
K. Ramakrishna Rao

Applied Yoga Psychology
Studies of Neurophysiology of Meditation

1

Abstract: Yoga-S�tras of Patañjali is a foundational psychological

text that organizes, codifies, and systematically presents in s�tra form

the psychology as practised in India around second century BCE. Its

theme is to help humans free themselves from their congenital bond-

age due to conditioned existence and consequent suffering. The goal

is to restore the person to her inherent unconditioned blissful being.

The quintessence of Yoga is meditation. Meditation consists of

dh�ran �� (concentration, focused attention) and dhy�na, a contempla-

tive state of passive attention precipitated by a prolonged practice of

concentration. Dhy�na practice leads to sam�dhi, a stand-still altered

state in which the mind is controlled and restrained from habitual cog-

nitive processing. This paper provides a theoretical background of

Patañjali Yoga and a select review of empirical research on the neuro-

physiological correlates of meditation, highlighting on the one hand

some of its methodological shortcomings and conceptual problems

and suggesting on the other hand the areas of promise for further

research on meditation.2
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Introduction

Contemporary psychology is essentially bio-centric. Its widely shared

assumptions are (a) that the person is a brain-driven machine, and (b)

that one’s achievements and actions, beliefs and behaviour, cognition

and conduct can be studied scientifically and understood in their

entirety following the machine model within the reductionist frame-

work. Indeed, during the past several decades, neuropsychology has

made rapid strides giving credibility to the claim that human thought,

passion, and action are ultimately reducible to what goes on in one’s

brain. I believe, however, notwithstanding the enormous gains in our

understanding of human nature made by the neuro-centric reduction-

ism, there are glaring gaps in our knowledge of the way humans think,

feel and act, and that these gaps in principle appear to be uncomfort-

ably unbridgeable and consequently call for bold initiatives for devel-

oping more inclusive models. Yoga appears to provide one such

model.

In an important sense, Yoga provides the foundational concepts and

methods for most of the psychological discourse in the Indian tradition.

Indeed, Yoga contains the architectonic for a comprehensive psycho-

logical edifice that would have pan-human relevance. If S�mkhya-

Yoga is a twin philosophical system, Advaita-Yoga may be seen as

constituting a twin psychological system in the Indian tradition. I

believe, Yoga at the psychological level is as consistent with Advaita

Vedanta as it is with S�mkhya at the metaphysical level. Yoga and

Advaita together constitute a coherent system of Indian psychology.

There are of course other classical systems of Hindu thought, like

Ny�ya with its important insights into the nature of perception

(Matilal, 2002), and also Jain and Buddhist contributions to under-

standing mind and consciousness, which fit quite well in interesting

ways with what I call Yoga-Advaita psychology. This is not the occa-

sion to dwell on this, except to emphasize that applied yoga psychol-

ogy is indeed applied Indian psychology.

Patañjali’s Yoga-S�tras of the second century BCE is a systematic

attempt to develop a theory of mind, within the dualist architecture of

reality, grounded in the reported exceptional experiences of people

and prevalent practices at the time. The objective was to describe and

discuss the ways to enhance human potential and bring about the

transformation of the person to overcome suffering and achieve a state

of personal freedom and bliss. Yoga as practised at the time was given

a coherent theoretical framework succinctly by Patañjali in four short

chapters. The prevailing practices of the time with their perceived
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efficacy from the first-person accounts of people engaged in them are

taken as the factual base for building the theoretical edifice. In order to

study yoga as a normal science in the conventional sense, one needs,

however, to go beyond the esoteric claims and (a) test the claims them-

selves, (b) examine the logical connection between the claims and the-

ories, and (c) deductively draw from theories the hypotheses to be

tested rigorously with real-life data. For deriving testable hypotheses

in this area, the scientist needs more than the usual intellectual ingenu-

ity and skills in experimental design and analytical sophistication. She

needs thorough familiarity with Yoga3 theory and practices, the neces-

sary conceptual clarity, and understanding of the nuances of the prac-

tices and their connectivity to theories (Rao, 2011).

The Indian tradition emphasizes the pragmatic application of the

knowledge of the variety of conscious and unconscious factors that

condition our being and behaviour, for the goal is one of controlling

them with the expectation of transforming persons and rendering

them free from imperfections, ignorance, and consequent suffering.

Yoga is conceived to be the most useful tool for this purpose of attain-

ing a state of unconditioned consciousness, which entails freedom of

the person and perfection in her thought and action (Rao and Paranjpe,

2008). In what follows, I start with a discussion of Yoga as a theory

and then examine the practice of yoga. I proceed then to briefly pres-

ent some ideas on applied psychology of yoga and the concept of med-

itation. The main part of the paper deals with a review of research

relating to the neurophysiological effects of meditation. Based on the

review of the literature, we examine if the meditative state is a unique

physiological state. Summarizing the research findings, we conclude

with a discussion of state-of-the-art meditation research and its impli-

cations for psychology.

Yoga Theory

Reality, according to the S�mkhya-Yoga system, is governed by two

fundamental principles, consciousness (puru�a) and matter (prakr �ti).

As fundamental principles, they have metaphysical and epistemol-

ogical implications. The dualism of Yoga consists in its assertion of

prakr �ti and puru�a as two irreducible but complementary principles

of reality. They enable us to understand the relative roles of perma-

nence and change in our being. These two principles are not merely

the metaphysical constituents of reality, they have equally useful
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[3] When Yoga is referred to a system of philosophy it is spelled with capital ‘Y’ and when it
refers to practices it is spelled in lower case ‘y’.

C
op

yr
ig

ht
 (

c)
 Im

pr
in

t A
ca

de
m

ic
 2

01
3

F
or

 p
er

so
na

l u
se

 o
nl

y 
--

 n
ot

 fo
r 

re
pr

od
uc

tio
n



epistemological implications. At the ontological level they are

depicted as entities. We see them from the epistemological perspec-

tive as two distinct processes. Both puru�a and prakr �ti are fundamen-

tal, one representing the permanent and unchanging and the other

denoting the equally permanent but changing aspects of reality and

knowledge. Knowledge may be processed through the route of prakr �ti

or it may be obtained directly from puru�a. Both avenues are available

to humans even though we largely depend on the former. However,

Yoga considers only that which is derived from the puru�a as true

knowledge (Rao, 2002).

Prakr �ti (matter) has three basic constituent elements; sattva (infor-

mation), rajas (energy), and tamas (mass/inertia). Sattva is akin to

consciousness in that it is translucent and allows consciousness to

pass through and reflect itself in it. In reflecting itself in an object, it

reveals the object. The images of reality are thus inlaid in the sattva

component of prakr �ti inasmuch as consciousness (puru�a) is ubiqui-

tous. Each and every object that has evolved out of prakr �ti, however

gross it may be, has an element of sattva in it. It is its essence, its infor-

mation content. The human mind has evolved suitably equipped to

process the information content inlaid in the sattva component of the

objects that are in its reach. The brain, the nervous system, and the

sensory-motor apparatus enable the mind to process the information

content in objects and interact with them. This becomes possible

because there is a reflexive relation between consciousness and the

object which is revealed by its reflections.

We must recognize, however, that every object in its association

with puru�a forms a mind of its own however primitive it might be.

The minds thus formed may reflect but may not be able to reflect on

the reflection itself. If the layer of tamas is too opaque to allow the

puru�a reflections to reflect back, the mind loses its functional charac-

ter. Only when there is a conjunction between consciousness (puru�a)

and a material form capable of reflecting back on the reflection of con-

sciousness, a conscious mind with subjective experiences is formed.

Such a mind acts like a functional trap. In it (a) non-conscious material

forms in its proximity become conscious experiences, i.e. the sattva

component of objects is processed, (b) the inert and characterless con-

sciousness assumes form and manifests activity in the mind, and (c)

the mind mistakenly takes those forms and actions as its own con-

sciousness. When consciousness (puru�a) is thus trapped, in the yoga

view, we have the ego sense and subjective experience, which tend to

bind it more and more firmly to sensory processes. This is the existen-

tial context in which we find ourselves. The puru�a ‘consciousness’
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finds itself cruising in the unceasing and not infrequently turbulent

flow of cognitive states in the mental stream. At this stage, the person

has two options. The mental stream (cittanadi), as Vy�sa calls it (YS

1.12), may through discriminative knowledge (viveka) flow in the

direction of achieving a state of consciousness as-such (kaivalya) pro-

gressively detaching itself from the influence of prakr �ti. Alterna-

tively, it may flow non-discriminatively (aviveka) in the direction of

increasing bondage, and get further entangled with prakr �ti and the

whirlpool of material existence. One is the direction of good, leading

to liberation, and the other is that of evil, causing suffering.

There is a reflexive relationship between consciousness (puru�a)

and the buddhi of the mind. The buddhi processes information from

the sattva content of objects. This information by its very nature is

subject to a variety of distortions, primarily because buddhi, though it

is predominantly sattvic, also contains rajas and tamas. Puru�a in its

association with buddhi reflexively takes the contents of the latter as

its own; and the embodied mind has the knowledge of the objects and

events. When every trace of rajas and tamas is removed and buddhi is

all sattva with no fluctuations in the mind, puru�a is revealed in the

mind in its purity and consciousness manifests itself in its true form.

This is the highest form of knowledge. Devoid of all distractions it is

sublime and infallible. That is the state of kaivalya, the ultimate goal

of yoga practice (Rao, 2002).

From the epistemological perspective, knowledge processed by the

mind through its sensory channels from the sattva of material bodies

is phenomenal, which gives us transactional awareness. There is no

finality and absoluteness about it. It is at best an informing image and

in the worst case it is outright misleading falsehood. This is so because

it is mixed up with rajas and tamas and the distorting influences of the

human condition. When the mind is relieved of all the vestments of

rajas and tamas by practice of concentration and passionlessness, and

is grounded completely in sattva itself, it can now have the true reflec-

tion of the puru�a and know the difference between changing and

ephemeral phenomenal awareness and self-illuminating transcenden-

tal awareness. Relational thinking gives way to insight and intuition,

as the knowledge comes from the puru�a itself without any distor-

tions. Such knowledge, Yoga thinkers believe, as many classical

Indian philosophers also do, is permanent and absolutely true because

there is no possibility of distortions and misunderstandings such as

those that afflict phenomenal awareness. Thus, it would seem, unless

we transcend the constraints imposed by the ‘mind trap’, we can not

have knowledge in its pristine form. The pursuit of liberation in this
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view is the quest for perfect knowledge, which is none other than

accessing consciousness as-such. Self-realization is none other than

knowing oneself the way she really is without the blemishes and biases

brought about by rajas and tamas, their past effects accumulated as

karma. In other words, self-realization is realization of puru�a (con-

sciousness as-such) in one’s being.

Mental phenomena that give us phenomenal awareness are inten-

tional in that they are about objects. When the person has transactional

awareness (phenomenal consciousness), she experiences subject-

object duality (visayin and visaya) in her normal states of cognition

and action. In transcendental states, however, consciousness mani-

fests in its pure form where there is no object to which consciousness

is directed and no awareness of subject-object duality. Interestingly,

knowledge can be obtained in both the intentional and non-intentional

modes; but only that which is gained in the latter is considered the

highest because it is considered pure and unbiased. For example, in

yogic literature a distinction is made between savitarka and nirvitarka

sam�dhi. In both there is a direct, intuitive awareness. In the former

we gain knowledge of objects in their conceptual form. The latter

gives us knowledge free from any conceptual form. ‘The thing in this

state does not appear to be an object of my consciousness, but my con-

sciousness becoming divested of all “I” or “mine” becomes one with

the object itself; so that there is no notion here as “I know this”, but the

mind becomes one with the thing, so that the notion of subject drops off

and the result is the one steady transformation of the mind into the

object of its contemplation’ (Dasgupta, 1924, p. 151). In asamprajñ�ta

sam�dhi, consciousness is completely on its own and a total transcen-

dence from all mental constraints is achieved. There can also be a

reverse flow. Glimpses of consciousness obtained in not so perfect a

state of sam�dhi may be conceptualized and translated back into phe-

nomenal forms. Intuitions may be rationally reconstructed and one

may transform a glimpse of direct awareness into an empirical event.

Phenomenal awareness may be thus induced by transient transcen-

dental states. This is clearly unlike normal phenomenal awareness

which arises from processing prakr �ti. There is yet another source of

phenomenal awareness. In the case of anomalous awareness such as in

ESP, the information is obtained directly by buddhi’s (mind) link up

with the sattva of an object without the mediation of the senses. This

possibility is open to buddhi because it is a manifestation of the uni-

versal mahat, like other buddhis. There is thus an interconnectedness

of minds whether they are functional as in humans or dormant as in

gross objects. Anomalous awareness is then a form of phenomenal
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awareness and may be seen as qualitatively different from transcen-

dental awareness. The yoga system of Patañjali describes a variety of

anomalous phenomena and how they may be obtained (Rao, 2011).

Yoga Practice

Yoga is not merely a theory of mind, but also a practical discipline that

claims to provide empirical support for its ideas to enhance human

potentials and help transform the person. Patañjali tells us in Yoga-

S�tras how the mind can be restrained to achieve a quiescent state,

how the natural modifications and fluctuations (vr �ttis) of the mind can

be restricted, and how a variety of siddhis (anomalous extraordinary

phenomena) may be obtained by the practice of yoga. According to

Patañjali, fluctuations of the mind (citta-vr �tti) may be controlled by

practice (abhy�sa) of concentration and detachment (vair�gya) in

thought and action. Paranormal abilities are acquired by practising

samyama (meditation), the triple process of concentration, contem-

plation, and containment of the mind. Kaivalya, the goal of self-real-

ization, is achieved by the total eradication (nirodha) of the mental

states. Yoga-S�tras narrate different hurdles in the human condition

that afflict and hinder the practice of yoga and prescribe the means of

overcoming them (Rao, 2011).4

Patañjali prescribes an eight step practice for reaching the highest

state of consciousness, the state in which one realizes the puru�a, con-

sciousness as-such, unencumbered with any phenomenal awareness.

The first five are preparatory and the last three are the essential stages

of yoga. The preparatory stages are yama (things to avoid), niyama

(things to do for ethical living), �sana (bodily exercises for physical

fitness), pr�� ��y�ma (breathing exercises), and praty�h�ra (internal

attention to move away from external sensory inputs). The essence of

yoga is samyama, which we may characterize as meditation in its

comprehensive, holistic sense. Samyama involves the triple effort of

dh�ran �� (concentration), dhy�na (contemplation), and sam�dhi (con-

tainment). Sam�dhi is often translated as absorption. Actually it is an

altered state in which the mind is contained and restrained from nor-

mal habitual processing. The first three s�tras in the third chapter of

Yoga-S�tras describe them in the following way. Concentration

involves focusing attention on an object, which progressively leads to

the restraining of the natural wanderings of the mind. In the state of

dhy�na (contemplation) there is an uninterrupted flow of the mind
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toward the object of meditation so that the practitioner can focus the

attention totally on a single object for a prolonged period of time. Such

prolonged one-pointed attention to a single object leads to a state of

passive attention, the further practice of which leads to a cognitively

stand-still state of sam�dhi, a state of containment and control of the

mind. In a state of sam�dhi there is the awareness of the object alone,

without an awareness of the cognizing self. There is thus a merging of

the subject and object in one’s experience. When the yogin thus loses

self-awareness and enters a state of completely contained absorption

in the object of meditation, she achieves a state of higher conscious-

ness that enables her to grasp the essence of the objects in focus. The

yogin is thus believed to know the things in their true state without the

biasing influence of the senses or the presuppositions and biases of the

mind. Some of these experiences may appear anomalous to those who

do not have similar experiences themselves. The final point of a

yogin’s progress is complete liberation from all phenomenal con-

straints of the mind so that she may realize the state of asamprajñ�ta,

as mentioned before. In psychological terms, the practice of yoga

enables the yogin to move from focal attention to passive attention

and finally to ‘inattention’, a state of the mind where the normal activ-

ities of the mind are under control.

There are thus three distinct levels of yogic development. At the

first level, yoga is the bonding of body and mind, such yoking of the

mind with the world of objects provides for controlled reciprocal

influence of body and mind. This is best achieved by steady concen-

tration and focused attention. At the second level, yoga is the culti-

vated binding of mind and consciousness, which is accomplished by

prolonged passive attention. At the third level, yoga consists in the

yoking of the consciousness of the person with consciousness as-such

in a state of inattention, which finally results in the experience of

kaivalya. The ultimate goal of yoga practice is to reach the third level

leading to kaivalya. The emphasis in Yoga-S�tras is on sam�dhi and

psychological aspects of mind and its control. The bodily aspects of

yoga practice find only a passing mention as preliminary steps and as

prelude to the last three stages of dh�ran ��, dhy�na, and sam�dhi. Here

again, Patañjali limits himself to their effects on paranormal phenom-

ena and of course kaivalya, without discussing other ramifications on

body and mind, on physical health and psychological well-being.
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Applied Psychology of Yoga

From the preceding account of Yoga theory and practices, it is quite

apparent that yoga psychology has several possibilities for important

applications for physical well-being, mental health, and for enhancing

cognitive and other human abilities. The first two levels refer more

appropriately to mundane phenomena and secular aspects.

For over half a century, a significant amount of empirical research

on yoga has appeared. Much of it involves the study of the effects of

meditation on the physiology and psychological states of practitio-

ners. From the vast amount of published data now available, it is

apparent that the practice of meditation does produce significant

changes in the body and the mind that could have beneficial effects.

However, meditation research has not produced the promised

advances consistent with the pace and extent of research and the inter-

est and expectations they aroused. There is clearly some lack of con-

ceptual clarity and methodological rigour, especially in the earlier

studies. Also, the enthusiastic claims of some of the researchers

appear to be somewhat over-generalized based on limited samples.

Yoga involves, as mentioned, progression through eight stages —

yama, niyama, �����, pr�� ������, praty�	�
�, dh�
�� ��, dhy���,

sam��	�. Again, there is not just one yoga but a variety of techniques

that are not uniform, which go in the name of meditation. Many con-

temporary researchers have used the general rubric of yoga or medita-

tion for all and sundry studies without carefully making the needed

distinctions between the variety of techniques and the different stages

in the progress of meditation. For example, that people can meditate

without practising �sanas and pr�� ��y�ma provides for a discontinuity

in the progress on the traditional yoga path. Without knowing what

effects such discontinuities would have on the achieved state of medi-

tation/yoga, we could hardly compare the results of the studies (Rao

and Paranjpe, 2008). We need to keep this primary difference in mind

when reviewing empirical research on meditation.

What is Meditation?

Despite the numerous techniques that are in vogue, the key ingredient

of meditation is the control of mind by attentional manipulation that

ranges from concentrated focus to defused passivity and cultivated

inattention, a complete quiescence of the mind. Contemporary studies

of meditation have not really addressed the question of what precisely

constitutes meditation, as we will find in the following discussion.

Meditation is often equated with meditation practice. This is what I
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call the functionalist fallacy of mistaking an act for the agency, identi-

fying the means with the end. This is the other side of the category

mistake made popular by Ryle (1949/1962) in his refutation of Carte-

sian dualism. Practices may vary, but the end product should be simi-

lar, if not the same, so that we may designate it as meditation.

The failure to distinguish between meditation and the practice of

meditation is the root of the confusion as to whether meditation is a

state or a technique. Meditation as popularized is a practising tech-

nique; but as a subject of research it is equated with a state. The neces-

sity to distinguish between the state and the technique led some

writers to coin such phrases as ‘meditative experience’ (Goleman,

1978), ‘meditative mood’ (Carrington, 1977), or ‘relaxation response’

(Benson, 1975). To compound this confusion, meditation technique is

not clearly limited to one practice or to one set of practices. Some-

times any practice that is believed to produce a particular state is

regarded as meditation (Smith, 1986). At other times, engaging in a

certain practice is automatically equated with being in a meditative

state (Wallace, 1970). There is thus a general failure to clearly define

meditation either as a technique or a state. If meditation is a state, we

need precise criteria for identifying it; if it is a technique, the different

steps involved in practising it should be clearly described. If there are

multiple techniques of meditation, we need to understand what the

intrinsic commonality between them is and how they bring about the

designated state of meditation.

In the Buddhistic practices, as described by Buddhaghosha in

Visuddhimagga, jh�na (Sanskrit dhy�na) is a state. In fact, eight jh�na

states are distinguished. By the time one reaches the fourth stage of

jh�na, there is the cessation of all those limiting conditions that bind

the mind and limit its functions. The last four stages are efforts to seek

out or realize answers to ultimate philosophical questions and experi-

ence reality the way it is. In the R�ja yoga as described in Patañjali’s

Yoga-S�tra, dh�ran �� (concentration) and dhy�na (contemplation

involving prolonged and unwavering concentration) leads to

sam�dhi, a state of the mind comparable to Buddhistic jh�na. The

counterparts to dh�ran �� and dhy�na of Yoga are upac�ra and appan�

in Buddhistic psychology. Upac�ra is concentration that is unsteady,

while appan� is steady concentration leading to a state of containment

of and control over the activities of the mind. Thus, dh�ran �� and

dhy�na (in Yoga), and upac�ra and appan� (in Buddhism), are tech-

niques, whereas sam�dhi and jh�na are states. However, all three are

subsumed under the general rubric of meditation because the end

product of the practices is an identifiable state.
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As mentioned, there are in vogue currently numerous forms of

meditation practice. Some of these are being patented! Many of these

are ‘meditation made easy’ sorts of exercises. The instant meditative

systems which attempt to teach meditation in a matter of minutes are

indeed a far cry from classical meditation systems that require a better

part of one’s life to master. A few minutes of daily practice of medita-

tion is said to restore health to body and give powers to mind, and even

help bring about global transformations for the good of humankind.

Whether the traditional and contemporary practices of meditation

involve essentially the same process is a question that cannot be

answered until systematic studies comparing them are carried out.

There are, however, radical differences on the surface between

classical and the popular contemporary meditative systems in their

objectives and goals: (1) In the classical traditions meditation is a rig-

orous discipline practiced for many years before one considers herself

to be proficient. (2) Teaching of meditation in traditional systems

requires long term close supervision and personalized attention by the

teacher who provides constant guidance. (3) Meditation proper is pre-

ceded by several preparatory steps that are considered necessary in

most cases for proper meditation. (4) Good health and well-being are

not the effects but necessary conditions for practising meditation. (5)

In classical usage, meditation is more a state of the mind rather than a

technique. Vy�sa equates yoga with sam�dhi. In his commentary on

the very first s�tra of Patañjali’s text, Vy�sa says that ‘Yoga is concen-

tration’ (sam�dhi) (Woods, 1914/2007, p. 3). I believe the same is the

case with Buddhist jh�na. Current meditation research with its focus

on the practice of meditation for simple health benefits may be mistak-

ing the husk for the kernel of the meditation seed.

The purpose of meditation, we are told by Patañjali and the succes-

sive R�ja yoga practitioners, is to control the wanderings of the mind

(citta-vr �ttis) and empty the mind of its thought content (Rukmani,

2001). The second s�tra of the first chapter of Yoga-S�tras reads:

‘Yoga is the restriction of the fluctuations of the mind-stuff’ (Woods,

1914/2007, p. 8). It follows that yogic meditation should be helpful in

controlling ruminative mentation and negative thoughts/feelings,

which often characterize maladjustment and troubled psyche. In fact,

‘silencing’ of one’s thoughts is an important sign of progress in medi-

tation. Therefore, yogic meditation should have useful therapeutic

implications. Successful practice of meditation implies that these hin-

drances are overcome at least to some degree. Therefore, emotional

well-being, reduced anxiety, and ego-involvement may be expected to

correlate with progress in successful meditation.

APPLIED YOGA PSYCHOLOGY 171

C
op

yr
ig

ht
 (

c)
 Im

pr
in

t A
ca

de
m

ic
 2

01
3

F
or

 p
er

so
na

l u
se

 o
nl

y 
--

 n
ot

 fo
r 

re
pr

od
uc

tio
n



Practice of yoga is associated with the manifestation of extraordinary

abilities (siddhis), including extrasensory acquisition of information

and non-conventional interaction with the environment. Meditation is

believed to lead to enlightenment and peak, self-transforming experi-

ences. Thus, yoga and meditation could have numerous benefits to

humankind at various levels, ranging from ultimate kaivalya, as

Patañjali thought, to ordinary excellence in one’s thoughts, feelings,

and actions, as popularly believed. There is here a vast territory open

for excavation. Indeed, this was not lost sight of. There are literally

more than a thousand research publications during the past fifty years,

and there is continued academic interest in the study of meditation and

its effects on health and wellness.

Meditation Research

Empirical research on meditation is vast. Some of it is well done, but

much of it is lacking in conceptual clarity and methodological rigour.

Interest in the scientific study of yoga and meditation is indeed world-

wide and not confined to the Indian subcontinent (Pratap, 1971). It is

one area where classical Indian ideas inspired an immense amount of

research. In fact, much of this research, though based on Indian con-

cepts and practices, is carried out in other countries. A bibliography

on meditation and related states included in Meditation: Classical and

Contemporary Perspectives (Shapiro and Walsh, 1984) contains a lit-

tle over seven hundred items. Of these, less than seven percent are by

those with Indian names. Many of the Indians listed are working in

western countries. A smaller bibliography of 452 items compiled by

Peo of the Scandinavian Yoga and Meditation School (1978) has

about 14% of the items by authors of Indian origin. The Yoga

Research Bibliography (Monro, Ghosh and Kalish, 1989), with over

1,350 items, lists some 20% Indian authors. If we consider only those

studies that are published in refereed journals and cited in articles

published in scholarly and scientific journals, the number of Indian

authors would be even smaller. For example, the more recent review

in Meditation Practices for Health: State of the Research (Ospina et

al., 2007) lists 813 studies published between 1956 and 2005 involv-

ing research on the therapeutic use of meditation. Sixty-one percent of

these were carried out in North America. Under ‘references and

included studies’ it lists 1031 items. Of these about 13% are authored

by Indians. Thus, clearly there appears to be no increasing interest in

studying meditation by Indians. This is so despite the fact that there is

a general awareness among Indians that techniques based on yoga and
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meditation could be beneficial for reducing stress. In an interview sur-

vey of 100 male executives, Dubey and Kumar (1986) found that

yoga, TM, autosuggestion, and relaxation therapies are among the

techniques believed to be effective in reducing stress.

There are a number of excellent reviews of meditation research

(Davidson, 1976; Schuman, 1980; West, 1987; Holmes, 1984;

Shapiro and Walsh, 1984; Bogart, 1991; Jevning, Wallace and

Beidebach, 1992; Andresen, 2000; Grossman et al., 2004; Cahn and

Polich, 2006; Lutz, Dunne and Davidson, 2007; Kristeller, 2007;

Kristeller and Rikhye, 2008). Meditation refers to a discipline or tech-

nique for mind control and physical well-being as well as for reaching

a special state of mind. Much scientific research on meditation has

assumed that it is a state. As Schuman (1980) notes, ‘Based on

research involving practitioners of Yoga, Zen or Transcendental Med-

itation (TM), meditation has been considered a unique psychophysio-

logical state, associated with a distinct configuration of autonomic

and electrocortical changes’ (p. 333). Studies on meditation have

explored the physiology and psychology of meditation and attempted

to investigate whether the practice of meditation produces a unique

state that lowers arousal, and whether it is conducive to better health

and well-being. The available evidence comes from some anecdotal

observations, a lot of casual research, and a few controlled experi-

ments. A major part of the experimental effort went into learning

about (a) the neurophysiological effects and correlates of meditation,

(b) psychological effects and correlates of meditation, and (c) effects

of meditation on health and wellness.

Notwithstanding more than fifty years of research and the publica-

tion of a thousand-and-odd reports, there is no consensus on any clear-

cut and unambiguous effects of meditation. A recent report by a team

of researchers, commissioned by an agency of the U.S. Department of

Health and Human Services, entitled Meditation Practices for Health:

State of the Research concludes ‘Many uncertainties surround the

practice of meditation. Scientific research on meditation practices

does not appear to have a common theoretical perspective and is char-

acterized by poor methodological quality. Firm conclusions on the

effects of meditation practices in healthcare cannot be drawn based on

available evidence’ (Ospina et al., 2007, p. v). This does not, however,

mean that there are no effects claimed or that the entire research is

sloppy. Indeed there are a lot of claims and some credible research.

The problem is somewhere else.

In my view, the major problem with meditation research is that most

of it is carried out by those who have little understanding of the
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theoretical and cultural nuances of meditation. As mentioned, much of

the research was done in the U.S. and Europe, either by those who had

the methodological expertise but not the necessary insight into the

practice of meditation, or by those who had some familiarity with

meditation but little sophistication in experimental design. The term

meditation is used to refer to all and sundry practices — from Qi

Gong, Tai Chi and Yoga to relaxation response, and mantra and mind-

fulness meditation (Ospina et al., 2007). The majority of the studies

are with instant meditations such as Transcendental Meditation (TM)

with a sprinkling of Tibetan monks with advanced Buddhist medita-

tion experience. The mix of the so-called meditation practices seems

to be a hotchpotch of disparate practices rather than a meaningfully

related family of practices. Meditation research in the West is much

like the early psychological research in India with borrowed concepts

and tools lacking in relevant conceptual clarity and methodological

sophistication. The research on the neurophysiological effects of

meditation, which involves some of the more sophisticated and better

controlled work, provides a good illustration of the wide mix of qual-

ity and practices with attendant lessons. Therefore, let us consider in

some detail published research in this area.

Neurophysiological Effects and Correlates of Meditation

Practices

A French cardiologist, T. Brosse (1946) travelled to India in the mid-

thirties of last century and took electrophysiological measurements of

yogins. She reported that a yogi stopped his heart for a while. A simi-

lar observation was made by Bhole and Karambelkar (1971). There

are other anecdotal reports of pit burial, where yogins are said to stay

alive when they are buried underground for several days. Casual stud-

ies by Vakil (1950) and Hoeing (1968) seemed to confirm this. Studies

by Bhole, Karambelkar and Vinekar (1967a,b) in which the subjects

were observed when they were in an airtight pit showed reduced con-

sumption of oxygen compared to basal requirements. In a somewhat

better controlled study by Anand et al. (1961) with Ramananda Yogi

sealed in an airtight box, low pulse rate and lower consumption of

oxygen were observed. Anand and Chhina (1961) reported that in a

case when a yogin was believed to stop his heart there was still electri-

cal activity of the heart even though it was too reduced to be heard

even with a stethoscope.

Wallace (1970) concluded his study of twenty-seven TM medit-

ators with the assertion that ‘transcendental meditation produces a
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fourth major state of consciousness which is physiologically and bio-

chemically unique’ (p. 107). Wallace reported significant decrease in

oxygen consumption, carbon dioxide elimination, cardiac output,

heart rate, and respiration rate during meditation as compared to pre-

and post-meditative periods in the same subjects. Significant

increases in skin resistance, changes in certain EEG frequencies, and

marked decrease in arterial lactate were also noted during meditation.

The findings of Wallace were considered to be the first major scien-

tific confirmation of some of the claims made for TM in support of the

contention of Mahesh Yogi that there exists a transcendental state,

identifiable by measurable physiological parameters, a state easily

accessible to those practicing a simple technique of meditation.

Wallace’s findings have become a great stimulus for a good deal of

further research.

EEG (Electroencephalogram) Studies of Meditation: A large number

of studies have attempted to study the EEG correlates of meditative

states even before the publication of the study by Wallace. There are

more than one hundred studies that have investigated the effects of

meditation on the tonic changes in the EEG patterns of meditators.

This began more than fifty years ago. The general finding is alpha

abundance during periods of meditation and coherence among central

and frontal lobes. There are, however, some exceptions as we will

note shortly. Bagchi and Wenger (1957; 1958) did not find any

changes in the alpha activity of fourteen Indian yogins between medi-

tation and rest periods. However, they did find decreased respiratory

rate and increased skin resistance that indicated a state of deep relax-

ation of the autonomic nervous system without drowsiness or sleep

(Wenger and Bagchi, 1961).

Anand, Chhina and Singh (1961) reported that their meditating

Indian yogins who produced persistent alpha activity did not show

any alpha blocking to external stimuli. The dominant alpha activity

observed during meditation was not disturbed by loud noises or

flashes of light or even when the yogin’s hands were immersed in ice-

cold water. Working with Zen meditators in Japan, Kasamatsu and

Hirai (1966) also observed an increase of alpha activity during medi-

tation. But their subjects, unlike those tested by Anand et al., showed

EEG patterns that resembled the alpha-blocking response of the wak-

ing state when external stimuli were applied to them. However, they

showed no evidence of habituation to recurring stimuli that we find in

normal subjects, who typically get used to the recurring stimuli and

fail to physiologically respond to them. The remarkable difference in
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the findings of Anand et al. and Kasamatsu and Hirai is interpreted as

a result of the difference between the two meditative practices of their

subjects. Yogic meditation is a concentration type of meditation with

focused attention emphasizing inner absorption. It seems to involve

active attention. In Zen meditation, however, one allows the free flow

of all sensory inputs, to which one passively attends. In other words,

concentrative meditative practices may lead to decreased reactivity to

external stimuli, whereas ‘mindfulness’ or insight meditation helps to

maintain alertness at an unusual level (Johnson, 1970; Mills and

Campbell, 1974). If this interpretation is correct, one could regard the

two types of meditation, Zen and R�ja yoga, as giving rise to physio-

logically distinct patterns.

However, this interpretation is problematic on several grounds. In

an early review of the physiology of meditation, Davidson (1976)

pointed out that the alpha-blocking responses of the Zen meditators in

the study by Kasamatsu and Hirai (1966) are essentially uninterpret-

able. The Zen masters meditated with their eyes open, and the control

subjects were tested with their eyes closed. Consequently, the EEG

measurements of the latter cannot be regarded as true controls. In

addition, there were too few subjects in these studies — three subjects

in the Zen study, and four in the study by Anand et al. (1961). Until

replications with refined methodologies are made, it would seem pre-

mature to conclude that a case has been made for differential reactivity

to external stimuli by Zen and yogic meditators. A study by Banquet

(1973), which is sometimes cited as a confirmation of the finding of

Anand et al. (1961) regarding the failure to elicit alpha blocking in

meditators, was carried out with TM practitioners. However, TM is

more like Zen than the concentrative meditation of R�ja yogins tested

by Anand. In an attempt to replicate the findings of Anand et al.

(1961) and Kasamatsu and Hirai (1966), Becker and Shapiro (1981)

tested thirty experienced Zen, yoga, and TM meditators, along with

twenty college-student controls. They found that EEG alpha-blocking

and skin conductivity response both showed clear habituation in all

groups without any significant differences between them. Schuman

(1980) concludes:

Even assuming the basic effects to be replicable, it does not follow that

changes in the alpha-blocking response are necessarily due to the medi-

tative ASC achieved through mindfulness and concentration practices.

Differences in cognitive set during meditation might account for differ-

ences in alpha blocking apart from the induction of an ASC. (Schuman,

1980, p. 360)
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There is, however, a general tendency in the EEG studies of medita-

tion for subjects to produce greater alpha activity, whatever the form

of meditation (Anand et al., 1961; Akishige, 1968; Kasamatsu and

Hirai, 1966; Banquet, 1973; Glueck and Stroebel, 1975; Deepak et al.,

1994; Dunn et al., 1999; Aftanas and Golocheikine, 2001). Also, a

number of reports show increased theta activity, especially among the

advanced practitioners (Kasamatsu and Hirai, 1966; Banquet, 1973;

Ghista et al., 1976; Pagano and Warrenburg, 1983; Lou et al., 1999;

Aftanas and Golocheikine, 2001; 2002). Another interesting finding

is the intrahemispheric coherence of EEG during meditation

(Banquet, 1973; Rogers, 1976; Orme-Johnson, 1977; Dillbeck and

Bronson, 1981; Badawi et al., 1984; Travis and Pearson, 1999;

Aftanas and Golocheikine, 2001; and Hebert and Tan, 2004).

Gaylord, Orme-Johnson and Travis (1989) reported global increases

in alpha and theta coherence among central and frontal lobes follow-

ing a period of TM compared to an eyes-closed condition. No such

coherence was seen in subjects practising progressive relaxation.

Orme-Johnson (1977) characterized such a coherence as ‘the EEG

signature of the transcendental state’.

As Lutz, Dunne and Davidson (2007) point out, ‘the early studies

only reported coarse visual descriptions of EEG. Changes in fast-fre-

quency oscillations during meditation have been rarely reported’. The

exception is by Das and Gastaut (1955). In this important early study,

Das and Gastaut recorded the EEG of yogic practitioners who were

believed to be in a deep state of meditation. The recordings show EEG

activity in gamma frequency indicating extreme cortical arousal. This

was, however, accompanied by great inhibition of skeletal muscula-

ture. This apparent paradox and the fact that these recordings were

taken with somewhat crude devices did not help the study to receive

the attention it deserved. This observation is not an isolated one. A

study by Wenger and Bagchi (1961) also showed signs of autonomic

arousal with increased heart rate and skin conductance among medi-

tating yogins. French neuropsychologist Banquet (1973) reported

results somewhat comparable to those reported by Das and Gastaut in a

more sophisticated study. Corby et al. (1978) investigated meditators

who practised a Tantric form of meditation in a study that involved a

control group. The adept meditators showed increased autonomic

arousal during meditation whereas the control subjects, unexperi-

enced meditators, who focused on their breath and on a mantra,

showed autonomic relaxation.

Kjaer et al. (2002) studied eight advanced practitioners of yoga

nidr� and found a significant increase in the power of theta activity
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during meditation. Lazar and associates (2005), who investigated the

effects of insight meditation on the brain, reported increased ‘thicken-

ing in the right prefrontal cortex’ with more practice of meditation,

suggesting greater volitional control. There were also some structural

changes in the areas of the brain associated with sensory and emo-

tional processing. Further, Lazar et al. also reported that regular prac-

tice of meditation may help to slow age-related thinning of the frontal

cortex.

In a more recent study, Lutz et al. (2004) recorded the EEGs of

long-term practitioners of Tibetan Buddhist meditation. Their experi-

ence of meditation practice ranged from 15 to 40 years with 10,000 to

50,000 hours of practice. The EEG recordings show ‘sustained

electroencephalographic high-amplitude gamma-band oscillations

and phase-synchrony’ during meditation. Lutz et al. point out that the

behavioural and functional consequences of the sustained gamma

activity seen among these meditators is not known. However, Kelly et

al. (2007) suggest that the apparent paradox observed by Das and

Gastaut among yogins in a deep state of meditation points to an inter-

action of ergotropic system with the parasympathetic system. Refer-

ring to the study of Lutz et al. (2004), Kelly et al. (2007) suggest that

the recordings indicate a ‘meaningful theoretical connection between

coherent large scale gamma oscillations… and perceptual “binding”

as conceived by contemporary global-work space theorists’ (p. 571).

The work of James Austin (1999; 2006) — a clinical neurologist,

neuropharmocologist, and a meditator with over 30 years of experi-

ence — provides glimpses of higher states of consciousness achieved

by meditation practitioners where ‘cognitive phenomena emerging in

meditation dramatically surpass ordinary cognitive operations in

speed, precision, complexity, and integrative power’ (cf. Kelly et al.,

2007). Austin suggests that the hyper-awareness found during peaks

of meditation is mediated by intralaminar nuclei of the thalamus with

the potential to increase the fast-frequency in other cortical areas, a

suggestion dubbed as ‘clearly speculative’ by Lutz et al. (2007).

Reviews of EEG studies of meditation generally point to increased

alpha and theta activity, especially among those practising TM (Lutz

et al., 2007). It is well known that increase of alpha activity is associ-

ated with the experience of a relaxed state of mind. However, what is

not clear is how the increased alpha activity is caused by meditation

beyond reducing the arousal level (Cahn and Polich, 2006). More-

over, as we have seen, there are indeed cases where subjects in a deep

meditative state have shown increased levels of arousal. Is it the case

that different meditation practices give rise to different EEG patterns?
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A few studies investigated possible physiological correlates of the

experience of a pure consciousness state that is free from all thoughts

and mentation. Taking the clue from Yoga-S�tras and other writings

on meditation, which suggest a possible link between breath control

and higher states of awareness, a number of experimental studies were

conducted to test whether breath suspension episodes among medit-

ators are associated with subjective reports of pure conscious experi-

ence. For example, Farrow and Hebert (1982) report several studies in

this area. The results of these studies show that (a) meditating subjects

report ten times the number of periods of respiratory suspension than

the control non-meditating subjects, and that (b) the subjective reports

of pure consciousness experience by meditating subjects highly corre-

late with the occurrence of breath suspension episodes. After review-

ing the relevant literature Austin (1998) concluded: ‘These studies of

TM subjects link clear, thought-free consciousness with two quite dif-

ferent sets of physiological evidence. The most impressive of these

events suspends respiratory drive and causes a relative hypoventila-

tion. The second cluster of associated findings are more subtle and

variable. They include peripheral autonomic changes and tendencies

toward increased EEG coherence’ (p. 97).

There are also a few studies of evoked potentials (EPs) and event-

related brain potentials (ERPs) and meditation. Cahn and Polich

(2006) list in their review 20 studies. The results are somewhat varied

and inconsistent with a possible hint of increased attentional resources

during meditation (Ikemi, 1988; Travis et al., 2000; 2002). There are

no reliable indicators of consistent effects that throw any significant

light on the possible role of meditation on cognitive information pro-

cessing. Cahn and Polich (2006) conclude that the major difficulties

with these studies ‘are a lack of methodological sophistication, no

replication of critical conditions, and inconsistency of task and study

populations’ (p. 196).

Neuroimaging Studies of Meditation: Most of the neurophysiological

studies of meditation used EEG, hoping to find some kind of an EEG

‘signature’ of the meditative state. Only in recent years have we seen

the application of neuroimaging techniques for studying meditation.

Among these are Positron Emission Tomography (PET) and func-

tional Magnetic Resonance Imaging (fMRI).

Using neuroimaging techniques (PET), Lou et al. (1999) recorded

blood flows during yoga nidr� practice in which the subjects first lis-

tened to a relaxation tape followed by instructions of guided medita-

tion. There are different phases in guided meditation. In the
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experimental condition, the subjects were asked to follow the instruc-

tions given in guided meditation while in the control condition they

remained neutral. The results showed that in each of the phases of

guided meditation there is activation in the related regions of the brain

in the experimental condition compared to the control condition. Lou

and associates also reported increases of blood flow in bilateral hippo-

campus, parietal, and occipital sensory and associated areas in all

phases of meditation relative to the baseline control condition. This

pattern of brain activity is associated with imagery. At the same time,

decreased activity was found among the meditating subjects in the

orbitofrontal, dorsolateral prefrontal, anterior cingulated cortices,

temporal and inferior parietal lobes, caudate, thalamus, pons, and cer-

ebellum regions. These are the areas associated with executive func-

tion. Thus, we find in this study meditation to have a differential

function. On the one hand, there is increase of activation in areas asso-

ciated with imagery, and a decrease of executive and control function

on the other.

Newberg et al. (2001) used SPECT (Single Proton Emission Com-

puted Tomography), a less sophisticated technique than PET, to study

eight experienced practitioners of Buddhist meditation. During medi-

tation, the subjects were instructed to keep their attention focused on a

visual object with increasing intensity. Unlike the subjects in the study

by Lou et al. (1999), the meditating subjects in this study showed

increased activity in orbitofrontal, dorsolateral prefrontal areas of the

cortex and thalamus. This difference in the results of the two studies is

seen as due to different kinds of meditation practice employed in the

two studies.

Lazar et al. (2000) investigated a form of kundalini yoga with

fMRI. Five subjects who had practised kundalini yoga for at least four

years participated in the study. In the experimental condition they

practised mantra repetition and breath awareness during meditation.

In the control period they mentally constructed animal names. The

fMRI scans revealed increased activation during experimental periods

relative to control periods in the limbic regions, midbrain, and

pregenual anterior cingulated cortex, which are associated with auto-

nomic control, and frontal and parietal cortices linked to attention.

Lazar and associates also observed significant increased activity from

early to late meditation states. In another study, Lazar et al. (2003)

compared the fMRI scannings of mantra-based kundalini meditation

and mindfulness-based vip�ssana meditation. The results showed dif-

ferent patterns of brain activity for the two different meditative

practices.
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Two fMRI studies of Zen meditation (Baerentsen, 2001; Ritskes et

al., 2003) showed opposite patterns of brain activity in the anterior

cingulate region. Brefczynski-Lewis et al. (2004) compared the fMRI

scannings of experienced practitioners of concentration meditation

with those who were given instructions in concentration meditation

just a week prior to fMRI scanning. Both groups showed common

activation in the attention related areas of the brain. However, the acti-

vation was more for the experienced practitioners, especially in the

frontal-parietal network. In another study employing Tibetan Lov-

ing-Kindness-Compassion meditation, Lutz et al. (2004) found, dur-

ing meditation, ‘a common activation in the striatum, anterior

cingulate cortex and left-prefrontal cortex and a deactivation in the

right interior parietal’. This pattern appears to be significantly related

to expertise in meditation, the adepts showing more robust activation

patterns.

Newberg and Iversen (2003) put together the results of several

neuroimaging studies in the form of a model of the neurotransmitter

and neurochemical changes taking place during meditation. They

believe that these changes are consistent and involve certain cerebral

structures. Associated with these changes are some autonomic and

neurochemical changes. In brief, the model suggests that meditation

first activates the prefrontal and cingulate cortex. This enables the

meditator to focus and concentrate. Newberg and Iversen go on to

suggest that differentiation resulting from the control of nerve

impulses to check the distracting stimuli may have the effect of alter-

ing the notion of the self. Meditation also enhances activity in the

limbic system and results in enhanced parasympathetic activity, which

is associated with decreased heart and respiratory rates and enhanced

sense of relaxation.

Is the Meditative State a Unique Physiological State?

As mentioned earlier, the presence of slow-wave EEG activity,

reduced oxygen consumption and carbon dioxide elimination,

reduced heart rate, and increase of skin resistance during TM medita-

tion were claimed by Wallace as indicating a unique physiological

state of profound relaxation, a wakeful hypometabolic state. Dhanaraj

and Singh (1977) and Corey (1977) obtained results similar to those

reported by Wallace et al. (1970; 1971; 1972) suggestive of the hypo-

metabolic state believed to be unique to meditation. Fenwick et al.

(1984), who also observed in their studies a drop in oxygen consump-

tion and carbon dioxide production, suggest that the drop could be
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attributed to muscle relaxation. They conclude: ‘No evidence has

been found to support the hypothesis that TM produces a unique state

of consciousness or metabolic functioning. Both the metabolic

changes and the EEG phenomena observed during TM can be

explained within the framework of accepted physiological mecha-

nisms’ (Fenwick et al., 1984, p. 462).

Again, many of the same autonomic-metabolic changes are found

also during sleep and drowsiness. In fact, in a study by Pagano et al.

(1976) the EEG records of five male subjects who had been practising

meditation for over two and a half years were obtained when they

were practising TM and when they were taking a nap while sitting.

Analyses of the data showed that; ‘(1) during TM, meditators spent

39.2% in stage W (wakefulness), 19.2% of time in Stage 1 EEG sleep

activity, 23.0% of time in Stage 2, and 16.8% in Stages 3 and 4; (2)

there were no significant differences between meditation and nap ses-

sions in the amount of time spent in sleep Stages 2, 3, or 4’ (Pagano

and Warrenburg, 1983, p. 156).

This study raises questions about the physiological uniqueness of

the meditative state. Further, the experiments of Wallace were criti-

cized on the ground that they did not have non-meditating control sub-

jects. Some of the results Wallace found in his original study, such as a

large 16% decrement in VO2 (volume of oxygen consumption) during

meditation, appear to be exaggerated because the baseline values of

his subjects in the resting period were 9% above the expected value.

Davidson (1976) pointed out:

That (a) TM represents a state of profound physiological rest, greater

than that attainable with sleep of much longer duration; and (b) the spe-

cific changes in consciousness and the unique (and, in my opinion,

unquestionable) benefits of meditation are somehow linked to the phys-

iologic changes discussed above still seem to lack a solid basis in exper-

imental fact. (p. 354)

Davidson’s assessment has been supported by later reviews as well.

On the basis of the results of their own experiments and a review made

by others, Pagano and Warrenburg (1983) concluded:

We regret to report that our search for a unique or dramatic effect

directly attributable to meditation thus far has not been successful…

Our experience has been that when good scientific methodology has

been used, the claims made have been extravagant and premature. (p.

203)

The work of Jevning and associates involving the study of blood hor-

mones suggests that there may be other parameters that may
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distinguish physiologically the meditation state from sleep state.

Their results seem to indicate that ‘long-term regular practice [of TM]

is associated with development of a psychophysiological response of

decreased pituitary-adrenal activity during meditation’ (Jevning and

O’Halloran, 1984, p. 467).

A few studies do show that there are indeed observable differences

between a meditative state and drowsiness. In one study by Ikemi

(1988), it is reported that the changes in EEG frequencies during the

practice of self-regulation based on meditation could be distinguished

from those in a drowsy state. The results also showed reduction of

amplitude in contingent negative variations during meditation practice.

There are other good reasons to consider meditative states different

from drowsiness and sleep. A number of studies have shown increases

in theta and alpha coherence during meditation compared to baseline

resting wakefulness. This clearly suggests that meditation is different

from drowsiness and Stage I sleep (Travis et al., 2002; Aftanas and

Golocheikine, 2003; Faber et al., 2004). Further, typically during

sleep there is a decrease in cerebral blood flow, but an increase in cere-

bral blood flow is observed during periods of meditation (Jevning et

al., 1996). Also, as mentioned earlier, some studies of deep meditation

show increased arousal and gamma activity which is not a characteris-

tic of sleep.

However, the fact that a meditative state is different from sleep and

ordinary wakeful states does not warrant the conclusion that it is a

unique state. We have already referred to the studies which show dif-

ferent electrophysiological correlates, especially the more recent

ones. For example, the EEG patterns of meditating Buddhist monks

studied by Lutz et al. (2004) are different from those obtained with

Sahaja yoga meditators studied by Aftanas and Golocheikine (2001;

2002; 2003). A comparative study of mindfulness meditation and

concentrative meditation by Dunn et al. (1999) showed greater frontal

theta activity among mindfulness meditators than concentration medi-

tation. Therefore, there is good reason to believe that different medita-

tive techniques may have different electrophysiological effects

associated with them. It is for this reason that recent reviews of litera-

ture in this area tend to group these studies under the relevant medita-

tive techniques such as TM or vip�ssana meditation.

General Discussion of Meditation Research

In an early review of experimental literature on meditation and

somatic arousal reduction, Holmes (1984) concluded that across
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experiments or measures there is no evidence that meditating subjects

show lower levels of arousal than resting subjects, and ‘the most con-

sistent finding was that there were no reliable differences between

meditating and resting subjects’ (p. 5). Holmes pointed out that the

studies fall into three groups: (1) case studies, (2) experiments in

which the subjects served as their own controls, and (3) experiments

with independent control groups. Case studies, inasmuch as they lack

controls, cannot serve as empirical tests of an hypothesis. Experi-

ments in which the same subject served as his or her own control at

best provide equivocal evidence. Much of the evidence in support of

the hypothesis that meditation lowers somatic arousal comes from

experiments with the subjects serving as their own controls. Such evi-

dence, however, is not sufficient to prove that meditation lowers

arousal more effectively than simple resting, because the subjects’

expectations may be critical. Meditators generally believe in the effi-

cacy of meditation over resting, and this may be sufficient to cause the

observed differences. Holmes pointed out that none of the experi-

ments in which proper controls were provided gave evidence that

meditation reduces somatic arousal significantly better than resting.

He concluded that ‘not one experiment provided consistent evidence

that meditating subjects were less aroused than resting subjects…

Indeed, there does not even appear to be one bad experiment offering

consistent evidence that meditation reduces arousal more than sleep’

(ibid., p. 6).

Dillbeck and Orme-Johnson (1987) argued persuasively, however,

that the reviews such as those by Holmes do not take into account sig-

nificant effect size differences between meditation and typical resting

conditions. Their meta-analysis showed that the effect size for TM

was almost twice the size found with a simple eyes-closed rest condi-

tion across several indicators of reduced somatic arousal. Dillbeck

and Orme-Johnson also cite a number of studies such as the one by

Warshal (1980) suggesting that TM involves improved reflex

response and therefore greater alertness.

From my own review of meditation research about twenty years

ago, I concluded that ‘much of contemporary literature on meditation

is characterized by methodologically deficient experiments, concep-

tually confused discussions, and largely unsubstantiated claims’ (Rao,

1989, p. 51). More recent research showed greater methodological

sophistication and vastly improved technology made possible by the

advent of neuroimaging studies of the brain. Nevertheless, the general

state of overall research results appears none too different from the

above assessment. For example, the report Meditation Practices for
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Health: State of the Research (Ospina et al., 2007) concludes: ‘Firm

conclusions on the effects of meditation practices in healthcare cannot be

drawn based on the available evidence. Future research on meditation

practices must be more rigorous in the design and execution of studies

and in the analysis and reporting of results’ (p. v). Even those reviewers

favourably disposed toward meditation research speak only of the

promise and need for future research (Lutz et al., 2007) and not of any

firmly established findings.

There are indeed severe methodological and conceptual problems

in several of the meditation studies. These include (a) the widespread

practice of same-subject designs in which each subject acts as his own

control; (b) the failure to control for individual differences in person-

ality, attitudes, expectations, training, and the duration and quality of

meditation practice of the subjects tested; and (c) conceptual confu-

sion leading to (i) a failure to distinguish between meditation as a state

and as a technique, (ii) lack of adequate criteria to identify a medita-

tive state and scales to measure its quality and depth, and (iii) the sim-

plistic notion that sitting cross-legged and chanting a mantra is

qualitatively the same as the classical discipline of meditation as

described in the Yoga-S�tras. Further, (d) the meditative techniques

employed in research are too numerous and varied to allow general

conclusions; (e) the experimental designs are often not appropriate to

answer the issues being investigated; and (f) in many studies, espe-

cially those using TM, the subjects are self-selected, making the

results less generalizable. It is observed that (g) when controlled trials

were employed they did not control for systematic differences

between self-selected subjects and those who are routinely recruited

and those subjects who continue to practice and the dropouts who

abandoned it; and (h) experimenter expectations and bias are often not

controlled (Canter, 2003). Also, (i) use of multiple co-interventions

confounds relevant variables and makes it almost impossible to trace

the source of the observed effect; and (j) there is an inherent difficulty

in employing double-blind procedures in this area.

The above problems notwithstanding, the widespread interest in

meditation has had some useful consequences. First, despite the

numerous well-taken criticisms, it is difficult to deny that the practice

of meditation has certain psychosomatic benefits. The criticism that a

meditative state is similar in some respects to a state of drowsiness or

sleep does not make meditation any less important. We may recall that

in the Ved�nta view, for example, sleep state is closer to a transcen-

dental state than the waking state. Higher states of consciousness

appear to depend on controlling sensory inputs. Meditation does seem
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to be a useful tool for reducing sensory noise. Second, meditation

research is a good example of how a concept once considered esoteric

can be empirically studied in a controlled setting. Third, meditation

studies open up windows of opportunity to look at eastern psychologi-

cal traditions that may have significant implications for research in

areas that are currently neglected because there are no useful theoreti-

cal models to explore them. And, fourth, meditation research may

play a significant role in developing research methods that overcome

the first- and third-person divide.

While the overall negative picture of the Ospina et al. (2007) report

is not unjustified because of the many apparent methodological pit-

falls in published research, we may not ignore the fact that a number

of comprehensive meta-analyses do indeed present a somewhat

encouraging picture of the state of research in some areas. For exam-

ple, a comprehensive review and meta-analyses of published and

unpublished health related research by Grossman et al. (2003) point to

a respectable effect size 0.5 with homogenous distribution, suggesting

a fairly generalizable positive effect of meditation to cope with prob-

lems of a clinical and non-clinical nature. We may also note that

Eppley, Abrams and Shear (1989) carried out a meta-analysis of medi-

tation and anxiety and found different outcomes for different kinds of

meditation. The analysis included 70 studies of meditation and trait

anxiety. Of these, 35 involved TM. Eppley and associates reported

significantly larger effect size in TM studies than studies using other

types of meditation. Canter (2003), however, counters by saying that

the analysis included uncontrolled trials, and therefore the assertion of

the authors that the observed effect was not sensitive to research

design, type of control, or any other confounding variables is not sub-

stantiated by the data. Again, Arias et al. (2006), after reviewing what

are considered high quality publications, found support for ‘the

hypothesis that meditative treatments have a multifaceted effect on

psychological as well as biologic function’ (p. 828). Thus there are

various and differing assessments of the results of meditation studies

by reviewers.

According to a comprehensive review of meditation states and

traits from a neuropsychological perspective by Cahn and Polich

(2006), the findings in this area ‘are becoming more cohesive and

directed, even though a comprehensive empirical and theoretical

foundation is still emerging. CNS function is clearly affected by medi-

tation, but the specific neural changes and differences among prac-

tices are far from clear. The likelihood for clinical utility of meditation
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practice in conjunction with psychological and neuropharmacological

therapies is a strong impetus for future studies’ (pp. 202–3).

A great deal of meditation research is carried out by researchers

involved in or part of a TM organization. Some reviewers (Canter, 2003)

find this a serious limitation of TM research and the generalizability of its

results. While I do agree that meditation research, like other research

in psychology, should find a way of controlling subject-experimenter

expectancy effects, I do not believe that there should be any attempt to

discourage the participation of scientists who practise a certain form

of meditation from investigating the beneficial effects of the medita-

tion they practise. In fact, such experimenters may have a significant

advantage in carrying out meditation research. One of the main prob-

lems of meditation research is the tendency to consider every little

effort to focus one’s attention as meditation. Many forms of currently

practised meditation may indeed be no different from relaxation exer-

cises. It is only those actually practising meditation and that under-

stand its nuances at each stage who can meaningfully relate observed

behavioural or physiological effects to a true state of meditation.

However, strict procedural precautions and design controls should be

in place to eliminate any biasing effects in such studies.

Consider the study by the Czechoslovakian scientists which explored

the effects of kap�labh�ti, a yogic kriy� (Novak et al., 1990).

Kap�labh�ti is a yogic exercise of inhalation and exhalation by volun-

tary rhythmic contraction and relaxation of abdominal muscles. The

description of kap�labh�ti as given in the Hahayoga Prad�pik� is as

follows: ‘As the bellows of an ironsmith constantly dilate and con-

tract, similarly let him slowly draw in the air by both the nostrils and

expand the stomach; then throw it out quickly (the wind making sound

like bellows)’ (Singh, Vasu and Bhatt, 2004). It is traditionally

regarded as a kriy�, a cleansing technique. It stands to reason to con-

sider it as something that emphasizes exhalation as distinct from

bhastrika, which lays more emphasis on inhalation. In the study men-

tioned above the scientists attempted to simulate the affect of

kap�labh�ti by a simple periodical air insufflation into a select nostril

by rhythmically puffing air current into the left or right nostril. Find-

ing that such air insufflation had a concomitant effect of increased

theta activity in the EEG mapping in the two subjects they tested, they

concluded that the effect is due to kap�labh�ti.

The above observation, with its admittedly limited generalizability

because there were only two subjects, may be of some interest on its

own. But, to suggest that puffing air into one nostril is equivalent to

the practice of kap�labh�ti is, however, quite naïve. Considering the
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prevailing view that kap�labh�ti is a cleansing process and therefore

its emphasis is on exhalation, puffing air may have a contrary effect.

Moreover, the central part of kap�labh�ti is flexing abdominal muscles,

inward pressure of the abdomen in the navel area with sudden exhalation.

This part is conspicuously missing in the modelling of kap�labh�ti by

the Czechoslovakian scientists.

There is an increasing realization on the part of researchers that

there is more to meditation than the instant meditation practices as

represented by such adaptations as TM and Relaxation Response. For

example, the work of Lutz et al. (2004) with long-term Buddhist prac-

titioners suggests that the reports of highly experienced meditators are

more reliable.

The main problem with research, as mentioned, is equating prac-

tices of meditation with meditation. The results obtained so far are

best applicable to practices. The observed effects are the effects of

certain practising exercises and not necessarily effects of meditation

as such.

Neurophysiological studies of meditation are interesting in many

ways. We may expect them to suggest some reliable objective corre-

lates of the subjective experience of meditation. This would help med-

itation research in significant ways by providing measures to

understand the depth of meditation independently of the less reliable

subjective reports. However, it is unlikely that neurophysiological

studies would ever completely unlock the secrets of meditation. My

understanding of meditation leads me to think that a profound medita-

tive experience in principle cannot be reduced to certain cortical acti-

vation, neurochemical or hormonal changes. The meditator in some

ways appears to gain control over the autonomic activity. The simulta-

neous stimulation of sympathetic and parasympathetic systems, being

relaxed and aroused at the same time by advanced meditators,

strongly suggests this. The voluntary control of cerebral activity and

autonomic and hormonal changes, if firmly established, could signal

incontrovertible evidence for a non-cortical interpretation of volition

and eventually the existence of mind and consciousness independent

of the brain.

From the above review of neurophysiological investigations of

meditation it is clear that so far no clear neurophysiological pattern

that could be considered a sort of signature of meditation is found.

However, reviewers point out that the ‘CNS function is clearly

affected by meditation, but the specific neural changes and differ-

ences among practices are far from clear’ (Cahn and Polich, 2006).

Therefore, it is now a common practice to review the studies under the
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banner of a given meditative technique such as TM rather than club

together all studies. For example, Lutz et al. (2007) report that ‘alpha

global increases and alpha coherence over frontal electrodes are associ-

ated with TM practice’ as seen in the study by Morse et al. (1997). Fur-

ther, the meditation practices involving focused attention on an object

appear to be associated with increases in alpha and theta amplitude. At

the same time, there is also evidence of increased EEG activity in the

beta and gamma range. In objectless meditation practices such as

those studied by Lutz et al., as we mentioned above, the main finding

is that the ratio of fast-frequency EEG activity (25–42 Hz) to slow-

frequency EEG (4–13 Hz) is initially higher at the beginning com-

pared to baseline, and that the difference increases sharply during

meditation.

These differences in the EEG activity of meditators practising dif-

ferent techniques are essentially uninterpretable, notwithstanding the

well-meaning ad hoc explanations offered. Decreased oscillations

indicate decreased processing of information for the sensory or motor

areas of the brain. The increased frequencies suggest increased pro-

cessing. The most that can be said is that certain practices are associ-

ated with an increase or decrease in the activities in certain areas of the

brain. Similar patterns may be seen in ordinary states of relaxation and

intense cognitive activity. If we were to make any generalizations

about the effects of meditation, they should be more than technique-

specific. If all these practices are indeed techniques leading to a medi-

tative state, what is important is that we do not confuse the neuro-

physical states associated with them as the physiological states of the

meditative state as such.

Unfortunately, the failure to clearly distinguish between meditative

techniques and meditative states has caused a significant amount of

confusion. It would seem that the variety of techniques employed in

different meditative practices may have different neurophysiological

configurations. However, they may all converge on a common end

point, which may be seen as the meditative state. The meditative state

itself may not fit into a unique neurophysiological description, either

because there is not a single meditative state but different meditative

states with different neurological correlates, or because these states

are beyond any kind of neurophysiological description. A meditative

state may be simply a functional state that bestows on the meditator

certain abilities that seem to exceed his normal capabilities. This pos-

sibility should be kept in mind when interpreting neurological corre-

lates of meditative practices. What is important is that meditation

research must not confound the meditative techniques with meditative
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states, and should clearly identify them as such in their studies. They

may then find whether different yogic practices have identifiable but

different neurophysiological correlates, even if they do not portray

one unique neurophysiological configuration. Any insights into the

neurophysiological correlates of meditative practices, even if they

were technique-specific, would be useful checkposts to aid the

meditator. Similarly, researchers may seek to find if there are any reli-

able neurophysiological indices of meditative states. If the research

does show, as I suspect, that the meditative state is not associated with

a neurophysiological signature, it makes it no less real because it may

be beyond neurophysiological description.

It is of course the case that a large number of studies have shown

alpha abundance during the period of meditation. This observation is

interesting in that meditative practice appears to lead to a relaxed state

of mind. However, as we have noted, meditation is not always accom-

panied by enhanced alpha activity, and that in some cases of advanced

meditators there is evidence of slow-wave EEG activity along with

physiological evidence of arousal at the same time. The latter ‘para-

doxical’ observation may be interpreted to mean (a) that alpha abun-

dance or any other neurological configuration correlated with

meditation may not be intrinsically related to meditation, and (b) that

meditation somehow enables one to gain volitional control over auto-

nomic processes and neural mechanisms. The implications of this

interpretation of the observed neurophysiological correlates and

effects include that the goal of future studies may not be one of discov-

ering such correlates of meditation. Rather, neuroimaging and other

physiological studies of meditation may seek to learn how the

meditator is able to gain control over the function of the brain and ner-

vous system. In this connection, the importance of understanding the

processes underlying the various forms of attention cannot be over-

emphasized.

There is some suggestive evidence of possible link between medita-

tion and attention. Apart from the fact that almost all meditative tech-

niques involve manipulation of attention in some form, there is

emerging evidence from neuroimaging studies that the prefrontal and

frontal areas of the brain are relatively more activated during medita-

tion. Since these areas are associated with attention, it seems likely

that meditation practices do indeed involve ‘increased attentional

demand’. This area appears to have some potential for further

exploration.

I venture to conjecture that meditation is a process of moving from

full attention through passive attention to ‘inattention’. Full attention
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is focal and driven by volition. Passive attention is diffused and not

directed. Inattention involves, in addition to the absence of attention

to sensory images and other kinds of cognitive content, movement of

attention in a reverse direction, away from content to consciousness

as-such. Normal attention guides us to the content of awareness,

whereas meditative inattention enables the person to move in the

direction of accessing consciousness as-such. My understanding of

the main trends of classical Indian psychological thought in general,

and Yoga in particular, inclines me to think that there is merit in this

kind of conceptualization of attention. In any case, there is a need to

move beyond the current postulations that do not show much promise

to unravel the mysteries associated with meditation in eastern thought.

We recognize of course that there are meditative systems other than

that of Patañjali that do not explicitly speak of attention, such as in the

Tibetan Loving-Kindness-Compassion meditation (Lutz et al., 2004).

However, I contend that attention is the key component of meditation

even in these systems. Meditation involves focused attention, as in

one-pointed concentration exercises in Patañjali yoga, and passive

attention, as in some Buddhist forms of meditation. The end point of

these exercises in either case is a state of ‘inattention’, which is a para-

doxical state of controlling the mental functions ‘inattentively’, i.e. by

restraining the usual cognitive activity. The Patañjali system places

greater attention on focal attention as a starting point, whereas some

others like mindfulness meditation emphasize passive meditation

(Kabat-Zinn, 1994). In Patañjali, focused attention (dh�ran ��) is only

the first step. The second step, dhy�na, is less focused and more pas-

sive and diffused. Finally, sam�dhi is a cognitively stand-still state of

inattention, as we suggest. Compassion or altruist action in karma

yoga, or self-surrender and celestial love in bhakti yoga, serve the

same purpose of reaching a state of sam�dhi when the normal fluctua-

tions of the mind are controlled. Such control is the sine qua non of

meditation. It can be reached by beginning with focused attention or

diffused attention, or by engaging in cognate activities that control the

ego-involvement considered to be the key for corrupting the human

condition. The end point, however, is inattention, which is the trans-

formation of attention into an altogether different mode. It is not corti-

cally sustained attention, but one achieved by a different mode of

mental functioning.

Now, what is the lesson for us psychologists from the meditation

research we reviewed? I am reminded of my own experience of doing

parapsychological research in the United States. As someone inspired

by classical Indian thought, I was ecstatic to learn about the promise
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of psychical research and its scientific incarnation in J.B. Rhine’s

work at Duke University. I felt at once that here is a way to carry out

credible scientific research to unravel the mysteries of the human

mind and realize the human potentials as implied in yogic siddhis

(extraordinary abilities). This commitment took me to the USA to

work with Rhine at Duke University. I began learning the art of exper-

imental investigation of psi from none other than the father of experi-

mental parapsychology, and ended up succeeding him as the head of

the Institute for Parapsychology he founded. In the process, my

mindset was completely transformed. The theoretical challenges that

brought me into parapsychology were lost in the new methodological

challenges I was confronted with. It took me almost forty years to real-

ize how I lost myself in a methodological quagmire, moving away from

the theoretical challenges that drew me to the field in the first place. The

realization came only when I found myself on a dead-end road. Para-

psychology, as pursued in the west, with its theory-free orientation and

obsession with empirical facts and methodological rigour, simply does

not have the conceptual tools and theoretical models to progress beyond

pointing to certain anomalies in one’s cognitive performance.

Meditation research is in danger of facing a similar situation. There

is a need to critically review the current conceptualization in medita-

tion research and examine whether it is consistent with the core medi-

tative culture. Further, in addition to conceptual clarity, meditation

research needs appropriate theoretical models and more suitable

methods of investigation. There is reason to think that it is happening

to some degree. There are some western researchers of meditation

who have undergone extensive training in meditation and spent sig-

nificant amounts of time in studying and understanding Hindu and

Buddhist models of the mind. This augurs well for the future of medi-

tation research in the West. However, the true breakthroughs are likely

to come not merely from more sophisticated instrumentation to study

the brain, but by greater conceptual rigour in developing theoretical

models consistent with the core thinking in eastern meditation litera-

ture and tradition, which would generate hypotheses for systematic

testing. For example, the notion of making the mind empty or experi-

encing states of pure consciousness without any cognitive content

needs to be operationalized. The concept of ‘inattention’ may be very

appropriate here. Similarly, the classical Indian literature provides

abundant material to investigate first-person phenomena and how we

may bridge the gap between first-person and third-person perspectives.

Meditation researchers would do well to systematically study and ana-

lyse the classical Indian psychological literature and incorporate it in
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their research designs. What I am saying is that meditation research

requires not mere tinkering here and there with the vague hope that

everything will eventually fall in place, but a wholesale rethinking, a

paradigm shift. Yoga psychology provides one such paradigm that we

would do well to pay attention to and develop empirical models and

theories to test. There is a tremendous opportunity here for eastern

scholars and western scientists to march hand in hand to climb the

Himalayan peaks of the human mind.
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