bhat, Prof.  N.V.C. Swamy,  Sri T. Mohan, Dr. R. Nagarathna, Dr. N.K. Manjunath, Dr. K.V. Naveen and Dr. Ravi Kulkarni for their co-operation and guidance. 


I thank all the members of the faculty, Deputy Registrar  Dr. Ravikumar and my colleagues Sanjib, Subramanya, Meesha, Deepak, Raghavendra, Deepu, Suhas and Balaram for their help at different stages of this work. I acknowledge with thanks other colleagues who greatly helped me during my experimental sessions. Also I would like to thank all the students who participated in my research as subjects.


I am indebted to my family and parents for their love and support.


Finally I thank that unseen Divine, the source of all Creation without whose wish, this work wouldn’t have been possible directly or indirectly. 


Bangalore                                        


SANJAY KUMAR

Date: 






 


STANDARD INTERNATIONAL TRANSLITERATION CODE USED TO TRANSLITERATE SANSKRIT WORDS


a
= 
A

ìa
=
'

pa
=
p
 


ä 
=
Aa

ca 
=
c

pha
=
)



i
=
#

cha
=
D

ba
= 
b


é
=
$

ja
=
j

bha 
= 
É

u
=
%

jha 
=
H 

ma
= 
m


ü
=
^

ï
=
|

ya
= 
y


å           =         \               
öa 
=
q

ra 
= 
r

è          =          §                öha 
=
Q 

la
= 
l

e
=
@

òa 
=
f

va
= 
v

ai
=
@e 

òha 
=
F 

ça 
=
z

o
=
Aae

ëa
=
[
    
ña 
=
;


au
=
AaE

ta
=
t

sa
= 
s



à
=
A<  

tha
=
w

ha
=
 h

ù
=
A>
 
da
=
d

kña 
=
]

ka
=
k 

dha
= 
x 

tra 
= 
Ç

kha
=
o 

na
= 
n 

jïa
=
}


ga
=
g



gha 
=
" 




ABSTRACT


Background

Research on meditation in volunteers who were previous naïve to meditation began with studies on transcendental meditation (TM) in the early 1970 (Wallace 1970, Wallace, et al. 1971). Subsequently, there have been several studies on widely differing meditation techniques and practitioners for e.g., study done by Hirai (1960) on Japanese Zazen meditation showed that during the practice, meditators


 showed an increase in heart rate and increase in beta activity in EEG. However,  another study on Zen meditators showed that this meditation was associated with decrease in breath rate (Kasamatsu & Hirai 1966). Hence the two studies on Zen meditation showed different trends. The study by Hirai (1960) suggested that Zen meditation is activating which was in contrast to study done by Kamatsu and Hirai (1970), which suggested that Zen meditation is physiologically relaxing. Another study done on a meditation technique called Änanda Märga meditation (based on principles from täntric yoga text) showed  that the practitioners of this meditation had an increase in heart rate from a mean of 69.4 to 72.8 and an increased skin conductance (Corby, et al. 1978).  In contrast, a study by another group showed that Änanda Märga meditators had reduced breath rate (Elson, et al. 1977). Here again like the two studies on Zen meditation, two studies on Änanda Märga meditation also had  conflicting implication. While the study by Corby  et al  (1978) and others suggested that Änanda Märga meditation is physiologically activating. The study by Elson et al (1970) suggested that Änanda Märga meditation decreased physiological activation. All these studies compared  meditators with non-meditators. A different research design was attempted to assess whether this would reduce inter-subject variability. This is a self-as-control design, which required the same person to be assessed in yoga session and in a non-yoga session (Telles, et al. 1992). This approach also involed assessing each yoga practitioners in repeated yoga and non-yoga sessions and it was found that there was definite inter-subject variability as well as intra-subject variability (i.e., where each pratitioners differed in their trends of results of different days).

Hence no clear picture emerged about the effect of  meditation on autonomic and respiratory variables given the considerable intra and inter individual variability (Telles, & Desiraju, 1993a; Telles, & Desiraju, 1993b; Telles, et al. 1995; Telles, et al. 1998). Hence it was considered that practitioners may be showing different results because they practice meditation in different ways i.e., meditation on OM was found to be praticed by visualizing the syllable OM  as it is written in Sanskrit while   few other practitioners praticed by mentally repeating OM (Telles, et al. 1994). Thus an  attempt  was made to teach all practitioners to practice meditation in the same way  and this resulted in group significant results (Telles, et al. 1994). However this may limit the individual’s experience and sense of fulfillment derived from meditation.

This gave rise to the idea of examining description of meditation from traditional yoga texts may give, common results across different subjects. Hence, the present study intended to examine the effects of meditation as described in Pataïjali’s  yoga Sütras as well as two more mental states described in the Bhagavad Gétä. These mental states are Dhäraëä (Pataïjali’s Yoga Sütras, Chapter 3: Verse 1) and Dhyäna (Pataïjali’s Yoga Sütras, Chapter 3: Verse 2) and two other states, these  are random thinking Caïcalatä (Bhagavad Gétä Chapter 6: Verse 34), and single pointed ekägratä (Bhagavad Gétä Chapter 6: Verse 12).

In order to understand the psycholphysiological effects the assessments comprised an attenion task, autonomic and respiratory variables as well as brain stem auditory evoked potential. The last variable was selected to assess whether these practices influence sensory information processing as assessed by evoked potentials. 

Aim


The present study aimed to assess the psycho-physiological changes during caïcalatä (random thinking), ekägratä (focusing), dhäraëä (meditative focusing), and dhyäna (meditation without focusing) on: (1) brainstem and auditory evoked potentials (2) autonomic and Respiratory variables (3) performance in a six letter cancellation task.

Methods


Thirty subjects from Svämé  Vivekänanda Yoga Research Foundation, Bangalore, South India were selected with ages ranging from 20 to 45 years (M = 29.1 ± SD = 6.5 years) who had a minimum of 6 months experience in ‘OM’ meditation. 


Design

Each subject was assessed in four sessions i.e., two meditation (dhäraëä and dhyäna) and two control sessions (caïcalatä and ekägratä) to record brainstem auditory evoked potentials, autonomic and respiratory variables separately. And for performance in a cancellation task, assessments were made immediately before and after each session. The two control sessions were: (i) Ekägratä, i.e., single topic lecture and (ii) Caïcalatä, i.e., non-targeted thinking. The two meditation sessions were (i) Dhäraëä, i.e., focusing on the symbol ‘OM’ and (ii) Dhyäna, i.e., meditation with effortless focusing on OM, the object of meditation. All four sessions consisted of three states, i.e., ‘pre’ (5 minutes), ‘during’ (20 minutes), and ‘post’ (5 minutes).

The assessments were made on four different days, but at the same time of the day (i.e., the self-as-control design). The allocation of the subjects to the four sessions was randomized using a standard random number table. This was done to prevent the influence of being exposed to the laboratory for the first time, from influencing the results. 

Assessments


I. BAEP were recorded using the Nicolet Bravo system (Nicolet Biomedicals, U.S.A.).

II. Autonomic and respiratory variables  using 4-channel polygraph (Polyrite D, Recorders & Medicare Systems, Chandigarh, India)

a) Galvanic Skin Resistance (GSR) 


b) Finger Plethysmogram Amplitude (FPA) 


c) Electrocardiogram (EKG) 


d) Respirogram


(i) Six letter cancellation task (SLCT) 


Intervention 


Throughout all sessions subjects kept their eyes closed and followed pre recorded instructions. The instructions emphasized carrying out the practice slowly, with awareness and relaxation. The meditators who participated in the study underwent a month of orientation sessions where they practiced two phases which formed a continuum in meditation (dhäraëä and dhyäna) as two separate sessions and two control sessions, i.e., caïcalatä or non-target thinking and ekägratä  (by ‘listening to a lecture on meditation, with multiple, yet associated thoughts’).

These states are described in the traditional texts i.e., the Pataïjali’s Yoga Sütras and Bhagavad Gétä, (Bhagavad Gétä Chapter 6: Verse 34, Chapter 6: Verse 12; Pataïjali’s Yoga Sütras, Chapter 3: Verses 1-2) stating that when awake and in the absence of a specific task the mind is very distractible (caïcalatä), and has to be taken through the stages of ‘streamlining the thoughts’ (concentration or ekägratä), before moving on to the stage of meditation. These are: one-pointed concentration, non-analytical focusing or dhäraëä and a defocused, effortless single thought state or dhyäna. 

During  caïcalatä session (non-targeted thinking) the participants were directed to allow their thoughts to wander freely as they listened to a pre recorded general conversation of a local radio station transmission. During ekägratä practice participants were listening to a lecture on meditation. The dhäraëä session consisted of meditative focusing on the meaning of the Sanskrit syllable, ‘OM’, where OM is used as a symbol for the entire universe, representing that which sustains everything (Mäëòukya Upaniñat; Cinmayänanda, 1984). The dhyäna session consisted of meditation with effortless absorption with the object of meditation. For the two meditation sessions (dhäraëä and dhyäna) and the other two control sessions (caïcalatä & ekägratä) participants were given guided instructions with a compiled audio CD relevant to the respective sessions. All sessions (dhäraëä, dhyäna, caïcalatä, and ekägratä) constituted a practice of 20 minutes duration.


Data analysis


Statistical analysis was done for all variables using SPSS (Version 10.0). The peak latencies and peak amplitudes of all seven waves and all autonomic variables were analyzed using repeated-measures analyses of variance (ANOVAs),  and post-hoc analyses with Bonferroni adjustment was to compare ‘pre’ data with ‘during’ and ‘post’. Also six letter cancellation task scores were analyzed using repeated-measures analyses of variance (ANOVAs),  and post-hoc analyses with Bonferroni adjustment was to compare ‘pre’  with ‘post’ scores.

The repeated measures analyses of variance (ANOVAs) were performed with two ‘Within Subjects’ factors, i.e., Factor 1: Sessions; with four levels, viz., caïcalatä, ekägratä, dhäraëä, and dhyäna, and Factor 2: States; with six levels, viz., Pre, During (D1 to D4), and Post. These repeated measures ANOVAs were carried out for the peak latency and peak amplitude of all levels as well as autonomic and respiratory variables. For letter cancellation task the repeated measures analyses of variance (ANOVAs) were performed with two ‘Within subjects’ factors, i.e., Factor 1: Sessions; with four levels, viz., caïcalatä, ekägratä, dhäraëä, and dhyäna, and Factor 2: States; with two levels  Pre and post.  This was followed by a post-hoc analysis with Bonferroni adjustment for multiple comparisons between the mean values of different states (Pre, During 1 to During 4 and Post) and pre and post data analysis was done for letter cancellation task. 

Results and Discussion

(i). Brainstem auditory evoked potential –There was a significant increase in the latency of Wave V during the caïcalatä session (Pre versus During), ekägratä session (Pre versus During & post) and following the dhäraëä session (Pre versus Post).

Hence irrespective of whether meditators were in a state of random thinking (caïcalatä) or channelized thought in concentration (ekägratä) there was a delay in sensory information processing, as mentioned above at the mid-brain, (possibly the inferior colliculus) level. The mental state was characterized by a lack of effort during dhyäna session, where as there was effort involved during dhäraëä session; in both the sessions, the latency of wave V did not show any significant delay in sensory information processing.  In contrast, there was a significant delay seen post dhäraëä session while no such changes was observed post dhyäna session.

ii)    Autonomic and respiratory variables-  


· Galvanic Skin Resistance (GSR): There was a significant increase in the galvanic skin resistance during and after the dhyäna session in comparison to caïcalatä, ekägratä, and dhäraëä sessions. 


· Finger Plethysmogram Amplitude (FPA): There was a significant increase in the digit pulse volume in dhyäna session (pre versus during).

· Electrocardiogram (EKG): There was a significant decrease in the heart rate in dhyäna session (pre versus during & post).


· Respiratory rate: There was a significant increase in the respiratory rate in caïcalatä sessions (pre versus during & post). But in session dhyäna there was significant decrease in respiratory rate (pre versus during & post).

· HRV LF: There was a significant increase in low frequency in caïcalatä and ekägratä sessions (caïcalatä (pre versus during & post), ekägratä (pre versus during & post). But there was significant decrease in low frequency in dhyäna session (pre versus during & post).

· HF: There was a significant decrease in high frequency in ekägratä session (pre versus during & post), while there was significant increase in high frequency in dhyäna session (pre versus during & post).


· LF/HF: There was a significant increase in low and high frequency ratio in ekägratä session (pre versus during & post).

 In the present study the LF power was higher during caïcalatä, ekägratä and lower in dhyäna sessions. The HF power was lower during the ekägratä practice and higher during the dhyäna practice. The LF/HF ratio was higher during the ekägratä practice. The changes in LF and HF power suggest that there was a shift towards the increased sympathetic activity during caïcalatä and ekägratä, where as increased parasympathetic activity was observed during dhyäna sessions. Hence dhäraëä did not influence the HRV.

In the present study there was a significantly higher increase in skin resistance during dhyäna session in compare to other sessions. The rate of breathing is known to vary directly with the level of anxiety (Srinivas & Telles, 1999). A decreased breath rate is a well recognized correlate of reduced psychophysiological arousal. Hence for this variable also there were difference between dhäraëä and dhyäna. The heart rate was also lower during dhyäna in the present study there was a lowering of both breathing rate and heart rate during dhyäna suggestive of physiological relaxation.


· Six letter cancellation task (SLCT): Total and net scores were significantly higher after the dhäraëä session compared to the pre scores, whereas after the caïcalatä session they were significantly lower. No significant change was observed in other sessions for the letter cancellation task.


 Conclusions 


These results showed that information transmission along the auditory pathway is delayed during caïcalatä and ekägratä with no change during dhäraëä and dhyäna.

In dhyäna there was a relative increase in wave V amplitude (relative to wave III) suggesting recruitment of more neurons at the inferior collicular level compared to before. This suggests that during dhyäna auditory information transmission was delayed at the inferior collicular level (the tectum) as the wave V corresponds to the tectum. Also the autonomic and respiratory variables suggested a higher magnitude of psycho-physiological relaxation during dhyäna as compared to other sessions. Performance in the six letter cancellation task also suggested that meditative focusing (dhäraëä) may improve attention.

1.1 BACKGROUND


Meditation has become popular throughout the globe since 1960 while it has been in vogue for centuries. It is a systematic approach for an individual to become one with the object of meditation and ultimately the highest level of consciousness of which man is capable (Taimni, 1961). During meditation a state of mind is reached which is characterized by deep relaxation as well as increased internalized attention (Murata, et al. 1979).

Meditation as part of yoga in general has been described as a training in awareness which produces definite changes in perception, attention and cognition (Brown, 1977). Based on changes in oxygen consumption, carbon dioxide elimination, breath rate and the electroencephalogram (EEG), the practice of Transcendental meditation (TM) has reported to induce a ‘wakeful hypo-metabolic physiologic state’ (Wallace & Benson, et al.1971). Similarly, a decrease in oxygen consumption occurred following meditation on a meaningful syllable, ‘OM’ which was accompanied by decrease in cutaneous blood flow suggesting an increase in sympathetic vasomotor tone. This suggested that meditation on ‘OM’ produces a state of alertful rest (Telles, et al. 1998). The relationship between the mental state and body physiology; emotional and cognitive processing and the biological correlates of religious experience are being studied (Newberg & Iverson, 2003). The verbal definition of different phases of meditation do not merely serve to label sections of a meditation sequence which, are basically similar but they actually refer to evidently different physiological brain states (Lehmann, 2001).

Studies were conducted on meditators using the self-as-control design in both meditation and non-meditation sessions in Brahmakumäré  Räja yoga meditation suggested that both autonomic activation and relaxation occurred simultaneously in different sub-divisions of the autonomic nervous system in a subject; hence a single model of sympathetic activation or overall relaxation was considered inadequate to describe the physiological effects of a Brahmakumäré  Räja yoga meditation technique (Telles & Desiraju, 1993b).

1.2 TRANSCENDENTAL MEDITATION (TM) - ALERTFUL  REST 


Popularity of meditation started throughout the globe by TM movement started by Mahaåñi Mahesh Yogi. Extensive scientific exploration proved the usefulness of TM. TM opened up a new dimension of a state of mind in which the meditator can be in deep rest, but totally alert. This become open the earlier concept that mind is resting indicative of inertia and laziness or should be active and dynamic without rest; a new vision of alertful rest emerged.


The practice of TM was reported to cause reductions in heart rate, respiratory rate, and oxygen consumption and to increase the level or stability of the electrodermal response (Wallace, 1970; Wallace, et al.  1971). TM was hence described as a ‘wakeful hypometabolic physiologic state’. A later report (Heide, 1986), noted a difference in the heart rate response but not in the electrodermal response evoked by 80 dB tones, when TM meditators and non-meditators were compared. More recently, the practice of TM has shown to reduce cardiovascular sympathetic activity both at rest and during a simulated car driving stressor in adolescents at risk for hypertension (Barnes, et al. 2001). These reports suggest that the practice of TM reduces sympathetic activity. This concept of predominant parasympathetic activity during TM was mentioned in a recent review (Newberg & Iverson, 2003).


1.3 CONTROVERSY ABOUT DIFFERENT TYPES OF MEDITATION 


However, contradictory results were observed in Zen and Täntric meditations. One set of studies reported changes suggestive of autonomic activation (Hirai, 1974; Corby & Roth, et al. 1978), while another set of studies reported changes suggestive of autonomic relaxation (Kasamatsu & Hirai, 1966; Sugi & Akutçu, 1968; Elson & Hauri, et al. 1977).  

The autonomic and respiratory variables were studied in OM meditators (Telles, et al. 1995). In seven experienced meditators (with experience ranging from 5 to 20 years). Each subject was studied in two types of sessions-meditation (with a period of mental chanting of OM) and control (with a period of non-targeted thinking). The meditators showed a statistically significant reduction in heart rate during meditation compared to the control period. During both types of sessions, there was a comparable increase in the cutaneous peripheral vascular resistance. This was interpreted as a sign of increased mental alertness even while being physiologically relaxed (as shown by the reduced heart rate). When repetition of ‘OM’ was compared with the repetition of ‘ONE’ in twelve meditators, there was a difference in the autonomic and respiratory responses (Telles, et al. 1998). Both types of sessions resulted in a decrease in the heart and breath rates, but repetition of OM alone reduced the skin resistance indicative or alertness, suggesting a subtle change in the mental state, related to the significance of the syllable. It was interesting to note in a single case study that an accomplished meditator was able to switch between ‘single thought’ and ‘no thought’ states at will, with significant differences in the breath rate and pattern between the states (Telles & Desiraju, 1992). Meditation has a noticeable influence on blood pressure, which droped much lower than normal. Also there was a reduction in heart rate and skin conductance after meditation (Vemapati & Telles, 2002). A recent study showed an increase in sympathetic activation in the yoga posture phases of Cyclic Meditation (where ‘CM’ is a combination of yoga postures and relaxation techniques) while parasympathetic dominance increased after Cyclic Meditation (Sarang & Telles, 2006). With several types of meditation techniques having been identified it is more difficult and confusing to understand what meditation involves.


A similar trend of variability between meditation techniques, between meditators, and in the same meditators assessed on different days was found in middle latency auditory evoked potentials (Telles & Desiraju, 1993a). The fact that subjects had evolved individual methods of meditation, which was taken to explain the inter-individual variability. In a subsequent study (Telles, et al. 1994) senior meditators with comparable experience of meditation attended a ten-day meditation camp where they were given common instructions on meditation i.e., to focus attention on the visual image of OM while mentally chanting it. This resulted in group significant changes in mid latency evoked potentials. 

1.4 NEW RESEARCH DESIGN

An early study on meditation (Telles & Desiraju, 1993a) used for the first time, two important modifications in the research design for yoga research. Here subjects were studied using the ‘self-as-control’ design and the two types of sessions, meditation and non-meditation, were repeated thrice in each subject. This study highlighted two points, (i) meditation is best described as a physiological state of ‘alertful rest’, and (ii) considerable physiological variations are seen both intra- and inter-individually. This study assessed the effects of meditation on the syllable ‘OM’ on mid-latency auditory evoked potentials, it was found that in seven experienced meditators during meditation there was a significant decrease in the peak latency of the Nb wave (the maximum negativity occurring between 35 and 65 ms.) In another study on the effects of meditation on ‘OM’ on mid-latency auditory evoked potentials were studied in experienced meditators and novices (Telles, et al. 1994). There were two types of sessions before, during and after (i) mental repetition of ‘OM’ (meditation session) and (ii) mental repetition of ‘ONE’ (control session). The experienced meditators showed a significant increase in the peak amplitude of the Na wave (the maximum negative peak between 14 and 18 msec.) during the meditation with a significant decrease in the Na wave peak amplitude during the control session. Hence during mental repetition of a meaningful syllable (‘OM’) and of a neutral syllable (‘ONE’) neural changes occurred at the same level (possibly diencephalic) though in opposite directions.

Studies on short latency auditory evoked potentials have not shown such clear changes (McEvoy, et al. 1980) In that study brainstem auditory evoked potentials (BAEP) were measured in five advanced practitioners of TM to determine whether such responses would reflect an increase in perceptual acuity to auditory stimuli following meditation. The BAEP provide an objective physiological index of auditory function at a subcortical level. Repeated measures of the BAEP of TM practitioners were taken before and after a period of meditation and were compared with those of age-matched controls. Peak latencies as well as interwave latencies between major BAEP components were evaluated. No pre-post meditation differences for experimental subjects were observed at low stimulus intensities (0—35 dB). At moderate intensities (40—50 dB), the latency of the inferior collicular wave (wave V) increased following meditation. However at higher stimulus intensities (55—70 dB), the latency of this wave was slightly decreased. Comparison of slopes and intercepts of stimulus intensity-latency functions indicate a possible effect of meditation on brainstem activity (McEvoy, et al. 1980). This study on short latency auditory evoked potentials in TM meditation practitioners demonstrated that short latency auditory evoked potentials vary with stimulus characteristics. 

1.5 STUDIES ON PHASES & TYPES OF MEDITATION


Naveen and Telles   (2005) found during meditation on ‘OM’ the changes during the dhäraëä and dhyäna   phases were different and distinct. In the dhäraëä phase the change suggested reduced physiological arousal whereas in dhyäna phase the changes were suggestive of ‘alertful rest’. Also, the evoked potential changes suggested facilitated neural transmission and better cortical neural synchrony. In the two phases of BK meditation the changes were almost directly opposite to those during meditation on ‘OM’. During the dhäraëä phase there was a state of ‘alertful rest’ with facilitated cortical neural transmission and greater cortical neural synchrony. However, in the dhyäna   phase the changes were suggestive of ‘alertful rest’. 

There were also marked differences between the two meditation techniques when subjects were actively attending to or ignoring external stimuli. During the practice of ‘OM’ meditation when subjects actively attended to the external auditory stimuli, there was a decrease in arousal whereas in the case of BK meditators there was no change. When the meditators were actively ignoring the external stimuli ‘OM’ meditators showed ‘a state of alertful rest’ and delay in cortical neural transmission while on BK meditators it actually produces ‘a state of physiological arousal along with a delay in cortical neural transmission’. 


The findings have shown that the changes during the phases are different and also differ between meditational techniques. Also, the differences appear to fit in to the fairly well recognized descriptions of meditations of largely of two types i.e., ‘Concentrative’ and ‘Mindfulness’.

1.6 THE PRESENT STUDY

Based on the above studies, it appears that there are differences in types of meditation as also in different phases of meditation. So the present study deals with studying different phases of meditation based on descriptions in traditional yoga texts. In the traditional texts [the Pataïjali’s Yoga Sütras (Taimni, 1961) and Bhagavad Gétä (Bhakttivedänta Svämé Prabhupäda, 1998)] it has been described that when awake and in the absence of a specific task the mind is very distractible (caïcalatä), and has to be taken through the stages of ‘streamlining the thoughts’ (concentration or ekägratä), and one-pointed concentration (focusing or dhäraëä), before reaching the meditative state (defocused, effortless single thought state or dhyäna).  

Thus’ the present study was carried out to evaluate one of the effects of meditation practice which aimed at assessing the psycho-physiological correlates (brainstem auditory evoked potentials and autonomic with respiratory variables and performance in a letter cancellation task which assess selective attention) in four different states of consciousness detailed above, namely (i) caïcalatä, (ii) ekägratä, (iii) dhäraëä, (iv) dhyäna. We present in the next chapter the details about their form phases described in texts of yoga and spiritual lore. Later in chapter 3 a thorough review of scientific literature is presented leading to the Aim and objectives of this study in chapter 4 followed by Methods, Results, and Discussions in chapters 5, 6 & 7 respectively ending with an Appraisal in chapter 8.

2. 1 BACKGROUND


There are large numbers of techniques of meditation which are being used by many yoga masters all over the globe. For examples, zazen, Tai Chi Chuan meditation, Yoga nidrä,  Prekñä Meditation, Vipassanä Meditation. However a few of them have been scientifically reviewed such as TM, CM, OM Vipassanä, Mindfulness etc. Other do not have proper research data and conclusions.


 In the traditional texts [the Pataïjali’s Yoga Sütras (Taimni, 1961) and Bhagavad Gétä (Bhaktivedänta Svämé Prabhupäda, 1998)] it has been described that when awake and in the absence of a specific task the mind is very distractible (caïcalatä), and has to be taken through the stages of ‘streamlining the thoughts’ (concentration or ekägratä), and one-pointed concentration (focusing or dhäraëä), before reaching the meditative state (defocused, effortless single thought state or dhyäna). Symbolism has a place in spirituality. In shamanic traditions “perceptual-cognitive-symbolic” characteristic of ordinary states of consciousness and another source of information processing, called “direct-intuitive-nonlocal,” characteristic of nonordinary states of consciousness is required to be introduced for interpretation.  The first one is capable of modeling via symbolism and is more culturally bound due to its psycholinguistic features. The second one lacks symbolism; therefore, the first one has more transcultural similarity, though culture-specific transliteration may occur.   

Among many symbols used, OM is one of the fundamental symbols used in the yoga tradition. OM is the name or symbol of God (Éçvara, Brahman) Kaöha Upaniñat (Cinmayänanda Svämé, 2002). OM covers the whole threefold experience of man. It is the combination of three letters, namely, A, U, and M. Japa Yoga A comprehensive treatise on Mantra-Çästra (Çivänanda Svämé, 2005). “A” represents the physical plain. “U” represents the mental and astral plain, the world of intelligent spirits, and all heavens. “M” represents the whole deep-sleep state, which is unknown even in our wakeful state Mäëòükya Upaniñat (Cinmayänanda Svämé, 1984). This concept has been well described in various Indian scriptures. In Mäëòükya Upaniñat, it has been described that OM is the syllable of the past, the present and the future. From the original sound, OM, all things become manifest as its extension embodiments Mäëòükya Upaniñat (Cinmayänanda Svämé, 1984). The analogy in Muëòaka Upaniñad describes that OM is the bow; the soul is the arrow; and Brahman is the target. The target is attained by an unerring man. One should become one with the target just like an arrow. This is to become one with the imperishable by eliminating the ideas of the body, ego, präëa, hence being the self with nothing less than union with the Absolute Muëòaka Upaniñad (Gambhiränanda  Svämé, 1995).

Çvetäçvatara Upaniñat describes that OM is like the fire which though potentially present in firewood is not seen until two sticks are rubbed against each other. The self is like that fire; it is realized by constant awareness of the sacred syllable OM. Let the body be the stick that is rubbed and OM be the stick that is rubbed against. Then the real nature is realized which is hidden within, just as fire in a sense hidden in the wood. Çvetäçvatara Upaniñat with the comentary of  Çaìkaräcärya (Gambhiränanda Svämé, 1986).

Pataïjali’s Yoga Sütras (PYS) is one of the classical yoga texts in which the explanation about OM is well defined. Pataïjali’s Yoga Sütras (Taimni, 1961) In PYS there is a single direct mention about Praëava (OM).  Praëava is virtually Éçvara or OM, where Éçvara is the word denoting God. Even though there is only one mention about OM in PYS, the definition of Éçvara and the attributes are given in PYS Chapter I, Verses 24-26. 

Bhagavad Gétä  describes Kåñëa’s instructions to Arjuna just before the great war on the battlefield of Kurukñetra  (Bhagavad Gétä Madhusudhan Sarasvaté, Gambhiränanda  Svämé, 1998).

 OM is the central element in Kåñëa's exposition of spiritual life and practice, speaking from his perspective as the infinite being, enumerating his major manifestations and embodiments. The meaning is that OM is nothing less than the supreme consciousness; so there can be nothing greater or a subject more important than OM. This is illustrated as “One who is engaged in the practice of concentration, uttering the monosyllable OM (the Brahman or consciousness) who remembers it always, he attains the supreme goal Bhagavad Gétä Madhusudhan Sarasvaté, Gambhiränanda  Svämé, 1998).

In Summary: the sacred syllable OM is the primordial sound from which all other sounds and creation emerge. It underlies all phonetic creations. The utterance of OM, consisting of the three letters A, U, and M, covers the whole process of articulation. It is like the sound of a gong that gradually tapers to a point and merges in silence. One, who attains OM, merges with the Absolute.


OTHER MEDIATIONS


Transcendental Meditation (TM)

Transcendental meditation (TM) is based on the traditional yogic principles. In TM the meditator sits in a comfortable position silently closing the eyes and repeats a specific mantra mentally from time to time to go beyond thought level. This technique is preached and practiced by Mahaåñi Mahesh Yogi. This is less rigorous and demanding discipline, apparently easily learned, and hence widely practiced. The TM is defined as ‘turning the attention inwards towards the subtler levels of a thought until the mind transcends the experience of the subtle state of thought and arrives at the source of the thought’.

Täntric meditation

In this technique the meditator has to repeat a sacred mantra given by the guru, with intense concentration. This meditation is practiced and propagated by the Änanda Märga organization. The technique consists of two important steps. First, the meditators sit in comfortable relaxed position and withdraw the attention inwards by ignoring the external stimuli and paying attention to their breathing. Then they silently repeat the two lettered personal mantra with their breathing.

Brahmakumärés Räja yoga meditation


This meditation technique is preached and practiced by Brahmakumärés Éçvaréya Viçvavidyälaya. During this meditation, aspirants sit in a comfortable position with their eyes open, and with effortless gaze fixed on a jyoti (light – representing supreme consciousness). At same time they actively generate positive thoughts about the Universal force pervading all over, as light and peace. 

 Zen Meditation


 Zazen- Zen meditation is a fundamental part of both the Soto and Rinzai Sects of Zen Buddhism. The aim in this form of meditation is the ultimate state of enlightenment called Satori. This technique involves concentration. There are three types in this type of meditation. In the first type, the meditator concentrates on his breathing, counting the breaths or without counting. In second type of meditation the meditator has to solve koans or say non-logical riddles. In third type of meditation the meditator just sits and breathes in a prescribed manner without any aids or concentrating on his breath.


Vipassanä Meditation

Vipassanä, which means to see things as they really are, is one of the ancient techniques of meditation. It was rediscovered by Gautama Buddha more than 2500 years ago. In vipassanä meditation the meditator, sitting in a comfortable position, initially observes his own breathing and thereafter observes sensations and feelings in various part of the body with an attitude of witness. Vipassanä is a way of self-transformation through self-observation. It focuses on the subtle interconnection between mind and body, which can be experienced directly by disciplined attention to the physical sensations that form the life of the body, and that continuously interconnect and condition the life of the mind. It is this observation-based, self-exploratory journey to the common root of mind and body that dissolves mental impurity, resulting in a balanced mind full of love and compassion. 

Prekñä Meditation

This is also an ancient meditation technique practiced in Jainism. Prekñä means to perceive and realize the subtlest aspects of ones own self, 'to see the Self'. Prekñä is derived from the Saàskåta word "Pra + ikña" which means to observe carefully. Basically it sums up the perception of body, psychic centers, breath and observation of mind. In Prekñä Dhyäna no thought is forcefully stopped. Instead the art of merely observing the thought process without forming any reaction or attachment is developed. By doing so thoughts themselves cease to appear. 

Yoga nidrä

Yoga-nidrä (yogic psychic sleep) is a meditative technique, derived from ancient Tantra popularized by Bihar School of Yoga (BSY). Yoga-nidrä is described as a systematic method of inducing complete physical, mental and emotional relaxation, while maintaining awareness at deeper levels. Yoga-nidrä is performed in çaväsana and it consists of progressive relaxation and rotation of awareness all over body, resolve, and visualization of some images of nature and täntric    abstract symbols.

Cyclic Meditation

Cyclic meditation (CM) is a ‘moving’ meditation technique devised to address the needs and problems of modern man (Nagendra, Nagrathana, 2001). Many people find it difficult to relax and get into a meditative state if asked to sit with their eyes closed while others feel drowsy and even fall asleep. Cyclic meditation involves a combination of gentle yogic stretching and relaxation. It is based on the principles culled from classical yogic texts like Mäëòükya Upaniñat (Chinmayänanda, 1984) and Yoga Sütras of Pataïjali. This technique is developed and propagated by Svämé Vivekänanda Yoga Anusandhäna Saàsthäna and is widely used as an effective therapeutic measure and technique of stress management. It is called so, because it consist the measures of ‘relaxation’ and ‘stimulation’ in cyclic order. This technique includes the practice of certain yoga postures interspersed with relaxation while supine, thus achieving a combination of both ‘stimulating’ and ‘relaxation’ practices.

Yoga teachings consider the syllable OM to be the force behind all thoughts. Either chanting or thinking about OM is anecdotally reported to cause a quiet mental state.  The word ‘meditation’ is more associated with healing and relaxation (Adhéçwaränanda, 2004).  It was believed earlier that meditation was meant for spiritual aspirants alone. Now, with the availability of simple methods and with the better understanding of deeper meaning, meditation has become very popular among all categories of people. Scientific and medical evidence has proved its benefits, but still there remains a need to further explore it.


SCOPE FOR THE STUDY: Meditation has been of mystic importance since its discovery. Subjective experiences of various meditators have shown to uplift the practitioner from a lower state of physical existence to the realms of reality and absolute consciousness. Since then meditation has been a subject of higher interest for various researchers. Every study carried out to discover the effects of meditation gives a new direction and unveils a novel question. What is the effect of meditation? What are the mechanisms occurring during meditation? There continues to be a constant quest for understanding meditation as it reveals varied facts based on the type, duration and depth of its practice. These variations in its effects keep the constant need for studying it in all its aspects.


2. 2 AIM AND OBJECTIVES


i) To summarize the work already done on mediation from text of ancient Indian lore.  


ii) To compile authentic information on Caïcalatä, Ekägratä, Dhäraëä and Dhyäna from classical yogéc and spiritual literature.


ii) To explore the concept of OM meditation from different classical & yogéc texts and the usefulness of above aspects in OM meditation 


2.3 SOURCES AND METHODS


2.3.1 Sources


This literary research was based on the information collected from the following ancient Indian traditional scriptures and yogéc literature which includes: 


A. Classical yoga text: (i) Pataïjali yoga sütras, Vyäsa bhäñya on Pataïjali yoga sütras (ii) Yoga Väsiñöha (iii) Bhagavad gétä, (iv) Haöha yoga pradépikä, (v) Gheraëòa saàhétä and (vi) Çiva saàhétä.

B. Major Upaniñads: (i) Éçäväsya Upaniñat (ii) Kena Upaniñat (iii) Kaöha Upaniñat (iv) Muëòaka Upaniñat (v) Mäëòükya Upaniñat (vi) Aitareya Upaniñat (vii) Taittiréya Upaniñat (viii) Praçna Upaniñat (ix) Chändogya Upaniñat (x) Båhadäraëyaka Upaniñat (xi) Çvetäçvatara upaniñat.

C. Brahmasütras.

D. Prakaraëa Granthas like Ätmabodha and Vivekacüòämaëi.


E. Texts written by persons recognized as spiritual leaders and visionaries like Çri Rämakåñëa Paramahaàsa, Svämé Vivekänanda and Svämé  Adhéçwaränanda.


2.3.2 Methods


The classical and authentic information was derived from the verses and the commentaries and descriptions about concept of OM meditation and its components (caïcalatä, ekägratä, dhäraëä & dhyäna) and its usefulness from the above mentioned sources. The information was first systematically compiled and then sorted out according to the defined structure of the sections. The original çlokas in saàskåta transliteration in the standard international codes and meaning will be presented first. Then the special features of the çlokas will be explained based on the relevant commentaries on them. The relevant references are cited in the body of the text as well as in the reference section.       


2.4. CONCEPT OF MEDITATION


The English word meditation comes from the Latin root word meditari, which derives from the same root as the word meaning ‘to heal’. Its Saàskåta derivation 'medhä ' means wisdom. The practice of meditation sets in motion, a process that leads to the restoration of one’s - physical, mental, and spiritual well-being. The English connotation of the word ‘meditation’ is therefore’ more associated with healing and relaxation (Adhéçwaränanda, 2004).  It was believed earlier that meditation was meant for spiritual aspirants alone. Now, with the availability of simple methods and with the better understanding of deeper meaning, it has become very popular among all categories of people. Published scientific and medical evidence has proved its benefits, but it still needs to be much understood.

Meditation is the freedom from thought, a state of no-mind. It is a state of pure consciousness with no contents. It is the activation of natural 'seeing' activity, of the 'Self' or Consciousness. It is the finest way to increase one's personal energy by getting connected to the Source.


It is a surprise for the scientist, doctors as well as in the common group that meditation can cure different types of diseases as well as it is becoming a tool for healthy leaving. Different types of research have been done in this subject and it is continuing. Since west shows the mystic powers of different yogés who went there to serve this world the research in yoga and meditation becoming a major point of study. Even many yogés and scientist came together to form a common ground to propagate yoga and meditation.

Difference among the Dhyäna, Upäsanä, Tapas and Niddhyäsana.


 Dhyäna is uninterrupted, spontaneous flow of the mind towards the chosen object.  Upäsanä   is a prescribed method for approaching a Deity or God or getting close to a deity/deities. Upäsanä   can be described as a systematic practice of a prescribed method of worship for pleasing and winning the attention of the deity. A devotee would consult the scriptures, or a person who knows them thoroughly, to get a prescribed form of worship (Upäsanä) for his/her deity of choice (Éñöa Devatä) and follow it faithfully to the best of his/her abilities. Tapas referring to a focused effort leading towards bodily purification and spiritual enlightenment. Through tapas, a yogi or spiritual seeker can "burn off" or prevent accumulation of negative energies, clearing a path toward spiritual evolution.  Tapas may be the striving for nirvana, or mokña. It may also be striving for perfection in a particular sport, field of knowledge or work. Tapasyä may also be undertaken as penance, to liberate oneself from the consequences of a sin or sinful activities, or karma. In other words ‘tapas’ is the act of burning-through the fire of direct cognition of the knowledge that Brahman is the truth and the universe, a myth the seed of the deep-rooted desire to attain the powers of Brahmä etc (Nirälamba Upaniñat-Narayana Svämé, 2003). As Pataïjali defined, tapaù is to reach to the perfection of the sense-organs and body after destruction of impurity.  Niddhyäsana is Fixing  the mind firmly on Brahman, the point of Contemplation, restraining the sense organs in their respective centre’s, holding the body steady and giving up all thoughts of maintenance, identifying with Brahman, and being tuned to it, continuously drink the bliss of Brahman in your Self.  Of what use are other things? They are entirely false, empty.  Contemplation is Enquiry into Self, Leading to experience of non duality, Transcending Man’s creation, the discovery of freedom to devalue thoughts, a process of re-absorption into the Self, Disappearance of small self in Self ( Like waves in a ocean, Transcending Man’s creation) Contemplation is the discovery of freedom to devalue thoughts.

In a scientific point of view the general concept defines:

Meditation offers a fascinating window into human consciousness, psychology and experience; the relationship between the mental state and body physiology; emotional and cognitive processing and the biological correlates of religious experience (Newberg & Iverson, 2003). In the last thirty-five years there have been scientific studies examining physiological changes induced by the process. However, it has been mentioned that even detailed reports were not complete as they did not define the method of meditation or they presented a general definition, often inaccurate and inadequate (Cardoso, de Souza, Camano, & Leite, 2004). 

Occidental context, the word meditation is used to describe practices that self-regulate the body and mind thereby affecting mental events by engaging a specific attentional set. Regulation of attention is the central and common factor across many divergent methods (Davidson & Gollman, 1977). 

2.4.1 OBJECTS OF MEDITATION 


Meditation involves three factors (tripuöi) i.e., meditator, the object of meditation and the process of meditation. The object of focus is generally sacred and can be personal or neutral, concrete or abstract, a word or an idea, an image or a symbol, a divine form or personality. 


The Yoga Sütras of Pataïjali mention the following as the possible objects of meditation: (i) the effulgent or radiant light which is beyond all sorrow (jyotiñmati),     (ii) the heart of an illuminated being (vétarägé) who is free from all passion and attachment (iii) the subtler dimensions and knowledge of sleep and dream state or (iv) anything (yathäbhimata) that is spiritually uplifting. Such a thing may be a place, some scenery, an idea or any other thing that would evoke concentration of mind (Adhéçwaränanda, 2004).


The texts on Haöha yoga say the object of concentration can be outside the body like a jyoti or bindu in case of  träöaka, sun (sürya) and moon (candra) or can be inside the body like breath, movement of präëa, sensations of processes in the body, various cakras or even the mind (genesis of thoughts) itself (Muktibodhänanda, 2003).


According to the tradition of Vedänta following objects are preferred for meditation: (i) a divine form, (ii) an Incarnation of God, (iii) the divine Lord as inmost Self of Supreme Teacher, (iv) Viräöa Puruña  or the Cosmic Personality, (v) the sacred word AUM, (vi) Gäyatré mantra, or the sacred prayer of the Vedas (vii) the meaning of any of the four mahäväkyas, or great Vedic saying or (Viii) the meaning of a sacred text, word or mystic syllable (Adhéçwaränanda, 2004).

2.4.2 FOUR COMPONENTS IN THE WAKING STATE OF CONSCIOUSNESS

Fig. 1 Schematic representation of phases of wakeful consciousness 


(Caïcalatä, Ekägratä, Dhäraëä and Dhyäna)
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2.4.2A   Caïcalatä (Random thoughts):


Specific to meditation, it has been described that in the absence of a specific task the mind is very distractible (caïcalatä) with an outward attention (paraìga-cetanä). Another classical text on yoga (The holy Bhagavad Gétä, Bhaktivedänta, 1998) describes the characteristics of caïcalatä state of the mind   (one of the four states in the waking state of consciousness) and the continuous practice (of yoga) (abhyäsa) and non-attachment (vairägya) as the solution.

The Bhagavad Gétä is presented the hurdles and its solution for meditation, in the form of a conversation between Arjuna and Lord Kåñëa. 

Arjuna says:           cÂl< ih mn> k&:[ àmaiw blvd!†&Fm! ,


tSyah<  in¢h< mNye vayaeirv suÊ:krm!  .


Caïcalam hi manaù kåñëa pramäthi balavaddåòham


 Tasyäham  nigraham manye väyoriva suduñkaram.


                                                                                    (Bhagavad Gétä, Ch: 6 V: 34)


The mind verily is, O Kåñëa, restless, turbulent, strong and obstinate. 


I deem it as hard to control as the wind.


Lord Kåñëa answers:         

As<zy< mhabahae mnae ÊinR¢h< clMa! ,


A_yasen tu kaENtey vEraGye{a c g&ýte .

Asaàçayaà  mahäbäho mano durnigrahaà  calam’

Abhyäsena  tu kaunteya vairägyeëa ca gåhyate.


                                                                                    (Bhagavad Gétä, Ch: 6 V: 35)


Doubtless, O mighty-armed, the mind is restless and hard to control; but by practice and non-attachment, O son of Kunti! It can be controlled.

The mind in the caïcalatä state has to be taken through the stages of ‘streamlining the thoughts’ (ekägratä), and one-pointed concentration (dhäraëä), before reaching the meditative state: a defocused, effortless, single-thought state (dhyäna) (Cinmayänanda, 1984).


Xyaytae iv;yan! pu<s> s¼Ste;Upjayte, s¼at! sÃayte kam> kamat! ³aexae=iÉjayte.2.62.


³aexadœ Évit s<maeh> s<maehat! Sm&itivæm>, Sm&itæ<zadœ buiÏnazae buiÏnazat! à[Zyit.2.63.


Dhyäyato viñayän puàsaù saìgasteñüpajäyate. Saìgät saïjäyate kämaù kämät krodho'bhijäyate. Krodhäd bhavati sammohaù sammohät småtivibhramaù.


Småtibhraàçäd buddhinäço buddhinäçät praëaçyati.


                                         (Cinmayänanda, 2001, Ch: 2 V: 62, 63)

Desire leads to generation of more thoughts; repetition of thoughts and experience makes deeper impressions converting them into emotions. Punishing the mind through self-torture and mortification would merely repress the desires, driving them underground (subconscious). Trying to transform the mind by changing our environment would be futile because wherever we go, our mind with all its habitual tendencies goes with us. Thus mind never becomes controlled automatically; it must be controlled consciously. The only alternative, according to the yoga is to slowdown the mind and face it by control and regulation

Meditation provides the systematic method to control and regulate the caïcala mind.                       


                                AivïaNtmna> iSwTva pàCD  iptr< tda,


s<sarafMbrimd< kwm_yuidit< mune.5.


Aviçräntamanäù sthitvä papraccha  piataraà tadä|


Saàsäräòambaramidaà kaöhamabhyuditiaà mune||5||


                                                       (Yoga Väsiñöha Ch: II. 5. E.Y.V)

With a restless mind, he then asked his father, “Sage ! How did this show of wordly existence arise?  


Évta=Pye; @vawR %´> zaôe;u y> ïut>,


TvÄae ivïammaßaeit kw< cetae vd àÉae.16.


Bhavatä'pyeña evärtha uktaù çästreñu yaù çrutaù |


Tvatto viçrämamäpnoti kaöhaà ceto vada prabho||16||


“The same fact which is heard of in the scriptures has been uttered by you also. How does the mind attain tranquillity? Tell that yourself.”


Janaka said:                 AVyuiCDÚicdaTmEk> pumanStIh netrt!,


Svs<kLpvzat! bÏae in>s»Lpí muCyte.17.


Avyucchinnacidätmaikaù pumänastéha netarat|


Svasaìkalpavaçät baddho niùsaìkalpaçca mucyate||17||


“There is here but one Self who is of the nature of undivided Consciousness. There is nothing else. He is bound by his own thoughts; free ideation, he is liberated.


Note: The word used for ‘thought’ and ‘ideation’ in this verse is ‘Saìkalpa’. It also means: will, intention, wish and imagination. All these terms indicate the functions of the internal instrument of perception, designated by the common word ‘mind’.


2.4.2B Ekägratä (Concentration)


Meditation is generally understood as deep concentration on any object. In that sense, everyone meditates, because concentration is indispensable not only for survival but also for success in any walk of life. It is through concentration one can see, hear, work or understand anything. Concentration is the way to gain knowledge about any subject. Through concentration the mind acquires the quality of a lens and can penetrate deeply into an object, external or internal, and perceive its’ real nature.  However, practically it is observed and experienced that concentration is tiring, it drains the energy. One cannot concentrate for long. After some time spent in concentration one feels fatigue and stressed because concentration involves intense effort. 


In Saàskåta, ekägratä (moving in one direction) means concentration (Apte 1992), the channelizing of all the mental energies in a single direction. Normally our mind exists in the state of caïcalatä (continuously moving) wherein it moves in all directions, jumps (as it were) from one object to another object randomly. The mind in this phase is unstable, turbulent and restless (Cinmayänanda, 2001, Ch: 6 V: 34). It flows in all directions according to its likes and dislikes and its patterns. The haphazard flow of thoughts is called as caïcalatä. Streamlining these scattered energies of the mind in one direction is ekägratä. However’ this process requires voluntary control and effort. For example, reading a book, watching a movie, driving a car all require different degrees of effort. Thus’ in concentration mind is directed on a single subject or direction, but there exist multiple thoughts. All these thoughts are interconnected to one another to form a meaningful or logical chain. 

tÇEka¢< mn> k«Tva yticÄeiNÔyi³y>,


       %pivZyasne yuNj!yat! yaegmaTmivzuÏye .6  12.


Tatraikägraà manaù kåtvä yatacittendriyakriyaù


                      Upaviçyäsane yunjyät yogamätma viçuddhaye.    


                                                                                   (Bhagavad Gétä, Ch: 6 V: 12)


Seating in one place, making the mind one-pointed and restraining the thiking faculty and the senses, one should practice yoga for self-purification.


t< ÊdRz¡ gUFmnuàivò< guhaiht< gþreó< pura[m!,


AXyaTmyaegaixgmen dev< mTva xIrae h;RzaekaE jhait.


Taà durdarçaà güòhamanupraviñöhaà  guhähitaà gahvareñöhaà puräëam. Adhyatmayogädhigamena devaà matvä dhéro harñaçokau jahäti.


Kaöha upaniñat - (Cinmayänanda, 2002, Ch: 1 V: 2.12) 


The wise man who, by means of concentration on the Self, realizes that ancient, effulgent One, who is hard to be seen, un-manifest, hidden, and  who dwells in the buddhi and rests in the body – he, indeed, leaves joy and sorrow far behind.



2.4.2C Dhäraëä 


Dhäraëä is a continuation of the process of sensory inhibition or withdrawal called as pratyähära. Dhäraëä is the ‘holding of the mind in a motionless state’, as the Tri-çikhi-Brahmaëa- upaniñat defines this advanced practice (Feuerstein, 2001). Dhäraëä the fifth limb of the Pataïjali ’s eightfold path is focusing of attention to a given locus (deça), which may be a particular part of the body (such as cakra) or an external object that is internalized (such as the image of a deity).

The Saàskåta word dhäraëä stems from the verbal root dhå (Apte, 1992), meaning ‘to hold, to fix’. What is being held is one’s attention, which is fixed on an internalized object and the underlying process is called dhäraëä. According to sage Pataïjali,                          


                                             dezbNxiíÄSy xar[a.


Deçabandhaçcittasya dhäraëä. 


                             (PSY- Ch: 3.V: 1; Prabhavänanda , 2002).


‘Fixing of mind on a specific object (or a spot, internal or external) is dhäraëä’               


Concentration is the confining of the mind within a limited mental area object of concentration. 

Fig.2
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The main tasks in the dhäraëä phase are: (i) keeping the mind continuously engaged in consideration of an object and bringing it back as soon as the connection is lost, (ii) reducing the frequency of such interruptions and (ii) complete focusing with sharply defined mental images, by increasing the degree of alertness and power of attention. It is the holding of the mind to some particular object. (When the mind holds on to some object, either in the body or outside the body, and keeps itself in that state, it has attained dhäraëä concentration).  An unbroken flow of knowledge about that object is dhyanä. When the mind tries to think of one object, to hold itself to one particular spot, such as the top of the head, or the heart, and succeeds in receiving sensations only through that part of the body, and no other part, it has attained dhäraëä: and when the mind succeeds in keeping itself in that state for some time, it has attained dhyäna.

AxaeRNmIiltlaecn> iSwrmna nasa¢dÄe][-


Zc<ÔakaRvip lIntamupnyiÇ Sp<dÉaven y>,


JyaetIêpmze;vIjmiol< dedIPyman< pr<


tÅv< tTpdmeit vStu prm< vaCy< ikmÇaixkm!. 41.


Ardhonmélitalocanaù sthiramanä näsägradattekñaëa


Çcandrärkävapi lénatämupanayatri spandabhävena yaù |


Jyotérüpamaçeñavéjamakhilaà dedépyamänaà paraà


Tattvaà tatpadameti vastu paramaà väcyaà kimaträdhikam || 41 ||


                                                          ( Muktibodhänanda, H. Y. P. Ch: IV, V: 41) 


Mind steady, eye semi-open, gaze fixed on the nose tip, the moon (ida) and sun (piëgalä) suspended, without any movement (physical or mental), that one attains the form of light (jyoti) which is endless and is complete, radiant, the Supreme. 


Meditation is the spontaneous result of concentration of the mind. Dhyäna or meditation occurs when the mind stops oscillationg off the point of concentration, when the witness, witnessed, and process of witnessing alone remain. Dhyäna is ekägra or one-pointedness of mind, when the våttis or mental movements are confined to the process and the object of concentration.

deze naiÉc³nasa¢adaE icÄSy bNxae iv;yaNtrpirhare[


yt! iSwrIkr[< sa icÄSy xar[a #TyuCyte,


Deçe näbhicakranäsägrädau cittasya bandho viñayäntaraparihäreëa 


Yat sthirékaraëaà sä cittasya dhäraëä ityucyate.


                                                     (Sukhänanda natha, 1992).


The mental flux could be halted on navel center, tip of the nose or any place as sanctioned by scriptures. Stabilizing the mental flux without disturbance from any corner is termed as dhäraëä. 


mEÈyaidicTtpirkmRvaistaNt> kr[en yminymvta ictasnen pirÿtàa[iv]epe[ àTyaÿteiNÔy¢ame[ invaRxe àdeze \jukayen ijtÖNden yaeigna nsa¢adaE sMy}atSy smaxe> A_yasay cets> iSwrIkr[m! ktRVym! #it.


ymaidgu[s<yu´e mns> iSwitraTmin, xar[a àaeCyte sid> yaegzaôivzardE>.


tSmaTsmStzi´nam! Aaxare tÇ cets>, k…vIRt s<iSwit< sa tu iv}eya zuÏxar[a.


Maitryädicittapari karmaväsitäntaù karaëena yamaniyamavatä citäsanena parihratapräëavikñepeëa pratyähratendriyagrämeëa nirvädhe pradeçe åjukäyena jitadvandena yogénä nasägrädau samyajïätasya samädheù abhyäsäya cetasaù sthirékaraëam kartavyam iti. Yamädiguësaàyukte manasaù sthitirätmani. Dhäraëä procyate sadiù yogaçästraviçäradaiù. Tasmätsamastaçaktinäm ädhäre tatra cetasaù|Kurvéta saàsthitià sä tu vijïeyä çuddhadhäraëä – Viñëupuräëam.


                                                 (Viñëupuräëam, Sukhänanda natha, 1992).

This (dhäraëä) is supposed to be practiced by the yogé, who has gone through the previous five limbs, and desirious of attaining Samädhi. Hence directing or stabilizing all mental forces on a particular base or object is known as çuddha-dhäraëä. 

Thus’ dhäraëä not only involves concentration but takes to the next step of focused attention. Dhäraëä consists of focusing on a relevant thing and withdrawal from irrelevant. In the process of perception, mind not only aligns with external sense organs (jïänendriyas) but also tunes with earlier experiences. Ekägratä is analytical focusing where as dhäraëä is a non-analytical focusing. Hence dhäraëä also involves a component of remembering i.e., repeated continuous recollection of the object and not allowing the mind to get distracted (Nagendra, Svämy, & Mohan, 2003). Thus’ in dhäraëä mind is confined (bandha) to a single object with single thought. Hence dhäraëä requires voluntary control, persistent effort and training (abhyäsa). 

The Saàskåta word dhyäna means continuous dwelling of mind on a single object. When dhäraëä becomes effortless and continuous it takes the form of dhyäna. Often this is translated as meditation. Nevertheless, the word meditation is also used to denote concentration and dhäraëä. In this thesis, meditation means dhyäna. 


Fig. 3.
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tÇ àTyyEktanta Xyanm!.


Tatra pratyayaikatänatä dhyänam. 


                                                           (Taimni, 1961, Ch: 3 V: 2).


‘Meditation is uninterrupted, spontaneous flow of the mind towards the chosen object’.

2. 4.2D Dhyäna (meditation)45


Uninterrupted concentration on the object of concentration (Pratyayaikatänatä) is the distinguishing feature between the dhäraëä and dhyäna. This continuity is regarded as the measure of concentration and the total control over the mind. The attainment of ‘Dhyäna Avasthä’ shows that the mind is ready for the last limb (Aìga) (Samädhi) and the beginning of the higher states of yoga.

Dhäraëä naturally leads to the state of meditative absorption, in which the internalized object or locus fills the entire space of consciousness. Just as the one-pointedness of attention is the mechanism of dhäraëä, ‘one-flowing-ness’ (ekatänatä) is the underlying process of meditation accompanied by a peaceful, calm disposition. There is no loss of lucidity, but on the contrary, the sense of wakefulness is intensified, even though there is no or little awareness of the external environment.

The psychology of meditation is to cultivate a single thought. A restless mind is like a lake, constantly agitated by the winds of desires, creating thought–waves of diverse intensities. Because of this constant agitation, our true Self at the bottom of the lake cannot be perceived. When, to counter all those many thought–waves, a single thought is consciously cultivated by the repeated and uninterrupted practice of meditation, it develops into a huge wave that swallows up all the diverse ripples and makes the mind transparent and calm. The mind in meditation takes the form of this single thought-wave. The five characteristic features of meditation (dhyäna) are (i) single thought, (ii) effortlessness, (iii) awareness, (iv) slowness and (v) expansiveness. This can be called as defocusing. Meditation is a fine method for learning the secrets of the outer and inner worlds. Meditation is a technique of withdrawing the mind so that it receives rest and rejuvenation. The initial purpose of meditation is to intercept the flux of ordinary mental activity (citta våtti), which is cause for caïcalatä (Feuerstein, 2001). 

XyanheyaStd!v&Äy>.


Dhyäaheyästadvåtayaù.


                                 (Taimni, 1986, Ch: 2 V: 11).

 The modifications of the kleñas are reducible through meditation Säìkhya Yoga (Bahadur, 1988):

Cessation of desire is meditation.

It has been stated that knowledge alone can confer liberation. The author goes on to say how such knowledge can be obtained. When by meditation the mind is untarnished by external objects the impediments in the way of knowledge are removed.

Meditation is perfected by repelling the modifications of the mind.The modifications are real cognition, unreal cognition, imagination, deep sleep and memory. Meditation is accomplished by restraining them. When this is achieved there takes place the immediate intuition of the object of meditation.

Meditation is accomplished by dhäraëä, äsana and svadharma.

The author mentions how meditation is accomplished. This is by holding the mind in a particular part of the body (dhäraëä), adopting the needful posture (äsana), and by performance of the varëa duties (svadharma), i.e., duties belonging to the stage of life in which one is placed.

Meditation may be a spiritual practice but its effects on the body are definite and physiologically verified. Alpha waves become intense, respiration becomes minimal, consumption of oxygen decreases, blood pressure and temperature drop (HYP, Muktibodhänanda  1985).

àTyaharae xar[a c Xyan< æUmXyme hirm!.24.                  


Pratyähäro dhäraëä ca dhyänaà bhrüumadhyame harim |


yogatattvopaniñat ||24||

Pratyähära, dhäraëä, Dhyäna the contempletation on Hari in the middle of eyebrwos. 


AÉeddzRn< }an< Xyan< inivR;y< mn>,


õan< mnaemlTyag> zaEcimiNÔyin¢h>.2.


Abhedadarçanaà jïänaà dhyänaà nirviñayaà manaù|


Snänaà manomalatyägaù çaucamindriyanigrahaù||2|| (maitreyyupaniñat)


The cognition of everything as non different from one self of jïäna. Abstracting mind from cancala object in dhyäna. Purifying the mind of its impurities snäna. Bathing. The subjugation of indriayas is sauca. The wise man should observe thus: than he obtains Absolution. 


Xyat&Xyane ivhay invatiSwtdIpvXdÇeyEkgaecr< icÄ< smaixÉRvit,,       


Dhyätådhyäne vihäya nivätasthitadépavadhdatreyaikagocaraà


cittaà samädhirbhavati ,    (Adhyätmopaniñat)


That is called Samädhi in which the chitta, raising above the conception of the contemplator and contemplatation, merges gradully into the contem pletaed, like a light undisturbed by mind the wind. 


Xyayte=Xyaista ten tNyte àeyRte pun>,


sUyte pué;aw¡ c tenEvaixiót< jgt!. 4.


                                 miÙkaepin;dœ


Dhyäyate'dhyäsitä tena tanyate preryate punaù |


Süyate puruñärthaà ca tenaivädhiñöhitaà jagat || 4||


                                                       (Mantrikopaniñad, V: 4)


 Nididhyäsana and Dhyäna

AaTma va Are ÔòVy> ïaetVyae mNtVyae inidXyaistVyae mEÇeiy AaTmnae v Are dzRnen ïv[en mTya iv}anened< sv¡ ividtm!.5.


Ätmä vä are drañöavyaù çrotavyo mantavyo nididhyäsitavyo maitreyi ätmano va are darçanena çravaëena matyä vijïänenedaà sarvaà viditam ||5||.


(Båhadäraëyaka Upaniñat II.4.5)


It should fist be heard of from the teacher from the scriptures, then reflected on through and reasoning and then steady firstly meditated upon ‘ thus only is It realized- when these means, viz hearing, reflection and meditation have been gone through. When these three are combined than only true realization of the unity of Brahman is accomplice, not otherwise - by hearing alone.  


ïv[mnninivRicikTse=weR vStuNyektanvÄya  cet>Swapn< inidXyasn< Évit,


çravaëamanananirvicikitse'rthe  vastunyekatänavattayä cetaùsthäpanaà


nididhyäsanaà bhavati |   (Adhyätmopaniñat)


It becomes manana (completation) when such idea are quited ( in one ) through logical resoning. When their meaning is conformed through these (two process) the concentration of mind on it alone constitutes nididhyäsanaà.


Dhyäna has been definied by  Mahaåñi Pataïjali    but  nididhyäsanaà comes under the upaniñadic thoughts or ideas such as mahäväkyas as flows


In nididhyasana there is an inner search to find the root of l thought; to go to the very sourch from where thought arise. Later as we evolve. We search the sourch from where all deep rooted vasanas and samskars also emerge. While in dhyana we keep the mind on a simple though effortlessly; there is no search inside. Simillarly in nididhyasana there can be a series of differenrs thoughts as concentration but all directed to phathom Reality. As the teacher assess him to see “That you are”.   


1. tÅvmis (tattvamasi),                 (Chändogya Upaniñat 6.8.7) 

2. AymaTma äü (ayamätmä brahma),   (Mäëòükya Upaniñat 1.2 ) 


3. Ah< äüaiSm  (ahaà brahmäsmi),        (Båhadäraëyaka Upaniñat 1.4.10)


4. svR oiLvd< äü (Sarva khalvidaà brahma) (Chändogya Upaniñat 3.14)


In the present study, the concept of Dhyäna is presented based on the definition given by Mahaåñi Pataïjali  .

2.4.3 THE FACETS OF MIND



Generally mind is defined as a flow of thoughts. The conglomeration of thoughts is mind (Nagendra, 2001). This process of thoughts is always ongoing and is related with the information and inputs given by the external organs of perception and the feedback obtained from the earlier memories and impressions. In yogéc understanding, the mind has four functional facets i.e., manas, buddhi, citta and ahaìkära together called as antaùkaraëa (internal instrument). 


ing*te=Nt>kr[< mnaexIrh<k«itiíÄimit Svv&iÄiÉ>,


mnStu s<kLpivkLpnaidbuRiÏ> pdawaRXyvsayxmRt>.93.

AÇaiÉmanadhimTyh<k«it>, SvawaRnusNxangu[en icÄm!.94.


Nigadyate'ntaùkaraëaà manodhérahaìkåtiçcittamiti svavåttibhiù.


Manastu saìkalpavikalpanädirbuddhiù padärthädhyavasäyadharmataù.


Aträbhimänädahamityahaìkåtiù. Svärthänusandhänaguëena cittam.


The oscillating nature of thoughts is manas (saìkalpavikalpatmika), discriminative ability is buddhi (niçcayätmika), stored impressions and patterns is citta (anusandhänätmika) and feeling of ‘I’ ness, the ego is ahaìkära (Cinmayänanda, 2002a, V: 93, 94). This mind oscillates between any of the following five states:


i]Ý< mUF< ivi]Ýmeka¢< inéÏimit icÄÉUmy>,


Kñiptaà müòhaà vikñiptamekägraà niruddhamiti cittabhümayaù. 

Mind often functions in restless or turbulent way (kñipta), sometimes becomes dull and stupefied (müòha), sometimes becomes distracted and divided (vikñipta), sometimes becomes concentrated and one pointed (ekägra) and rarely becomes restrained and suspended (niruddha). These are different grounds or fields of functioning of the mind (cittabhümayaù) (Bangali Baba, 2002). This is presented schematically in Fig. 4

Figure. 4  Cycle of states of mind.
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                Determined by likes and dislikes 


                                                                                        (Raga-devña  rag-Öe;)

2.5 CONCEPT OF OM


2.5.1 UPANIÑADS- ÇRUTI PRASTHÄNA: To describe the ultimate reality or Brahman is infinite and difficult to comprehend, so the upaniñads suggest that we take the help of a symbol, OM. Upaniñads had taken great credits to explain why OM is the most appropriate symbol. It says that OM is nothing but so many components put together. For one thing, it comprises three distinct sounds- A, U and M. the whole range of sound is covered by these three sounds, and so OM is called Näda Brahman, sound Brahman. 


                     sveR veda yTpdmamniNt tpa‡is svaRi[ c yÖdiNt, 


                        yidCDNtae äücy¡ criNt tÄee pd‡ s<¢he[ ävIMyaeimTyett!.


                           Sarve vedä yatpadamämananti tapäðsi sarväëi ca yadvadanti | 


    Yadicchanto Brahmcäryaà caranti tatte padað saìgraheëa bravémyomityetat||


                                                                                           (Kaöha Upaniñat, 1. II. 15.)


I tell you briefly of that goal which of all the Vedas with one propound, which all the austerities speak of, and wishing for which people practice Brahmcarya: it is this, viz OM.


OM is one of the fundamental symbols used in the yoga tradition. OM is the name or symbol of God (Éçvara, Brahman) Kaöha Upaniñat (Cinmayänanda Svämé, 2002). OM covers the whole threefold experience of man. It is the combination of three letters, namely, A, U, and M. Japa Yoga A comprehensive treatise on Mantra-Çästra (Çivänanda Svämé, 2005). “A” represents the physical plane. “U” represents the mental and astral plane, the world of intelligent spirits, and all heavens. “M” represents the whole deep-sleep state, which is unknown even in our wakeful state Mäëòükya  Upaniñat (Cinmayänanda  Svämé, 1984). This concept has been well described in various Indian scriptures. 


In Mäëòükya Upaniñat

                  AaeimTyetd]rimd‡< sv¡ tSyaepVyaOyan< ÉUt< 


                                  ÉvÑiv:yidit svRmae»ar @v,  


                             yCcaNyt!  iÇkalatIt< tdPyae»ar @v. 

                Omityetadakñaramidað sarvaà tasyopavyäkhyänaà bhütaà


                                      Bhavadbhaviñyaditi sarvamoìkära eva|


                                   Yaccänyat trikälätétaà tadapyoìkära eva|| 


                                                                                       (Mäëòükya Upaniñat, V: 1.)

It has been described that OM is the syllable of the past, the present and the future.  From the original sound, OM, all things become manifest as its extened embodiments Mäëòükya Upaniñat (Cinmayänanda Svämé, 1984). The analogy in Muëòaka Upaniñat describes that OM is the bow; the soul is the arrow; and Brahman is the target. The target is attained by an unerring man. One should become one with the target just like an arrow. This is to become one with the imperishable by eliminating the ideas of the body, ego, präëa, hence being the self with nothing less than union with the Absolute Muëòaka Upaniñat (Gambhiränanda  Svämé, 1995).

vûeyRwa yaein gtSy mUitRnR †Zyte nEv c il¼naz>,


               s ÉUy @veNxn yaeing&ýStÖaeÉy< vE à[ven dehe .1, 13.


Vahneryathä yoni gatasya mürtirna dåçyate naiva ca liìganäçaù |


sa bhüya evendhana yonigåhyastadvobhayaà vai praëavena dehe


||1| 13|| Çvetäçvatara upaniñat


Çvetäçvatara Upaniñat describes that OM is like the fire which though potentially present in firewood is not seen until two sticks are rubbed against each other. The self is like that fire; it is realized by constant awareness of the sacred syllable OM. Let the body be the stick that is rubbed and OM be the stick that is rubbed against. Then the real nature is realized which is hidden within, just as fire in a sense hidden in the wood. Çvetäçvatara Upaniñat with the comentary of  Çaìkaräcärya (Gambhiränanda  Svämé, 1986).


2.5.2 BHAGAVAD GÉTÄ-SMÅTI PRASTHÄNA                                                                                                                                                                           

                ` tTsidit indeRzae äü[iôivx> Sm&t>,


                     äaü[aSten vedaí y}aí ivihta> pura.23.


                  Om tatsaditi nirdeço brahmaëastrividhaù småtaù|


                Brähmaëästena vedäçca yajïäçca vihitäù purä||23||


                                                                                          (Ch: 17; V: 23). 


 OM’ tat and sat this has been declared as the triple appellation of Brahma, who is Truth, Conciousness and Bliss. By that were the Brahmanas and the Vedas as well as sacrifices created at the cosmic dawn. 


                        tSmadaeimTyudaùTy y}dantp>i³ya>,


                   àvtRNte ivxanae´a> stt< äüvaidnam!.24.


                Tasmädomityudähåta yajïadänatapaùkriyäù|


         Pravartante vidhänoktäù satataà brahmavädinäm||24||


                                                                           (Ch: 17; V: 24). 


Therefore’ with the utterance of the holy syllable “AUM” the acts of sacrifice, charity and austerity are commenced; as enjoined in the scriptures by the expounders of the Brahman.

Bhagavad Gétä  describes Kåñëa’s instructions to Arjuna just before the great war on the battlefield of Kurukñetra Bhagavad Gétä Madhusudhan Sarasvaté, Gambhiränanda  Svämé, 1998).

 OM is the central element in Kåñëa's exposition of spiritual life and practice, speaking from his perspective as the infinite being, enumerating his major manifestations and embodiments. The meaning is that OM is nothing less than the supreme consciousness; so there can be nothing greater or a subject more important than OM. This is illustrated as “One who is engaged in the practice of concentration, uttering the monosyllable OM (the Brahman or consciousness) who remembers it always, he attains the supreme goal Bhagavad Gétä Madhusudhan Sarasvaté, Gambhiränanda Svämé, 1998).

In Summary: the sacred syllable OM is the primordial sound from which all other sounds and creation emerge. It underlies all phonetic creations. The utterance of OM, consisting of the three letters A, U, and M, covers the whole process of articulation. It is like the sound of a gong that gradually tapers to a point and merges in silence. One who attains OM, merges with the Absolute.


2.5.3 BRAHMASÜTRA-NYÄYA  PRASTHÄNA                                                                                                                                                                                                                                                                                                                              Brahmasütra is the exposition primarily of the Upaniñats. It is an attempt to systematize and reconcile the various strands of the upaniñats which form the background of Vedanta philosophy. The sütra are arranged in four chapters, each subdivided into four parts or quarters (päda). 


                                                      $]itkmRVypdezat!s>.13.


                                                Ékñatikarmavyapadeçät ||13||


                                         (Vidyänanda svämé, Brahmasütra Ch: I; Part III; V: 13)


Ékñatikarma can be interpreted: Anyone, who meditate on the Supreme Puruña  


(Ågveda. 10. 90. 1) with the syllable ’OM’ as possessed of three  mäträs, becomes illumined like the sun.” the word Puruña  is used for God as well as the individual soul.


                        Çya[amev cEvmupNyas> àîí.6.


                              Trayäëämeva caivamupanyäsaù praçnaçca ||6||


                                          (Vidyänanda svämé, Brahmasütra Ch: I; Part IV; V: 6)


Yamäcärya replied to Naciketä the Supreme Lord whom all penances and austerities, including Brahmcarya, are performed, I tell you in brief- that is ‘OM’. 

2.5.4 PATAÏJALI’S YOGA SÜTRAS

 Pataïjali’s Yoga Sütras (PYS) is one of the classical yoga texts in which the explanation about OM is well-defined. Pataïjali’s Yoga Sütras (Taimni, 1961). In PYS there is a single direct mention about Praëava (OM). 


        That is: 


                               tSy vack> à[v>


        Tasya väcakaù praëavaù     (Ch: I; V: 27). 

This literally means that praëava is virtually Éçvara or OM, where Éçvara is the word denoting God. Even though there is only one mention about OM in PYS, the definition of Éçvara and the attributes are given in PYS Chapter I, Verses 24-26. In Sütras   24, it is said: 


                     ¬ezkmRivpakazyErpram&ò> pué;ivze; $ñr>.24.


      Kleçakarmavipäkäçayairaparämåñöaù Puruña viçeña éçvaraù||24|| 


                                                                                                            (Ch: I; V: 24). 


This means that God is unique, untouched by affliction, acts and their consequences. In Sütras 25 it is said                         

                            tÇ inritzy< svR}bIjm!.25.


                                      Tatra niratiçayaà sarvajïabéjam||25|| (Ch: I; V: 25)

 This means that in God there is the root for endless omniscience. This description is taken further in Sütras   26. 


pUveR;amip gué> kalenanvCDedat!.26.

Pürveñämapi guruù kälenänavacchedät||26||


(Ch: I; V: 26).


This means that since Éçvara is not limited by time, He is the original guru or the guru of the earliest guru. 

Since PYS has described praëava (OM) as Éçvara, it is interesting to note that Sütras 28 describes what sädhana requires for Éçvara realization. Sütra: 28 states  


                                                     t¾pStdwRÉavnm!.28.


                                           Tajjapastadarthabhävanam||28||  


                                                                                             (Ch: I; V: 28). 

This means that mental repetition of OM (although OM is not specifically mentioned) should be carried out while dwelling on its meaning ‘Four Chapters on Freedom’ (Satyänanda Sarasvaté Svämé, 1976.)


2.6 CONCEPT OF OM MEDITATION

While the goal of all meditation techniques remains the same, the types of mediation vary because of the different approaches used by different systems of thought. The meditation techniques mentioned in different traditional scriptures could be broadly classified (Sukhänanda natha, 1992) as (a) Meditation on concrete (dhyäna on säkära saguëa vastu object): (i) Meditation on sound (çabda) i.e. on certain mantra, béja akñara (syllable in seed form) in form of japa meditation (silent repetition of mantra OM) or meditation on inner sounds (OM näda), (ii) Meditation on form (rüpa) i.e., on specific ideal or image of OM or deity (iñöadevatä), täntric codified shapes called yantras or neutral symbol like flame or light (jyoti), and (iii) OM meditation on inner objects like breath, movement of präëa, cakras, genesis of thoughts, or sense of ‘I’. (b) Meditation on abstract (OM dhyäna on niräkära nirguëa object or idea): (i) Meditation on meaning of upaniñadic statements of universal truths called as mahäväkyas like Ah< äüaiSm  (ahaà brahmäsmi), tÅvmis (tattvamasi), AymaTma äü (ayamätmä brahma) and à}an< äü (prajïänaà brahma). 


The scriptural texts of yoga and spirituality mention following statements about OM meditation.


` ³tae Smr


                                         OM kåto smarä     (Éçäväsya Upaniñat, V: 17)

                                           O’ devout worshipper, meditate on ‘OM’

2.6A Praçnopaniñat 


 Aw hEn< zEBy> sTykam> pàCD,


  s yae h vE tÑgvNmnu:ye;u àay[aNtmae<karmiÉXyayIt,


 ktm< vav s ten laek< jytIit, tSmE s haevac.


 Atha hainaà çaibyaù satyakämaù papraccha |


Sa yo ha vai tadbhagavanmanuñyeñu präyaëäntamoìkäramabhidhyäyéta |


 katamaà väva sa tena lokaà jayatéti |


 tasmai sa hoväca ||


                                      (Praçnopaniñat, V.01)


 Satyakäma, son of Çibi, asked him, “O venerable sir, which world does he really win thereby, who among men, intently meditates on OM in that wonderful way till death?” To him he said: 


 @tÖE sTykam pr< capr< c äü ydae<kar>,


 tSmaiÖÖanetenEva==ytnenEktrmNveit.


 Etadvai satyakäma paraà cäparaà ca brahma yadoìkäraù |


 Tasmädvidvänetenaivä''yatanenaikataramanveti ||


(Praçnopaniñat, V.02)


O Satyakäma, this very Brahman, that is (known as) the inferior and superior, is but this OM. Therefore’ the illumined soul attains either of the two through this one means alone. 


  s y*ekmaÇmiÉXyayIt s tenEv s<veidtStU[Rmev jgTyamiÉs<p*te,


  tm&cae mnu:ylaekmupnyNte s tÇ tpsa äücyeR[ ïÏya s<pÚae mihmanmnuÉvit.


 Sa yadyekamätramabhidyäyéta sa tenaiva saàveditastürëameva jagatyämabhisampadyate |


 Tamåuco manuñyalokamupanayante sa tatra tapasä brahmacaryeëa çraddhayä sampanno mahimänamanubhavati ||

 (Praçnopaniñat, V. 03)


Should he meditate on OM as consisting of one letter he becomes enlightened even by that and attains a human birth on the earth. The Åk mantras lead him to the human birth. Being endued there with self-control, continence, and faith he experiences greatness. Even sädhaka may not know all the letters by which OM is constituted, still meditates on OM, he attains an excellent goal, human birth on the earth. Being a prominent Brähmaëa with self-control, continence and faith experiences greatness, without any deviation from Yoga.


 Aw yid iÖmaÇe[ mnis s<p*te sae=Ntir]< yjuiÉRéÚIyte saemlaekm!,


s saemlaeke ivÉUitmnuÉUy punravtRte.


 Atha yadi dvimätreëa manasi sampadyate so'ntarikñaà yajurbhirunnéyate somalokam |


sa somaloke vibhütimanubhüya punarävartate ||

(Praçnopaniñat, V.04) 


Now again, if he meditates on OM with the help of the second letter, he becomes identified with the mind. By the Yajur mantras he is lifted to the intermediate space, the world of the Moon. Having experienced greatness in the lunar world, he turns round again. 


y> punret< iÇmaÇe[aeimTyetenEva]re[ pr< pué;miÉXyayIt s tejis suyeR s<pÚ>, ywa padaedrSTvca ivinmuRCyt @v< h vE s paPmna ivinmuR´> s samiÉéÚIyte äülaek< s @tSma¾Iv"nat! praTpr< puirzy<< pué;mI]te, tdetaE :laekaEE Évt>.


Yaù punaretaà trimätreëomityetenaiväkñareëa paraà Puruña mabhidhyäyéta sa tejasi surye sampannaù |


Yathä pädodarastvacä vinirmucyata evaà ha vai sa päpmanä vinirmuktaù sa sämabhirunnéyate brahmalokaà sa etasmäjjévaghanät parätparaà puriçayaà Puruña mékñate |


Tadetau çlokau bhavataù ||

                                                                                      (Praçnopaniñat, V.05)


Again, any one who meditates on the supreme Puruña with the help of this very syllable OM, as possessed of three letters, becomes unified in the Sun, consisting of light. As a snake becomes freed from its slough, exactly in a similar way, he becomes freed from sin, and he is lifted up to the world of Brahmä (Hiraëyagarbha) by the Säma mantras. From this total mass of creatures (that is Hiraëyagarbha) he sees the supreme Puruña that penetrates every being and is higher than the higher One (viz Hiraëyagarbha). Bearing on this, there occur two verses : 


itöae maÇa m&TyumTy> àyu´a


ANyaeNys´a Anivàyu´a>,


i³yasu baýa_yNtrmXymasu


sMykœ àyu´asu n kMpte }>.


Tisro mäträ måtyumatyaù prayuktä anyonyasaktä anaviprayuktäù |


Kriyäsu bähyäbhyantaramadhyamäsu samyak prayuktäsu na kampate jïaù ||


(Praçnopaniñat, V.06)

The three letters (by themselves) are within the range of death. But if they are closely joined, one to another, are not divergently applied to different objects, and are applied to the three courses of action – external, internal, and intermediate – that are properly resorted to, then the man of enlightenment does not shake (i.e. remains undisturbed). For whom it is know that the death is encompassed by three letters, cannot possibly be deflected, since the puruña in the waking, dream & sleep states, together with the states, has been seen by him as identical with the three letters and as identical with OM. Thus a man, who is enlightened has become the Self of all and one with OM, therefore from where can he deviate and to where?


\iGÉret<<< yjuiÉRrNtir]<


samiÉyRt! tt! kvyae vedyNte,


tmae<kare[Eva==ytnenaNveit ivÖan!


yÄCDaNtmjrmm&tmÉy< pr<< ceit.


Ågbhiretaà yajurbhirantarikñaà


sämabhiryat tat kavayo vedayante |


Tamoìkäreëaivä''yatanenänveti vidvän


Yattacchäntamajaramamåtamabhayaà paraà ceti ||


(Praçnopaniñat, V.07)

The intelligent know this world that is attainable by the Åk mantras, the intermediate space achievable by the Yajur mantras, and that which is reached by the Säma mantras. The enlightened man attains that (threefold) world through OM alone; and through OM as an aid, he reaches that also which is the supreme Reality that is quiet and beyond old age, death, and fear.

Yogéc teachings consider the syllable ‘OM’ to be the force behind all thoughts. Either chanting or thinking about ‘OM’ is supposed to cause a quiet mental state. OM is the primordial sound from which all other sounds and creation emerge. In OM meditation the meditator first concentrates on an OM picture and then mentally chants mantra ‘OM’ effortlessly and finally expands to an all-pervasive level and goes for blissful silence.

Meditation is also defined as concentration (continuous thinking) and some times as contemplation (repetitive thinking). Whereas’ in yogéc understanding meditation is not mere concentration but it is more than concentration. Therefore’ it is essential to distinguish the meaning of meditation.

2.6B Kaöha Upaniñat

                                 @tdœXyeva]r< äü @tdœXyeva]r< prm!, 


                              @tdœXyeva]r< }aTva yae yidCDit tSy tt!.


                 Etadadhyeaväkñaraà brahma etadadhyeaväkñaraà param| 


                        Etadadhyeaväkñaraà jïätvä yo yadicchati tasya tat||


                                                                               (Kaöha Upaniñat, 1. II. 16)

This letter (OM), indeed, is the (inferior) Brahman (Hiraëyagarbha); and this letter is, indeed, the supreme Brahman. Anybody, who, (while) meditating on this letter, wants any of the two, to him comes that.


2.6C Muëòaka upaniñat

Ara #v rwnaÉaE s<hta yÇ naf(> s @;ae=Ntírte b÷xa jayman> 


Aaem! #Ty! @v< XyaywaTman< SviSt v> paray tms> prStat!,


Arä iva rathanäbhau saàhatä yatra näòyaù sa eño'ntaçcarate bahudhä jäyamänaù. Aumityevaà dhyäyatha ätmänaà svasti vaù päräya tamasaù parastät.


Muëòaka upaniñat- (Gamabhiränada, 1995, 2.  2. 6)

Where the arteries of the body are brought together like the spokes in the center of a wheel , within it  ( this self, moves about ) becoming manifold. Meditate on Om as the Self. May you be successful in crossing over to the farther shore of darkness.


Within that (heart) in which are fixed the arteries like the spokes on the hub of a chariot wheel, moves this aforesaid Self by becoming multiformed. Meditate on the Self thus, with the help of Om. May you be free from hindrances in going to the other shore beyond darkness. Knowing him alone, one goes beyond death; there is no other path to proceed by. As the imperishable Self is hard to grasp, it is being presented over & over again so as to make it easily compensable.


To the wheel of the chariot there are many spokes attached to the hub of the wheel. In the same way, many arteries are connected to the heart. The great Self, manifesting itself in many forms (such as anger, hatred, etc.) in that heart, moves inside. Meditate on that Self as OM in order to go beyond darkness. Here in the upaniñat again it is discussed how the universe is related to Brahman. This time the upaniñat gives the example of a wheel on a chariot. There are many spokes in a chariot wheel, and all these spokes are attached to a hub. First there is hub, and from that all the spokes radiate. If there is no hub, the spokes cannot be there. Similarly, Brahman supports the entire universe. The spokes are compared in this verse to the arteries connected with our heart. They appear separate, but they all converge at the heart. 


Then how to meditate on OM? It must be a bright, shining, effulgent OM. Consider the Self within as that OM. Those who practise meditations know they have to imagine that the form they are meditating on is shining and luminous. It is very difficult at the beginning to meditate on Brahman, because Brahman has no form. So the upaniñat says to meditate on OM, as is the symbol of Brahman. Later you can dispense with OM. When you feel you are on with Brahman, you do not need to meditate on a form. But to begin with, the upaniñat says to meditate on the Self within as that effulgent OM. If you continue to meditate this way, you will go beyond darkness and ignorance, tamasaù. The teacher is here blessing the student that he may attain this state. 


à[vae xnu> zrae ýaTma äü tLlúymuCyte,


AàmÄen veÏVy< zrvÄNmyae Évet!.


Praëavo dhanuù çaro hyätmä brahma tallakñyamucyate |


Apramattena veddhavyaà çaravattanmayo bhavet ||

Muëòaka upaniñat- (Gambhiränanda, 1995, 2.  2. 4)


OM is the bow; the soul is the arrow; and Brahman is called its target. It is to be hit by an unerring man. One should become one with It just like an arrow. This is to become one with the imperishable by eliminating the ideas of the body, ego, präëa etc being the Self.

2.6D Chändogya upaniñat

sv¡ oiLvd< äü t¾lainit zaNt %pasIt,


      Aw olu ³tumy> pué;ae ywa³turiSm<‘aeke pué;ae Évit twet> àeTy Évit s ³tu< k…vIRt.


Sarvaà khalvidaà brahma tajjaläniti çänta upäséta.


Atha khalu kratumayaù puruño yathäkraturasmiàlloke

 puruño bhavati tathetaù pretya bhavati sa kratuà kurvéta.


Chändogya upaniñat- (Svämé Swahänada, 1984, Ch: 3 V: 14.1)

All this is Brahman. From it the universe comes forth, in It the universe merges, and in It the universe breathes. Therefore’ a man should meditate on Brahman with a calm mind.                     


Let one meditate That as adoration ; desires pay adoration to him. Let one contemplate That as the supreme, he becomes possessed of the supreme. Let one contemplate  That as Brahman’s destructive agent, one’s hateful rivals perish as also those rivals whom he does not like . He who is here in the person and he who is yonder in the Sun, He is one. 


2.6E Öaittiréya upaniñat

` äüivdaßaeit prm!, tde;a=_yu´a, sTy< }anmnNt< äü, yae ved iniht< guhaya< prme Vyaemn!, sae=îute svaRn! kaman! sh äü[a ivpiíteit, tSmaÖa @tSmadaTmn Aakaz> s<ÉUt>, AakazaÖayu> vayaeri¶>, A¶erap>, AÑ(> p&iwvI,  p&iwVya Aae;xy>, Aae;xI_yae=Úm!, AÚaTpué;> s va @; pué;ae=Úrsmy>, tSyedmev izr>, Ay< di][> p]>, AymuÄr> p]>, AymaTma, #d< puCD< àitóa, tdPye; ðaekae Évit,


Om brahmavidäpnoti param | Tadeñä'bhyuktä | Satyaà jïänamanantaà brahma | Yo veda nihitaà guhäyäà parame vyoman | So'çnute sarvän kämän saha brahmaëä vipaçciteti | Tasmädvä eatasmädätmana äkäçaù sambhütaù | Äkäçädväyuù väyoragniù | Agneräpaù| Adbhyaù påthivé | Påthivyä oñadhayaù | Oñadhébhyo'nnam | Annätpuruñaù sa vä eña puruño'nnarasamayaù | Tasyedameva çiraù | Ayaà dakñiëaù pakñaù | Ayamuttaraù pakñaù | Ayamätmä | Idaà pucchaà pratiñöhä | Tadapyeña çloko bhavati |

Öaittiréya upaniñat – (Gamabhiränanda, 1998, Ch: 2 V:1)


OM. The knower of Brahman attains their Suprime (the Higest). In reference to that is the following hymn recited: “Brahman is Truth, knowledge and Infinity. He is who knows it is as existing hidden in the heart, the transcendent Akasa (Parama Akasa) realises all this desires along with the Omniscient Brahman.”


Though a man may perform penance standing on one leg for a thousand years, it will not, in the least, be equal to one-sixteenth part of concentrated meditation.


Piìgalä upaniñat – (Adiswaränanda, 2004, Ch: 4 V: 15)

2.6F Bhagawat Gétä         





 sm< kayizrae¢Iv< xaryÚcl< iSwr>,


sMàeúy naiska¢< Sv< idzíanvlaekyn!.6.13.


Samaà käyaçirogrévaà dhärayannacalaà sthiraù.


Samprekñya näsikägraà svaà diçaçcänavalokayan.


                                             (Tapasyänanda, 2002, Ch: 6 V: 13). 


Keeping the trunk, head and neck straight and steady sitting firmly, 


one should look at the tip of the nose, without looking in other directions                               


àzaNtaTma  ivgtÉIäRücairìte iSwt>,


mn> s<yMy  mi½Äae  yu´ AasIt mTpr>.6.14.


Praçäntätmä  vigatabhérbrahmacärivrate sthitaù.


Manaù saàyamya maccitto yukta äséta matparaù.

                                (Tapasyänanda, 2002, Ch: 6 V: 14).


A majestically calm, fearless, and a confirmed celebate should 


withdraw his senses and sit carefully fixing his mind upon Me 


yuÁjˆÚev<  sdaTman< yaegI inytmans>,


                            zaiNt<  invaR[prma< mTs<SwamixgCDit .6.15.


Yuïjannevaà  sadätmänaà yogé niyatamänasaù.


                    Çäntià nirväëaparamäà matsaàsthämadhigacchati

                                                      (Tapasyänanda, 2002, Ch: 6 V: 15).

Uyjhm6In this manner, constantly meditating with controlled mind, 


the yogé, emancipated and eternally peaceful,attains Me 


                                     tÇEka¢< mn> k«Tva yticÄeiNÔyi³y>,


%pivZyasne yuÁJya*aegmaTmivzuÏye. 6.12.


 Tatraikägraà manaù kåtvä yatacittendriyakriyaù.


Upaviçyäsane yuïjyädyogamätmaviçuddhaye.


                                                                                (Tapasyänanda, 2002, Ch: 6 V: 12).


Sitting on that seat he should concentrate the mind, control the senses and 


thoughts, and practise yoga for self-purification. 


                 yuÁjIt à[ve cet> à[vae äü inÉRym!, 


                       à[ve inTyyuKtSy n Éy< iv*te Kvict!. 


                 Yuïjéta praëave cetaù praëavo brahma nirbhayam | 


                 Praëave nityayutkasya na bhayaà vidyate kvacit ||


                                                                 (Gauòapäda Kärikä, V: 25)


One should concentrate one’s mind on OM, (for) Om is Brahman, beyond fear. For a man, ever fixed in Brahman, there can be no fear anywhere. 


In Ägama Prakaraëa it is said that concentrate the mind on praëava (OM).


Yuïjéta praëave cetaù – unite the mind with praëava, with OM. Fix your mind on OM and meditate on that Om as Brahman, as your own self. Brahman is infinite, without any form without any quality, so how can you meditate on it? It is very difficult, but not impossible. You can imagine a bright, luminous OM in the heart. Remember that OM is nothing but Brahman, the Self, and you are that Self. That Self is also the Self of everyone. Praëave nitya-yuktasya - you must always be conscious that you are OM, that you are Brahman. Keep this in mind always.


If you can meditate like this then you will have no fear. Then where is fear? When we think there are two, when we have sense of duality. I see you and thing you are different from me. May be you are superior to me and so you may defeat me. With duality comes this fear, conflict, and competition. But if I do not see duality, if I see the one Self everywhere, then what is there to be afraid of? I cannot be afraid of my own Self. I am everywhere- in you, in me, in everyone.


                     à[v< hIZvr<< iv*at! svRSy ùid s<iSwtm!,


                             svRVyaipnmae»ar< mTva xIrae n zaecit.


Praëavaà héçvaraà vidyät sarvasya hådi saàsthitam |


Sarvavyäpinamoìkäraà matvä dhéro na çocati ||


                                                               (Gauòapäda Kärikä, V: 28)

One should know OM, to be God seated in the hearts of all. Meditating on the all-pervasive Om, the intelligent man grieves no more. 


Know this praëava to be Éçvara, the Lord. Instead of saying Brahman, Gauòapäda is using the word Éçvara here. Éçvara, the Lord who controls, is in the heart of everyone. He is the common indwelling Spirit of us all. This praëava, OM, is all-pervasive (sarvavyäpi). Knowing this, that OM is that all-pervasive Brahman and that you are one with that Brahman, the wise person (dhéra) does not grieve (na çocati). When you have this knowledge you are wise. Then there is no more sorrow for you, no more pleasure and pain. You go beyond all dualities. We suffer because of our ignorance. When we have knowledge of the unity of everything, then there is no more suffering. 


                      iÇéÚt< SwaPy sm< zrIr< ùdIiNÔya[I mnsa siÚveZy,


                       äüaefupen àtret ivÖan! öaeta<is svaRi[ Éyavhain.


Trirunnataà sthäpya samaà çaréraà hådéndriyäëé manasä sanniveçya.


Brahmoòupena pratareta vidvän srotäàsi sarväëi bhayävahäni.


Çvetäçvatara upaniñat - (Gamabhiränanda, 1986, Ch: 2 V: 8)


The wise man should hold his body steady, with the three (upper) parts erect, turn his senses, with the help of the mind, toward the heart, and by means of the raft of Brahman; cross the fearful torrents of the world. 


                       vûeyRwa yaeingtSy mUitRnR  †Zyte nEv c il¼naz> ,

s ÉUy @veNxnyaeing&ý-StÖaeÉy< vE à[ven dehe.13.


Vahneryathä yonigatasya mürtirna dåçyate naiva ca liìganäçaù.


Sa bhüya eavendhanayonigåhya-stadvobhayaà vai praëavena dehe||13||


Svdehmri[< k«Tva à[v< caeÄrari[m!,


XyaninmRwna_yasaÎev< pZyeiÚgUFvt!.14.


Svadehamaraëià kåtvä praëavaà cottaräraëim|


Dhyänanirmathanäbhyäsäddevaà paçyennigüòhavat||14||


Çvetäçvatara upaniñat - (Gamabhiränanda, 1986, Ch: 1 V: 13 & 14)


Çvetäçvatara upaniñat- describes that OM is fire though potentially present in firewood is not seen until one stick is rubbed against another. The Self is like that fire; it is realized by constant awareness of the sacred syllable OM. Let your body be the stick that is rubbed and OM be the stick that is rubbed against (meditation). Then the real nature is realized which is hidden within, just as fire in a sense hidden in the wood. 


                       b&h½tdœ idVymicNTyêp<  sUúma½ tTsUúmtr< ivÉait,

   ËraTsuËre tidhaiNtke c pZyiTSvhEv iniht< guhayam!.


Båhacca tadidhiavyamacintyarüpaà  sükñmäcca tatsükñmataraà vibhäti.


Dürätsudüre tadihäntike ca  paçyatsvihaiva nihitaà guhäyäm.


Muëòaka upaniñat- (Gambhiränanda, 1995, Ch: 3 V: 1.7)


That Brahman shines forth, vast, self-luminous, inconceivable, and subtler than the subtle. He is far beyond what is far and yet here very near at hand. Verily, He is seen here, dwelling in the cave of the heart of conscious beings.


2.6G Çrémad Bhägavata Mahäpuräëa (Tapasyänanda, 1982)


“Do you restrain by all means your fickle mind; my son by your superior intelligence set steady on Me. This is the sum and substance of all yoga.” So spoke the Lord to Üddhava (11.23.61). “The mind that dwells on sense objects gets stuck in them. The mind that remembers Me constantly gets dissolved in Me” says Lord Kåñëa to Üddhava. That is the mode of meditation advocated by the Bhägavat. (11.14). Further from verses numbers 31 to 46 of Bhägavat Mahäpuräëa (chapter 14 of sub-chapter 11) it is mentioned, how the devotees should meditate on Lord Kåñëa’s personal and impersonal form and with what attributes one should meditate, when asked by Üddhava.   


2.6H Yoga Väsiñöha           


mn> àzmnaepay> yaeg> #TyiÉxIyte .


Yoga is the trick to calm down the mind.


td_yasen invaR[m! #Ty_yasae mhaedy>,


;MÉa :yEvm! inzayam! te inivRkLp smaixna. 

Tadabhyäsena nirväëam ityabhyäso mahodayaù.


ñambhä ñyaivam niçäyäm te nirvikalpa samädhinä.

bÉUvtu>  icdakazêip{yaE Vyaemgak«tI,


furat! Ërm! AiÉPluTy ttae äüa{fmftt!.

Babhüvatuù  cidäkäçarüpiëyau vyomagäkåté.


Òurät düram abhiplutya tato brahmäëòamaòatat.

                                                                     (Yoga Väsiñöha 5.40, 41; Atreya, 1993)


Since liberation is (attained) by such practice, the practice (itself) is the supreme fulfillment. Conversing thus in the night, they two (Leela and goddess) became of the form of the space of consciousness by Nirvikalpa Samädhi (or yogéc state of absolute consciousness transcending the differentiation of the knower, knowledge and the known  and possessed of the bodily form of heavenly beings) 


2.6I Haöha Yoga Text 


æuvaemRXye izvSwan< mnStÇ ivlIyte,

}atVy< tTpd< tuy¡ tÇ kalae n iv*te. 48.


Bhruvormadhye çivasthänaà manastatra viléyate|


Jïätavyaà tatpadaà turyaà tatra kälo na vidyate || 48 ||


                                                                   (Muktibodhänanda, Ch: IV, V: 48)


The external point of the eyebrow centre is actually the trigger point of concentration arousing the äjïä cakra or guru cakra. If this cakra is awakened by the kuëòaliné çakti the experience is altogether beyond the scope of the five lower elements. It is the centre of consciousness. Its béja mantra is ‘OM’.

In Haöha yoga meditation, more specifically kuëòaliné meditation, the divine power that lies dormant in every human being is aroused and pulled upward through the cakras, the psychic centers of the body. At the top of the head, the seat of the highest consciousness the union of the individual and absolute consciousness takes place. This is expressed symbolically as the union of Çakti or kuëòaliné with Lord Çiva. During   meditation each cakra is visualized as a lotus with a certain number of petals. The mülädhära, svädhiñöhäna, maëipura, anähata, viçuddhi and äjïä cakras have four, six, ten, twelve, sixteen and two petals respectively, while sahasrära has one thousand. The number of petals is determined by the number and position of näòés that emanate from the cakras and give it the appearance of a lotus. Hanging downward when kuëòaliné is dormant, the näòés turn upward with its ascendance. The cakras may be focused upon by chanting of OM, the all inclusive universal sound vibration, in different pitches. When kuëòaliné is awakened it does not proceed directly to the sahasrära unless one is an exceptionally pure yogé. It must be moved up from one cakra to another and a great of concentration and patience is required. When the kuëòaliné finally rises from the äjïä to the sahasrära union take place and this is called liberation.  In summary, Haöha yoga itself (by practicing preliminary practices called äsanas, präëayämas, kriyäs, bandhas mudräs) leads to stages of meditation, while it also prepares one’s body and mind for the practice of meditation (Haöha yoga Muktibodhänanda, 2003). 

Yoga teachings consider the syllable OM to be the force behind all thoughts. Either chanting or thinking about OM is anecdotally reported to cause a quiet mental state.  

Summary 


The sacred syllable OM is the primordial sound from which all other sounds and creation emerge. It underlies all phonetic creations. The utterance of OM, consisting of the three letters A, U, and M, covers the whole process of articulation. It is like the sound of a gong that gradually tapers to a point and merges in silence. One who attains OM, merges with the Absolute.

 Yoga teachings consider the syllable OM to be the force behind all thoughts. Either chanting or thinking about OM is anecdotally reported to cause a quiet mental state. 


2.6 CONCEPT OF OM MEDITATION


2.6.1 TECHNIQUE OF OM MEDITATION 


There are different techniques of meditation depending upon the object and the strategy chosen. Despite the difference in objects of focus and techniques of meditation, three key factors have to be present in the practice of any kind of meditation. Those three factors are (i) the object of meditation (locus of focus), (ii) the centre of consciousness (point of awareness) where the mind is held during meditation, and (iii) the method employed to invoke concentration (Adhéçwaränanda, 2004). 


The object of meditation can be anything as described earlier, but to practice of OM meditation the object should be only OM internal or external, stable or dynamic. The sacred texts of Yoga and Vedänta maintain that the object of meditation must not be frequently changed. The object of OM meditation is generally held within at a particular center, such as the heart, the forehead, the tip of the nose, or the crown of the head or the seeker may place it outside his body, in-front of him on the ideal. However’ in some meditation techniques the object of concentration and the center of consciousness (awareness) where the mind is held are same. The method employed to invoke concentration is either selected by the seeker or prescribed by the teacher (Guru), and it also must not be changed.


In OM meditation the meditator first concentrates on an OM picture and then mentally chants mantra ‘OM’ effortlessly and finally expands to an all-pervasive level and goes for blissful silence.

znE> znEéprmedœ buÏ(a x&itg&hItya,


 AaTms<Sw< mn> k«Tva n ikiÂdip icNtyet!.6.25.


Çanaiù çanairuparamed buddhyä dhåtigåhétayä.


 Ätmasaàsthaà manaù kåtvä na kiïcidapi cintayet.


                                                            (Cinmayänanda, 2001, Ch: 6 V: 25)

With intellect set in firmness, attain quietitude little by little (step by step); with the mind fixed on the Self, do not think of anything. 

The methodology of yoga is to control and purify the subconscious (region of väsanäs and saàskäras) with the help of conscious effort. Restlessness of body is to be overcome by slow and mindful practice of postures (äsanas). Irregular breath, an indicator of mental restlessness, is to be made regular by smooth and rhythmic breathing (präëayäma).The out going thoughts and improper tendencies of the mind must be substituted by cultivating of moral and ethical virtues. Meditation helps to gain this control and constant awareness. Meditation begins with concentration and intense focusing on the chosen object and dhyäna happens only when mind becomes effortlessly and continuously one-pointed like the flow of oil poured from one vessel into another. Sage Pataïjali says “meditation is uninterrupted flow of mind on its object. This itself turns into samädhi when the object alone shines and the thought of meditation (and of the meditator) is lost, as it were” (Usharbudh, 1986). That state of mind is niruddha where thoughts do not exist. Meditation is only possible in wakeful state of consciousness. How mind exists in different states of consciousness and can be evolved higher is schematically depicted in Fig. 5 
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2.6.2 THE CONCEPT OF JAPA


 Japa is the spiritual practice of repeating a sacred word referring to the Divine. Such a sacred word can be a verse, a short prayer, a phrase, or a mystic syllable. The purpose of the repetition is to bring the mind to a state of devotion and concentration. The practice of japa is as old as religion itself, it is the most concentrated form of prayer. Faith in the purifying and transforming power of such sacred holy names can be called “key words” which has every religious that inspire its followers. Many saints and prophets achieved God-consciousness by chanting or repeating them. When a seeker repeats such a words with faith and fervor, it releases the power of holiness, which fills his mind with devotion and then leads it to concentration, absorption, and illumination. Japa is the easy tool for dhyäna by increasing and decreasing the speed of japa mind can reach to the deeper level of relaxation. 

OM is the concentrated prayer of the Vedas that says: “OM” meditate on the effulgence of that Supreme Divine Being, the creator of the world Planes–earth, heaven, and interspaces. May that Divine Being direct our intelligence “OM.” OM is the seed word of all prayer, in which concentrated prayer becomes most condensed. The repetition of OM merges in silence gradually culminates in meditation. To help one maintain a constant remembrance of God, japa has many advantages over other methods. The practice of meditation and ceremonial worship require disciplined will, fixed posture, faith, and effort, but the practice of japa needs only effort.


Even when the repetition of a sacred word is merely mechanical, its healing, transforming, and purifying effect is certain. Since japa does not require any special posture, time, place, formality, or environment, it can be practiced under all circumstances.  


2.6.3 STEPS OF OM MEDITATION



The system of yoga teaches the means by which the individual human spirit (jévätmä) can be in communion with the Supreme Universal spirit (paramätmä). It is a systematic approach for an individual to become one with, or attain the highest level of consciousness of which man is capable. Around 200 B.C. the sage Pataïjali evolved eight stages of yoga. These were systematically presented in the yoga sütras, which consists of 196 aphorisms. The eight stages of yoga are: yama (universal moral commandments), niyama (rules for self-purification), äsanas (postures), präëayäma (conscious rhythmic regulation of breathing), pratyähära (withdrawal and emancipation of the mind from the domination of the senses), dhäraëä (concentration), dhyäna (meditation), and Samädhi (a state in which the aspirant becomes one with the Paramätmä or Universal spirit). The eight stages are meant to follow each other in sequence, with each stage preparing the practitioner for the next stage. These eight limbs can also be practiced independently and are paths to Kaivalya (a state of liberation/freedom and enlightenment). 


Specific to meditation, it has been described that in the absence of a specific task the mind is very distractible (caïcalatä), and has to be taken through the stages of ‘streamlining the thoughts’ (ekägratä), and one-pointed concentration (dhäraëä), before reaching the meditative state (dhyäna) (Cinmayänanda, 1984). The process of meditation thus encompasses ekägratä, dhäraëä and dhyäna, where ekägratä and dhäraëä are the preliminary steps. All types of meditation techniques whether traditional or modern comprise these steps in varying duration.


		Steps




		Process

		Key features

		Experience



		Ekägratä Concentration

		Channelizing the multiple thoughts in one direction

		- Voluntary control


- Intense effort


- Analytical focusing

		alertness, fatigue



		Dhäraëä 


 Focusing

		Fixing the mind on one 


single object with 


single thought

		- Confined repetitions


- Withdrawal from irrelevant 


- Non-analytical focusing

		Sustained attention, tiredness



		Dhyäna Meditation

		Continuous and spontaneous dwelling  of mind on


 a single object              

		- Single thought 


- Effortless awareness


- Slow expansion

		Awareness


Silence


Peace


Happiness



		Samädhi



		Absorption of subject, 


object and the process

		- Expansion


- Powers

		Knowledge


Bliss







Svämé Vivekänanda in his book (Vivekänanda, 2001) on Räja yoga says, when the mind is focused on a specific object uninterruptedly for twelve seconds, one achieves one unit of dhäraëä. Twelve such successive units of dhäraëä make one unit of dhyäna, and twelve such successive units of meditation, lead to Samädhi.  Samädhi is a state of complete absorption. Sage Pataïjali says:

tdevawRmaÇinÉaRs< SvêpzUNyimv smaix>.


Tadevärthamätranirbhäsaà svarüpaçünyamiva samädhiù. 


                                                    (Taimni, 1961, Ch: 3 V: 3)

The same (contemplation) when there is consciousness only the object of meditation and not of itself (the mind) is Samädhi.

The absorption is attained when meditation becomes constant and continuous, and the mind merges in the object of meditation. There exits no tripuöi. Samädhi is a quantum jump into next level of consciousness, the realm of knowledge, power and bliss (Nagendra, Svämy, & Mohan, 2003).

2.6.4 REQUISITES OF OM MEDITATION


Posture: The perfect posture for meditation is that in which the spine, the head, the chest, and the neck are kept erect and there is no movement of the body, and the mind remains in a state of equilibrium (Madhusudhan, & Gambhiranda, 1998, Ch: 6 V: 35). However’OM meditation can also be practiced while body is in slow actions or motion.



Time: Although there is no fixed time for the practice of meditation, the sacred texts mention ‘four timings’ that are most favorable and auspicious. The first of them is time between three and five in the morning (brahmamühurta). The second is midday, when nature has a tendency to return to calmness and rest. The third is the hour of dusk (godhuli), when day merges into night and nature becomes tranquil. And the fourth is midnight, when a deep silence pervades all of nature. Experienced teacher advocate that the time for meditation once chosen, must be observed every day, because there is a cycle or rhythm in the movement of forces, spiritual as well as material (Mokshadänanda, 1997).



Place: The Vyäsa Sütras state “There is no law of place; wherever the mind is concentrated, meditation should be practiced” (Adhéçwaränanda, 2004). According to sacred texts of Vedänta, a mountain, a riverbank, a temple, a place where the practice of meditation has been successfully carried out by many spiritual seekers (tapobhümi) and a solitary place free from distractions (Vivekänanda, 1971).


sme zucaE zkRraviûvaluka ivvijRte zBdjlaïyaidiÉ>,


minnukªle n tu c]upIfne guhainvataïy[e àyaejyet!.


Same çucau çarkarävahnivälukä vivarjite çabdajaläçrayädibhiù.


Maninuküle na tu cakñupéòane guhänivätäçrayaëe prayojayet.


Çvetäçvatara upaniñat - (Gambhiränanda, 1986, Ch: 2 V: 10)


Let yoga (meditation) be practiced within a cave protected from the high wind, or in a place which is level, pure, and free from pebbles, gravel, and fire, undisturbed by the noise of water or of market –booth, and which is delightful to the mind and not offensive to the eye.


Bhagavad Gétä:                 zucaE deze àitóaPy iSwrmasnmaTmn>,


naTyuiCÀt< naitnIc<< cElaijnk…zaeÄrm!.6.11.


Çucau deçe pratiñöhäpya sthiramäsanamätmanaù.


Nätyucchitram nätinécam cailäjinakuçottaram.


                                (Tapasyänanda, 2002, Ch: 6 V: 11)

On a clean and pure place neither too high nor too low he spreads kuçagrass, a deerskin and a cloth. 


Direction: The meditator is advised to sit facing the east, because the earth’s daily rotation is from west to east. By facing the east, one faces the direction of motion (Adhéçwaränanda, 2004).


2.6.5 PROCESS OF OM MEDITATION


In this technique, willpower plays an important role. Through the exercise of willpower, the mind consciously and deliberately cultivates a single thought to the exclusion of all other thoughts. OM Meditation begins with concentration on single OM picture and culminates in absorption in that object. Absorption reveals the subtle nature of the object. By knowing it one is able to know the reality of subtle entities in the universe. This is schematically presented in Fig. 2. 6.5.

Fig. 6
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2.7 GOAL OF OM MEDITATION



The goal of meditation is complete absorption in the object of meditation (Samädhi), finally leading to communion or union with the Ultimate Reality. Different systems of thoughts and philosophies call it by different names: liberation - Mokña, beatific vision of divine – nirvana, awakening, and enlightenment – Kaivalya, Self knowledge or knowledge of Brahman, attaining the Kingdom of Heaven within. Longing for this goal distinguishes a human individual from the subhuman beings says Sri Räma Kåñëa (Mumukhsänanda, 1998).



The goal of meditation is the cessation of all miseries through the realization of the indwelling Self, or Puruña, which is Pure Consciousness. The yoga system maintains that the cause of all miseries is ignorance, which deludes the Self, and entangles It in the world of matter. This entanglement is essentially of the mind, and the remedy lies in disentangling the Self from the world of matter and the world of mind. This is only possible through the knowledge of Reality. The aim of meditation is to find the Reality. Meditation leads to Self realization (Satyänanda, 1992).



The seers of the Vedas mention four goals of life: knowledge of the right and wrong (dharma), worldly prosperity (artha), fulfillment of legitimate desires (käma) and Self –Knowledge (mokña). Self-knowledge is the consummation of all the other goals. According to Upaniñads in this state, the dualities of subject and object, knower and known, seer and seen, all merge in the indescribable expanse of the Absolute. Consciousness of time and space obliterate, and the fetters of causality broken for forever. No sacrifice is too great to achieve this goal; no effort in this venture is ever lost or wasted.  All scriptures of Yoga and Vedänta emphasize on this goal which is the goal of all goals in human life.



The present thesis focused on the concepts of the four waking states of consciousness (Caïcalatä, Ekägratä, Dhäraëä and Dhyäna). 

2.8 BENEFITS OF ‘OM’ MEDITATION


The benefits of meditation are threefold: physical, psychological and spiritual. Meditation enables the physical and psychic energies to flow into creative, constructive channels instead of burning out in destructive forms. Mind gains the poise, peace, naturalness, serenity, stability of emotions, conservation of energy, and a capacity to bear the frustrations and the ups and downs of the life. For a spiritual aspirant OM meditation purifies the heart, steadies the mind, distroys the obstracles, destroys the bondage of birth and death, annihilates attachments (induces vairägya), roots out all desires, makes one fearless, removes delusion, gives supreme peace, develops prema (divine love), brings God consciousness, bestows eternal bliss, awakens the kuëòaliné. The japa of ‘OM’ either done mentally or physically has a tremendous influence on the mind. Meditation addresses all the unresolved issues and notions of subconscious. Meditation brings about complete behavioral transformation. A new worldview induces a new quality of consciousness, which leads to change in interpersonal relationships. Meditation teaches to act and not to react (Chao Khun, 1968).  

Meditation awakens the dormant powers of the mind. Just as a vast amount of energy is hidden in an atom, so too is there a vast reservoir of energy hidden in the depths of our psyche. The sacred texts of Yoga call this sleeping power of the mind kuëòaliné (Muktibodhänanda, 2003). Life becomes blessed when the kuëòaliné is awakened. Practitioner attains certain powers known as siddhés (Taimni, 1961). Using the power of the mind, human beings have been able to achieve great wonders in the realm of science and technology. It is the same power of the mind that makes impossible things possible in the realm of spirituality. The story of the evolution of life is the story of the manifestation of mental powers. The mind being clear and free from conflicts becomes more effective and efficient. Meditation brings spiritual illumination which liberates the Self from the trappings of the body-mind complex. Meditation is the only way to Self-Knowledge, and Self-Knowledge can put an end to all the sorrows and sufferings of the life.


2.9 LIMITATIONS

1. Too much of meditation done indiscriminately could cause hazards leading to distortion of personality.


2. Psychiatric patients normally are prohibited from the practice of meditation 


3. Wrong practice could cause problems 


2.10 SUMMARY


Meditation offers a fascinating window into human consciousness, psychology and experience. During meditation a state of mind is reached which is characterized by deep relaxation as well as increased internalized attention.

Meditation is the freedom from thought, a state of no-mind. It is a state of pure consciousness with no contents. It is the activation of natural 'seeing' activity, of the 'Self' or Consciousness. It is the finest way to increase one's personal energy by getting connected to the Source. Meditation is one such technique that helps to purify, control (nirodha) and slowdown (praçamana) the mind and its modifications (våttis) by skill (kauçala) and regular practice (abhyäsa). The process of meditation begins with concentration (ekägratä) and focused attention (dhäraëä) on the chosen object and dhyäna happens only when mind becomes effortlessly and continuously one-pointed like the flow of oil poured from one vessel in to another. Sage Pataïjali says “dhyäna is an uninterrupted, spontaneous flow of mind on its object. This itself turns into samädhi when the object alone shines and the thought of meditation (and of the meditator) is lost, as it were”. The five characteristic features of meditation (dhyäna) are (i) single thought, (ii) effortlessness, (iii) awareness, (iv) slowness and (v) expansiveness (defocusing). Meditation involves three factors i.e., meditator, the object of meditation and the process of meditation (tripuöi). The object of focus is generally sacred and can be personal or neutral, stable or dynamic, concrete or abstract, a word or an idea, an image or a symbol, a divine form or personality.

The concept of OM meditation has been well described in various Indian scriptures  as well as  Yogéc teachings consider the syllable ‘OM’ to be the force behind all thoughts. OM covers the whole threefold experience of man. It is the combination of three letters viz., A, U, and M. ‘A’ represents the physical plane. ‘U’ represents the mental and astral plane, the world of intelligent spirits, and all heavens. ‘M’ represents the whole deep sleep state, which is unknown even in our wakeful state.

Either chanting or thinking about ‘OM’ is supposed to cause a quiet mental state. OM is the primordial sound from which all other sounds and creation emerge. 

In the traditional texts (the Pataïjali’s Yoga Sütras and Bhagavad Gétä it has been described that when awake and in the absence of a specific task the mind is very distractible (caïcalatä), and has to be taken through the stages of ‘streamlining the thoughts’ (concentration or ekägratä), and one-pointed concentration (focusing or dhäraëä), before reaching the meditative state (defocused, effortless single thought state or dhyäna).   

Earlier study suggested that meditation on ‘OM’ produces a state of an alertful rest. The relationship between the mental state and body physiology; emotional and cognitive processing and the biological correlates of religious experience.

In OM meditation the meditator first concentrates on an OM picture and then mentally chants mantra ‘OM’ effortlessly and finally expands to an all-pervasive level and goes for blissful silence. This is one of the technique which develops tremendous willpower and deliberately cultivates a single thought to the exclusion of all other thoughts.  OM Meditation begins with concentration on single object and culminates in absorption in that object. Absorption reveals the subtle nature of the object. By knowing it one is able to know the reality of subtle entities in the universe.

3.1. INTRODUCTION

In India research on yoga and meditation started in 1918 at the Yoga Institute at Versova near Mumbai, the precursor of the Yoga Institute at Santa Cruz (Khalsa, 2004; Yogendra, 1970). This was soon followed by the clinical work at the Kaivalyadhama Yoga Institute in Lonavala under Svämé Kuvalyananda in the 1920’s (Khalsa, 2004; Gharote, 1991). In 1925 early scientific studies were reported by Svämé Kuvalayananda of Lonavala in a quarterly journal Yoga Mémäàsä. These studies helped to initiate interest in yoga research by showing that the physiological effects of yoga could be examined in the laboratory. This was followed by a number of studies which reported that yogis could exert voluntary control over the cardiovascular system and reduce their metabolic rate at will. Maharishi Mahesh Yogi introduced the Transcendental Meditation (TM) program to the United States and Canada around 1960. TM is a natural mental technique that requires no elaborate yoga postures, paraphernalia or particular environment. A number of scientific studies were conducted on meditation based on different variables. The studies which are most relevant to the present study are mentioned below in to three parts, 1. Studies on: Evoked Potentials, Autonomic & Respiratory Variables, and Studies on visual scanning, attention, concentration and repetitive motor response followed by over all summary and finally also presented in separate summary Tables: 3.2.1, 3.3.1, 3.4.1.  

3.2 MEDITATION STUDIES BASED ON EVOKED POTENTIALS  

Evoked potentials are used in meditation studies since a correlation between different evoked potential components and underlying neural generators is reasonably well worked out (Woods & Clayworth 1985). Apart from this it appears that the cerebral cortex is actively involved in meditation ( Lazar Kerr, Wasserman, Gray, Greve & Treadway, 2005 et al.). Hence, one may expect cortico-efferent gating with changes occurring at subcortical relay centers (Napadow, Dhond, Conti, Makris, Brown & Barbieri, 2008).  For these reasons, there have been studies of short and midlatency auditory evoked potentials during meditation.

 An early study on meditation (Telles & Desiraju, 1993a) used for the first time two important modifications in the research design for yoga research. Here subjects were studied using the ‘self-as-control’ design and the two types of sessions, meditation and non-meditation, were repeated thrice in each subject. This study highlighted two points, (i) meditation is best described as a physiological state of ‘alertful rest’, and (ii) considerable physiological variations are seen both intra- and inter-individually. This study assessed the effects of meditation on the syllable ‘OM’ on mid-latency auditory evoked potentials, it was found that in seven experienced meditators during meditation there was a significant decrease in the peak latency of the Nb wave (the maximum negativity occurring between 35 and 65 ms.) In another study on the effects of meditation on ‘OM’ on mid-latency auditory evoked potentials were studied in experienced meditators and novices (Telles, Nagarathna & Nagendra, 1994). There were two types of sessions before, during and after (i) mental repetition of ‘OM’ (meditation session) and (ii) mental repetition of ‘ONE’ (control session). The experienced meditators showed a significant increase in the peak amplitude of the Na wave (the maximum negative peak between 14 and 18 msec.) during the meditation with a significant decrease in the Na wave peak amplitude during the control session. Hence during mental repetition of a meaningful syllable (‘OM’) and of a neutral syllable (‘ONE’) neural changes occurred at the same level (possibly diencephalic) though in opposite directions.

The studies on midlatency auditory evoked potentials have most often shown, changes in a component called the Na wave a negative wave occurring (between 14 and 19 msec.). There have been changes in form of an increased amplitude (Telles, Nagarathna & Nagendra, 1994) suggesting recruitment of more neurons. A decrease in latency has also been reported (Telles & Naveen, 2004), suggesting a decrease in time taken to transmit sensory information.  

Studies on short latency auditory evoked potentials have not shown such clear changes. At moderate intensities (40—50 dB), the latency of the inferior collicular wave (wave V) increased following meditation. However at higher stimulus intensities (55—70 dB), the latency of this wave was slightly decreased (McEvoy, Frumkin & Harkins, 1980). This study on short latency auditory evoked potentials in TM meditation practitioners demonstrated that short latency auditory evoked potential vary with stimulus characteristics.

Also a study on TM program appears to longitudinally reduce the brain’s response to acute pain along major sectors of the affective dimension of the pain matrix, apparently related to reduced distress (Orme-Johnsona,  Schneidera,  Sonb,  Nidicha,, & Cho, 2006). Different changes in evoked potentials (ABR, MLR & P200) were observed before, during, and after a Qi- gong meditation session in a within-subject design (Liu, Cui, Li & Huang, 1990). ABR Waves I through V increased in amplitude 55-76%, whereas MLR Na and Pa amplitudes decreased 50-73% during Qi- gong meditation relative to the before and after conditions. It was hypothesized that the brainstem may be synergistically released from descending inhibition to produce the ABR amplitude increase when the initial cortical activity indexed by MLR potentials decreases during meditation. Also, presenting 10 m sec. tones Qi-gong meditators were assessed before, during, and after a 30 min Qi- gong meditation session. P200 amplitude decreased 44% from the baseline to the meditation state and returned to baseline after meditation suggestive of attenuated cortical responses/believed to be due to inhibition of neural activity at thalamo-cortical and cortical levels.

TM meditators presented with auditory tones (1/s) demonstrated decreased P1, N1, P2, and N2 component latencies for meditators at baseline and meditation/rest states compared to non-meditator control group values (Wandhöfer, Kobal & Plattig, 1976). Another study used 50 tones (1s duration) presented in three blocks to TM meditators before, during, and after meditation in a within subject design; additional recordings were made during sleep. Although N1 latency was longer in the before-control relative to the meditation condition, this effect was unreliable and no other condition differences were found for any of the AEP components (Barwood, Empson, Lister & Tilley, 1978).

TM meditators with two years practice demonstrated increased amplitudes of early components of SEPs relative to controls (Petrenko, Orlova & Liubimov, 1993).

An auditory oddball task was used with eyes-closed to assess experienced TM meditators at pre-test baseline, after 10 min of rest, or after 10 min of TM practice with conditions counter balanced across subjects (Travis & Miskov, 1994). P300 latency decreased at Pz after TM practice relative to no change after the rest condition. TM practice was studied using a passive auditory paradigm listening study with variable inter-stimulus intervals (1-4s) between identical tone stimuli (Cranson, Goddard & Orme-Johnson, 1990). The subjects were non-meditator controls, novices, and highly experienced TM meditators with mean ages of 20, 28, and 41 years, respectively; IQ scores did not differ among the groups. Passive P300 potential latency was shorter for the two meditation groups, with the long-term meditators showing the shortest P300 latency regardless of their age (Polich, 1996). These results imply that AEPs might reflect meditation trait differences.

Meditative practice and aging in TM meditators were evaluated relative to non-meditating controls (66 years) with visual ERPs elicited by female and male names in a button-press task (Goddard, 1989, 1992). P300 latency was shorter in meditators than controls (543 ms. vs. 703 ms). The same subjects also performed an auditory oddball task, but neither P300 latency nor RT differed between the groups. The results were interpreted as indicating trait effects of long-term TM practice are observed only if mental processing demands are increased with more difficult visual tasks. A visual oddball task used to compare four groups of young (20 years) and older (69 years) meditators and controls found that P300 latency and RT increased (as the discriminability of the targets was made more difficult for all groups) (Goddard, 1992). P300 latencies were longer in older subjects in all conditions, while RTs were shorter only as task difficulty increased. Further, P300 latencies were shorter in the older meditators vs. non-meditator comparison. These results suggest the possibility of primarily P300 latency trait effects for meditating relative to non-meditating older subjects.

Brahmakumaris Raja Yoga meditators were assessed before and during meditation, with a decrease in Na peak latency found (Telles & Naveen, 2004). The Na potential is thought to be generated at the midbrain-thalamic level, so that concentrative mantra meditation may affect early thalamic sensory processes.

Sahaja Yoga emphasizes adopting the witness posture towards thoughts instead of flowing with them during meditation and is therefore very close to the mindfulness end of the meditational spectrum. The practice of this method was assessed in three groups of young adult epileptic patients (Panjwani, Selvamurthy, Singh, Gupta, Mukhopadhyay & Thakur, 2000). One group practiced Sahaja meditation, another group sat quietly in ‘sham’ meditation, and a control patient group had no meditation instruction. ABR and MLR measures were obtained prior to the meditation intervention, three months, and six months later. No ABR effects were obtained, but the Sahaja Yoga group demonstrated an increase in MLR Na-Pa amplitude at six months. Although Sahaja Yoga meditation in normal control subjects was not assessed, this outcome also suggests the influence of meditation on initial cortical auditory processing. 

A study on Cyclic meditation reported the P300 peak amplitudes after CM were higher at Fz, Cz, and Pz sites compared to the "pre" values, which suggests cyclic meditation enhances cognitive processes underlying the generation of the P300 (Sarang, & Telles, 2006). A review study on meditation reports Cognitive event-related potential evaluation of meditation implies that practice changes attentional allocation as well as neuroimaging studies indicate increased regional cerebral blood flow measures during meditation. Taken together, meditation appears to reflect changes in anterior cingulate cortex and dorsolateral prefrontal areas (Cahn, & Polich, 2006).

A recent study reported that there was a significant increase in the peak amplitude of the Nb wave compared to before Cyclic meditation (CM). Post Supine rest (SR) there was a significant increase in the peak latency of the Na wave compared to before SR. In conclusion following CM the latencies of neural generators corresponding to cortical areas is prolonged, whereas following SR a similar change occurs at mesencephalic-diencephalic levels (Subramanya, & Telles, 2009). A subsequent study on Vipassana meditation suggested that meditation state can decrease the amplitude of neurophysiologic processes that subserve attentional engagement elicited by unexpected and distracting stimuli (Cahn, & Polich, 2009).

It has been shown that meditators significantly increased mismatch negativity amplitudes immediately after meditation, suggesting transient state changes owing to meditation. Which indicate that concentrative meditation practice enhances preattentive perceptual processes, enabling better change detection in auditory sensory memory 


(Srinivasan & Baijal, 2007).
3.3 MEDITATION STUDIES ON AUTONOMIC AND RESPIRATORY VARIABLES 


Past four decades research has been going on to explore the physiological and psychological benefits of meditation and the first study conducted by Wallace, Benson and Wilson concluded that meditation is a wakeful hypometabolic physiologic state (Wallace, Benson, & Wilson, 1971).  In spite of forty years of research within and across meditation techniques, whether meditation increases the autonomic arousal or decreases is not certain (Wallace, Orme-Johnson, Mills, Dillbeck, 1984; Zeier, 1984). Meditation was used an indicator of academic achievement perhaps as a result of its relationship to awareness or wakefulness level suggesting the autonomic arousal (Wallace, Orme-Johnson, Mills, Dillbeck, 1984).  It was also suggested that exhalation feedback helps to concentrate on the exhalation process and by this means slows respiration rate, and as a consequence, also heart rate (Zeier, 1984). Therefore, respiratory feedback could be a useful tool for inducing relaxation and slowing of heart rate suggesting a decrease in autonomic arousals.

An earlier study by Orme-Johnson (1973) reported a study on 16 subjects, 8 of them were meditators and 8 were controls. The meditators had a mean experience of fifteen months. They studied GSR habituation and spontaneous GSR fluctuations. In a second experiment, they studied 6 meditators (with experience of meditation ranging from 2 - 54 months) and 8 non meditators. Though habituation was initially similar for the two groups, the meditators habituated in significantly fewer trials than non-meditators. Also, there was a low frequency of spontaneous GSR fluctuations in meditators as compared to controls. The mean rate of spontaneous GSR fluctuations was 6.14 in 10 minutes compared to 18 - 25 in 10 minutes meditation Vs pre-control periods. The meditators had 8.7 responses in 10 minutes during rest compared to 21.0 in 10 minutes for non-meditators. 

In 1960 Hirai found changes in breathing during Zen meditation. The breath rate decreased to 4 - 5 breaths per minute. The same study reported an acceleration of the pulse rate during meditation to a rate between 80 and 100 beats/minute. 

In another study on experienced Zazen meditators, a decrease in spontaneous skin conductance responses during Zazen was reported (Akishige, 1968). The same study also showed that there was a decrease in oxygen consumption and rate of respiration, associated with Zen meditation. Sugi and Akutsu (1968) observed a 20% decrease in oxygen consumption associated with meditation in 10 Zen monks with many years of experience. Goyeche, Chihara and Shimizu (1972) compared Zen meditation with relaxation in 8 subjects. There was reduction in breath and heart rate during Zen meditation. 

Elson, Hauri and Cunis (1977) studied on Ananda Marga meditators; both amateur and experienced practitioners (average experience was 1.8 years). They found an increase in alpha and theta activity during meditation. There was a decrease in skin conductance and rate of respiration. In another study Corby and others investigated 2 groups of 10 meditators each (Corby, Roth, Zarcone, & Kopell, 1978). One group had an average experience of 4.4 years. All the subjects were very committed to the practice of meditation and practiced for a minimum of three hours per day. There was also a control group. Meditators showed a statistically significant increase in alpha and theta activity compared to the control group. This study also reported changes in autonomic variables. There was an increase in skin conductance (i.e., lowered skin resistance) and absence of a deceleratory heart rate orienting response. Heart rate and respiratory rate changes were not significant within the group. During meditation there was a trend for heart rate to decrease relative to the control group.  One of the subjects had a near samädhi experience, and they recorded an increase in heart rate, respiratory rate and a marked decrease in skin resistance.

The autonomic and respiratory variables were studied in OM meditators (Telles, Nagarathna & Nagendra, 1995). The meditators showed a statistically significant reduction in heart rate during meditation compared to the control period. During both types of sessions, there was a comparable increase in the cutaneous peripheral vascular resistance. This was interpreted as a sign of increased mental alertness even while being physiologically relaxed (as shown by the reduced heart rate). When repetition of ‘OM’ was compared with the repetition of ‘ONE’ in 12 meditators, there was a difference in the autonomic and respiratory responses (Telles, Nagarathna & Nagendra, 1998). Both types of sessions resulted in a decrease in the heart and breath rates, but repetition of OM alone reduced the skin resistance, suggesting a subtle change in the mental state, related to the significance of the syllable. Finally, it was interesting to note in a single case study that an accomplished meditator was able to switch between ‘single thought’ and ‘no thought’ states at will, with significant differences in the breath rate and pattern between the states (Telles & Desiraju, 1992). 

Another study reports eighteen male subjects were studied using the ‘self-as-control’ design and the two types of sessions, meditation and non-meditation, were repeated thrice in each subject. The heart rate during the meditation period was increased compared to ‘baseline’ as well as compared to during the non-meditation period of control sessions. In contrast there was no significant change during meditation, for the group as a whole, in GSR, respiratory rate and finger plethysmogram amplitude. The individual level analysis revealed that changes in autonomic variables suggestive of both activation and relaxation occurred simultaneously in different subdivisions of the autonomic nervous system in a meditator. Apart from this, there were differences in patterns of change among the persons who practiced the same meditation (Telles, & Desiraju, 1993a). A similar study on yoga mantras and prayers have been found beneficial in many physiological and psychological functions of the body. It has been demonstrated in a study, comparing the effects of recitation of the Ave Maria (in Latin) or of a typical yoga mantra “Om-mani-padme-Om. It was found that both the Ave Maria and yoga mantra caused striking, powerful, and synchronous increase in existing cardiovascular rhythms when recited six times a minute. There was an increase in baroflex sensitivity, suggestive of induced favorable psychological and physiological effects (Bernardi, Sleight, Bandinelli, Simone Cencetti, Lamberto Fattorini, Johanna Wdowczyc­Szulc, et al, 2001). Also a study on TM  appears, it has a beneficial impact upon cardiovascular functioning at rest and during acute laboratory stress in adolescents at-risk for hypertension (Barnes, Treiber, & Davis, 2001). It was also suggested that a 16 week of TM practice may  modulate the physiological response to stress and improve coronary heart disease risk factors, which may be a novel therapeutic target for the treatment of coronary heart disease (Paul-Labrador, Polk, Dwyer, Velasquez, Nidich, Rainforth, Schneider, Merz, 2006).
Meditation is the attainment of a restful, alert physical and mental state  which suggest that internalized attention and mindfulness as two major core factors of behaviors of mind during meditation are characterized by different combinations of psychophysiological properties and personality traits (Takahashi, Murata, Hamada, Omori, Kosaka, Kikuchi, Yoshida, & Wada, 2005). In a subsequent study the frontal midline theta rhythm was correlated with cardiac autonomic activities during Zen meditation (Kubota, Sato, Toichi, Murai, Okada, Hayashi, & Sengoku, 2001). A standard procedure of Zen meditation requiring sustained attention and breath control was employed as the task to provoke frontal midline theta rhythm (Fm theta), and simultaneous EEG and ECG recordings were performed. For the subjects in which Fm theta activities were provoked (6 men, 6 women, 48% of the total subjects), peripheral autonomic activities were evaluated during the appearance of Fm theta as well as during control periods. Successive inter-beat intervals were measured from the ECG, and heart rate variability was used to assess cardiac sympathetic and parasympathetic functions separately. Both sympathetic and parasympathetic indices were increased during the appearance of Fm theta compared with control periods. Theta band activities in the frontal area were correlated negatively with sympathetic activation. This suggested a close relationship between cardiac autonomic function and activity of the medial frontal neural circuitry.  In another study conducted on 22 healthy subjects to evaluate the effect of Zen meditation on EEG coherance and heart rate varibility (HRV) in relation to trait anxiety scores, there was an increase in slow alpha interhemispheric EEG coherance in the frontal regions and an increase in the HF power and a decrease in the LF/HF ratio and heart rate (Murata, Takahashi, Hamada, Omori, Kosaka, Yoshida, & Wada, 2004). Another study suggest that specific correlated relationships exist between the change in autonomic nervous activity and EEG power depending on the difference in mental task or meditation (Hamada, Murata, Takahashi, Ohtake, 

 HYPERLINK "http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Saitoh%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract" Saitoh, Kimura, 

 HYPERLINK "http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wada%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract" Wada, & Yoshida, 2006). 

These results suggest that lower trait anxiety more readily induces meditation with a predominance of internalized attention, while higher trait anxiety more readily induces meditation with a predominance of relaxation. A review study reports that some of the cardiovascular disease related benefits as a result of Transcendental Meditation technique could arise from normalization of neuroendocrine systems whose function has been distorted by chronic stress (Walton,  
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Peng et al. (2004) analyzed beat-to-beat heart rate and continuous breathing signals from 10 experienced meditators (4 females; 6 males; mean age 42 years; range 29-55 years) during three traditional interventions: relaxation response, breath of fire, and segmented breathing. Heart rate and respiratory dynamics were generally similar during the relaxation response and segmented breathing. It was  observed that high amplitude, low frequency (approximately 0.05-0.1 Hz) oscillations due to respiratory sinus arrhythmia during both the relaxation response and segmented breathing, along with a significantly (p<0.05) increased coherence between heart rate and breathing during these two maneuvers when compared to baseline. The third technique, breath of fire, was associated with a different pattern of response, marked by a significant increase in mean heart rate with respect to baseline (p<0.01), and a significant decrease in coherence between heart rate and breathing (p<0.05). These findings suggest that different meditative/breathing protocols may evoke common heart rate effects, as well as specific responses. The results support the concept of a "meditation paradox," since a variety of relaxation and meditative techniques may produce active rather than quiescent cardiac dynamics, associated with prominent low frequency heart rate oscillations or increases in mean resting heart rate. 

A similar study reported that spirituality appears to be associated with a specific pattern of cardiac autonomic regulation, characterized by a high level of cardiac autonomic control, irrespective of the relative contribution of the two autonomic branches. This pattern of autonomic control may have health significance (Berntson, Norman, Hawkley & Cacioppo, 2008). Another study on Zen meditation reports shifts in the respiratory modulation of heart rate, or respiratory sinus arrhythmia (RSA), reflect the different levels of practice among practitioners with variable experience in Zazen; in turn the modulation of the RSA may reflect changes in the breathing pattern as in the parasympathetic outflow related to the quality and focus of attention in each stage (Peressutti, Martín-González,  García-Manso,  & Mesa, 2009). A short term meditation by EEG and HRV suggests involvement in the autonomic nervous system during and after training also Imaging data demonstrated stronger subgenual and adjacent ventral anterior cingulate cortex activity (Tang, Ma, Fan, Feng, Wang, Feng, Lu, Hu, 

 HYPERLINK "http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lin%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract" Lin, Li,  Zhang, Wang, Zhou, & Fan, 2009).

Hence, the autonomic–respiratory changes during meditation are suggestive of a state of ‘alertful rest’.

3.4 MEDITATION STUDIES RELATED TO VISUAL SCANNING, ATTENTION, CONCENTRATION AND REPETITIVE MOTOR RESPONSE  

Several Studies on meditation has shown that during meditation a state is reached which is characterized by deep relaxation as well as increased internalized attention (Murata, Takahashi, Hamada, Omori, Kosaka, Yoshida, & Wada, 2004). This is particularly the case as recent neuroimaging studies have shown that mindfulness meditation is associated with increased activation in parts of the brain related to attention (Brefczynski-Lewis, Lutz, Schaefer, Levinson, & Davidson, 2007). Also meditation practice associated with reduced sympathetic activity and in some cases increased parasympathetic nervous system activity as well (Wallace, 1970; Wallace, Benson, & Wilson, 1971). 

A further study on Zen meditators, demonstrated an alpha suppression response, a sudden attenuation of alpha waves in response to a stimulus, which  did not habituate to repeated click stimuli during Zen meditation whereas controls habituated after the fifth or sixth click (Kasamatsu, & Hirai,1966). This was taken to reflect a ‘hypersensitivity’ of attention during Zen meditation. 

Banquet (1973) compared meditators with matched controls measuring the hypo metabolic state reaction time (RT) during a series of visual stimuli. Meditators showed faster RT with less mistakes, and N100 and P200 of larger amplitude and shorter latency. The transient effects were opposite for the two groups, i.e., longer RT and larger P300 amplitude was observed following meditation while following rest there was no change in RT and a decrease in the P300 amplitude. These results suggest selective attention capacity and information processing strategies associated with meditation. 

Subsequently there have been reports of other studies on TM indicating its clinical applications and usefulness in enhancing the cognitive performance and perceptual and motor skills. 

TM practice was studied using a passive auditory paradigm listening trial with variable inter-stimulus intervals (1- 4 seconds) between identical tone stimuli (Cranson, Goddard, & Orme-Johnson, 1990).  The subjects were non-meditator controls, novice, and highly experienced TM meditators with mean ages of 20, 28, and 41 years, respectively; IQ scores did not differ among the groups. Passive P300 potential latency was shorter for the two meditation groups, with the long-term meditators showing the shortest P300 latency regardless of their age. These results imply that AEPs might reflect meditation trait differences. An auditory oddball task was used with eyes-closed to assess experienced TM meditators at pre-test baseline, after 10 min of rest, or after 10 min of TM practice with conditions counterbalanced across subjects (Travis, & Miskov, 1994). P300 latency decreased at Pz after TM practice relative to no change after the rest condition. Taken together, these reports suggest the possibility of some meditation effects on the P300 component. 

A study shown that it was more likely that the control group felt deprived of the additional attention in the form of interaction with the yoga instructor which the yoga group had, this could possibly have made the control group more likely to experience poor motivation for the task. This is especially possible since additional care (in this case interaction with the yoga instructor), is known to have psychological benefits (Delbanco, 1993).

Some earlier studies reports there was a activation in frontal, prefrontal and cingulate areas which may represent the mental state of altered self-experience (Neumann & Frasch, 2006). A study on TM suggests longitudinally reduces the affective/motivational dimension of the brain’s response to pain (Orme-Johnson, Schneider, Son, Nidich, & Cho,2006). A subsequently study on cyclic meditation reports there was a greater improvements in compare to supine rest on performance in letter cancellation  task, which requires selective attention, concentration, visual scanning abilities, and a repetitive motor response (Sarang & Telles, 2007).  A recent study suggests five days of 20-min integrative meditation training from traditional Chinese medicine showed greater improvement in conflict scores on the Attention Network Test, lower anxiety, depression, anger, and fatigue, and higher vigor on the Profile of Mood States scale, a significant decrease in stress-related cortisol, and an increase in immunoreactivity. (Tang, 

 HYPERLINK "http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ma%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract" Ma, Wang, Fan, Feng, 
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A practice of concentrative meditation enhances preattentive perceptual processes, enabling better change detection in auditory sensory memory (Srinivasan, Baijal, 2007). Also Meditation produces long-term increases in the efficiency of the executive attentional network (anterior cingulate/prefrontal cortex) but no effect on the orientation network which includes parietal systems (Chan & Woollacott, 2007) as well as  mindfulness training may improve attention-related behavioral responses by enhancing functioning of specific subcomponents of attention (Jha, Krompinger & Baime 2007). A study on Zen meditation suggests a regular practice of meditation may have neuroprotective effects and reduce the cognitive decline associated with normal aging (Pagnoni  & Cekic 2007). A fMRI study on meditation showed the activation in attention regions and visual cortex (14, 16, 24, 26), which emphasize a cognitive component called concentration, which includes aiming and sustaining attention. (Brefczynski-Lewis, Lutz, Schaefer, Levinson, & Davidson 2007). A longitudinal study showed there was a decreased in the test of anxiety, nervousness, self-doubt, and concentration loss. 

A recent review study showed meditation increased activation in frontal, prefrontal and cingulate areas which may represent the mental state of altered self-experience. Also suggests neurobiological examination methods - especially neuroimaging techniques - may contribute to enlighten the phenomenon of qualitatively different states of consciousness (Neumann & Frasch, 2006)

A recent study on  cyclic meditation was shown to improvement in performance in a letter cancellation task (Sarang & Telles, 2007). Since the letter cancellation task assesses selective attention and concentration (Uttl & Pilkenton-Taylor, 2001), these results support the idea of improved attention following cyclic meditation. The cancellation task also showed correlation with other tasks for cognitive ability and sustained attention (Amador-Campos & Kirchner-Nebot, 1999).

3.5 SUMMARY


In summary based on these reports meditation may influence on cortical auditory processing suggestive of attenuated cortical responses/believed to be due to inhibition of neural activity at thalamo-cortical and cortical levels. There have been changes in form of an increased amplitude suggesting recruitment of more neurons and a decrease in latency has also been reported, suggesting a decrease in time taken to transmit sensory information. An autonomic based earlier reports suggest whether meditation increases the autonomic arousal or decreases is not certain. The individual level analysis revealed that changes in autonomic variables suggestive of both activation and relaxation occurred simultaneously in different subdivisions of the autonomic nervous system in a meditator.  Meditation was used an indicator of academic achievement perhaps as a result of its relationship to awareness or wakefulness level suggesting the autonomic arousal.  It was also suggested that exhalation feedback helps to concentrate on the exhalation process and by this means slows respiration rate, and as a consequence, also heart rate. Therefore, respiratory feedback could be a useful tool for inducing relaxation and slowing of heart rate suggesting a decrease in autonomic arousals. An increase in baroflex sensitivity, suggestive of induced favorable psychological and physiological effects Hence, the autonomic – respiratory changes during meditation are suggestive of a state of ‘alertful rest’. Meditation is associated with increased activation in parts of the brain related to attention. These results suggest selective attention capacity and information processing strategies associated with meditation. Concentrative meditation enhances preattentive perceptual processes, cognitive ability and enabling better change detection in auditory sensory memory and increases efficiency of the executive attentional network (anterior cingulate/frontal- prefrontal cortex). As well as lower trait anxiety more readily induces meditation with a predominance of internalized attention, while higher trait anxiety more readily induces meditation with a predominance of relaxation.

TABLE 3.2.1 MEDITATION STUDIES BASED ON EVOKED POTENTIALS  

(The references are arranged in year-wise)


		Author & 

Year of Publication

		(N)

		Experimental Design




		Variable studied

		Findings



		Barwood et al., (1978)

		8

		Before, during, and after meditation

		AEP

		Non significant decrease in N1 latency during meditation



		Banquet, J. P., Bourzeix, J. C., & Lesèvre, N. (1979). 

		20

		A comparative  matched controlled  study (10 +10)

		VEPs & RT

		After meditation showed  faster RT's with less mistakes, and N120 and P200 of larger amplitude and shorter latency.






		Mc Evoy et al.,


(1980)

		5

		Meditators vs. controls; Before vs. after 

		ABR

		Wave V latency increased at 45- 50 dB and decreased at 60- 70 dB; intensity/ latency relationship increased in slope from 45- 70 dB



		Becker, D.E., Shapiro, D. (1981). 




		50

		Comparative study on Zen, Yoga, TM, attend and ignore  to stimuli.


(10+10+10+10+10)

		EEG , EP (Cz-A2) EOG, SC              




		All 5 groups showed: EEG alpha suppression and SC responses to click stimuli which showed clear habituation with no differences among groups . The 2 control groups did not differ in the orienting responses.

AEP: 3 medtn gps did not differ significantly in P-300.For all 5 gps P200 amplitude ↓ N100 responses were larger for yoga and TM meditators





		Author & 

Year of Publication

		(N)

		Experimental Design




		Variable studied

		Findings



		Goddard, (1989)

		26

		Elderly meditators vs. elderly controls

		Auditory and 


visual oddball

		Visual P300 latencies shorter in meditators, no auditory P300 effects



		Cranson et al., 


.(1990)

		39

		Long Term Meditators vs. Short Term Meditators vs. controls

		Auditory oddball

		P300 latency inversely correlated with length of meditation practice: none>short> long



		Liu et al.,  (1990)

		21

		Before, during, and after  editation

		ABR, MLR, AEP

		ABR- increased I - V wave amplitudes; MLR- decreased Na- Pa amplitudes; Decreased P200 amplitude



		Goddard, (1992)

		32

		Elderly meditators vs. elderly  controls vs. young meditators vs. young controls

		Visual oddball

		P300 latencies longer in elderly than young; elderly meditators vs. elderly controls had shorter P300 latencies and longer Reaction Times {RT]; Dissociation of P300 latency and RT






		Gordeev, S. A., Baziian, B. Kh., & Liubimov, N. N. (1992). 

		29

		A comparative study meditation 


vs control (17+12)

		SEPs


& VEPs

		Meditation has the ability of extrasenses for reversible changes of their mind by direct adjustment of the activity of the ascending nonspecific systems of the brain and by alterations of interhemispheric relations forms the basis of extrasensory activity.



		Zhang, et al., (1993).

		48

		A comparative study between 


4 groups - Long Term vs.  Short Term vs. Controls. (14+12+11+11)

		Flash VEP

		Qigong mediation may have either facilitative or inhibitory effects on the visual cortex depending on the Qigong methods practiced by different individuals.






		Author & 

Year of Publication

		(N)

		Experimental Design




		Variable studied

		Findings



		Travis & Miskov, (1994)

		11

		Before vs. after meditation


 vs. after rest

		Auditory oddball

		Decreased latency P300 after TM but not rest; trend towards higher amplitude P300 after TM






		Telles, S. & Desiraju, T. (1993). 

		14

		Self as control design Meditation vs. Non-meditation condition; Before vs. during meditation technique.

		MLR

		Nb latency decreased in meditation  but no effect seen in control session, small effect size



		Telles, S., Nagarathna, R., & Desiraju, T.  (1994).



		18

		Self as control design Meditation vs. Non-meditation condition;  baseline vs. “OM” meditation vs. repetition of "one 

		MLR

		Na amplitude increased in meditation and decreased in non- meditation; Na amplitude decreased while repeating “one”



		Murthy et al.,


(1997, 1998)

		45

		Sudarshana Kriya Yoga; Patients: 


depressed vs. dysthymic vs.


 controls

		Auditory oddball

		Improvement in depressive symptoms and increase in P300 amplitude in novice meditators; effect may be due to alleviation of depression



		Luo, Y., Wei, J., Weekes, B. (1999). 

		23 




		Musical Meditation Case control design Pre and post recording 


sessions




		 (i) auditory mismatch 


negativity (MMN) 


(ii) P300 of 


event-related potentials

		(i) MMN amplitudes in the trained children were larger than those in the control group.


(ii) MMN amplitudes were identical in attend and ignore conditions. For both groups. This evidence suggests that auditory brain function has been affected by musical meditation training



		Panjwani et al.,


(2000).



		34

		Epilepsy patients: Yoga group vs. “ sham Yoga”

		ABR, MLR, Visual Contrast Sensitivity [VCS]

		ABR= no effects; MLR= increased Na- Pa amplitude at 6 months in meditation group; VCS increased








		Author & 

Year of Publication

		(N)

		Experimental Design




		Variable studied

		Findings



		Telles, S. & Naveen, K.V. (2004). 

		16

		Meditation session vs. non-meditation session

		AEP-MLR

		Decreased peak latency of the Na wave; Decreased latency in Na of AEP-MLRs



		Sarang, S.P & Telles, S. (2006).

		42

		Self as controlled




		P300 


AERPs

		Cyclic meditation enhances cognitive processes underlying the generation of the P300.



		Srinivasan, N & Baijal, S. (2007). 

		10-10

		Meditators vs.non-meditators----A comparatative controlled

		EEG & ERP

		Concentrative meditation practice enhances preattentive perceptual processes, enabling better change detection in auditory sensory memory.



		Subramanya, P & Telles S. (2009). 

		47

		Self as controlled design

		MLAEPs

		CM the latencies of neural generators  corresponding to cortical areas is prolonged, whereas following SR a similar change occurs at mesencephalic-diencephalic levels.



		Cahn, B.R. & Polich, J. (2009). 

		--

		Self as controlled design

		ERPs

		↓the amplitude of neurophysiologic processes that subserve attentional engagement elicited by unexpected and distracting stimuli





TABLE 3.3.2 MEDITATION STUDIES BASED ON AUTONOMIC AND RESPIRATORY VARIABLES

		Author & Year of Publication

		(N)

		Experimental Design

		Variables studied

		Findings



		Bagchi & Wenger,  (1957)

		14

		Meditation session vs. control session

		Autonomic & respiratory variables

		Increase in skin resistance & decrease in respiratory rate



		Wenger & Bagchi, (1961)

		4+4

		Novice & experienced; 

		Autonomic & respiratory variables

		Increased heart beat-both groups; Decreases respiratory rate & palmar conductance-both groups; 20% reduction in pulse volume in experienced meditators 



		Wallace, R.K. (1970).

		15 

		Self as control design


EO→ EC→   MEDIN→ EC→   EO


5 min    15 min   30 min           10 min    5 min




		Variables: (i) OC (n = 9)  Both open and closed circuit method


(ii) GSR  (iii) ECG (n = 5)  


(iv) EEG  (n = 5) FP1, Cz, T3, P3, 


O1, O2

		During meditation (compared to before) 


(i) OC: ↓ 20 %


(ii) ECG: HR ↓ by 5/min


(iii) GSR: ↓


(iv) EEG: ↑ alpha wave amplitude and regularity, occasional slow alpha and low voltage theta.


(v) EEG: alpha blocking present, without habituation





		Author & Year of Publication

		(N)

		Experimental Design

		Variables studied

		Findings



		Elson, B.D., Hauri, P., & Cunis, D. (1977). 



		11 

		Before → 40min → After


                   During 


                   Meditn or


                   Relaxation




		 Assessments: 


EEG, GSR, Respiration




		During (40 min) of Meditation / Relaxation.


Meditation: Stable EEG with alpha and theta activity,↑ basal GSR, ↓ RR


Controls: 6 out of 11 showed K complexes and spindles in the EEG



		Corby et al., (1978)

		----

		Rest vs. meditation

		Autonomic & respiratory variables & EEG

		Respiratory suspension during meditation; No changes in EEG 



		Wallace, R.K., Benson, H., & Wilson, A.F. (1971).

		36 

		EO→ EC→   MEDIN→ EC→   EO


5 min    15 min   30 min  10 min    5 min




		Variables: BP, HR, GSR, Rectal temperature, 


OC [closed circuit method (n = 5), 


open circuit method (n =15)]

		During Meditation:


(i) OC: ↓ 17%,   ↓VE by 1liter


(ii) RR: ( by 3/min


(iii) HR: ( by 3/min


(iv) (Mean blood lactate: 


(v)EEG: (intensity slow alpha waves (8-9 cps), with occasional theta waves.



		Orme- Johnson, D.W. (1973). 

		EXPT I: 8 


EXPT II: 8 

		EXPT I : GSR habituation & Spontaneous GSR changes 


EXPT II: Spontaneous GSR changes


EO MEDTN EO REST  (      NON MEDTN  (   REST


(10 min)         EC  (10 min)        (10 min)     

		EXPT I: GSR habituation & Spontaneous GSR changes 


EXPT II: Spontaneous GSR changes

		Meditators Vs Controls


(i)  Initially more stable


(ii) Habituated faster 


      (11 trials Vs 26.1 trials)


(iii) less spontaneous fluctuations of    


       100 Ώ or more.





		Author & Year of Publication

		(N)

		Experimental Design

		Variables studied

		Findings



		Corby, J.C., Roth, W.T., Zarcone, V.P., & Kopell, B.S. (1978). 

		30



		All 30 ss received: 


55 dE tones every sec, different frequency tones every 10-20 sec, 70 dB white noise every 4 min and continuous 40 dB white noise during medtn


GP I : =10


Gp II:  =10


Gp III: =10




		Condition I  Condition  I          Condition III Baseline     Concentrating  All ignored Relaxation   on breathing tones Attending ignoring  Gp I repeated  to tones a word of their choice Duration of  Gp II & III each condition-  repeated the 20 min  pecific mantra


                                                                           

		Autonomic measures:


(i) Meditators relative to controls, during meditation: (HR ↑ SC 


(ii) All groups ↓ RR (Condition III )


(iii) HR Orienting response during condition III: Controls - biphasic with decceleratory component meditators decceleratory component absent. EEG; experts showed ↑ alpha and ↑ theta power and minimal of EEG defined sleep.





		Author & Year of Publication

		(N)

		Experimental Design

		Variables studied

		Findings



		Telles & Desiraju, (1992).

		1

		Single thought state –No thought state

		Autonomic & respiratory 

		Distinct breath rate & pattern in the two states



		Telles & Desiraju, (1993)

		18

		Experienced meditators-meditation & control sessions, 3 each

		Autonomic & respiratory 

		Increased heart rate in meditation; Changes in autonomic variables -both activation and relaxation - simultaneously in different subdivisions of the autonomic nervous system.



		Telles, Nagarathna & Nagendra, (1995)

		7

		Self as control design


Meditation vs. non-meditation

		Autonomic & respiratory

		Decrease in breath rate; Increase in the skin resistance in both conditions 



		Telles, Nagarathna & Nagendra, (1998)

		12

		Meditation on OM & repetition on ONE

		Autonomic & respiratory

		Both sessions-decreased heart rate & breath rate; Reduced skin resistance in meditation session  



		Kubota, Y., Sato, W., Toichi, M., Murai, T., Okada, T., Hayashi, A., & Sengoku, A. (2001). Brain Research Cognitive Brain Research, 11(2): 281-287.

		25

		Self as control trial


Assessments: two sessions: meditation & control




		i) Electroencephalogram


ii) Electrocardiogram


iii) Cardiac autonomic variables like HRV & inter beat intervals


For the Ss in whom Fm theta activities were provoked (6M&6F 48% of n ) peripheral autonomic activates were evaluated.

		i) Both sympathetic and parasympathetic indices were during the appearance of Fm theta compared with control periods.


ii) Theta band activities in the frontal area were correlated negatively with sympathetic activation.


iii) Results suggested a close relationship between cardiac autonomic function and activity of medial frontal neural circuitry.






		Barnes, V. A., Treiber, F. A., & Davis, H. (2001). J Psychosom Res, 51(4): 597-605.

		35

		Randomized Controlled Trial 




		Autonomic

		TM appears to have a beneficial impact upon cardiovascular functioning at rest and during acute laboratory stress in adolescents at-risk for hypertension.





		Author & Year of Publication

		(N)

		Experimental Design

		Variables studied

		Findings



		Bernardi, et al. (2001)

		23

		A comparatative study on two types of mantra chanting

		Electrocardiogram, respiration, blood pressure, baroreflex sensitivity,  Transcranial Doppler ultrasonography,

		↓respiration to almost exactly 6/min, and enhanced heart rate variability and baroreflex sensitivity in both sessions.



		Arambula et al., 


(2001)

		1

		Rest vs.  meditation vs.rest; Befor-During-After

		EEG, Heart rate [HR], Skin Conductance level [SCL], Blood Volume Pulse [BVP]& Respiration

		Decreased Breath rate; Increased alpha power in P4- O2 electrodes; Shift in breathing patterns –increased alpha



		Travis, F. (2001). 




		--

		A comparative study between EEG & Autonomic changes

		EEG & Autonomic changes

		Monitoring patterns of physiological variables may index dynamically changing inner experiences during meditation practice.





		Murata, T., Takahashi, T., Hamada, T., Omori, M., Kosaka, H., Yoshida, H., & Wada, Y. (2004).

		22 

		Baseline Control




		(i) EEG coherence 


(ii) Heart rate variability (HRV)


(iii) Spielberger's State-Trait Anxiety Inventory

		During meditation  in all subjects showed, (i) slow alpha interhemispheric EEG coherence in the frontal region, 


(ii)  high-frequency  (HF) power and ↓ ratio of low-frequency to HF power. 


(iii) a negative correlation between the percent change (with the control condition as the baseline) in slow alpha interhemispheric coherence reflecting internalized attention and the percent change in HF reflecting relaxation. The trait anxiety score was negatively correlated with the percent change in slow alpha interhemispheric coherence in the frontal region and was positively correlated with the percent change in HF.



		Peng et al., (2004)

		10

		Relaxation response, breath of fire & segmented breathing.

		Beat-to-beat heart rate and continuous breathing signals

		Common as well as specific [increased mean heart rate in breath of fire] changes for all the 3 conditions





		Takahashi, T, et al., (2005)




		20

		A comparative 


study design

		EEG &


  Autonomic




		Internalized attention and mindfulness as two major core factors of behaviors of mind during meditation are characterized by different combinations of psychophysiological properties and personality traits.



		Cysarz & Bussing, (2005)

		9

		For all subjects-spontaneous


 breathing,  mental task,


 Zen meditation,  and Kinhin


 meditation 

		ECG  & 


Respiratory


 trace

		High degree of synchronization in Zen & Kinhin meditation compared to mental task & spontaneous breathing



		Hamada, et al., (2006)




		30

		A comparative study 


between Autonomic 


& EEG

		Autonomic


 & EEG

		Specific correlated relationships exist between the change in autonomic nervous activity and EEG power depending on the difference in mental task or meditation.






		Paul-Labrador, M. et al., (2006). 

		103

		Randomized placebo 


controlled trial




		Autonomic & biochemical test

		May modulate the physiological response to stress and improve coronary heart disease risk factors, which may be a novel therapeutic target for the treatment of coronary heart disease.



		Phongsuphap et al. (2008). 

		--

		A comparative 


study

		Autonomic and respiratory variables

		↑baroreflex sensitivity, ↑parasympathetic tone, and improving efficiency of gas exchange in the lung.



		Barnes, et al (2008) Ethn Dis:18(1):1-5.




		 66 (BAM=20, Control=46)

		Randomized  


controlled trial breathing 


awareness  meditation


 (BAM) vs health education 

		Urine samples were collected, and ambulatory SBP, diastolic blood pressure, and heart rate

		urinary sodium excretion rate ↓in the BAM group but ↑in the control group, day & night time SBP ↓in the BAM group, day time heart rate↓ in BAM 





		Berntson, G. G. et al., (2008). 

		229

		A longitudinal


 study

		Autonomic


 variables

		Spirituality appears to be associated with a specific pattern of cardiac autonomic regulation, characterized by a high level of cardiac autonomic control, irrespective of the relative contribution of the two autonomic branches. This pattern of autonomic control may have health significance



		Peressutti, C et al., (2009).

		19

		A comparative study

		Autonomic & respiratory


 variables

		Zazen in turn the modulation of the respiratory sinus arrhythmia may reflect changes in the breathing pattern as in the parasympathetic outflow related to the quality and focus of attention in each stage.



		Tang, Y.Y. et al., (2009).

		--

		A comparative study

		Autonomic, EEG & Neuro Image

		EEG and HRV suggests involvement in the autonomic nervous system during and after training also Imaging data demonstrated stronger subgenual and adjacent ventral anterior cingulate cortex activity





TABLE 3.4.1 MEDITATION STUDIES RELATED TO VISUAL SCANNING, ATTENTION, CONCENTRATION AND REPETITIVE MOTOR RESPONSE  


		Author & Year of Publication

		(N)

		Experimental Design

		Variables studied

		Findings



		Orme-Johnson et al (2006). 

		24

		Longitudinal comparatitive design experience vs non experience TM meditators

		fMRI

		TM meditation longitudinally reduces the affective/motivational dimension of the brain’s response to pain.



		Sarang & Telles, (2007). 


		69

		Self as control CM vs Supine rest.

		SLCT

		Cyclic Meditation improves the performance in letter cancellation  task, which requires selective attention, concentration, visual scanning abilities, and a repetitive motor response.




		Tang, Ma, Wang, et al (2007). 

		40 + 40

		A randomized controlled study (Meditation Vs Relaxation)

		Attention Network Test, Raven’s


Standard Progressive Matrix, Profile of Mood States, a stress challenge of a mental arithmetic task, measures of cortisol and


secretory IgA

		Meditation showed greater improvement in conflict scores on the Attention Network Test, lower anxiety, depression, anger, and fatigue, and higher vigor on the Profile of Mood States scale, a significant ↓in stress-related cortisol, and ↑in immunoreactivity.



		Srinivasan & Baijal, (2007). 

		

		The study was carried out with 10 meditators and 10 nonmeditator controls 

		Mismatch negativity (MMN) paradigm

		The results indicated that concentrative meditation practice enhances preattentive perceptual processes, enabling better change detection in auditory sensory memory.




		Chan & Woollacott (2007). 



		50 + 10

		The study was carried out with 50 meditators vs 10 controls  

		Stroop (measures executive attention) and Global-Local Letters (measures orientational attention) tasks

		Meditation produces long-term increases in the efficiency of the executive attentional network (anterior cingulate/prefrontal cortex) but no effect on the orientation network (parietal systems).



		Jha, Krompinger & Baime
(2007). 

		17

		A comparatitive study  meditators vs naïve pre post design.

		Attention Network Test, behavioral test

		Mindfulness training may improve attention-related behavioral responses by enhancing functioning of specific subcomponents of attention.



		Pagnoni & Cekic (2007). 

		26

		13 meditators vs 13 age matched control study

		MRI, computerized sustained attention task

		A regular practice of meditation may have neuroprotective effects and reduce the cognitive decline associated with normal aging.



		Simpson, et al (2007). 

		

		A Comparative  clinical


controlled trial  Vipassana meditation vs treatment as usual

		PTST

		Vipassana meditation is worthy of further study for those with comorbid PTSD and substance use problems.




		Brefczynski-Lewis, et al (2007). 

		14, 16 & 11

		Age matched comparative study meditators vs naive




		fMRI

		Meditation showed the activation in attention regions and visual cortex (14, 16, 24, 26), which emphasize a cognitive component called concentration, which includes aiming


and sustaining attention.



		Hölzel et al  (2007). 

		15 + 15

		Age matched control study

		fMRI

		Meditators showed stronger activations in the rostral anterior cingulate cortex and the dorsal medial prefrontal cortex bilaterally, compared to controls, which may reflect that meditators are stronger engaged in emotional processing.



		Paul, Elam, & Verhulst (2007). 

		64

		A longitudinal folloup study

		student performance on academic courses 

		↓ test anxiety, nervousness, self-doubt, and concentration loss.



		Morone, Greco, &


Weiner (2008).

		37 +


37

		Randomized Controlled Trial 




		Pain Acceptance Questionnaire, Activities Engagement subscale

		Mindfulness meditation lead to improvement in pain acceptance (P=.008) and physical function (P=.03).






4.1 AIM 

The present study aims at exploring the four states of mind (Caïcalatä, Ekägratä, Dhäraëä and Dhyäna) described in texts of yoga and spiritual lore as possible basis in different types of Meditation and different stages of a single meditation technique. 


4.2 OBJECTIVES 


The objectives of this work are to study the effects of ‘OM’ Meditation during caïcalatä (random thinking), ekägratä (focusing), dhäraëä (meditative focusing), and dhyäna (meditation without focusing) on the psycho-physiological changes namely:

· Brainstem auditory evoked potentials 


· Autonomic and Respiratory variables 

· Performance in a six letter cancellation task


4.3 RATIONALE OF THE STUDY


Evoked potentials (EPs) that can be elicited after a stimulus. EPs are evoked automatically with repetitive sensory stimulation, whereas ERPs are elicited with cognitive task processing (Hall, 1992; Picton & Hillyard, 1974; Picton, et al. 1974). Auditory stimuli produce the auditory brainstem response (ABR) and middle latency response (MLR). Long latency auditory evoked potentials (LLAEP) are thought to reflect the activation of the primary auditory cortex (Polich & Starr, 1983; Wood & Wolpaw, 1982), while brainstem auditory evoked potentials (BAEPs) reflect neuronal activity in the auditory nerve, coclear nucleus, superior olive and inferior colliculus of the brainstem. Brainstem components of the auditory pathway correspond to components of short-latency potentials. This was considered especially important as the present study aimed at examining the changes during phases of consciousness which have distinct differences related to ‘states of the mind’, which would be expected to be seen at the brainstem level. 


The autonomic nervous system can be controlled and its’ responses integrated and modified by the central nervous system (CNS). Autonomic and respiratory variables are good indicators of levels of arousal and relaxation. 

Performance in a letter cancellation task, which is known to be a quick measure of selective attention, concentration visual scanning abilities, and a repetitive motor response (Uttl & Pilkenton-Taylor, 2001), has been shown to improve with other yoga practices such as a moving meditation called ‘cyclic meditation’ (Sarang & Telles, 2007) and certain präëäyämas. Hence it was considered interesting to assess the performance in this task following non-meditative focusing (ekägratä) and meditative focusing (dhäraëä).

4.4 HYPOTHESIS


The present study hypothesized that OM meditation may influence selective attention and concentration, as well as the baseline autonomic functions and information processing at the brainstem level.


4.4.1 NULL HYPOTHESIS


In different phases of OM meditation null hypothesis postulates that:


1. The information transmission in auditory pathway will not be delayed in caïcalatä, ekägratä, and dhäraëä while it will not remain unaltered if not delayed at the brainstem level in dhyäna phase.

2. Dhyäna would not induce a state of deep rest with alertness and there will be no autonomic arousal in other phases of ekägratä and dhäraëä.

3. There will be no increased attention in all phases ekägratä, dhäraëä and dhyäna with no higher increase in dhyäna.

In this thesis the changes in (i) brainstem auditory evoked potentials (ii) autonomic and respiratory variables and (iii) performance in a paper and pencil letter cancellation test were studied in normal volunteers while practicing in four different states of consciousness viz., caïcalatä, ekägratä, dhäraëä and dhyäna.  Methodology of the research has been described under the following sub-headings:


5.1 PARTICIPANTS


5.1.1 SAMPLE SIZE 

The sample size was calculated and the effect size obtained, based on reports in an unpublished Ph.D thesis entitled ‘psychophysiology of meditation including responses to external stimuli’ (Naveen KV, 2005). It was calculated using G-power software, University of Duesseldorf, Germany; http://www.psycho.uni-duesseldorf.de /aap/projects/gpower; 

Where the level was 0.05, power = 0.95 and the recommended sample size was thirty subjects. The number of subjects varied across the variables studied. The details are as follows:


		Sl. No.

		Variable studied

		No. of subjects*

		No. of recording sessions



		1.


2. 


3. 


4. 




		Brainstem auditory evoked potential


Autonomic and respiratory Variables


Six letter cancellation test


Visual analogue scale

		30


30


35


(30+30=60)

		30 x 4 = 120


30 x 4 = 120


5 x 2 = 10 ( in subgroup)


120 x 2 = 240 








*Note: the number of subjects varied for different variables as it was not always possible for all subjects to attend all sessions. 


5.1.2 SELECTION AND SOURCE OF PARTICIPANTS


Thirty participants had a minimum of six months experience of OM meditation who were regular in their practice. The participants were residential students at Svämé    Vivekänanda Yoga Anusandhäna Saàsthänaa Deemed University, Bangalore. They had all enrolled for graduate and postgraduate study programs.


5.1.3 INCLUSION CRITERIA

Participants who fulfilled following conditions were included in the study:         

(i) The participants were healthy volunteers with age range from 20 and 45 years (group mean age ± SD was 29.1±5.1).  This age range was selected as the BAEPs, did not show variation within this age range in healthy individuals (Lanter, et al. 1993). Also, based on previous experience of the difficulty in getting meditators who were committed to the practice of meditation it was decided to keep the age range as wide as possible. (ii) male participants alone were studied as short latency auditory evoked potentials (Yadav, et al. 2002; 2003) and autonomic variables (Yildirir, et al. 2002) have been shown to vary with the phases of the menstrual cycles in females, (iii) readiness to participate in the trial, and (iv) practice of meditation for a minimum of 30 minutes per day, 4 days per week for a minimum of six months were included in the trial. The regularity of meditation practice was based on self-reporting of the meditators as well as (where possible) consultations with the meditation teacher (guru). (v)  apart from their prior experience of ‘OM’ meditation they had undergone a two-month orientation program in ‘OM’ meditation under the guidance of an expert. The further details of each subject have been given in the Appendix-2 & 3. Table 5.1A & 5.1B.

5.1.4 EXCLUSION CRITERIA


The following criteria were used to exclude the volunteers: (i) any health disorders especially psychiatric or neurological disorders, In order to determine the health status of the participants, in all cases a routine case history was taken and a routine clinical examination was conducted, (ii) auditory deficits assessed by checking the auditory thresholds of each ear separately (iii) autonomic dysfunction, and (iv) any medication which alters the function of the nervous system (including autonomic functions), and (v) smoking or alcoholism which may have influenced the autonomic and respiratory variables. None of the volunteers had to be excluded based on these criteria.

5.1.5 ETHICAL CONSIDERATIONS


The study protocol was explained to the subjects and the signed informed consent was obtained from all subjects (a copy of the signed informed consent form is enclosed as Appendix-1). None of them was aware of the hypothesis of the study. Approval was obtained from the Institutional Ethical Committee. 

5.2. DESIGN OF THE STUDY

Each subject was assessed in four sessions i.e., two meditation and two control sessions to record brainstem auditory evoked potentials (BAEP), respiratory with autonomic variables (ARV) and the six letter cancellation test (SLCT) were assessed before and immediate after each session. The two control sessions were: (i) ekägratä, i.e., single topic listening to a lecture on meditation, with multiple, yet associated thoughts and (ii) caïcalatä, i.e., non-targeted thinking. The two meditation sessions were (i) dhäraëä, i.e., focusing on the symbol ‘OM’ and (ii) dhyäna, i.e., an effortless with effortless absorption with the object of meditation. The meditation on ‘OM’ is specifically done on its meaning as it described under chapter 2 and not on its’ sound or form. All four sessions consisted of three states, i.e., ‘pre’ (5 minutes), ‘during’ (20 minutes), and ‘post’ (5 minutes) separately on different days, for BAEP and ARV.


The assessments were made on four different days for each recording, not necessarily on consecutive days, but at the same time of the day (i.e., the self-as-control design). The allocation of the subjects to the four sessions was randomized using a standard random number table (ZAR, 2005). This was done to prevent the influence of being exposed to the laboratory for the first time, from influencing the results. 


To assess the quality of the practice visual analogue scale (VAS) were used at the end of each session. 



5.2.1 STRUCTURE OF SESSIONS 


Subjects were assessed in twelve sessions. They underwent three dhyäna (meditation), three dhäraëä (one-pointed focusing), three ekägratä (concentration) and three caïcalatä (random thought) sessions, while (i) recording brainstem auditory evoked potentials, (ii) recording respiratory and autonomic variables and (iii) assessments for letter cancellation test (this test was administered before and after the each session at the same time on different days, subjects were divided in to five subgroups). 


5.2.2 ORDER OF SESSIONS 


Subjects were allocated to the following four sessions separatly (i)  BAEP, (ii) ARV and (iii) SLCT (in five subgroups)  using a random number table and hence the order of the sessions was different for each subjects. The sessions were:


1 = Control session [Non-targeted thinking (caïcalatä session)]


2 = Non-Meditation session [Concentrating on a single subject, but with several    thoughts (ekägratä session]


3   = Meditation session [Focused attention on an object of meditation 


         (dhäraëä session)]


4   = Meditation [Effortless de-focusing (dhyäna session)] 


 5.2.A  SCHEMATIC REPRESENTATION OF THE STUDY DESIGN


Fig.7


		Pre: 5 min.

		CTL1 [Non-targeted thinking (caïcalatä)]: 20 min.

		Post: 5 min.







		Pre: 5 min.

		   NON-MED 2 [Concentration (ekägratä )]: 20 min.

		Post: 5 min.





		Pre: 5 min.

		    MED 3 [Focused attention (dhäraëä)]: 20 min.

		Post: 5 min.







		Pre: 5 min.

		    MED 4 [Meditation (dhyäna)]: 20 min.

		Post: 5 min.





                 (CTL = CONTROL; MED = MEDITATION)


5.2.B Schematic representation of the SLCT study design


Fig.8

		Pre Assessments

		CTL1 [Non-targeted thinking (caïcalatä)]: 20 min.

		Post Assessments





		Pre Assessments

		   NON-MED 2 [Concentration (ekägratä)]: 20 min.

		Post Assessments





		Pre Assessments

		    MED 3 [Focused attention (dhäraëä)]: 20 min.

		Post Assessments





		Pre Assessments

		    MED 4 [Meditation (dhyäna)]: 20 min.

		Post Assessments





                   (CTL = CONTROL; MED = MEDITATION)


5.3  VARIABLES STUDIED


The word parameter is described as ‘characteristic of distribution or relationship in the population which are estimated by statistical analysis of a sample of observations’ whereas, the word variable denotes ‘measurement or attribute on which observations are made’ (Altman, et al. 1993). Hence in the present thesis the term ‘variable’ has been used to describe the assessments studied. 

5.3.1 RATIONALE FOR STUDYING BRAINSTEM AUDITORY EVOKED POTENTIALS (BAEPS)


Evoked potentials that can be elicited after a stimulus is presented. EPs are evoked automatically with repetitive sensory, stimulation, whereas ERPs are elicited with cognitive task processing (Hall, 1992; Picton & Hillyard, 1974; Picton, et al. 1974). Auditory stimuli produce the auditory brainstem response (ABR) and middle latency response (MLR). The long latency auditory evoked potential (LLAEP) measures are thought to reflect the activation of primary auditory cortex (Polich & Starr, 1983; Wood & Wolpaw, 1982). Visual and somatosensory sensory EPs also can be evoked, with standard clinical procedures now well defined (Chiappa, 1996). The P300 component is usually elicited by assigning subjects a stimulus discrimination task and can be obtained across modalities (Donchin, 1981; Johnson, 1988; Picton, 1992; Polich, 2003, 2004).


The clinical use of evoked potentials (EPs) has changed over time. Progressive advances in imaging technology have limited the frequency of evoked-response studies in clinical practice. Current use of MRI technology is mostly responsible for this. The basic difference that persists is that the MRI largely remains an imaging, structural, or anatomical test, while the EPs explains the functionality of certain pathways of the nervous system. The MRI scan gives more accurate information about structural problems, while the EPs give us information about the physiology of a certain anatomical pathway with much less spatial or localizing information. Under given circumstances they may be complementary. 


Brainstem Auditory evoked potentials (BAEPs) are very small electrical voltage potentials which are recorded in response to an auditory stimulus from electrodes placed on the scalp. They reflect neuronal activity in the auditory nerve, coclear nucleus, superior olive and inferior colliculus of the brainstem. They typically have a response latency within 0 to 10 milliseconds with an amplitude of approximately less than 1 µV. Due to their small amplitude 500 or more repetitions of the auditory stimulus are required in order to average out the random backgound electrical activity.  Brain stem auditory evoked potentials (i.e., 0-10 msec. range of components) were recorded in the four states of consciousness viz.,  caïcalatä, ekägratä, dhäraëä, and dhyäna, as previous studies have shown that middle latency auditory evoked potential components (0-100 msec. range of components; reflecting sub-cortical and primary auditory cortex activity change during the practice of both meditation on OM (Telles & Desiraju, 1993a; Telles, et al. 1994) and during Brahmäkumaris Räja Yoga (BK) meditation (Telles & Naveen, 2004).

5.3.1A Specifications of Nicolet Bravo System


The Bravo EP (Nicolet, USA) is a 4-channel evoked potential acquisition and review system with options of performing wide variety of tests such as Auditory Evoked Potentials (AEP), Somatosensory Evoked Potentials (SEP), Visual Evoked Potentials (VEP) and P300 Event Related Potentials (ERP). The Bravo EP amplifier has 4 acquisition channels, a headbox for electrode connections and a LED electrode impedance panel. To perform AEP tests, acoustically shielded earphone (TDH-39, Amplivox, UK) is used to deliver either ‘tone’ or ‘click’ stimulus. The acoustic stimulus intensity (in dB) has the following options: sound pressure level (SPL), peak sound pressure level (pSPL), peak equivalent sound pressure level (peSPL) and normal hearing level (nHL). The Bravo EP has software package, which allows running P300 cognitive response test. The main features of the P300 software include 4-channel recording and independent averaging for frequent and rare stimuli (Nicolet Biomedical Inc., 1998).   Plate. 1 shows the Nicolet Bravo EP - 4 channels amplifier (Nicolet, USA) and closed circuit TV. 


5.3.1B Computer averaged brain stem auditory evoked potentials [BAEPs] 


BAEPs were recorded using only one channel the Nicolet Bravo system (Nicolet Biomedicals, U.S.A). Sample record of BAEPs responses are presented in Figure.11 in Appendix-10.


5.3.1C The amplifier settings were as follows

 low frequency filter 100Hz, high frequency filter 3KHz, sensitivity 50 microvolts, number of sweeps averaged 1500, sweep width 10 ms, with 0 ms delay. Binaural click stimuli, of alternating polarity, with 11.1 Hz frequency and 100 micro-seconds duration were delivered through acoustically shielded earphones (Amplivox, UK). The stimulus intensity was kept at 80dB nHL. The rejection level was expressed as a percentage of the full scale range of the analog-to-digital converter. This level was set at 90%. Silver chloride (Ag/AgCl) disc electrodes were placed on the scalp using a conductive water soluble paste. The active electrode was at Cz according to the International 10-20 system (Jasper, 1958) referenced to the linked ear lobes; with the ground electrode on the forehead (FPz). All electrode impedances were kept below 5KΩ throughout the session. 

5.3.1E Testing procedure:  


Plate .1 Setup in the Evoked Potentials Laboratory
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Subjects were comfortably seated during recording sessions in a dimly lit, air-conditioned and sound attenuated cabin. They were monitored on a closed circuit TV. Instructions were given through two-way intercom so that the subjects remained relatively undisturbed during the session. Plate.1   shows a subject in sitting posture with electrode connections and earphone in the recording cabin with acoustically shielded earphone (Amplivox, UK) used to deliver the ‘clicks’, and a head-box for electrode connections with LED electrode impedance panel.


5.3.1F Electrode positions  


The recording sites were prepared using electrode gel (Ten20 Conductive EEG Paste, D.O. Weaver & Co., USA). Silver chloride disk electrodes were used for recording. There were one active recording sites CZ according to the International 10-20 system (Jasper, 1958), referenced to the linked ear lobes [A1 – A2], with the ground electrode on the forehead (FPZ). All electrode impedances were kept below 5KΩ throughout the session. 




          Figure.9 Electrode sites Cz, Fpz, & A1-A2 of BAEPs responses.

5.3.1.1 Variables Measured 


The following variables were measured:


For the BAEPs the peak latencies and peak amplitudes of all seven waves were measured at Cz (vertex electrode site). Peak latency (msec) is defined as the time from stimulus onset to the point of maximum positive amplitude within the latency window. Peak amplitude ((v) is defined as the voltage difference between a pre stimulus baseline and the largest positive going peak within a given latency window. 

5.3.2 RATIONALE FOR STUDYING AUTONOMIC AND RESPIRATORY VARIABLES


In the present study, the autonomic variables, which were measured, were the galvanic skin resistance, the finger plethysmogram amplitude, the heart rate, and heart rate variability (HRV). Some variables mentioned clearly reflect activity in either sympathetic or parasympathetic subdivisions of the autonomic nervous system. For example, an increase in skin conductance would reflect increased sudomotor sympathetic activity while a decrease in finger plethysmogram amplitude reflects an increase in sympathetic vasomotor activity (Appenzeller, 1982). The HRV spectrum is believed to be a useful indicator of cardiac sympathetic activity (reflected by low frequency [LF] band power values) and parasympathetic activity (reflected by high frequency [HF] band power values) (Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology, 1996). 

5.3.2A Condition of recordings of autonomic and respiratory variables (ARV)

Subjects were seated in an air-conditioned sound attenuated cabin with dim lighting. The temperature of the recording room was maintained between 20 - 25o Celsius, The recording leads led out of the cabin and were connected to A 4-channel polygraph [Polyrite D] (Recorders & Medicare Systems, Chandigarh, India) used  to record the electrocardiogram (EKG), galvanic skin resistance (GSR), Respirogram  (RS1) and Finger Plethysmogram  (FPA), and monitored on a closed circuit TV. Instructions were given through two-way intercom so that the subjects remained relatively undisturbed during the session. Plate. 2  shows a subject in seated with transducers to record the EKG, GSR, RS1 and FPA. 


Plate. 2 Setup in the Autonomic Function Testing Laboratory
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5.3.2B Autonomic and respiratory variables measured  

i. Heart Rate (HR): The electrocardiogram was recorded using standard bipolar limb lead II configuration and an AC amplifier with 99 Hz high cut filter and 1.5 Hz low cut filter settings. The ECG was digitized using a 14 bit analog-to-digital converter (ADC) at a sampling rate of 1024 Hz. The data recorded was visually inspected off-line and only noise free data was included for analysis. The following variables were measured (i) LF: Low frequency power of HRV spectrum is known to correspond to sympathetic modulation when expressed in normalized units. Low frequency band ranges between 0.05 - 0.15 Hz. (ii) HF: High frequency power (normalized units) of HRV spectrum ranges between 0.15 – 0.4 Hz. The efferent vagal activity is a major contributor to the HF component. (iii) Ratio of low and high frequency powers (LF/HF ratio) is correlated with the sympathovagal balance.

ii. Skin conductance: Skin conductance was recorded using Ag/AgCl disc electrodes with electrode gel, placed in contact with the volar surface of the distal phalanges of the index and middle fingers of the left hand. A low level DC preamplifier was used and a constant voltage of 0.5V was passed between the electrodes (Vempati & Telles, 2002). 


iii. Respiration: Respiration was recorded using a volumetric pressure transducer fixed around the trunk about 8 cm below the lower costal margin as the subject sat erect.


iv. A photo plethysmograph: For this recording, the transducer was placed    on the volar surface of the distal phalanx of the left thumb to record the digit pulse volume (DPV), also called the finger plethysmogram.


5.3.2C Heart rate and Heart rate variability spectrum (HRV)


Heart rate variability (HRV) describes the variations between consecutive heartbeats. The regulation mechanisms of HRV originate from the sympathetic and parasympathetic nervous systems in addition to other controls and hence, HRV is used as a quantitative marker of the autonomic control over the heart.  The electrocardiogram was recorded using standard bipolar limb lead II configuration and an AC amplifier with 99 Hz high cut filter and 1.5 Hz low cut filter settings. The ECG was digitized using a 14 bit analog-to-digital converter (ADC) at a sampling rate of 1024 Hz. The data recorded was visually inspected off-line and only noise free data was included for analysis. 

The R waves were detected to obtain a point event series of successive R-R      intervals, from which the beat-to-beat heart rate series was computed. The data recorded was visually inspected off-line and only noise free data was included for analysis. The heart rate was obtained based on R-R inter beat interval analysis.  The HRV power spectrum was obtained using Fast Fourier transform analysis (FFT) (Raghuraj, et al. 1998). Schematic representation of ECG and Heart rate variability (HRV) are presented in Figure.10.  According to guidelines of the Task force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology, the low frequency and high frequency values were expressed as normalized units (Task force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology, 1996).

5.3.2.1 Definition and components of Heart rate variability

Heart rate variability is the measure used to describe variation of both instantaneous heart rate and RR intervals from an electrocardigraphic recording (EKG). Also, other terms like cycle length variability and heart period variability have been used to describe oscillations in consecutive cardiac cycles.


 History: the link between brain and heart the heart has been a subject of intense study since ancient times. The Greek medicine in 3rd century BC, put forward the concept of ‘pneuma’ or ‘spirit’ a kind of delicate airy substance within the body that was believed to mediate between the brain and the heart, between thoughts and emotions, and to be responsible for the translation of ‘mental’ states into ‘physical’ action and vice versa; and sympathy’ (sympatheia), a notion that was called in to account for the simultaneous emotional experiences in different bodily parts, and which proved to be a very useful concept to refer to psychosomatic connections that escaped empirical validation.  Claude Bernard was quoted in Cournand (1979) “In man the heart is not only the central organ of circulationof blood, it is a center influenced by all sensory influences. They may be transmitted from the periphery thought the spinal cord, from the organs through the sympathetic nervous system, or from the central nervous system itself. In the fact the sensory stimuli coming from the brain exhibit their strongest effects on the heart”. Two way communication between brain and heart was proposed initially by Darwin in 1872 who stated” when the mind is strongly excited, we might expect that it would instantly affect in a direct manner the heart; and this is universally acknowledge. When the heart is affected it reacts on the brain; and the state of the brain again reacts through the pneumo-gastric [now known as vagus] nerve on the heart; so that under any excitement there will be much mutual action and reaction between these, the two most important organs of the body..” Studies which exemplified the phenomenon of respiratory sinus arrhythmia (RSA) were evident as early as 1773 when Hales noted respiratory rhythms in the BP and pulse of a horse. In 1847 Ludwig in his experiments with dogs with a kymograph described RSA. Wundt (1902) proposed that pulse rate increases during inspiration and decreases during expiration. Hering (1910) in his study concluded that vagus has an important role in reducing the heart rate and can be demonstrated during respiration. In 1915 Eppinger and Hess states that “clinical facts, such as respiratory arrhythmia, habitual bradycardia have furnished the means of drawing our attention to the variations in the tonus of the vagal system in man.  Bainbridge (1920) reported that changes in blood flow as a result of changes in thoracic pressure associated with respiration were related to alterations in baroreceptor and volume receptor responses.   


The influence of respiratory rate and amplitude, blood gas concentrations, and efferent cardio regulatory neural pathways on RSA was evidenced by Anrep et al (1936). Hon in 1958 and 1963, working on obstetrics elucidated HRV as an index of global foetal distress. Wolf in 1967 illustrated HRV as an effective measure of communication between heart, vagus and brain. 


The task force report (Malik et al, 1996) came with detailed explanation and applications of HRV are assessment of neurocardiac regulation.


Measurement of HRV: HRV represents an economical, non-invasive and sensitive procedure for investigating autonomic neurocardiac regulation, giving good quantitative estimation of cardiac autonomic activity (Task force report, 1996). According to Bernston et al 1997, HRV is being extensively used in investigations of central regulations of autonomic state and to study the link between psychological process and physiological functions.


There are several methods for the calculation of the HRV. According to the mathematical processing they can be divided into two classes, time domain and frequency domain methods. Time domain methods can be further divided into statistical methods and geometric methods. The frequency domain methods are divided into parametric and non-parametric methods.


5.3.2.2 Time domain analysis (Gujjar et al, 2004, Udupa et al, 2006):

		Time domain parameters



		Parameters

		Units 

		Description

		Physiologic Correlates



		SDNN

		ms

		Standard deviation of all NN intervals

		Sensitive to all sources of variation, eg. Respiratory, baroreceptor, thermoregulation and activity.



		SDANN

		ms

		Standard deviation of all NN intervals in all 5-minute segments of the entire recording

		More sensitive to lowest frequencies, posture, activity and the basic day-night change in heart rate. This measure basically shows how much heart rate differs during each 5-minute period from the overall daylong mean heart rate.



		RMSSD

		ms

		The square root of the mean of the sum of squares of differences between sdjacent NN intervals

		Both the RMSSD and pNN 50 indices are most sensitive to components. They select the changes that occurs from one QRS cycle to the very next. Some evidence suggests these time domains are the best predictors of parasympathetic activity.



		NN50

		Count

		Count of number of pairs of NN (Normal to normal RR) intervals differing by >50 ms 

		



		pNN50

		%

		NN50 divided by total number of all NN intervals

		



		TNN

		ms

		Triangular index of NN interval

		Estimate overall HRV





5.3.2.3 Frequency domain analysis: HRV is composed of certain well defined rhythms which contain information about the contribution of different regulatory mechanisms of cardiovascular control. To evaluate the dynamics of these rhythms and to understand how overall HRV is distributed into different rhythms, the variations of heart rate must be divided into frequency components. In order to provide deeper insight into the dynamics and components of HRV, more advanced second order statistics such as power spectral density analysis have to be applied. Power spectral analysis by definition, decomposes the heart rate signal into its frequency components and quantifies them in terms of their relative intensity, termed power. It provides estimates of the power spectrum density function of heart rate, i.e. information how overall HRV (variance of RR intervals or heart rates) is distributed as a function of frequency into different components. The heart rate spectrum can be analyzed with two methods; (1) Non-parametric Fast Fourier transformation (FFT) spectra and (2) Parametric auto regressive (AR) modeling, directly to beat-to-beat time series or to resssembled data (Gujjar et al, 2004, Udupa et al, 2006).

		Frequency domain parameters



		Power

		Units

		Frequency range

		Physiologic Correlates



		Total power

		ms2

		

		Sensitive  to all sources of variation



		Low frequency power (LF)

		ms2

		0.04-0.15 Hz

		Sympathetic and parasympathetic tone



		Very low frequency power (VLF)

		ms2

		0.003-0.04 Hz

		Thermoregulation? Rennin-angiotensin-aldosterone system (RAAS)?



		High frequency 

power (HF) 

		ms2

		0.15-0.4 Hz

		Parasympathetic tone, Respiration



		LF nu

		Normalized units

		LF/(LF+HF)*100

		Sympathetic and parasympathetic tone



		HF nu

		Normalized units

		HF/(LF+HF)*100

		Parasympathetic tone, Respiration



		LF/HF 

		ratio

		-

		Sympathovagal balance





5.3.3  RATIONALE FOR STUDYING SIX LETTER CANCELLATION TEST (SLCT)


Cancellation tests require visual selectivity and a repetitive motor response. A six letter cancellation test was administered to assess functions such as selective and focused attention, visual scanning, and the activation and inhibition of rapid responses. The six letter cancellation test has been used in similar type of design on Indian population (Natu & Agarawal, 1997). A sample worksheet of six letter cancellation test is given in Appendix-6.


5.3.3A Testing procedure

Thirty-five participants with age range between 20 and 45 years (M age ± SD, 28.6±5.0) were assessed in four sessions (i.e., Ekägratä, Dhäraëä, Dhyäna, and Caïcalatä) each. A session consisted of 20 minutes of practice. The details have been given under intervention.  

The assessments were made on four different days, not necessarily on consecutive days, but at the same time of the day (i.e., the self-as-control design). The allocation of the subjects to the four sessions was randomized using a standard random number table. This was done to prevent the influence of being exposed to the laboratory for the first time, from influencing the results. Assessments were made immediately before and after each session. 


5.3.3B Reliability and validity of the test


Reliability refers to the consistency of measurement which is reflected in the reproducibility of the scores. The six letter cancellation test has been evaluated for its reliability and validity based on standard criteria. Reliability is ascertained based on (i) temporal stability and (ii) internal consistency (Singh, 2002). Also have been established for use in an Indian population (Natu & Agarwal 1997; Agarwal, et al. 2002). 

Validity concerns what the test measures and how well it does so. In the present study the six letter cancellation test is directly related to the attention of the person being examined. Cancellation tests require visual selectivity and a repetitive motor response. These tests assess many functions such as sustained attention, visual scanning, and the activation and inhibition of rapid responses (Lezak, 1995). Hence it may be said that the content validity of this test is adequate for the purpose for which it is intended. 


5.3.3C Assessments


The six-letter cancellation task was presented on a worksheet which specified the six target letters to be cancelled and had a working section of letters of the alphabet arranged randomly in 22 columns and 14 rows. The participants were asked to cancel as many of the six target letters as possible in the specified time of 90 seconds. They were told that there were two possible strategies, i.e., marking all six letters at a time or selecting any one target letter of the six. Participants were asked to choose whichever strategy suited them. They were also told that they could follow a horizontal, vertical, or a random path according to their choice (Natu & Agarwal, 1997).

The scoring was done by a person who was unaware when the assessment was made and whether the assessment was ‘before’ or ‘after’ the session. Each cancelled letter was scored as ‘1’ irrespective of whether it was correctly or incorrectly cancelled. The total number of cancellations and wrong cancellations were counted and the net scores were calculated by deducting wrong cancellations from the total cancellations attempted. As this test was administered before and immediately after the intervention, to avoid the test-retest effect of memory, parallel worksheets were prepared for each session by changing the target letters and the sequence of letters in the working section. The reliability and validity of the task have been established for use in an Indian population (Agarwal, et al. 2002). 


5.4 INTERVENTIONS

                             [image: image12.png]





Throughout all sessions subjects kept their eyes closed and followed prerecorded instructions. The instructions emphasized carrying out the practice slowly, with awareness and relaxation. The meditators who participated in the study underwent a month of orientation sessions where they practiced two phases which formed a continuum in meditation (dhäraëä and dhyäna) as two separate states and two control states, i.e., caïcalatä or non-focused thinking and ekägratä or focusing without meditation and on more than one thought.

These states are described in the traditional texts i.e., the Pataïjali’s  Yoga Sütras  and Bhagavad Gétä, stating that when awake and in the absence of a specific task the mind is very distractible (caïcalatä), and has to be taken through the stages of ‘streamlining the thoughts’ (concentration or ekägratä), before moving on to the states of meditation. These are: one-pointed concentration or dhäraëä and a defocused, effortless single thought state or dhyäna. 


In the caïcalatä session the 20 minute period consisted of ‘non-targeted thinking’ during which subjects were asked to allow their thoughts to wander freely as they listened to a compiled audio CD consisting of brief periods of conversation and talks on multiple topics recorded from a local radio station transmission. In the ekagrata session the 20 minute period consisted of focusing on a single topic, which was listening to a lecture on meditation, with multiple, yet associated thoughts. In the dhäraëä session the 20 minute period consisted of focusing on the symbol, ‘OM’. During this session they were asked to focus on the meaning of the syllable, OM, which is used as a symbol for the entire universe because OM is considered to represent ‘that which sustains everything (Cinmayänanda 1984). In the dhyäna session the 20 minutes of the practice consisted of meditation with effortless absorption in the single-thought state of the object of meditation; i.e., ‘OM’. 


For the two meditation sessions and two control sessions, subjects were given guided instruction through a separate recorded video with specific images and instructions for each session: The quality of meditation was rated using the subjectivity rated Visual Analog Scale (VAS). 

5.4.1 Visual analogue scale (VAS)


Visual analog scales were measured to test the qualitative subjective experiences like the quality of practice. A visual analog scale is a measurement scale that is used to measure a characteristic or attitude which is believed to range across a continuum of values and cannot easily be directly measured. It consists of a horizontal line, 10 cm in length, anchored by word descriptions at each end (Wewers & Lowe, 1990). A sample worksheet of visual analogue scale (VAS) is given in Appendix-7.

5.4.2 Testing procedure of VAS

The subjects were asked to mark the line at the point that they felt represented their perception of their current state. The VAS score was determined by measuring in millimeters from the left-hand end of the line to the point that the subject marked. There are no standard data available as this scale was used for the first time to understand these types of subjective experiences; however these types of scales are used in measurement of clinical phenomena like pain (Wewers & Lowe, 1990).


5.5 DATA EXTRACTION


5.5.1 BRAINSTEM AUDITORY EVOKED POTENTIAL (BAEPs) 

For the BAEPs the peak latencies and peak amplitudes of all seven waves were calculated. Peak latency (msec) is defined as the time from stimulus onset to the point of maximum positive amplitude within the latency window. Peak amplitude ((v) is defined as the voltage difference between a pre stimulus baseline and the largest positive going peak within a given latency window. 

5.5.1.1  Neural generators for BAEPs

The latencies and the neural generators for the 5 BAEP components are given below:


		BAEPs components

		Latency

		Neural Generator



		Wave I

		1.9

		Auditory portion of the eighth cranial nerve



		Wave II

		3.6

		Near or at the cochlear nucleus A portion - from the eighth nerve fibers around the cochlear nucleus



		Wave III

		4.2

		The lower pons through the superior olive and trapezoid body



		Wave IV

		5.2

		The upper pons or lower midbrain, in the lateral lemniscus and the inferior colliculus; A contralateral brainstem generator for wave V is suggested



		Wave V

		5.8

		





A Schematic representation of BAEP responses (fig. 12) and a sketched auditory pathway (fig. 13) is presented in Appendix-10.

5.5.2   AUTONOMIC AND RESPIRATORY VARIABLES


(i) The Heart Rate [HR]: The heart rate in beats per minute (bpm) was calculated by counting the R waves of the QRS complex in the EKG in 60-second epochs, continuously. The data were continuously acquired throughout the recording session; hence it was divided into six phases of five minutes for analysis.


(ii) The Galvanic Skin Resistance (GSR) was obtained at 20 sec intervals, continuously and expressed in Kilohms (K().


(iii) The breath rate in cycles per minute (cpm) was calculated by counting the breath cycles in 60 second epochs, continuously.


(iv) The amplitude of the digit pulse volume (DPV) was sampled from the peak of the pulse wave at 30-second intervals and presented in µV.


5.5.2.1 Heart rate variability

The data with small episodes of artifacts were shredded and were included for analysis. Data were analyzed with an ‘advanced HRV analysis software’ program developed by Biomedical Signal Analysis Group, University of Kuopia, Finland (Niskanen, Tarvainen, Ranta-aho, & Karjalainen, 2004). The heart rate in beats per minute was calculated by counting the R waves of QRS complex in the ECG in successive epochs of 60 seconds and averaged for each 5-minute block period. The HRV power spectrum was obtained using Fast Fourier Transform analysis (FFT). The energy in the HRV series of the following specific bands was studied, viz., the very low frequency component (0.0 - 0.04 Hz), low frequency component (0.05 - 0.15 Hz), and high frequency component (0.15 - 0.50 Hz). The low frequency and high frequency values were expressed as normalized units, which represent the relative of each power component in proportion to the total power minus VLF component [LF norm = LF / (total power-VLF) × 100; HF norm = HF / (total power – VLF) ×100)] (Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology, Heart Rate Variability: standards of measurement, physiological interpretation, and clinical use, 1996). Figure.10 shows schematic illustration of ECG and heart rate variability spectrum (HRV) derived after Fast Fourier Transform analysis (FFT).

Figure. 10   Schematic illustration of ECG and heart rate variability spectrum (HRV)
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Fast Fourier Transform analysis (FFT): HRV power spectrum


(VLF band = 0.0 - 0.05 Hz, LF band = 0.05 - 0.15 Hz and HF = 0.15 - 0.50 Hz)
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5.5.3 SIX LETTER CANCELLATION TEST

The six-letter cancellation task was presented on a worksheet which specified the six target letters to be cancelled and had a working section of letters of the alphabet arranged randomly in 22 columns and 14 rows. The participants were asked to cancel as many of the six target letters as possible in the specified time of 90 seconds. They were told that there were two possible strategies, i.e., marking all six letters at a time or selecting any one target letter of the six. Participants were asked to choose whichever strategy suited them. They were also told that they could follow a horizontal, vertical, or a random path according to their choice (Natu & Agarwal, 1997).

The scoring was done by a person who was unaware when the assessment was made and whether the assessment was ‘before’ or ‘after’ the session. Each cancelled letter was scored as ‘1’ irrespective of whether it was correctly or incorrectly cancelled. The total number of cancellations and wrong cancellations were counted and the net scores were calculated by deducting wrong cancellations from the total cancellations attempted. As this test was administered before and immediately after the intervention, to avoid the test-retest effect of memory, parallel worksheets were prepared for each session by changing the target letters and the sequence of letters in the working section. The reliability and validity of the task have been established for use in an Indian population (Agarwal, et al. 2002). 


5.6 DATA ANALYSIS

5.6.1 BRAINSTEM AUDITORY EVOKED POTENTIALS 


The raw data obtained for each subject in each recording session were tabulated separately. Statistical analysis was done using SPSS (Version 10.0) in following steps:


· The group mean and standard deviation were calculated of for all seven waves and data were tested for variance and normal distribution by F-test and Kolmogorov-Smirnov test respectively. 


· For the normally distributed data, the peak latencies and peak amplitudes of all seven waves were analyzed using repeated-measures analyses of variance (ANOVAs),  and post-hoc analyses with Bonferroni adjustment was to compare ‘pre’ data with ‘during’ and ‘post’.

· The repeated measures analyses of variance (ANOVAs) were performed with      two ‘Within subjects’ factors, i.e., Factor 1: Sessions; with four levels, viz., caïcalatä, ekägratä, dhäraëä, and dhyäna, and Factor 2: States; with six levels, viz., Pre, During (D1 to D4), and Post. These repeated measures ANOVAs were carried out for the peak latency and peak amplitude of all levels.


· This was followed by a post-hoc analysis with Bonferroni adjustment for multiple comparisons between the mean values of different states (Pre, During 1 to During 4 and Post).  


5.6.2 AUTONOMIC AND RESPIRATORY VARIABLES 

The raw data obtained for each subject in each recording session for each variable were tabulated separately. Statistical analysis was done using SPSS (Version 10.0) in following steps:

· The group mean and standard deviation were calculated for each variables and data were tested for variance and normal distribution by F-test and Kolmogorov-Smirnov test respectively. 


· For the normally distributed data, of each variables were analyzed using repeated-measures analyses of variance (ANOVAs), and post-hoc analyses with Bonferroni adjustment was to compare ‘pre’ data with ‘during’ and ‘post’.


· The repeated measures analyses of variance (ANOVAs) were performed with      two ‘Within subjects’ factors, i.e., Factor 1: Sessions; with four levels, viz., caïcalatä, ekägratä, dhäraëä, and dhyäna, and Factor 2: States; with six levels, viz., Pre, During (D1 to D4), and Post. 

· This was followed by a post-hoc analysis with Bonferroni adjustment for multiple comparisons between the mean values of different states (Pre, During 1 to During 4 and Post).  


5.6.3 SIX LETTER CANCELLATION TEST

Statistical analysis was done using SPSS (Version 10.0). The total net scores were analyzed using a repeated-measures ANOVA. There was one Within-subjects factor, i.e., States with two levels (pre and post) and one Between-subjects factor, i.e., Groups, with four levels (Caïcalatä, Ekägratä, Dhäraëä, and Dhyäna). Post-hoc tests for multiple comparisons with Bonferroni adjustment were used to detect significance differences between mean values.

6.1 BRAINSTEM AUDITORY EVOKED POTENTIALS


6.1.1 RECAPITULATION


 The BAEPs (peak latency and peak amplitude of all seven waves) were recorded pre during and post in 30 practitioners in four sessions i.e. caïcalatä, ekägratä, dhäraëä, and dhyäna from Cz electrode sites, referenced to linked earlobes. As described under Methods (Data Analysis), repeated measures analysis of variance (RMANOVA) were performed with two ‘Within Subjects’ factors, i.e., Factor 1: Sessions; caïcalatä, ekägratä, dhäraëä, and dhyäna, and Factor 2: States; Pre, During (D1 to D4), and Post. These RMANOVA were carried out for each wave of BAEP separately, for both peak latencies and peak amplitudes. This was followed by a Post-hoc analysis with Bonferroni adjustment for multiple comparisons between the mean values of different states (Pre, During-D1 to D4 and Post). The results [latency and amplitude] for the individual waves [I-V] are given below.


The mean ( SD with statistical significance for BAEPs are given below while Summary Tables and others are presented in Appendix-4.

The Graphs for the actual data of individual subject in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented in Appendix-5.

6.1.2 WAVE I – LATENCY


RMANOVA which consisted of the two Within-Subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] showed a significant difference between States (F=2.898, p=0.037, Huynh-Feldt epsilon=0.634), while the difference between Sessions (F=1.093, p>0.05, Huynh-Feldt epsilon=0.855), and the interaction between Sessions and States (F=0.717, p >0.05, Huynh-Feldt epsilon=0.372) was not significant. 

Post-hoc analysis with Bonferroni adjustment for each session (caïcalatä, ekägratä, dhäraëä and dhyäna) separately showed no significant difference between States [Pre, During (D1 to D4) and Post] for each session (p>0.05, for all comparisons). The actual data of individual subjects in the Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean values ± SD in Table 6.1.2.

6.1.3 WAVE I – AMPLITUDE

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] showed no significant difference between Sessions (F=0.556, p> 0.05, Huynh-Feldt epsilon=0.834) and States (F=0.150, p>0.05, Huynh-Feldt epsilon=1.000, hence sphericity assumed). Also, the interaction between Sessions and States (F=0.435, p>0.05, Huynh-Feldt epsilon=0.595) was not significant. 


Post-hoc analysis with Bonferroni adjustment for each session (caïcalatä, ekägratä, dhäraëä and dhyäna) separately showed no significant difference between States [Pre, During (D1 to D4) and Post] for each session (p>0.05, for all comparisons). The actual data of individual subject in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean values ± SD in Table 6.1.3. In Appendix-4.

6.1.4 WAVE II – LATENCY


RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] showed a significant difference between the States (F=4.811, p<0.01, Huynh-Feldt epsilon=0.515), while the difference between the Sessions (F=0.707, p>0.05, Huynh-Feldt epsilon=0.730) and the interaction between the Sessions and States (F=0.831, p>0.05, Huynh-Feldt epsilon=0.210) was not significant. 


Post-hoc analysis with Bonferroni adjustment for each session (caïcalatä, ekägratä, dhäraëä and dhyäna) separately showed a significant increase in the latency of Wave II during the ekägratä session when comparing the During 3 and During 4 epochs with the Pre values (p=0.007 and p=.002 respectively). The comparison of states [Pre, During (D1 to D4) and Post] during other sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) showed no change (p>0.05, for all comparisons). The actual data of individual subject in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean values ± SD in Table 6.1.4.


Table 6.1.4.


 Group Mean ( SD values of Peak Latencies for Wave II recorded pre, during and post of two meditation and two control sessions.


		Phases

		Pre

		D1

		D2

		D3

		D4

		Post



		Caïcalatä 

		2.94±0.21

		3.01±0.15

		3.00±0.14

		2.99±0.13

		3.01±0.14

		2.99±0.13



		% Change

		

		2.38

		2.04

		1.7

		2.38

		1.7



		Ekägratä

		2.96±0.14

		3.00±0.16

		2.98±0.11

		3.01±0.14*

		3.01±0.13*

		2.99±0.12



		% Change

		

		1.35

		0.68

		1.69

		1.69

		1.01



		Dhäraëä

		2.95±0.15

		2.99±0.15

		2.97±0.14

		2.98±0.15

		2.98±0.13

		2.98±0.15



		% Change

		

		1.36

		0.68

		1.02

		1.02

		1.02



		Dhyäna

		2.96±0.13

		2.98±0.14

		3.00±0.14

		2.99±0.13

		3.00±0.14

		2.96±0.19



		% Change

		

		0.68

		1.35

		1.01

		1.35

		0





*p < 0.05, RMANOVA with Bonferroni adjustment. Comparing individual states. (i.e. D1,D2,D3,D4, and Post). While there was an increase of 1.7% to 2.38% in Caïcalatä, Ekägratä showed 0.68% to 1.69%, Dhäraëä showed 0.68% to 1.36%, Dhyäna showed 0% to 1.35%

6.1.5 WAVE II – AMPLITUDE


RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] showed no significant difference between Sessions (F=0.240, p>0.05, Huynh-Feldt epsilon=1.000, hence sphericity assumed) and States (F=0.537, p>0.05, Huynh-Feldt epsilon=0.932). Also, the interaction between the Sessions and States (F=1.237, p>0.05, Huynh-Feldt epsilon=0.919) was not significant. 


Post-hoc analysis with Bonferroni adjustment for each session (caïcalatä, ekägratä, dhäraëä and dhyäna) separately showed no significant difference between states [Pre, During (D1 to D4) and Post] of each session (p>0.05, for all comparisons). The actual data of individual subjects in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean values ± SD in Table 6.1.5.  in the Appendix-4.


6.1.6. WAVE III – LATENCY


RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] showed a significant difference between Sessions (F=3.900, p=0.013, Huynh-Feldt epsilon=0.962) and between States (F=3.094, p=0.024, Huynh-Feldt epsilon=0.691). The interaction between Sessions and States (F=0.981, p>0.05, Huynh-Feldt epsilon=0.223) was not significant. 


Post-hoc analysis with Bonferroni adjustment for each session (caïcalatä, ekägratä, dhäraëä and dhyäna) separately showed a significant increase in the latency of Wave III during the ekägratä session (Pre versus During 2; p=0.03). The comparisons during other Sessions (caïcalatä, dhäraëä and dhyäna) showed no change (p>0.05, for all comparisons). The actual data of individual subjects in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean ± SD in Table 6.1.6.


Table 6.1.6. 


Group Mean ( SD values of Peak Latencies for Wave III recorded pre, during and post of two meditation and two control sessions.


		Phases

		Pre

		D1

		D2

		D3

		D4

		Post



		Caïcalatä 

		3.90±0.19

		3.95±0.16

		3.94±0.16

		3.95±0.14

		3.96±0.15

		3.95±0.14



		% Change

		

		1.28

		1.03

		1.28

		1.54

		1.28



		Ekägratä

		3.93±0.14

		3.97±0.17

		3.97±0.13*

		3.96±0.14

		3.96±0.15

		3.96±0.14



		% Change

		

		1.02

		1.02

		0.76

		0.76

		0.76



		Dhäraëä

		3.91±0.15

		3.91±0.16

		3.93±0.15

		3.95±0.16

		3.93±0.13

		3.93±0.15



		% Change

		

		0

		0.51

		1.02

		0.51

		0.51



		Dhyäna

		3.92±0.14

		3.91±0.16

		3.93±0.13

		3.95±0.14

		3.94±0.13

		3.91±0.18



		% Change

		

		-0.26

		0.26

		0.77

		0.51

		-0.26





*p < 0.05, RMANOVA with Bonferroni adjustment. Comparing individual states. (i.e. D1, D2, D3, D4, and Post). Minus sign indicate a decrease with respect pre data. While there was an increase of 1.03% to 1.54% in Caïcalatä, Ekägratä showed 0.76% to 1.02%, Dhäraëä showed decrease of 0% to 1.02%, Dhyäna showed 0.26% to 0.77% in Peak Latencies for Wave III.


6.1.7. WAVE III – AMPLITUDE


RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] showed no significant difference between Sessions (F=0.307, p>0.05, Huynh-Feldt epsilon=1.000, hence sphericity assumed) and States (F=0.912, p>0.05, Huynh-Feldt epsilon=0.957). Also, the interaction between Sessions and States (F=1.052, p>0.05, Huynh-Feldt epsilon=0.981) was not significant. 


Post-hoc analysis with Bonferroni adjustment for each session (caïcalatä, ekägratä, dhäraëä and dhyäna) separately showed no significant difference between states [Pre, During (D1 to D4) and Post] of each session (p>0.05, for all comparisons). The actual data of individual subjects in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean values ± SD in Table 6.1.7. in the Appendix-4.

6.1.8. WAVE IV – LATENCY


RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] showed a significant difference between States (F=5.864, p<0.001, Huynh-Feldt epsilon=0.845) while the difference between Sessions (F=0.669, p>0.05, Huynh-Feldt epsilon=0.953) and the interaction between Sessions and States (F=0.824, p>0.05, Huynh-Feldt epsilon=0.476) was not significant. 


Post-hoc analysis with Bonferroni adjustment for each session (caïcalatä, ekägratä, dhäraëä and dhyäna) separately showed no significant difference between States [Pre, During (D1 to D4) and Post] of each session (p>0.05, for all comparisons). The actual data of individual subjects in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean ± SD in Table 6.1.8. in the Appendix-4.


6.1.9. WAVE IV – AMPLITUDE


RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] showed no significant difference between Sessions (F=0.886, p>0.05, Huynh-Feldt epsilon=0.977) and between States (F=1.785, p>0.05, Huynh-Feldt epsilon=0.831). Also, the interaction between Sessions and States (F=1.109, p>0.05, Huynh-Feldt epsilon=0.987) was not significant. 


Post-hoc analysis with Bonferroni adjustment for each session (caïcalatä, ekägratä, dhäraëä and dhyäna) separately showed no significant difference between states [Pre, During (D1 to D4) and Post] for each session (p>0.05, for all comparisons). The actual data of individual subjects in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean values ± SD in Table 6.1.9. in the Appendix-4.

6.1.10. WAVE V – LATENCY


RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] showed a significant difference between Sessions (F=3.894, p=0.015, Huynh-Feldt epsilon=0.893), and between States (F=11.713, p<0.001, Huynh-Feldt epsilon=0.836) while the interaction between Sessions and States (F=1.350, p>0.05, Huynh-Feldt epsilon=0.459) was not significant. 


Post-hoc analysis with Bonferroni adjustment for each session (caïcalatä, ekägratä, dhäraëä and dhyäna) separately showed a significant increase in the latency of Wave V during the caïcalatä  session (Pre versus During 2; p=0.042), ekägratä session [Pre versus During 2 (p=0.009), Pre versus During 3 (p=0.026), Pre versus During 4 (p=0.005) and Pre versus Post (p=0.001) and during dhäraëä session (Pre versus Post; p=0.018). Other comparisons during the sessions mentioned above and all the comparisons during the dhyäna session were not significant (p>0.05, for all comparisons). The actual data of individual subjects in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean values ± SD in Table 6.1.10.

Table 6.1.10. 


Group Mean ( SD values of Peak Latencies for Wave V recorded pre, during and post of two meditation and two control sessions.


		Phases

		Pre

		D1

		D2

		D3

		D4

		Post



		Caïcalatä 

		5.78±0.18

		5.82±0.18

		5.84±0.17**

		5.84±0.20

		5.84±0.18

		5.82±0.17



		% Change

		

		0.69

		1.04

		1.04

		1.04

		0.69



		Ekägratä

		5.76±0.19

		5.83±0.18

		5.83±0.18**

		5.83±0.17*

		5.87±0.19**

		5.85±0.18***



		% Change

		

		1.22

		1.22

		1.22

		1.91

		1.56



		Dhäraëä

		5.75±0.20

		5.80±0.19

		5.80±0.19

		5.78±0.21

		5.80±0.21

		5.82±0.18**



		% Change

		

		0.87

		0.87

		0.82

		0.87

		1.22



		Dhyäna

		5.79±0.18

		5.81±0.19

		5.82±0.19

		5.81±0.18

		5.81±0.20

		5.82±0.18



		% Change

		

		0.35

		0.52

		0.35

		0.35

		0.52





*p < 0.05, **p < 0.01, ***p < 0.001;  RMANOVA with Bonferroni adjustment (within session). Comparing individual states. (i.e. D1, D2, D3, D4, and Post). While there was an increase of 0.69% to 1.04% in Caïcalatä, Ekägratä showed 1.54% to 1.22%, Dhäraëä showed 0.82% to 1.22%, Dhyäna showed 0.35% to 0.52% in Peak Latencies for Wave V. 


6.1.11. WAVE V – AMPLITUDE


RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] showed a significant difference between Sessions (F=6.515, p<0.001, Huynh-Feldt epsilon=0.897), and between States (F=8.574, p<0.001, Huynh-Feldt epsilon=0.858) while the interaction between Sessions and States (F=1.320, p>0.05, Huynh-Feldt epsilon=0.825) was not significant. 


Post-hoc analysis with Bonferroni adjustment for each session (caïcalatä, ekägratä, dhäraëä and dhyäna) separately showed a significant decrease in the amplitude of Wave V during the caïcalatä session [Post versus During 1 (p<0.001), Post versus During 2 (p<0.01) and Post versus During 3 (p<0.001), ekägratä session [Post versus During 1 (p<0.05), Post versus During 2 (p<0.05). Other comparisons during the sessions mentioned above and all the comparisons during dhäraëä and dhyäna sessions were not significant (p>0.05, for all comparisons). The actual data of individual subjects in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean values ± SD in Table 6.1.11. in the Appendix-4. 


6.1.12. WAVE VI & VII – LATENCY AND AMPLITUDE


RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] did not show any significant difference between Sessions and between States of wave VI, VII in latency and amplitude.  


 The actual data of individual subjects in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean values ± SD in Tables 6.1.12. 2, 3 & 4 respectively In the Appendix-4. 


6.1.13. FOUR ADDITIONAL DERIVED VALUES


In addition to the absolute values of the peak latency and peak amplitude  there are four other, derived values which are used to get information about brainstem functioning. These are as follows: (i) Wave V to Wave I inter-peak latency interval. The wave V-I inter-peak latency interval is considered to represent conduction from the proximal part of the eighth nerve through pons and into the midbrain. (ii) Wave III to Wave I inter-peak latency interval. This inter-peak latency interval represents conduction from the eighth nerve into the core of the lower pons. (iii) Wave V to Wave III inter-peak latency interval. This latency interval reflects conduction from the lower to the upper pons, and possibly into the mid brain. It is not yet entirely clear whether the wave V-III inter-peak latency interval represents conduction along the ipsilateral or contralateral brainstem, in case the auditory stimulation was monaural. However, there is greater evidence to support a contralateral brainstem site. (iv) Wave V/ Wave I peak amplitude ratio. 


It is well recognized that absolute amplitudes of BAEP peaks vary widely among normal individuals. In addition, several technical factors influence the absolute amplitudes of the BAEP peaks. Hence comparison of the absolute amplitudes across individuals, or even across the sessions of an individual cannot be considered to be meaningful. For this reason in the present project the wave V/ wave I peak amplitude ratio was assessed. The wave V to wave I peak amplitude ratio gives an indication of the proportion of neurons recruited centrally and in the periphery. These derived, inter-peak data are also presented in the Appendix-4.


The actual data of individual subjects in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) for the above mentioned derived variables are presented with group mean values ± SD are given in Tables 6.1.13. in the Appendix-4. 


6.2. AUTONOMIC AND RESPIRATORY VARIABLES 


6.2.1. RECAPITULATION


Autonomic and respiratory variables were recorded in 30 practitioners in four sessions i.e. caïcalatä, ekägratä, dhäraëä, and dhyäna. RMANOVA were performed with two ‘Within subjects’ factors, i.e., Factor 1: Sessions; caïcalatä, ekägratä, dhäraëä, and dhyäna, and Factor 2: States; Pre, During (D1 to D4), and Post. These RMANOVA were carried out for each variable separately. This was followed by a Post-hoc analysis with Bonferroni adjustment for multiple comparisons between the mean values of different states (Pre, During 1 to During 4 and Post).  The mean ( SD with statistical significance of autonomic & respiratory variables for all the sessions are given below in the result sections as Summary Tables.

The actual data of individual subject in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) for the individual variables i.e., heart rate [HR], respiration rate [RR], finger plethysmogram [PLT] and galvanic skin resistance {GSR],as well as the individual variables of frequency domain analysis of heart rate variability i.e., low frequency [LF], high frequency [HF] and low frequency and high frequency ratio [LF/HF], the individual variables of time domain analysis of heart rate variability i.e., mean RR, mean HR, NN50, pNN50, and RMSSD are presented with group mean values ± SD in different tables.


The Graphs for the actual data of individual subject in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) for the all individual variables i.e., heart rate [HR], respiration rate [RR], finger plethysmogram [PLT] and galvanic skin resistance {GSR], as well as the individual variables of frequency domain analysis of heart rate variability i.e., low frequency [LF], high frequency [HF] and low frequency and high frequency ratio [LF/HF], the individual variables of time domain analysis of heart rate variability i.e., mean RR, mean HR, NN50, pNN50, and RMSSD are presented with group mean values ± SD in the Appendix-5.

6.2.2 RESPIRATORY RATE


RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] showed a significant difference between Sessions (F=15.32, p<0.001, Huynh-Feldt epsilon ε=0.986), and between States (F=4.12, p<0.001, Huynh-Feldt epsilon ε=0.759). Also significant interaction between Sessions and States (F=5.75, p<0.05, Huynh-Feldt epsilon ε=0.323) was observed. 


Post-hoc analysis with Bonferroni adjustment for caïcalatä session showed a significant increase in the respiratory rate in sessions (Pre versus During 1, During 3 and During 4; p<0.05), dhäraëä session (Pre versus Post; p<0.05). But in session dhyäna there was significant decrease in respiratory rate (Pre versus During 1; p<0.01, During 2, During 3, During 4 and Post; p<0.001 respectively).The actual data of individual subjects in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean values ± SD in Table 6.2.2.


Table 6.2.2.

Group mean values ± S.D of the respiratory rate (in bpm) reordered pre, during and post of two meditation and two control sessions.

		Phases

		Pre

		D1

		D2

		D3

		D4

		Post



		Caïcalatä 

		14 ± 3

		16 ± 3*

		17 ± 6

		16 ± 2*

		16 ± 2*

		15 ± 2



		% Change

		

		8.41

		15.56

		10.56

		9.63

		2.69



		Ekägratä

		15 ± 3

		16 ± 3

		16 ± 2

		16 ± 2

		16 ± 2

		15 ± 3



		% Change

		

		3.39

		1.99

		2.87

		2.59

		-3.50



		Dhäraëä

		15 ± 2

		15 ± 3

		14 ± 3

		14 ± 3

		14 ± 5

		14 ± 3*



		% Change

		

		-1.51

		-3.71

		-5.96

		-4.33

		-8.33



		Dhyäna

		16 ± 3

		14±3**

		13 ± 2***

		12±3***

		13±3***

		13±3***



		% Change

		

		-8.86

		-15.50

		-19.59

		-18.58

		-14.29





*p < 0.05, **p < 0.01, ***p < 0.001;  RMANOVA with Bonferroni adjustment (within session). Comparing individual states. (i.e. D1, D2, D3, D4, and Post). Minus sign indicate a decrease with respect pre data. While there was an increase of 2.69% to 15.56% in Caïcalatä, Ekägratä showed 1.99% to 3.39%, Dhäraëä showed decrease of 1.51% to 8.33%, Dhyäna showed decrease of 8.86% to 19.59% in respiratory rate.


6.2.3 DIGIT PULSE VOLUME


RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] showed no significant difference between Sessions (F=1.11, p=0.35, Huynh-Feldt epsilon ε=1.0), but significant change was observed between States (F=4.22, p<0.05, Huynh-Feldt epsilon ε=0.427). No significant interaction between Sessions and States (F=1.52, p=0.22, Huynh-Feldt epsilon ε=0.144) was observed. 


Post-hoc analysis with Bonferroni adjustment for caïcalatä session showed a significant increase in the digit pulse volume in dhyäna session (Pre versus During 1; p<0.05). No significant changes were observed in other sessions. The actual data of individual subjects in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean values ± SD in Table 6.2.3.  


Table 6.2.3


Group mean values ± S.D. of the digit pulse volume (in µ volts) recorded pre, during and post of two meditation and two control sessions.


		Phases

		Pre

		D1

		D2

		D3

		D4

		Post



		Caïcalatä 

		2496


± 1636

		2182


±1399

		2275


± 1503

		2124


± 1609

		2181


± 1867

		2355


± 1827



		% Change

		

		-12.56

		-8.84

		-14.90

		-12.61

		-5.62



		Ekägratä

		2623


± 1303

		2543


± 1290

		2424


±1348

		2277


± 1323

		2280


± 1377

		2280 


± 1263



		% Change

		

		-3.04

		-7.60

		-13.20

		-13.07

		-13.07



		Dhäraëä

		2350


± 1542

		2586


± 1852

		2422


± 1699

		2235 


± 1317

		2231


± 1175

		2184


± 1299



		% Change

		

		10.06

		3.05

		-4.89

		-5.07

		-7.06



		Dhyäna

		2548


± 1301

		2860


± 1490*

		2887


± 1402

		2766


±1362

		2738


± 1395

		2605


± 1333



		% Change

		

		12.26

		13.31

		8.57

		7.48

		2.28





*p < 0.05,   RMANOVA with Bonferroni adjustment (within session). Comparing individual states. (i.e. D1, D2, D3, D4, and Post). Minus sign indicate a decrease with respect pre data. While there was an decrease of 5.62% to 14.90% in Caïcalatä, Ekägratä showed decrease of 3.04% to 13.20%, Dhäraëä showed increase 3.05% to 10.06%, Dhyäna showed increase 2.28% to 12.26% digit pulse volume.


6.2.4 GALVANIC SKIN RESISTANCE


RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] showed no significant difference between Sessions (F=0.99, p=0.40, Huynh-Feldt epsilon ε=0.957), while significant changes were observed between States (F=18.56, p<0.001, Huynh-Feldt epsilon ε=0.535). No significant interaction between Sessions and States (F=1.05, p=0.39, Huynh-Feldt epsilon ε=0.584) was noticed. 


Post-hoc analysis with Bonferroni adjustment for caïcalatä  session showed a significant increase in the galvanic skin resistance in caïcalatä, ekägratä, dhäraëä and dhyäna sessions [(caïcalatä : Pre versus During 2; p<0.05), (ekägratä: Pre versus During 1; p<0.05, During 2; p<0.01, During 3; p<0.05, During 4; p<0.05, and Post p<0.05) (dhäraëä: Pre versus During 1; p<0.05, During 2; p<0.05, During 3; p<0.05, and During 4; p<0.05) and (dhyäna: Pre versus During 1; p<0.01, During 2, During 3, During 4, and Post; p<0.001 respectively)]. The actual data of individual subjects in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean values ± SD in Table 6.2.4.  

Table 6.2.4.  

 Group mean values ± S.D. of the galvanic skin resistance (in KΩ) recorded pre, during and post of two meditation and two control sessions.

		Phases

		Pre

		D1

		D2

		D3

		D4

		Post



		Caïcalatä 

		429.9


±127.7

		461.4


±137.2*

		462.8


±113.7*

		461.5


± 111.8

		474.1


±116.1

		468.3


± 109.7



		% Change

		

		7.32

		7.64

		7.34

		10.28

		8.94



		Ekägratä

		439.7


± 141.3

		472.3


± 139.1*

		486.6


±134.4**

		489.1


± 40.5*

		491.0


± 31.4*

		489.2


± 29.1*



		% Change

		

		7.43

		10.67

		11.25

		11.68

		11.28



		Dhäraëä

		429.1


± 129.1

		451.5


± 125.5*

		460.1


 ± 31.4*

		465.7


 ± 127.9*

		477.9


± 148.3*

		463.1


± 125.9



		% Change

		

		5.20

		7.23

		8.52

		11.36

		7.91



		Dhyäna

		434.9


± 132.0

		472.3 


± 122.5**

		495.0


± 116.6***

		505.8


± 122.4***

		509.0


± 137.6***

		497.3


±113.4***



		% Change

		

		8.60

		13.81

		16.31

		17.03

		14.34





*p < 0.05, **p < 0.01, ***p < 0.001;  RMANOVA with Bonferroni adjustment (within session). Comparing individual states. (i.e. D1, D2, D3, D4, and Post).. While there was an increase of 7.3% to 10.28% in Caïcalatä, Ekägratä showed 7.43% to 11.36%, Dhäraëä showed 5.20% to 11.36%, Dhyäna showed 8.60% to 17.03%.

6.2.5 HEART RATE


RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] showed a significant difference between Sessions (F=4.05, p<0.01, Huynh-Feldt epsilon ε=0.930), and between States (F=8.54, p<0.001, Huynh-Feldt epsilon ε=0.631). Significant interaction between Sessions and States (F=0.56, p<0.001, Huynh-Feldt epsilon ε=0.685) was also observed. 


Post-hoc analysis with Bonferroni adjustment for caïcalatä session showed a significant decrease in the heart rate in sessions (Pre versus During 1; p<0.05, During 2; p<0.001, During 3; p<0.01, During 4; p<0.01 and Post; p<0.05). No significant changes were observed in other sessions. The actual data of individual subjects in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean values ± SD in Table 6.2.5.  


Table 6.2.5.  


Group mean values ± S.D. of the heart rate (in BPM) recorded pre, during and post of two meditation and two control sessions.

		Phases

		Pre

		D1

		D2

		D3

		D4

		Post



		Caïcalatä 

		69 ± 10

		70 ± 11

		69 ± 11

		71 ± 11

		71 ± 11

		68 ± 10



		% Change

		

		0.90

		0.41

		2.43

		2.47

		-0.88



		Ekägratä

		70 ± 10

		70 ± 10

		68 ± 11

		68 ± 10

		69 ± 11

		69 ± 11



		% Change

		

		-0.14

		-2.69

		-2.71

		-1.30

		-2.21



		Dhäraëä

		70 ± 11

		68 ± 12

		68 ± 12

		68 ± 12

		68 ± 11

		68 ± 11



		% Change

		

		-2.64

		-3.87

		-3.89

		-3.61

		-2.93



		Dhyäna

		69 ± 9

		66 ± 9*

		65±10***

		64 ± 9**

		64 ± 9**

		66 ± 8*



		% Change

		

		-5.40

		-6.59

		-7.73

		-7.18

		-4.93





*p < 0.05, **p < 0.01, ***p < 0.001;  RMANOVA with Bonferroni adjustment (within session). Comparing individual states. (i.e. D1, D2, D3, D4, and Post). Minus sign indicate a decrease with respect pre data. While there was an decrease of 0.41% to 2.47% in Caïcalatä, Ekägratä showed 0.14% to 2.71%, Dhäraëä showed 2.64% to 3.89%, Dhyäna showed 4.93% to 7.73% in heart rate.

6.2.6 HEART RATE VARIABILITY (HRV)


The heart has extensive innervation from the parasympathetic and sympathetic limbs of the ANS and is responsible for the rapid regulation of the cardiac rhythm and pumping action in order to match the cardiac output with the body needs during various environmental stimuli of daily life viz, physical, mental stress, posture changes etc. Sino-atrial node and the atrio-ventricular node receive both parasympathetic and sympathetic efferent innervation whereas the ventricles are supplied only by the sympathetic division. The efficient way to demonstrate the effects of autonomic modulation of the heart is to monitor the function of the sino atrial node, which is represented by changes in the heart rate Increased efferent vagal activity reduces the heart rate and increases the heart rate variability whereas increased sympathetic activity increases the heart rate and reduces the heart rate variability. Heart rate fluctuations therefore, are reflective of neurocardiac regulation and form the basis of assessment of HRV. 


6.2.6A Low frequency (in normalized units)


RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] showed significant difference between Sessions (F=11.39, p<0.001, Huynh-Feldt epsilon ε=0.978), and between States (F=2.52, p<0.05, Huynh-Feldt epsilon ε=0.895). Also there was significant interaction between Sessions and States (F=5.73, p<0.001, Huynh-Feldt epsilon ε=0.898) was observed. 


Post-hoc analysis with Bonferroni adjustment for caïcalatä session showed a significant increase in low frequency in caïcalatä and ekägratä sessions [(caïcalatä: Pre versus During 1; p<0.05, During 2; p<0.05, During 3; p<0.01 and Post; p<0.05), (ekägratä: Pre versus During 1, During 2, During 4, and Post; p<0.05 respectively)]. But there was significant decrease in low frequency in dhyäna session (Pre versus During 1; p<0.001, During 2; p<0.05, During 3; p<0.05, During 4; p<0.001, and Post; p<0.05). No significant change was observed in dhäraëä session. The actual data of individual subjects in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean values ± SD in Table 6.2.6A.  

Table 6.2.6A  


 Group mean values ± S.D of the LF reordered before, during and after, during two phases of meditation and two control  sessions.    


		Phases

		Pre

		D1

		D2

		D3

		D4

		Post



		Caïcalatä 

		52.83


± 18.64

		61.24


± 16.05*

		62.33


± 17.55*

		64.81


± 17.38**

		62.53


± 17.66

		62.11


± 18.82*



		% Change

		

		15.93

		17.98

		22.67

		18.37

		17.57



		Ekägratä

		54.90


± 15.98

		63.56


± 18.00*

		62.16


± 16.57*

		62.52


± 16.52

		63.22


± 17.06*

		63.15


± 17.26*



		% Change

		

		15.78

		13.22

		13.87

		15.15

		15.03



		Dhäraëä

		59.45


± 15.56

		55.97


± 19.79

		59.22


± 17.69

		59.64


± 17.24

		53.74


± 17.23

		58.54


± 15.43



		% Change

		

		-7.54

		-0.37

		0.31

		-9.60

		-1.53



		Dhyäna

		60.42


± 15.57

		46.20


±20.16***

		51.10


± 19.55*

		50.46


± 16.39*

		44.86


± 13.07***

		49.50


± 17.07*



		% Change

		

		-23.53

		-15.42

		-16.48

		-25.75

		-18.06





*p < 0.05, **p < 0.01, ***p < 0.001;  RMANOVA with Bonferroni adjustment (within session). Comparing individual states. (i.e. D1, D2, D3, D4, and Post). Minus sign indicate a decrease with respect pre data. While there was an increase of 15.95% to 22.67% in Caïcalatä, Ekägratä showed 13.22% to 15.78%, Dhäraëä showed  decreased of 0.31% to 9.60%, Dhyäna showed decrease of  15.42% to 25.53% in LF.


6.2.6B  High frequency (in normalized units)

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] showed significant difference between Sessions (F=8.03, p<0.001, Huynh-Feldt epsilon ε=0.908) whereas no singnificant change was observed between States (F=1.14, p=0.33, Huynh-Feldt epsilon ε=0.593), while there was a significant interaction between Sessions and States (F=3.79, p<0.01, Huynh-Feldt epsilon ε=0.284) was observed. 


Post-hoc analysis with Bonferroni adjustment showed a significant decrease in high frequency in ekägratä session (Pre versus During 1; p<0.05, During 2; p<0.05, During 4; p<0.05 and Post; p<0.05), while there was significant increase in high frequency in dhyäna session (Pre versus During 1; p<0.001, During 2; p<0.05, During 3; p<0.05, During 4; p<0.001, and Post; p<0.05). But there was no significant changes observed in caïcalatä and dhäraëä sessions. The actual data of individual subjects in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean values ± SD in Table 6.2.6B.  

Table 6.2.6B

Group mean values ± S.D of the HF reordered pre, during and post of two meditation and two control sessions.  


		Phases

		Pre

		D1

		D2

		D3

		D4

		Post



		Caïcalatä 

		46.43


± 19.45

		38.75


± 16.05

		37.67


± 17.55

		35.21


± 17.35

		37.40


± 17.57

		37.89


± 18.82



		% Change

		

		-16.55

		-18.87

		-24.16

		-19.45

		-18.39



		Ekägratä

		45.11


± 15.99

		36.44


± 18*

		37.82


± 16.58*

		37.48


± 16.52

		36.76


± 17.03*

		36.85


± 17.26*



		% Change

		

		-19.23

		-16.15

		-16.19

		-18.5

		-18.31



		Dhäraëä

		40.55


± 15.56

		45.03


± 19.79

		40.77


± 17.69

		40.36


± 17.24

		47.25


± 17.43

		41.46


± 15.43



		% Change

		

		11.05

		0.54

		-0.46

		16.51

		2.24



		Dhyäna

		39.58


± 15.57

		53.80


± 20.15***

		48.90


± 19.54*

		49.53


± 16.40*

		54.53


± 13.57 ***

		50.50


± 17.07*



		% Change

		

		35.92

		23.55

		25.12

		37.76

		27.57





*p < 0.05, **p < 0.01, ***p < 0.001;  RMANOVA with Bonferroni adjustment (within session). Comparing individual states. (i.e. D1, D2, D3, D4, and Post). Minus sign indicate a decrease with respect pre data. While there was a decrease of 18.39% to 24.16% in Caïcalatä, Ekägratä showed 16.15% to 19.23%, Dhäraëä showed 0.46% to 16.51%, Dhyäna showed 23.55% to 37.76% in HF.


6.2.6C  Low frequency and high frequency ratio 

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] showed significant difference between Sessions (F=5.55, p<0.01, Huynh-Feldt epsilon ε=0.618) whereas no singnificant change was observed between States (F=1.64, p=0.18, Huynh-Feldt epsilon ε=0.661). Also no significant interaction between Sessions and States (F=1.85, p=0.12, Huynh-Feldt epsilon ε=0.286) was observed. 


Post-hoc analysis with Bonferroni adjustment showed a significant increase in low and frequency ratio as well as in ekägratä session (Pre versus During 1; p<0.05, During 2; p<0.05, During 4; p<0.05 and Post; p<0.05). No significant changes were noticed in other sessions. The actual data of individual subjects in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean values ± SD in Table 6.2.6C.

Table 6.2.6C  


Group mean values ± S.D of the LF/HF reordered pre, during and post of two meditation and two control sessions.


		Phases

		Pre

		D1

		D2

		D3

		D4

		Post



		Caïcalatä 

		1.85


±2.03

		2.81


± 4.66

		3.19


± 4.79

		3.18


± 3.34

		2.91


± 3.98

		2.98


± 3.52



		% Change

		

		51.72

		71.95

		71.43

		56.75

		60.79



		Ekägratä

		1.65


±1.45

		3.04


±3.37*

		2.36


± 2.03*

		2.34


± 1.78

		2.51


± 1.92*

		2.79


±2.73*



		% Change

		

		83.67

		43.02

		41.44

		51.60

		68.73



		Dhäraëä

		1.86


±1.19

		1.96


± 2.03

		2.05


± 1.75

		2.15


± 1.87

		1.66


± 1.65

		1.96


± 1.75



		% Change

		

		5.06

		10.21

		15.25

		-11.01

		5.11



		Dhyäna

		2.30


±2.52

		1.62


± 3.03

		1.53


± 1.42

		1.35


± 1.17

		0.98


± 0.73

		1.31


± 1.11



		% Change

		

		-29.66

		-33.46

		-41.22

		-57.22

		-42.93





*p < 0.05, RMANOVA with Bonferroni adjustment (within session). Comparing individual states. (i.e. D1, D2, D3, D4, and Post). Minus sign indicate a decrease with respect pre data. While there was an increase of 51.72% to 71.95% in Caïcalatä, Ekägratä showed increase of 41.44% to 83.67%, Dhäraëä showed decrease of 5.06% to 11.01%, Dhyäna showed 29.66% to 57.22% in LF/HF.

6.2.6D Mean RR


RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] showed no significant difference between Sessions (F=0.47, p=0.68, Huynh-Feldt epsilon ε=0.880) whereas a significant change was observed between States (F=2.75, p<0.05, Huynh-Feldt epsilon ε=0.695), while significant interaction between Sessions and States (F=2.07, p<0.05, Huynh-Feldt epsilon ε=0.319) was observed. 


Post-hoc analysis with Bonferroni adjustment for ekägratä session showed a significant increase in mean RR (Pre versus During 2; p<0.05, During 3; p<0.05, and During 4; p<0.05), while there was no significant change in mean RR in other sessions. The actual data of individual subjects in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean values ± SD in Table 7.2.6.4.  

Table 6.2.6D.  


Group mean values ± S.D of the Mean RR reordered pre, during and post of two meditation and two control sessions.

		Phases

		Pre

		D1

		D2

		D3

		D4

		Post



		Caïcalatä 

		0.90 


± 0.13

		0.89 


± 0.13

		0.89 


± 0.13

		0.89  


± 0.13

		0.87 


± 0.12

		0.90 


± 0.13



		% Change

		

		-0.27

		-0.35

		-1.04

		-2.93

		0.46



		Ekägratä

		0.88 


± 0.11

		0.85 


± 0.19

		0.91 


± 0.12*

		0.92 


± 0.12**

		0.91 


± 0.12*

		0.90 


± 0.12



		% Change

		

		-2.74

		3.56

		4.52

		3.69

		1.93



		Dhäraëä

		0.87 


± 0.12

		0.89 


± 0.13

		0.90 


± 0.15

		0.89 


± 0.13

		0.90 


± 0.12

		0.88 


± 0.12



		% Change

		

		2.12

		3.85

		2.79

		3.01

		1.72



		Dhyäna

		0.89 


± 0.10

		0.91 


± 0.12

		0.92 


± 0.13

		0.93 


± 0.12*

		0.88 


± 0.16

		0.89 


± 0.17



		% Change

		

		1.98

		3.64

		3.95

		-1.08

		-0.30





*p < 0.05, **p < 0.01, ***p < 0.001;  RMANOVA with Bonferroni adjustment (within session). Comparing individual states. (i.e. D1, D2, D3, D4, and Post). Minus sign indicate a decrease with respect pre data. While there was a decrease of 0.27% to 2.93% in Caïcalatä, Ekägratä showed 1.93% to 4.52%, Dhäraëä showed 1.72% to 3.85%, Dhyäna showed 0.3% to 3.95% mean RR.


6.2.6E Mean HR

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] showed no significant difference between Sessions (F=1.21, p=0.31, Huynh-Feldt epsilon ε=0.981) whereas a significant change was observed between States (F=3.34, p<0.05, Huynh-Feldt epsilon ε=0.807). Also significant interaction between Sessions and States (F=2.17, p<0.05, Huynh-Feldt epsilon ε=0.666) was noticed. 


Post-hoc analysis with Bonferroni adjustment for ekägratä session showed a significant decrease in mean HR (Pre versus During 2; p<0.05, During 3; p<0.01, and During 4; p<0.05), while there was no significant change in mean HR in other sessions. The actual data of individual subjects in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean values ± SD in Table 6.2.6E.  

Table 6.2.6E.  


Group mean values ± S.D of the Mean HR reordered pre, during and post of two meditation and two control sessions.  

		Phases

		Pre

		D1

		D2

		D3

		D4

		Post



		Caïcalatä 

		69.18 


±11.12 

		69.09


 ±11.31

		69.18 


±11.71

		69.79 


±11.52

		71.42 


± 10.68

		68.84


±10.69



		% Change

		

		-0.14

		0.00

		0.87

		3.24

		-0.49



		Ekägratä

		70.07 


±10.32

		69.31 


±10.26

		67.71 


±10.27*

		67.12 


±9.98**

		67.91 


±10.29*

		68.75 


±10.29



		% Change

		

		-1.09

		-3.37

		-4.21

		-3.08

		-1.88



		Dhäraëä

		71.31 


±11.53

		69.9 1


±11.55

		69.06 


±12.07

		69.18 


±11.97

		69.02 


±10.47

		69.87 


±10.27



		% Change

		

		-1.97

		-3.16

		-2.99

		-3.21

		-2.02



		Dhyäna

		68.62 


±7.63

		66.60 


±11.53

		66.67 


±9.20

		67.08 


±9.70

		68.25 


±8.64

		67.99 


±10.50



		% Change

		

		-2.96

		-2.85

		-2.25

		-0.55

		-0.92





*p < 0.05, **p < 0.01, ***p < 0.001;  RMANOVA with Bonferroni adjustment (within session). Comparing individual states. (i.e. D1, D2, D3, D4, and Post). Minus sign indicate a decrease with respect pre data. While there was decrease of 0% to 3.24% in Caïcalatä, Ekägratä showed 1.09% to 4.21%, Dhäraëä showed 1.97% to 3.21%, Dhyäna showed 0.55% to 2.96% in mean HR.

6.2.6F pNN50

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] showed significant difference between Sessions (F=3.50, p<0.05, Huynh-Feldt epsilon ε=0.873) and between States (F=4.64, p<0.001, Huynh-Feldt epsilon ε=0.827). Also significant interaction between Sessions and States (F=2.07, p<0.05, Huynh-Feldt epsilon ε=0.617) was observed. 


Post-hoc analysis with Bonferroni adjustment for dhyäna session showed a significant increase in pNN50 (Pre versus During 2; p<0.01, and During 3; p<0.05), while no significant change was observed in pNN50 of other sessions. The actual data of individual subjects in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean values ± SD in Table 6.2.6F.  

Table 6.2.6F.  

Group mean values ± S.D of the pNN50 reordered pre, during and post of two meditation and two control sessions.  

		Phases

		Pre

		D1

		D2

		D3

		D4

		Post



		Caïcalatä 

		29.9


± 16.8

		21.7


± 19.3

		23.1


± 18.8

		21.1


± 16.7

		21.5


± 16.7

		24.6


± 17.6



		% Change

		

		-5.37

		0.99

		-7.66

		-6.29

		7.37



		Ekägratä

		22.5


± 18.0

		23.4


± 18.0

		26.4


± 19.1

		27.6


± 19.0

		27.1


± 18.6

		24.5


± 17.2



		% Change

		

		3.85

		17.10

		22.31

		20.27

		8.89



		Dhäraëä

		24.0


± 18.2

		24.3


± 18.1

		25.7


± 20.4

		25.6


± 18.7

		25.8


± 19.2

		24.3


± 17.1



		% Change

		

		1.29

		7.09

		6.73

		7.46

		1.24



		Dhyäna

		25.7


± 19.2

		28.6


± 20.6

		32.8


± 20.3**

		32.5


± 20.9*

		29.8


± 20.8

		28.5


± 18.9



		% Change

		

		10.93

		27.39

		26.45

		15.72

		10.72





*p < 0.05, **p < 0.01, ***p < 0.001;  RMANOVA with Bonferroni adjustment (within session). Comparing individual states. (i.e. D1, D2, D3, D4, and Post). Minus sign indicate a decrease with respect pre data. While there was decrease of 0.99% to 7.37% in Caïcalatä, Ekägratä showed increase of 3.85% to 22.31%, Dhäraëä showed increase of 1.24% to 7.46%, Dhyäna showed 10.72% to 27.39% in pNN50.

 6.2.6G RMSSD

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] showed significant difference between Sessions (F=4.53, p<0.01, Huynh-Feldt epsilon ε=0.950) and between States (F=3.18, p<0.01, Huynh-Feldt epsilon ε=0.941). While no significant interaction was observed between Sessions and States (F=1.11, p=0.34, Huynh-Feldt epsilon ε=0.843). 


Post-hoc analysis with Bonferroni adjustment for dhyäna session showed no significant change in RMSSD in any one of the session. The actual data of individual subjects in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean values ± SD in Table   6.2.6G.

Table  6.2.6G


Group mean values ± S.D of the RMSSD reordered pre, during and post of two meditation and two control sessions.


		Phases

		Pre

		D1

		D2

		D3

		D4

		Post



		Caïcalatä 

		49.35


± 16.34

		46.71


± 21.39

		45.78


± 23.08

		49.87


± 24.53

		48.73


± 18.21

		49.88


± 22.28



		% Change

		

		-5.34

		-7.23

		1.05

		-1.25

		1.08



		Ekägratä

		54.43


± 25.10

		50.24


± 23.06

		51.73


± 25.95

		55.15


± 25.88

		61.04


± 28.57

		53.79


± 23.89



		% Change

		

		-7.70

		-4.95

		1.32

		12.14

		-1.17



		Dhäraëä

		52.00


± 22.01

		54.95


± 27.07

		50.69


± 24.29

		54.70


± 27.14

		57.50


± 23.78

		53.90


± 22.77



		% Change

		

		5.66

		-2.53

		5.19

		10.57

		3.65



		Dhyäna

		54.17


± 26.78

		62.28


± 31.76

		61.87


± 32.65

		63.49


± 33.32

		65.61


± 31.26

		64.34


± 36.38



		% Change

		

		14.96

		14.21

		17.20

		21.11

		18.77





RMANOVA with Bonferroni adjustment (within session). Comparing individual states. (i.e. D1, D2, D3, D4, and Post). Minus sign indicate a decrease with respect pre data. While there was decrease of 1.05% to 7.23% in Caïcalatä, Ekägratä showed 1.32% to 12.14%, Dhäraëä showed 2.53% to 10.57%, Dhyäna showed  increased of 14.21% to 21.11% in RMSSD.

6.2.6H  NN50

RMANOVA consisted of two Within-subjects factors, i.e., (i) Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) and (ii) States [Pre, During (D1 to D4) and Post] showed significant difference between Sessions (F=2.74, p<0.05, Huynh-Feldt epsilon ε=0.838) and between States (F=3.52, p<0.05, Huynh-Feldt epsilon ε=0.893). Also significant interaction between Sessions and States (F=2.09, p<0.02, Huynh-Feldt epsilon ε=0.738) was noticed. 


Post-hoc analysis with Bonferroni adjustment for dhyäna session showed a significant increase in NN50 (Pre versus During 2; p<0.001, and During 3; p<0.05), while no significant change was observed in NN50 of other sessions. The actual data of individual subjects in Sessions (caïcalatä, ekägratä, dhäraëä and dhyäna) are presented with group mean values ± SD in Table 6.2.6H.


Table 6.2.6H.


Group mean values ± S.D of the NN50 reordered pre, during and post of two meditation and two control sessions.   

		Phases

		Pre

		D1

		D2

		D3

		D4

		Post



		Caïcalatä 

		72.53


± 49.68

		67.70


± 54.22

		73.10


± 54.56

		67.80


± 48.09

		69.90


± 49.38

		76.63


± 54.70



		% Change

		

		-6.66

		0.78

		-6.53

		-3.63

		5.65



		Ekägratä

		74.73


± 53.28

		74.77


± 51.97

		82.47


± 54.60

		85.27


± 54.07

		84.67


± 53.03

		77.60


± 49.34



		% Change

		

		0.04

		10.35

		14.09

		13.29

		3.84



		Dhäraëä

		75.97


± 51.02

		76.60


± 51.38

		79.13


± 57.74

		78.60


± 53.38

		79.17


± 54.45

		73.73


± 47.34



		% Change

		

		0.83

		4.17

		3.47

		4.21

		-2.94



		Dhyäna

		75.97


± 51.44

		85.10


± 56.95

		99.80


±57.14***

		100.63


± 58.06*

		86.06


± 61.93

		85.87


± 58.82



		% Change

		

		12.02

		31.37

		32.46

		13.28

		13.03





*p < 0.05, ***p < 0.001;  RMANOVA with Bonferroni adjustment (within session). Comparing individual states. (i.e. D1, D2, D3, D4, and Post). Minus sign indicate a decrease with respect pre data. While there was decrease of 0.78% to 6.53% in Caïcalatä, Ekägratä showed increased of 0.04% to 14.09%, Dhäraëä showed  decreased of 0.83% to 4.21%, Dhyäna showed increased of 13.03% to 32.46% in NN50.

6.3. SIX LETTER CANCELLATION TEST


6.3.1. RECAPITULATION


Performance in letter cancellation task were assessed in 35 practitioners in four sessions i.e. caïcalatä, ekägratä, dhäraëä, and dhyäna. RANOVA were performed with two ‘Within Subjects’ factors, i.e., Factor 1: Sessions; caïcalatä, ekägratä, dhäraëä, and dhyäna, and Factor 2: States; Pre and Post. This was followed by a Post-hoc analysis with Bonferroni adjustment for multiple comparisons between the mean values of different states (Pre and Post).  The groups mean values and standard deviations for total scores, scores for wrong cancellations and net scores before and after caïcalatä, ekägratä, dhäraëä, and dhyäna sessions are given in Table 6.3.1.


Six-letter cancellation task


Repeated measures analysis of variance (ANOVA). 


The RMANOVA showed a significant interaction between Groups and States for total scores in all the sessions (F=9.795, df=3, 36, p<.001, Huynh-Feldt epsilon=0.900), net scores (F=10.198, df=3, 34, p<0.001, Huynh-Feldt epsilon=0.821) and wrong scores in sessions and states (F=3.207, df=3, 36, p<.05, Huynh-Feldt epsilon=0.897). This suggested that for all three scores, Groups and States were not independent of each other (Zar, 2005).


Post hoc tests with Bonferroni adjustment. 


Total and net scores were significantly higher after the dhäraëä session compared to the pre scores (p<.02), whereas after the caïcalatä session they were significantly lower (p<.001). No significant change was observed in other sessions for the letter cancellation task. 


Table 6.3.1.


Total scores, net scores and scores for letters wrongly cancelled in a six letter cancellation task before and after separate sessions of caïcalatä, ekägratä, dhäraëä, and dhyäna.

		 

		Total Scores

		Net Scores

		Score for Wrong Cancellation



		 States

		Pre

		Post

		% change

		Pre

		Post

		% change

		Pre

		Post

		% change



		Caïcalatä 

		35.26


±9.87

		26.60


±6.72***

		-24.65

		34.11


±10.29

		26.17


±6.76***

		-23.28

		1.14


±2.02

		0.40


±0.60*

		-64.91



		Ekägratä

		31.54


±9.20

		31.69


±9.39

		0.48

		30.97


±8.71

		31.23


±9.54

		0.84

		0.57


±1.44

		0.46


±1.15

		-19.3



		Dhäraëä

		32.26


±8.90

		37.49


±11.78*

		16.21

		32.60


±8.79

		36.94


±12.32*

		13.31

		0.23


±0.60

		0.29


±0.79

		26.09



		Dhyäna

		36.96


±11.43

		35.11


±9.23

		-5.01

		36.46


±11.46

		34.51


±9.55

		-5.35

		0.23


±0.60

		0.60


±1.58

		160.87





*p < 0.05, ***p < 0.001; RMANOVA with Bonferroni adjustment (within session). 

Comparing individual states. (i.e. D1, D2, D3, D4, and Post). Minus sign indicate a decrease with respect pre data. While there was a decrease of 24.65%  in Caïcalatä, Ekägratä showed increased of 0.48%, Dhäraëä showed an increase of 16.21%, Dhyäna showed decrease of 5.01% in Total scores. 


There was a decrease of 23.28% in Caïcalatä, Ekägratä showed an increase of 0.84%, Dhäraëä showed an increase of 13.31%, Dhyäna showed decrease of 5.35% in Net scores. 


There was a decrease of 64.91% in Caïcalatä, Ekägratä showed decreased of 19.30%; Dhäraëä showed an increase of 26.09%, Dhyäna showed an increase of 160.87% in scores for Wrong Cancellation task.  


6.4 SUMMARY OF RESULTS 


Trend Table: 6.4.1


The trend in arrows and percentage change shown for peak latencies in during States for wave I, wave III and wave V


		Sl. No.

		Variables




		During



		

		

		C

		E

		Dh

		Dhy



		1.

		Wave I

		~

		~

		~

		~



		2.

		% change

		2.32

		1.22

		0.40

		0.54



		3.

		Wave III

		~

		↑

		↑

		~



		4.

		% change

		1.28

		0.89

		0.51

		0.32



		5.

		Wave V

		↑

		↑

		~

		~



		6.

		% change

		0.95

		1.39

		0.5

		0.39





 Note: C = Caïcalatä., E = Ekägratä ., Dh = Dhäraëä., Dhy = Dhyäna.

~ = no significant change.

Trend Table: 6.4.2


The trend in arrows and percentage change shown in autonomic & respiratory variables reordered during phases of two meditation and two control sessions


		Variables




		During



		

		C

		E

		Dh

		Dhy



		RR

		↓

		↓

		~

		↓



		% change

		16.07

		6.67

		-5

		-18.75




		HR

		~

		~

		~

		↓



		% change

		1.81

		-1.79

		-2.86

		-6.16



		PLT

		~

		~

		~

		↑



		% change

		-12.24

		-9.23

		8.60

		10.39



		GSR

		↑

		↑

		↑

		↑



		% change

		8.15

		10.25

		8.09

		13.95





Note: C = Caïcalatä., E = Ekägratä., Dh = Dhäraëä., Dhy = Dhyäna.

~ = no significant change.

Trend Table: 6.4.3

The trend in arrows and percentage change shown in frequency domain measures of heart rate variability spectrum reordered during phases of two meditation and two control sessions

		Variables




		During



		

		C

		E

		Dh

		Dhy



		LF

		↓

		↓

		~

		↓



		% change

		18.75

		14.53

		-3.88

		-29.24



		HF

		~

		↑

		~

		↓



		% change

		-19.76

		-17.68

		6.91

		30.60



		LF/HF

		~

		↑

		~

		~



		% change

		63.38

		55.30

		5.11

		-40.43





Note: C = Caïcalatä., E = Ekägratä., Dh = Dhäraëä., Dhy = Dhyäna.


~ = no significant change.

Trend Table: 6.4.4

The trend in arrows and percentage change shown in time domain measures of heart rate variability spectrum reordered during phases of two meditation and two control sessions


		Variables




		During



		

		C

		E

		Dh

		Dhy



		Mean RR

		↓

		↑

		↑

		↑



		% Change 

		-1.15

		2.26

		2.94

		2.12



		Mean HR

		↑

		↓

		↓

		↓



		% Change 

		0.18

		-2.17

		-2.03

		-2.01



		RMSSD

		↓

		↑

		↑

		↑



		% Change 

		-2.88

		-2.83

		2.08

		11.59



		NN50

		↓

		↑

		↑

		↑



		% Change 

		-3.10

		6.12

		2.12

		18.96



		pNN50

		↓

		↑

		↑

		↑



		% Change 

		-3.01

		10.81

		3.78

		16.19





Note: C = Caïcalatä., E = Ekägratä ., Dh = Dhäraëä., Dhy = Dhyäna.

~ = no significant change.

Trend Table: 6.4.5

The trend in arrows and percentage change shown for total scores, net scores and scores for letters wrongly cancelled in a six letter cancellation task before and after separate sessions of caïcalatä, ekägratä, dhäraëä, and dhyäna


		variables

		sessions



		

		C

		E

		Dh

		Dhy



		Ts

		↓***

		~

		↑*

		~



		% change

		-24.56

		0.48

		16.21

		-5.01



		Ns

		↓***

		~

		↑*

		~



		% change

		-23.28

		0.84

		13.31

		-5.35



		Ws

		↓*

		~

		~

		~



		% change

		-64.91

		-19.3

		26.09

		160.87





               Note: C = Caïcalatä., E = Ekägratä ., Dh = Dhäraëä., Dhy = Dhyäna.

              ~ = no significant change.

The present study does demonstrate a difference between dhäraëä and dhyäna states of meditation based on the most pertinent results detailed in the previous section are discussed under the three main categories of variables (i) measures of sensory information processing,  measured throughout (pre, during and post states) the recording sessions, (ii) measures of reduction in psychophysiological arousal entails and (iii) performance in a letter cancellation task measured before and after the sessions.


7.1 BRAINSTEM AUDITORY EVOKED POTENTIALS (BAEPs)


The wave V peak latency was significantly increased during caïcalatä by 0.9 percent and ekägratä by 1.4 percent, but there was no change during dhäraëä and dhyäna sessions. In the literature there is only one previous study of short latency auditory evoked potentials in TM practitioners. In this study, at moderate stimulus intensities (40 to 50 dB) the wave V latency increased following meditation (McEvoy, et al. 1980). In contrast, at higher stimulus intensities the wave V latency was slightly decreased by a comparison of slopes and intercepts of stimulus intensity-latency functions. The authors suggested a possible effect of Transcendental Meditation on brainstem activity. In the present study there was no attempt to vary the stimulus intensity which was kept at 80 dB normal hearing level. This would fit in the category of a higher intensity stimulus based on the categorization in the earlier study (McEvoy, et al. 1980).  Compared to that study, even at this high stimulus intensity the latency of wave V did not decrease during either of the two meditation sessions (dhäraëä and dhyäna) while an increase in wave V peak latency was found in caïcalatä and ekägratä sessions. 


An increase in latency of an evoked potential component is taken to suggest that sensory information processing at the level of the underlying neural generator is delayed (Telles, & Desiraju, 1993).  This suggests that in caïcalatä and ekägratä mental states, sensory processing at the midbrain level was delayed. Another feature of the present study is that a difference was seen in the nature of results in the two meditation sessions. 


In the introduction it was already mentioned that dhäraëä and dhyäna states have been described in an ancient yoga text, namely Pataïjali’s yoga Sütras. In this text, dhäraëä literally means ‘fixing the mind on a specific object’ (Pataïjali’s yoga Sütras Chapter 5 verse 1). The mind could be fixed on any point and as long as disturbances from any source are warded off this mental state is called dhäraëä. When dhäraëä becomes effortless it takes the form of dhyäna which is defined as the uninterrupted spontaneous flow of the mind towards the chosen object.


In contrast to this the two control sessions (caïcalatä and ekägratä) are described in another ancient text, the Bhagavad Gétä   (Bhakttivedanta Svämé Prabhupada, 1988). The caïcalatä state is characterized by constant shifting of thoughts from one object to another. The ekägratä state is quite different from this and is similar to concentration. When haphazard thoughts are streamlined in a single direction it is called ekägratä. 


Hence irrespective of whether meditators were in a state of random thinking (caïcalatä) or channelized thinking in concentration (ekägratä) there was a delay in sensory information processing, as mentioned above at the mid-brain level, (possibly the inferior colliculus) level. The mental state was characterized by a lack of effort during dhyäna session whereas, there is an effort involved during dhäraëä session. In both the sessions, the latency of wave V did not show any significant change in sensory information processing.  In contrast, there was a significant delay seen post dhäraëä session, while no such changes was observed post dhyäna session. During dhyäna compared to before there was a relative increase in wave V amplitude (relative to wave III) suggesting recruitment of more neurons at the inferior collicular level.


Further studies are required to understand whether neural relay centers further along the auditory pathway would also change differently in dhäraëä and dhyäna states. The main limitation of the present study is the fact that there was no attempt to vary stimulus intensities and hence the earlier findings of McEvoy, Frumkin and Harkins (1980), could not be examined. Despite these limitations the present study does demonstrate a difference between dhäraëä and dhyäna states of meditation based on brainstem auditory evoked potentials.

7.2 AUTONOMIC AND RESPIRATORY VARIABLES


In the present study, changes in autonomic and respiratory variables were evaluated in four mental states. These were: caïcalatä, ekägratä, dhäraëä and dhyäna. The study assessed the autonomic and respiratory variables on  normal healthy volunteers who were experienced in practicing meditation on the syllable ‘OM’ in two meditation (i.e., dhäraëä  and dhyäna) and two control sessions (i.e. caïcalatä  and ekägratä sessions) in four mental states. Several changes of different autonomic and respiratory variables were observed at each of these four stages.


In this study the low frequency (LF) power of Heart rate variability (HRV) was lower during dhyäna sessions. The high frequency (HF) power was higher during the dhyäna practice. The LF/HF ratio was higher during the ekägratä practice. The changes in LF power suggest that there was increased sympathetic activity in caïcalatä and ekägratä sessions. In the time domain analysis of heart rate variability RMSSD was higher during all sessions except caïcalatä. NN50 was also higher during ekägratä, dhäraëä and dhyäna. The pNN50 was higher during all three sessions except caïcalatä.


The breath rate was significantly lower during dhyäna sessions while there was significantly increased during caïcalatä. The lowering of breath rate was consistent during and after the practice of dhyäna session. The heart rate too was lower during dhyana in the present study. All four session viz., caïcalatä, ekägratä, dhäraëä and dhyäna showed an increase in skin resistance during the practices

Following meditative defocusing dhyäna, there was significant change in mention above variables which suggests a physiological relaxed state, while there were no such changes seen following other sessions.    

From the late 1960s there have been several studies on the effects of practicing meditation in both inexperienced as well as experienced meditators (Wallace, et al. 1971; Wallace, 1970).These studies did not support a single idea of meditation and showed varied results. However majority of these studies showed a parasympathetic dominance and reduced sympathetic activity, there were few studies (Corby, et al. 1978) which showed contradictory results challenging the relaxation model of meditation.


 Hence these early studies did not support a single model of meditation as being either activating or relaxing. A subsequent study which used a self-as-control design assessed each individual in both meditation and non meditation sessions, each of which was repeated thrice (Telles & Desiraju, 1993b). Here, differences between subjects and differences in the repeat sessions of an individual were attributed to inherent individual differences between individuals. It was considered that this could definitely influence the individual’s physical response to yoga. Another factor which was considered important is the fact that an individual’s mental state varies from one day to another, or even within shorter time periods.


 However it was considered worth examining the description of meditation in ancient yoga texts and understanding whether this description would influence the effects observed experimentally.

In Pataïjali’s Yoga Sütras (circa 900 B.C.) there are two meditative states described   (Taimni, 1986). These are focusing on the object of meditation (called dhäraëä in Saàskåta; Pataïjali’s Yoga Sütras 3:1) and a meditative state characterized by no effort and by ‘de-focusing’ (called dhyäna in Saàskåta; Pataïjali’s Yoga Sütras 3.2). The two are supposed to follow one another, in sequence. With this separation of meditation, as dhäraëä and dhyäna sessions, dhäraëä may be suspected to be more physiologically activating whereas dhyäna would suggest more of physiological relaxation.


In the present study changes in autonomic and respiratory variables were evaluated in four mental states. These were: caïcalatä, ekägratä, dhäraëä and dhyäna. The change of different autonomic and respiratory variables in each of these four stages is given below.

Heart rate variability has been found to be valuable in describing the role of the two divisions of autonomic system in cardio-circulatory regulation. Some of the autonomic variables which were assessed in the present study directly indicate the level of activity in different subdivisions of the sympathetic nervous system whereas others indicate autonomic balance. The heart rate for example, is regulated by dual innervations (sympathetic and vagal) as well as humoral factors (Andreassi, 2000). This also applies to the heart rate variability (HRV) components. The low frequency (LF) band of the HRV is mainly related to sympathetic modulation when expressed in normalized units (Task force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology, 1996), while the efferent vagal activity is a major contributor to the high frequency (HF) band. The LF/HF ratio is correlated with the sympathovagal balance (Malliani et al., 1991). In the present study the LF power was lower during dhyäna sessions. The HF power was higher during the dhyäna practice. The LF/HF ratio was higher during the ekägratä practice. The changes in LF power suggest that there was increased sympathetic activity in caïcalatä and ekägratä sessions. Hence dhäraëä did not influence the HRV in the same way.


An increase in finger plethysmogram amplitude is correlated with decreased nor adrenergic vasomotor sympathetic control of the cutaneous blood vessels (Telles, 1995). The skin conductance level is an indicator of the level of activity in the cholinergic sudomotor sympathetic nerves supplying the eccrine sweat glands (Shields et al., 1987), which is believed to be the major contributor to changes in the spontaneous electrodermal activity (Fowles, 1986). In the present study there was increase in skin resistance during all four session viz., caïcalatä, ekägratä, dhäraëä and dhyäna. An increased skin resistance is well recognized as marker of reduced psychophysiological arousal in meditation (Orme-Johnson, 1973). It is also to be noted that the highest percent increase was during dhyäna (14.0 percent) compared to the lowest percent increase during dhäraëä (8.1 percent).


Unlike these variables it is well established that the breath rate depends upon numerous factors ranging from physical activity to psychological stressors (Stevenson and Ripley, 1952).


The breath rate was significantly lower during dhyäna sessions (18.75) while there was significantly increased during caïcalatä (16.07 percent). The lowering of breath rate was consistent during and after the practice of dhyäna session. The rate of breathing is known to vary directly with the level of anxiety (Srinivas & Telles, 1999). A decreased breath rate is a well recognized correlate of reduced psychophysiological arousal. Hence for this variable also there were difference between dhäraëä and dhyäna.


The heart rate was also lower during dhyäna in the present study there was a lowering of both breathing rate and heart rate during dhyäna suggestive of physiological relaxation.

In the time domain analysis of heart rate variability the most commonly used measures derived from interval differences include RMSSD, which is the square root of the mean squared differences of successive NN intervals; NN50, the number of interval differences of successive NN intervals greater than 50 ms; and pNN50, the proportion derived by dividing NN50 by the total number of NN intervals. All of these measurements of short-term variation assess high-frequency variations in heart rate and thus are highly correlated. It is also believed that both the RMSSD and pNN50 indices sensitive to changes in the high frequency components. They select the changes that occur from one QRS cycle to the very next. Some evidence suggests that these time domain are the best predictors of parasympathetic activity (Task force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology, 1996).


In the present results RMSSD was higher during all sessions except caïcalatä. NN50 was also higher during ekägratä, dhäraëä and dhyäna. The pNN50 was higher during all three sessions except caïcalatä. The RMSSD (along with the pNN50) are time domain measures which are highly correlated with frequency domain measures and recognized to be strongly dependent on vagal tone (Massin et al., 1999).  Hence ekägratä, dhäraëä and dhyäna apeeared to be related to changes in vagal tone, with percentage changes (in pNN50, for example) of 10.9 percent, 3.8 percent, and 16.2 percent. Hence here also, the highest magnitude of change occurred during dhyäna, while lowest change occurred during dhäraëä.

7. 3 SIX LETTER CANCELLATION TASK 


The present study assessed the effects of meditation focusing (dhäraëä) and meditative defocusing (dhyäna) (as well as two ‘control’ conditions) on the performance in a letter cancellation task. The net scores improved following meditative focusing (dhäraëä), alone, while they were lower after non targeted thinking (caïcalatä).


Several studies have shown an improvement in the efficiency of executive or orientational processing following meditation (Chan & Woollacott, 2007). There are also reports of changes associated with increased concentration and attention. For example, a study on Zen meditators reported an increase in both sympathetic and parasympathetic indices during the appearance of frontal midline theta rhythm (Fm theta) compared to control periods (Kubota, Sato, Toichi, Murai, Okada, Hayashi, & Sengoku, 2001). The Fm theta rhythm is recognized as distinct theta activity which reflects mental concentration associated with a low anxiety state. This suggested that meditation brought about a relaxed state with heightened internalized attention and concentration. 


A study of the contingent negative variation amplitude was the basis of assessing the effect of meditation on attention to external objects (Travis, Tecce, Arenander, & Wallace, 2002). Here the effects of transcendent experiences occurring during the practice of transcendental meditation were studied on the contingent negative variation amplitude, rebound and distraction effects. The contingent negative variation is an event-related potential occurring between a warning stimulus and an imperative stimulus requiring a response (Walter, Cooper, Aldridge, Callum, & Wnter 1964). The changes in transcendental meditation practitioners suggested that transcendent experiences could enhance cortical responses and executive functioning.


Another event related potential was shown to change following the practice of a meditation technique called cyclic meditation (Sarang & Telles, 2006c). Cyclic meditation (CM) consists of cycles of ‘stimulating’ and of ‘calming’ practices. The P300 peak latency was reduced to a greater extent following CM compared to an equal duration period of supine rest. The P300 latency reflects the speed of stimulus classification and is an index of stimulus processing, rather than response generation (Polich, 2004). The P300 peak latency is negatively correlated with mental function in normal persons; shorter latencies being associated with superior cognitive performance in tasks for attention and immediate memory. 


In a separate study, following cyclic meditation there was an improvement in performance in a letter cancellation task (Sarang & Telles, 2007). Since the letter cancellation task assesses selective attention and concentration (Uttl & Pilkenton-Taylor, 2001), these results support the idea of improved attention following cyclic meditation. However, cyclic meditation practice was also associated with a decrease in oxygen consumption (Telles, Reddy, & Nagendra, 2000; Sarang & Telles, 2006a) and changes in the heart rate variability suggestive of vagal dominance and/or sympathetic withdrawal (Sarang & Telles, 2006b). Hence CM, as was earlier mentioned for Zen Meditation (Kubota, et al., 2001), was characterized by both relaxation and alertness. 


In the present study attention alone was measured. There was no attempt to assess objective indicators of relaxation/arousal simultaneously. The present results suggest that meditative focusing (dhäraëä) may be the phase during which attention improves.We may also speculate that relaxation occurs during the dhyäna phase. Further studies using objective measurements would substantiate these findings and help to understand the mechanisms involved. 


8. 1 SUMMARY OF THE FINDINGS


1. In the present study thirty subjects were studied in four separate sessions i.e., caïcalatä (random thought), ekägrata (concentration), dhäraëä (focused attention) and dhyäna (meditation). The sample size was calculated and the effect size obtained, based on reports in an unpublished Ph.D thesis entitled ‘Psychophysiology of meditation including responses to external stimuli’ (Naveen, 2005). 


2. In the traditional texts [the Pataïjali’s Yoga Sütras  (Taimini, 1961) and Bhägavad Gétä (Bhakttivedänta Svämi   Prabhupäda, 1998)] it has been described that when awake and in the absence of a specific task the mind is very distractible (caïcalatä), and has to be taken through the stages of ‘streamlining the thoughts’ (concentration or ekägratä), followed by one-pointed concentration (focusing or dhäraëä), then reaching the meditative state (defocused, effortless single thought state or dhyäna). Earlier findings suggest that ‘OM’ meditation facilitates the neural activity in mesencephalic or diencephalic level as well as psycho-physiological relaxation.  Based on these backgrounds, the present study was carried out to understand the psycho-physiological effects of these four states of wakeful mind. 

3. The study design consisted of four sessions i.e., two meditation and two control sessions. All four sessions consisted of three states, i.e., ‘pre’ (5 minutes), ‘during’ 

(20 minutes), and ‘post’ (5 minutes) separately on different days. 

4. The following assessments were made:


· Brainstem Auditory Evoked Potentials (BAEPs) 


· Autonomic and Respiratory variables (ARV) and


· Six letter cancellation task (SLCT) 


5. For each of the variables the data were analyzed separately using repeated measures ANOVA followed by post-hoc analysis. 


6. The results have shown the following changes: 


(i) Brainstem auditory evoked potential –There was a significant increase in the latency only of Wave V during the caïcalatä session (Pre versus During, 0.4%), ekägratä session (Pre versus During & post, 0.9% and 1.56%) and following the dhäraëä session (Pre versus Post, 1.22%). There were no significant changes in amplitude of wave V as well as other waves during all sessions.

(ii) Autonomic and respiratory variables

Galvanic Skin Resistance (GSR): There was a significant increase in the galvanic skin resistance during and after the dhyäna session (8.60% to 17.03%) in comparison to caïcalatä (7.3% to 10.28%), ekägratä (7.43% to 11.36%), and dhäraëä (5.20% to 11.36%) sessions. 

· Finger Plethysmogram Amplitude (FPA): There was a significant increase in the digit pulse volume in dhyäna session (Pre versus During 2.28% to 12.26%).

· Electrocardiogram (EKG): There was a significant decrease in the heart rate in dhyäna session (Pre versus During & post, 4.93% to 7.73%).


· Respiratory rate: There was a significant increase in the respiratory rate in caïcalatä sessions (Pre versus During & post 2.69% to 15.56%). But in session dhyäna there was significant decrease in respiratory rate (Pre versus During & post 8.86% to 19.59%).

· HRV LF: There was a significant increase in low frequency in caïcalatä and ekägratä sessions caïcalatä (Pre versus During & post 15.95% to 22.67%), ekägratä (Pre versus During & post 13.22% to 15.78%). But there was significant decrease in low frequency in dhyäna session (Pre versus During & post 15.42% to 25.53%).

· HF: There was a significant decrease in high frequency in ekägratä session (Pre versus During & post 16.15% to 19.23%), while there was significant increase in high frequency in dhyäna session (Pre versus During & post 23.55% to 37.76%).


· LF/HF: There was a significant increase in low and high frequency ratio in ekägratä session (Pre versus During & post 41.44% to 83.67%).

(iii) Six letter cancellation task (SLCT): Total and net scores were significantly higher after the dhäraëä session (16.21% and 13.31%) compared to the pre scores, whereas after the caïcalatä session they were significantly lower (24.65%  and 23.28%). No significant change was observed in other sessions for the letter cancellation task.

7. The possibility that the neural transmission of auditory sensory information is not delayed through the inferior colliculus during dhyäna may be considered to be supported by the fact the wave V to wave III (wave V / wave III) amplitude ratio was significantly higher during dhyäna. LF power was lower during dhyäna sessions. The HF power was higher during the dhyäna practice. This may be due to relaxation component of dhyäna. An increased skin resistance is well recognized as marker of reduced psychophysiological arousal in meditation (Orme-Johnson, 1973). It is also to be noted that the highest 13 percent increase was during dhyäna. Unlike these variables it is well established that the breath rate depends upon numerous factors ranging from physical activity to psychological stressors (Stevenson and Ripley, 1952). The heart rate was also lower during dhyäna in the present study there was a lowering of both breathing rate and heart rate during dhyäna suggestive of physiological relaxation. The RMSSD (along with the pNN50) are time domain measures which are highly correlated with frequency domain measures and recognized to be strongly dependent on vagal tone (Massin et al., 1999).  Hence ekägratä, dhäraëä and dhyäna appeared to be related to changes in vagal tone, the present results suggest that meditative focusing (dhäraëä) may be the phase during which attention improves


8. 2 CONCLUSIONS 


These results showed that information transmission along the auditory pathway is delayed during caïcalatä and ekägratä with no change during dhäraëä and dhyäna. In dhyäna there was a relative increase in wave V amplitude (relative to wave III) suggesting recruitment of more neurons at the inferior collicular level durig compared to before. This suggests that auditory information transmission was delayed at the inferior collicular level (the tectum) as the wave V corresponds to the tectum.  Also, the changes in autonomic and respiratory variables suggested a higher magnitude of psycho-physiological relaxation during dhyäna (decrease by 18% in RR, 6% in HR whereas increase by 10% in PLT, and 13% in GSR) as compared to other sessions. Performance in the six letter cancellation task also suggested that meditative focusing (dhäraëä) may improve attention by 13% in net score.

Hence the null Hypothesis:  (1) the information transmission in auditory pathway will not be delayed in caïcalatä, ekägratä, and dhäraëä while it will not remain unaltered if not delayed at the brainstem level in dhyäna phase (2) dhyäna would not induce a state of deep rest with alertness and there will be no autonomic arousal in other phases of ekägratä and dhäraëä (3) there will be no increased attention in all phases ekägratä, dhäraëä and dhyäna with no higher increase in dhyäna is disproved. It appears that separating meditation as dhäraëä and dhyäna and comparing these phases with caïcalatä, and with ekägratä as a third, meditative state is useful. The states have different and distinct changes. 

8. 3 STRENGTH 

The distinction between two phases described by Pataïjali (Circa 900 B.C.), dhäraëä and dhyäna, resulted in group significant and distinct changes showing that the phase of dhäraëä promotes autonomic arousal, increased higher attention, visual scanning  and delayed information processing while dhyäna decreased the ANS arousal, yet promoting attention as also no delayed information processing. These conclusions of study would possibly explain the controversial findings of the different techniques of meditation as also in the different phase of meditation.    


8.4 LIMITATIONS OF THE PRESENT STUDY

I. The subjects were volunteers from student community which may make it less possible to generalize the findings.

II. That there was no attempt to vary stimulus intensities and hence the earlier demonstrated the short latency auditory evoked potentials very with stimulus characteristic (McEvoy, et al. 1980) could not be examined. 


8.5 IMPLICATIONS OF THE STUDY


The present findings support the outcomes of the earlier studies on ‘OM’ meditation leads to changes at the thalamic/primary cortical areas which is beneficial for attention (Telles & Desiraju, 1993) also a sign of increased mental alertness, even while being physiologically relaxed while chanting “OM” (Telles, et al. 1995).

These findings have possible applications in 


I. Education


II. Health care and


III. Specific occupations described below.

I. Education: Most systems of education place emphasis on attention, concentration, memory, mental alertness, etc.  Since the practice of meditation leads to changes at thalamic/primary cortical areas (Telles & Desiraju, 1993) which are known to facilitate these activities, meditation has an important role to play in education. Also the present day education exposes the student to various stresses especially at the mental levels.  Thus mental relaxation has become an essential need, which would be fulfilled by the practice of meditation.


II. Health care: Stress is a major factor in modern illness (Nagendra & Nagarathna, 2000). Meditation on ‘OM’ has been found to be effective to reduce stress levels with increasing a higher magnitude of psycho-physiological relaxation coupled with increased mental alertness. For this reason, meditation may be an adjunct in treating several diseases. Hence, meditation acts as a holistic treatment for prevention, promotion of positive health management of disease, and as an important part of complementary and alternative medicine (CAM). 


III. Specific occupations: Certain occupations require immediate decision making (viz., air force pilots, drivers, musicians, artists, scientists, and sports men) which need sharp auditory information processing, higher mental alertness and a mentally relaxed state. ‘OM’ meditation is found to improve all of these and therefore is of great use to these occupations.

8.6 SUGGESTIONS FOR FUTURE WORK


I. Larger numbers of subjects are from diverse section of the society.


II. Analysis of the results found in the different techniques of meditation and different phase of each meditation techniques based other Dhäraëä and Dhyäna components in them. 


III. Further studies are required to understand whether neural relay centres further along the auditory pathway would also change in dhäraëä and dhyäna stages, using middle and long latency evoked potentials. 

IV. Further studies should include functional magnetic resonance imaging (fMRI) to study which part of the brain is involved during different stages of meditation. 
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Illustrated phases and general concept of ‘OM’ meditation 
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