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ABSTRACT

A group of 1 medltators usmg Ananda ‘Marga Yoga techniques were matched mdivndually . »
with non-meditating controls. Controls were instructed to remain ‘‘wakefully relaxed’’ for 40 min, -
while the others meditated for the same amount of time. Six of the 11 controls fell asleep during

. the 40 min (defined by K-complexes and spindles in the EEG), while none of the meditators

‘fell asleep. Rather, meditators remained in a_ relatively stable state of alpha and theta EEG"
activity. Meditation was also characterized by a marked increase in basal skin resistance and by a
decrease in respiratory rate, changes which were not observed in the controls. Some physiological
changes observed during meditation continued into the post-meditation resting periods. These
findings suggest that Ananda Marga meditation produces a physiological el'ect dil’erent from
that observed in controls who try to relax with their eyes closed.

DESCRIPTORS Meditation, Sleep, Relaxatlon, EEG, Alpha, Theta, (‘SR (Elson)

Expenmental studies indicate a relative pre-
"dominance of alpha and theta activity in the EEG

clarify both of the abovc issues-for Ananda Marga

“Yoga: meditation.!:

during Yoga meditation, coupled: with physno—l

logical changes that characterize a “‘state of hypo-

Toresolve the controversy on sleep dunng medl-

- tation, the moment of sleep onset needs to be de-

metabolic relaxation’’ (Bagchi & Wenger, 1958;

Anand, Chhina, & Singh, 1961; Wallace, Benson,
& Wilson, 1971). However, there is disagreement
¢oncerning the specific contribution that meditation
makes to this state. Most studies to date do not
contain control groups of non-meditators sitting and
relaxing for similar time periods. Thus, it is un-
known whether relaxing non-meditators could
achieve similar effects as are obtamed during medi-
tation.

A second controversy-in this field relates to the
state of awareness during meditation. Wallace: et
al. (1971) assert that there is no evidence of sleep
in practitioners of Transcendental Meditation
(T.M.). On the other hand, Younger, Adriance,
and Berger (1973) found that in a group of 8 medi-

tators (7 of whom were instructors of T.M.), ‘‘on
the average almost half of a typical meditation pe-
riod was spent in waking alpha, slightly less asleep
and the remainder alert [p. 99]"". (italics added).

fined. As adults fall asleep, they usually pass. first
through a state of high alpha production (812 Hz)
and slowly rolling eye movements. They then enter
a stage of low voltage, mixed frequency EEG with - -
a predominance of activity in the 2-7 Hz range.
This EEG is defined by Rechtschaffen and Kales
(1968) as stage 1 “‘sleep.’’ It is usually. followed

~within a few minutes by stage 2 sleep (spindles

and K- -complexes on a low voltage background) and

" later on by stages 3, 4, and REM.

Judging from the literature, it appears that both

. the alpha state and Rechtschaffen and Kales' (1968)

In addition, Pagano, Rose. Stivers, and Warren- -

burg (1976). tested *‘five experienced practitioners
~of T.M.”" and found that thcy spent ‘‘appreciable
parts of meditation sessions in sleep stages 2, 3,

and 4 [p. 308]."" The -current study attempts to -

Address requests for reprints to: Peter Hauri, Dartmouth
Medical School, 703 Remsen Building, Hanover, NH 03755.

stage 1 *‘sleep™ are transitional phases between
full wakefulness and unambiguous sleep. For ex:
ample, Rechtschaffen and Foulkes (1965) found
*‘functional blindness’’ already in the alpha state:
subjects with their eyes taped open no longer saw
pictures held in front of their eyes during the later
parts of the alpha state. This would suggest that
sleep onset occurs already during the alpha state (if

'Ananda Marga (The **Path of Bliss’") is a socio-spiritual
organization founded in India-in 1955 by followers of Sri Sri
Anandamunijii Ananda Marga meditation is one part of a set
of practices that also include yogic postures, adherence to moral
principles, and cngagement in social service. It is now: prac-
ticed throughout many parts of the World. U.S. headquarters
are at 854 Pearl St., Denver. Colorado.
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sleep is defined as a relative lack of reactivity to
the environment). On the other hand, Johnson
(1973) concluded that **stage 1, with its fluctuating
~behavioral and EEG activity, appears to be a transi-
tion period between awake and asleep [p. 328]."
- He based his conclusion mainly on a careful com-
. puter analysis of the power spectra in the EEG.
The bulk of the current sleep literature seems to
agree with Johnson's view. In particular, people
who have been aroused from this state are very
likely to report that they -have been awake. not
asleep (Agnew & Webb, 1972). ‘

- Since the exact moment of sleep onset is still -
a matter of debate, it appears unnecessarily- con-. :

 fusing to call stage 1 a “‘sleep’” stage. For purposes
“of this paper, therefore, we have renamed this EEG
. stage *‘the theta state.’’ (By definition, our, “theta
state”” is thus identical to'Rechtschaffen & Kales’
-stage 1 *‘sleep.’’) The name ‘‘theta state’’ was

. selected because theta waves are the most promi-

nent characteristic of this stage, even though faster
frequencies are also frequently present.

Being unable to confidently select an exact

“moment of sleep onset confuses the question of

sleep dunng meditation, especially since two transi- -

tional stages (*‘alpha’” and *‘theta’") can apparently
be distinguished. To simplify matters somewhat,

* only three states of arousal are distinguished in this
paper: a)full arousal (low voltage random fast, beta

EEG), b) *‘alpha-theta,’’ the transitional stages be-.

tween wake and sleep (characterized either by more
than 50% alpha waves or by a predominance of

theta activity on a low voltage mixed background),

and c¢) unambiguous sleep (stage 2 ‘sleep, charac-
“terized by spindles and K-complexes). Since the
alpha-theta stage usually lasts % to 5 min before
leading to stage 2 sleep (Vogel, Foulkes, & Tros-
man, 1966), two types of alpha-theta activity were

_ defined for this study: ‘*descending’’ orhypnagc)gic

alpha-theta (leading to stage 2 sleep within 5 min-
-or less) and ‘‘non- descendmg” alpha -theta ¢not

leading to sleep). .

Method -
Subjects

Two groups were studied: meditators and ‘non-medi-
tators. Meditators were selected first. Non-meditators
were then matched to them in terms of age (%4 yrs),

height (=10 cm), welght (£15 kg), and sex. All sub--

jects were interviewed to exclude persons with obvious
psychological and/or medical problems, and to match
non-meditators to meditators as closely as possible in

terms of customary and recentlevels of physlcal activity. -

Everyone sclected for this study was in good health,
none was on any drug medication, nonc had cver taken
part in any previous EEG or psychophysiological study,
and all claimed to be good sleepers.

All meditators selected for this study had been prac-

ticing the Ananda Marga techniques at least twice per. -
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day. This form of meditation (like T.M.) features the -

mental repetition of a sound (the **Mantra'’) while the

eyes are closed. However, unlike T.M., in Ananda Marga -

meditation the mantra has a specific meaning, and spe-

cific techniques are used for ‘‘mental withdrawal’* and .

concentration.
Ten of the meditators had practiced between 9 and 31

_months (mean 18.8 months). The eleventh mieditator was

a yogic monk and teacher with. specnal advanced training

and 54 months of meditative experience. However, all’ .

“meditators performed the same basic Ananda Marga tech- ,°
P mque during the study. With the possible exception of the
yogic monk (whose title suggested that he was possnbly a

**superior’’ -meditator), there was no way of assessing

proﬁcxency. or depth of meditation, as performed by the‘ .
- various subjects Aim this study

o

. By ‘contrast, none of the non- mednators had any ex- "

perience whatsoever with any form of meditation. The
final groups of meditators and non-meditators each in-
cluded 7 men and 3 women in their late teens and wly
twenties, and one woman about 60 years old

Measurements .

The following measures were recorded continuously

on a Grass 78 polygraph:

EEG (CJear), EMG (mental/submiental) and EOG @
. channels, electrodes placed'I-cm lateral to right and left
_ outer canthus, referred to opposite edr). Placement and
- recording of these four channels was done iri every detail

according to the standardized procedures for sleep re-

search described by Rechtschaffen and Kales (1968).
Basal Skin Resistance (BSR). Non-polarizing Beck-

man Biopotential Skin Electrodes (silver/silver chloride)

were attached to palm and dorsum of the right hand, using "

KY jelly as contact medium. BSR was assessed by a

‘Grass 7P1 preamp, designed to’pass a constant 50 wA
_current through the electrodes. According to the manu-

facturer’s specifications and. according to pilot work in -

our own lab (at the resistances typical for this study),
this electrode/amplification system shows less than 10K (2
drift and polarization changes over the 1- hr penod for

- which it was employed in this study.
Heart Rate was monitored by an EKG lead placed on ..

the dorsal thoracic area and referred to the right ear.
Respiration was measured by a YSI thermistor #427

placed into the airstream in front of the left nostril. -
Forehead and Finger Temperature were measured

with two YSI thermistors #427 and read at 5-min inter-

vals from a YSI-telethermometer. The thermistors were -

placed in the middle of the forehead and on the volar
surface of the distal segment. of the right index finger.

Because of baseline drifts in the recording equipment -

over the course of the experiment, only changes in the
difference between the two temperature measurements
could be reliably compared. : .

Procedure

Al recordings were done between 10 am and 3 pm,

e.. close to the peak of the circadian cycle. Subjects
were only recorded if they felt they had slept well during
the previous night. Each of the subjects was requested
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10 choose a comfortable sitting position. All of the non-
meditators chose to sit in an upholstered upright chair;

all of the meditators chose. to sit in a cross-legged posi- -

tion on the floor.
‘One might argue that the different sitting positions of”
the two groups might have influenced.our results. This is

‘essentially an unsolvable problem. Had we required the
.meditators to sit in a chair, this would have interfered

with their accustomed form of meditation. Had we re-
quired the non-meditators to sit cross-legged on the fioor,
this would have been quite-painful for them. It seemed
most appropriate to let each person choose the sitting

position most typical for his activity: the floor for medi-
- "tation, the chair for relaxing. i

“Following a 20-min period for habituation to the ex-

perimental situation, the measures described above were
‘all recorded continuously for 70 min. The. following
schedule was observed during the experimental time:

- 10 min—Eyes Closed
5 min—Eyes Open : :
40 min—Maeditation or ** Wakeful Relaxation™ "
Smin—EyesOpen - . e
10 min—Eyes Closed

During the 40 min period, the non-meditators were in- .
structed tq remain *‘wakefully relaxed’’ with their eyes

. -Quantification of Data .
Each 30 sec epoch of the record wés;scored"b_v a

technician experienced in using standardized sleep stage -

criteria (Rechtschaffen & Kales, 1968) and blind to the
activity-of the subjects. One addition was made: when-

ever the central EEG showed more than 50% alpha, -

*‘predominantly alpha’’ was scored. After scoring, the

measures of descending and nondescending alpha-theta

were computed. ‘ :
Data samples of the physiological -variables not used

for sleep scoring were taken during 1 min at 5. min inter-

vals. All data were then subjected-to thrée-way analyses

of variance (repeated measures design), using groups -
‘(meditators vs non-meditators), time (in 5-min intervals)

and subjects nested within groups as the three dimensions.
When cither main effects or interactions (groups X time)
showed significance, differences were further “clarified

. by using the appropriate r-tests adjusted for multiple

comparisons. Linear trends during meditation or ‘‘wake-
ful relaxation'* were assessed by regression analyses.

The .05 rejection region was adopted in all statistical
tests. ’ .

Resuits
" EEG-

As Fig. 1 shows,” meditators had sigmficantly
more non-descending alpha-theta than controls
throughout the 40-min meditation (wakeful relaxa-
tion) period. In addition, the alpha-theta level of

meditators remained at a relatively constant level ’

(around 75%) throughout this period. In contrast,
non-descending alpha-theta of non-meditators fell
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theta -during’ méditation (relaxation for. controls).  Indicated

yalués represent total percentages of time for-each successive -
’5.min period. Standard errors’of the mean are plotted for cach
- data point. - : o ' L

from 76% to less than 20% after 10 min of 'si.tting'

wakefully relaxed and then gradually recovered t

the initial level of alpha-theta. - . I
None of the meditators entered stage 2 sleep at

any time during meditation, while 6 of the 11 con-

trols showed stage 2 sleep at some point during . -’
the relaxation period. Thus, a major difference be-
‘tween the two groups was the fact that meditators
remained in alpha-theta, while many controls passed
through that state quickly, either on their way to

stage 2 sleep or on their-way to complete arousal
(beta waves).- ’ :
Comparing EEG at the end of the 5-min “‘eyes-

open’’ periods before and after meditation (or re-
laxation), meditators nearly doubled their non-
_ descending alpha-theta from the *“‘before” to the.

“after”” period. Controls had significantly. less
alpha-theta during eyes open periods than the medi-
tators, and they showed no change from “‘before’’
to “‘after’” (Tablel). - ’

. Looking at the theta state (traditionally called
- stage 1 *‘sleep™”) alone, only 1 control showed

theta activity not immediately followed by stage 2

sleep. By contrast, 7 of the 11 meditators (all non- -

sleeping) showed theta activity during meditation.
For 6 of the 7 meditators, time spent in theta ac-
tivity ranged from 4 to 32%, while the Ananda
Marga teacher spent 86% of his meditation time in

" . the theta state. In addition, while no other subject

showed theta activity in either the “‘before’” or the
“after”” eyes open period, the teacher had 30%
theta wave activity in the eyes-open period foilow-
ing meditation. - _

Basal Skin Resistance (BSR)

Analysis of variance indicated a significant group
x time interaction for BSR. In the course of medi-
tation, the mean BSR of meditators increuased
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TABLE 1 .
. C ompunsnn of S min eves-open perivds before and aﬁer mfduanon (or relaxation for mmrol:)
Eyes Open Fyes Open
Before Alter .
Physiological Meditation Meditation R %
Variables or Relaxation or Relaxation ’ F change
Mean (SD) "Mean (SD)
Non-descending alpha-x.hcta (Sotime) ’ : )
Meditators . . 26(38) 46(38) 3.24° . *T1%
" Controls 6(13) 5(12) . 0.36 - 8%
Basal skin resistance (K .0) o . L AR
Meditators 176(82) - S.2058n . - T 197 +21%
Controls 2A972) 19061) ¢ 3.38* ~13%
Heart rite (bpm) ) v N
Meditators 71 39.8) , oo m20m oo 087 - 2% -
Controls. 57 290 - 55.5(9.0) - - 181 w= 3%
Forehead minus ﬁngcncmpcrature (’C) ’ co . . . S :
Meditators . 3.0(3.!) . 2328 1.51 - - =-23% -
Controls . TOLOLT) 1.2(1.9) ~0.64 +20%
Respiratory rate (breaths/min) R S : ) .
Meditators . 17.7(3.6) 16.1(5.2) 1.20 - 9%
Controls 16.2Q2.2) 16.8(2.4) 1.80 i + 3%

Note. Data were obtained during the last of the-5 min for heart rate and re.spiraloi'y -rate, at.the conclusion of the 5 min for
basal skin resistance and !cmperamre Alpha-thela was scored in 30 sec  epochs throughout thc 5 mm penod S

‘p( 05

almost contmuously Onthe other hand, the BSR of

the control group decreased:during all but the first
5 min of the relaxation period (Fig. 2). Linear re-~
gression slopes of BSR during these periods were -
significantly different from each other.
‘Comparing BSR for the eyes-open periods before
and after meditation or relaxation (Table 1) analy51s
of variance showed a significant group X time inter-

action. Meditators showed a slight trend to increase, -

while the BSR of controls was significantly lowered.
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Fig. 2. Prngrcssibn of basal skinresistance during the 40-min
meditation period (relaxation for controls). Standard crrars of
the mean for each data point are plotted in one direction only
to avoid overlap. -

Heart Ra:e

Mean hean rate was 71 bpm for medntators sig-
nificantly different from the 54 bpm for controls..
In each group, 7 of the 11 subjects showed a heart
rate decrease from the initial eyes open penod to the

_ﬁnal one.

'Forehead-M. inhs-F ingé)' Temperdlure '
‘Although the difference between forehead and

finger temperature became progressxvely smaller ~

for meditators and. larger for controls, none of the
temperature data' reached statxstlcal sngmﬁcance

<(Table l)

Respiratory Rate .

Aﬁalysis of variance showed a significant group X

time interaction for respiratory rate. While controls
showed: a relatively stable respiratory rate during
their 40-min rest period, meditators lowered their

‘respiratory rate by an average of 2.3 breaths/min

while meditating.
Discussion

~ The main result from the current study is the
demonstration that some yoga meditators are able
to maintain a stable alpha-theta state during medi-
tation. Controls, put into the same environment,
either fall astecp or become aroused. The alpha-
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theta state during meditation is accompanied by a
steadily increasing basal skin resistance and a.de-

.~ creasing respiratory rate, while neither skin resis-

tance nor respiratory rate changes s:gmﬁcantly in
non-meditators.

The findings of this study add to the evidence
that stage 1 *‘sleep’” is a transitional phase, unlike
full wakefulness and unlike unambiguous sleep.
With appropriate training one can apparently learn

‘to “‘hold on’’ to this stage, a feat which has not
. been demonstrated for any other ‘‘sleep’’ stage.
- Obviously, our conclusion disagrees with the view
" proposed-by Younger et al. (1973) on meditation.
. Their highly trained meditators, according to our
. view, did not fall asleep as Younger et al. (1973)
-claim, but rather entered the non-descending theta’
state (scored sleep by them) typical for advanced

meditation. However, our results do not explain the

findings of Pagano et al. (1976), whose meditators
entered stages 2, 3, and 4 of sleep. Differences

in meditation techniques (Ananda Marga vs T.M.),

- subjects, and procedures might account for the fact

that their meditators slept while ours did not.-
It seems noteworthy that the most advanced

meditator in our group (the yogic teacher) showed

_-an amount-of theta’ wave activity far in. excess of
~ that shown by any other subject. This finding is in -
-agreement ‘with the study of Zen Meditation by

Kasamatsu and Hirai (1966). Thesé workers.found
that there is a rclanonshxp between the amount of

'expenence and *‘ability”’ in meditation and changes
* in EEG activity: the more advanced the meditator,
“the more theta waves he showed. If the normal

process of falling asleep involves a sequential series

- of neurophysiological events, as postulated by
‘Freemon (1972), then meditation might be seen as
stimulating earlier events, while inhibiting the oc-'

currence of later ones. In this very limited sense,

regular meditation might be described as a program -

involving repeated practice in *‘freezing’’ the hyp-

nagogic process at later-and later stages (first in the-

predominantly alpha wave stage, later in the pre-
dominantly theta wave ranges). _
Data recorded during the initial baseline period

‘with eyes open show that the meditators of this -

study were different from controls in heart rate
and ‘‘non-descending”’ alpha-theta. Heart rate was
within the normally expected range for the ‘medi-

. tators, but abnormally low for controls. This find-

ing probably reflects the extreme athletic fitness of

. the Dartmouth.College students who volunteered as

controls for this study. There is no reason to be-
lieve that the superb physical shape of these con-
trols (as indicated by their low heart rate) should

' have biased any of the other results in this study.

The fact that meditators had significantly more

. alpha-theta in their initial eyes-open period could

Vol. 14, No. |

be interpreted to mean that the continuing practice
of meditation. has a lasting effect on the EEG, or,-
it might indicate that people who have originally
more alpha-theta in their eyes-open EEG are more
attracted to Ananda Marga meditation. Our study
does not resolve this issue. In any case, the EEG
difference discussed heré is found only in the eyes- .
open period. With eyes closed, both groups initially
showed similar levels of alpha-theta (see initial
period in Fig. 1).

Comparing basal skin resistance (BSR) between

meditators and controls (Fig. 2), we first note a = " .
dxtference of 49K () at the onset of the meditation - -
(rest) period. This difference seems of little im- - .

portance because it is-not statistically- significant,

" and because absolute BSR values are very dependent.

on minute variations of the outer_skm and electrode -
application. Important for our study were the’
changes in BSR from the begmmng to the end .of
meditation. '
‘Most researchers agree that a fall ‘of BSR is as-
sociated with arousal while a rise of BSR suggests -
increased relaxation (Silverman, Cohen, & Shma-

_vonian, 1959; Hyman & Gale, 1973; Katkin, 1965). .
To our. knowledge only Monroe's (1967)-study on
~.good and poor sleepers disagrees on this point: he

found poor sleepers generally more aroused during
sleep, but with higher BSR than good sleepers. -

- However, we note that Monroe himself found these .

results ‘‘inconsistent,”” that his results have not
been replicated, that all his subjects showed a
dramatic rise in BSR during sleep onset (indicating -
relaxation) and that, different from our study, Mon-
roe dealt with a highly abnormal group (his poor

slecpexs showed excessive neuroticism and exces- -
sive phys:ologlca] arousal). This latter. point be-

‘comes important because Tart ( 1967) reported highly
idiosyncratic BSR patterns even in apparcntly nor- - -

mal subjects during sleep. . .

Based -on the above discussion, the BSR data
reported here (Fig. 2) appear to show progressive.
physiological relaxation. during meditation, but
show no such relaxation during the comparable

" rest period in non-meditators. The data on resplra-

tory rate during meditation support this view: .a
significant lowering of the parameter among medi-
tators suggests physiological relaxation; the non-
meditators’ data showed no significant changes.
The measure of *‘forehead minus finger tempera-
ture’’ needs explanation. A rise in finger temperature
appears to indicate a decrease in sympathetic vaso-
constrictor tone in the extremities (Barcroft, 1960).
No such change is expected in the forchead, where
little or no vasoconstrictor tone develops (Hertz-
man, 1959). Thus, a decrease in the difference be-
tween forehead and finger temperature would have
suggested a decrease in sympathetic tone. However,
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no significant developments were found in this

. variable during the meditation (or rest) period. The

same. was true for heart rate. It.is impossible to
know from our data whether temperature and heart

rate are two variables that had already reached a-

hard-to-change low baseline during the previous 35
min in the experimental situation, or whether
Ananda Marga meditation inherently does not in-
fluence these two parameters.
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