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The purpose of this study was to determine the
effect of immediate prior meditation (transcendental
meditation) and relaxation upon the pattern of phys-
iological response and performance of a fine motor and
gross motor task. A second purpose of this study was
to determine whether the long term regular practice of
a passive meditation technique (TM) produces a differ-
ence in the reaction to motor activity.

A pretest-posttest control group randomized blocks
design was used in this study. Sixteen transcendental
meditators with three or more years regular practice
were selected as the meditation group. Subjects with
no history of relaxation training were recrulted and
16 nonmeditators were selected to create matched pairs
with subjects in the medltation group. Matching cri-
teria were: sex, age, helght, weight, current and cus-

tomary activity level. Each matched pair of subjects



was assigned to one of two groups with an attempt to
balance matching criteria for each group. One group
was randomly assigned to experimental procedures, the
other group served as a control group.

Subjects performed pre and posttests on a pursuit
rotor task and a bicycle task while being monitored for
heart rate, blood pressure and frontalis EMG. Experi-
mental subjects meditated (meditation group) or relaxed
with eyes closed (nonmeditation group) immediately prior
to the posttest.

Analysis of variance of trends was used to test
the first hypothesis which dealt with the pattern of
physiological response to the tasks. Analysis of var-
iance was used to test the second hypothesis which dealt
with the level of performance of each of the two tasks.
A multiple regression analysis was used to test the
third hypothesis which dealt with the relationship be-
tween performance and physiological response.

Results showed no significant difference between
experimental and control groups of meditators and non-
meditators in the pattern of physiological response,
the level of performance, or the relationship of per-
formance and physiological response to a fine motor or

gross motor task.
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MEDITATION AND RELAXATION AND THEIR EFFECT
UPON THE PATTERN OF PHYSIOLOGICAL RESPONSE
DURING THE PERFORMANCE OF A
FINE MOTOR AND GROSS MOTOR TASK

CHAPTER I

INTRODUCTION

Stress, as a component of living, has been the con-
cern of many with regard to its impact on human perform-
ance and health. A multitude of relaxation techniqgues
have been employed in an effort to reduce the impact of
acute and chronic stress.

The psychophysiological changes that occur during
meditation and the guality of task performance of medi-
tators have interested many researchers. Recent inves-
tigations have dealt with the practice of passive forms
of meditation as techniques for reducing stress reactiv-
ity, but none have addressed meditation as a technique
for reducing the physiological reaction produced during
motor activity. This study will address itself to med-
itation and relaxation and their effect upon the pattern
of physiological response during the performance of a

fine motor and gross motor task.

Purpose of the Study

The purpose of this study was to determine the
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effect of immediate prior meditation (transcendental med-
itation) and relaxation on the pattern of physiological
response and performance of a fine motor and gross motor
task. A second purpose of this study was to determine
whether the long term regular practice of a passive med-
itation technique (TM) produces a difference in the re-
action to motor activity. Experienced transcendental
meditators and subjects with no history of practice of

a relaxation technique were compared.

Significance of the Study

Numerous studies have investigated the physiologi-
cal changes which occur during the practice of a tran-
scendental meditation (TM) (Allison, 1970, Jevning, et
al, 1977; wWallace, 1970; Wallace and Benson, 1972), few
have investigated physiological changes during stress
(Goleman and Schwartz, 1976). A relaxation technique
should enable an individual to reduce tension as deter-
mined by physiological measures during the practice of
that technigue. Equally valuable is the property of
carryover so that tension continues at a reduced level
in activity, or that habituation to stress is facilita-
ted. The importance of the maintenance of reduced ten-
sion and increased habituation is that the stress re-

sponse is not then maintained without need (Folkow,



1971, Selye, 1973; Stoyva, 1976), and muscular tension
15 localized and efficient for the task at hand (Free-
man, 1931; Gregg, 1942).

This study investigated the effect of immediate
prior meditation and relaxation on two levels of motor
activity and whether the long term regular practice of
a passive meditation technique (TM) produced a differ-

ence in the physiological reaction to motor activity.

Hvpotheses

Several research questions were of concern in thi

investigation. From these concerns the following null

2
~

)

hypotheses were developed and testec. Three main hypo-

theses were identified. Further defined are two dub-

hypotheses under each main hypothesis. All hypotheses

were tested at the .05 level of significance.

i. No significant difference exists between medita-
tors and nonmeditators in the pattern of physio-
logical response to a fine motor and gross motor
task.

1.1 No significant difference exists in the pat-
tern of physiological response between sub-
jects who have relaxed and subjects who have
not relaxed immediately prior to a pursuit

rotor task.
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No significant difference exists in the pat-
tern of physioliogical response between sub-
Jects who have relaxed and subjects who have
not relaxed immediately prior to a ticycle
task.

No significant difference exists between mecitators

O,

and nonmeditators in the performance of a fine mo-

tor and a gross motor task.

2.1 No significant difference exists in the lev-
els of performarce between subjects who have
relaxed and subjects who have not relaxed im-
mediately prior to a pursuit rotor task.

2.2 Vo significant difference exists in the lev-
els of performance between subjects who have
relaxed and subjects who have not relaxed im-
mediately prior to a ticycle task.:’

No significant difference exists between meditators

and nonmeditators in the relationship between per-

formance and physiological response to a fine mo-

tor and a gross motor task.

.1 No significant difference exists in the re-

)

lationship between performance and physio-
logical response between subjects who have
relaxed and subjects who have not relaxed

immediately prior to a pursult rotor task.



5

No significant difference exists in the re-

(@Y}
n

lationship between performance and physio-
logical response between subjects who have
relaxed and subjects who have not relaxed

immediately prior to a bicycle task.

Methodology Statement

Subjects included 16 transcendental meditators
(meditation group) whose regular practice of the TM
technique was three years or more and 16 subjects with
no history of practice of a relaxation technigue (non-
meditation group) who were matched as closely as possi-
ble with individuals in the meditation group, creating
matched pairs. Matching variables included: sex, age,
height, weight, and current and customary activity lev-
el. Each matched pair of subjects was assigned to one
of two subgroups. Matched subgroups were randomly
assigned to experimental or control conditions. All
subjects were volunteers and signed an Agreement to
Participate form (Appendix A).

Each subject performed five one-minute trials (Ea-
son and White, 1960) of a pursuit rotor task, followed by
performance of the Luft (1963) bicycle ergometer protocol
to a target heart rate of 70% age predicted maximum (Ap-

pendix E). Experimental subgroups performed a posttest



of the pursuit rotor and bicycle tasks immediately
following a meditation/relaxation period.

Subjects were measured for heart rate, blood
pressure and frontalls EMG prior, during and following
the pursult rotor and bicycle tasks. Time on target
pursuit rotor scores for each trial and length of per-
formance time to a pre-established target heart rate

on the bicycle were also recorded.

Laboratory Site

A1l testing was conducted in Room 124 Moreland
Hall, Oregon State University. This room contained
a shielded room which could be darkened for the med-

itation/relaxation period.

Research Teanm

Two female assistants were used for data col-
lection. One was trained in taking blood pressure,
the other trained in operating the EMG Dual Proces-

sor and Time Period Integrator.

Assumptions

The following assumptions were made in this in-
vestigation:

1. Subjects were able to meditate/relax in the



structured environment of the laboratory.

2. Transcendental meditation 1s a relaxation
technique.

3. Matched pairs of meditation and nonmeditation
subjects were equivalent except for the var-
iable of meditation history.

4, Blood pressure was taken reliably while the

subject was pedalling the blcycle ergometer.

Limitations and Delimitations

The study was limited to 16 transcendental medi-
tators who have practiced the TM technique regularly
for three or more years, and a nonmeditation group of
16 Oregon State University students who have no history
of practice of a relaxation technique, and who were
matched as closely as possible with the meditation group
for sex, age, height, weight, and current and customary
activity level during Winter term, 1979. Generalizations
from this study are not made regarding transcendental
meditators who have irregular practice or less than
three years of regular practice. Although some subjects
had advanced training in TM, conclusions were not drawn
regarding the short or long term effects of such train-
ing. The population of meditators was from the Corvallils,

Oregon area with the exception of one Portland, Oregon
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resident and results were not generalized to all tran-
scendental meditators. An assumption was made that the
pairs of meditation and nonmeditation subjects were val-
idly matched, however variations may exist between groups
which are not accounted for in the matching criteria.

Subjects, especially the transcendental meditators
in this study, may have tried to control their physio-
logical response in an effort to look good. Biofeedback
research indicates physiological variables can be con-
sciously controlled. It is also possible for a subject
to produce the opposite of his or her desired result in
the effort to control physiological variables. The
technigque of TM is characterized by 1ts effortlessness.
Any attempt by the subject to try to meditate or control
physiological response during meditation would be in-
compatible with producing the meditative state. Al-
though subjects were reminded of the importance of being
as natural and normal in their response as possible, not
trying to make any effort to be "good'", some subjects
may have found the opportunity of the experiment dis-
tracting and normalcy cdifficult to achieve.

The experiment measured only frontalis EMG, heart
rate and blood pressure as physiological variables. It
is recognized that physiological variables in addition

to those selected for measure in this study, eg. GSR,
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EEG, may have provided significant data expanding and
clarifying further the pattern of physiological response
to motor activity.

Taking blood pressure with a pressure cuff around
the arm may create sufficient stress to alter the heart
rate, frontalis EMG and blood pressure 1tself, and may
have had an impact on subject response.

The performance measure for the pursuit rotor task
was time on target scores for each of five one-minute
trials. Fewer or greater trials and longer or shorter
time intervals during and between trials may have af-
fected the performance and may have produced a differ-
ent pattern of physlological response.

Length of performance time taken to reach a pre-
established heart rate was the measure of performance
for the bicycle task. To provide reasonable cardio-~
vascular stress without promoting the risk of critical
cardiac overload, a 70% age predicted maximum heart
rate was chosen for the target heart rate. It is
recognized that patterns of physiological response may
alter when exhaustion is near or is reached. Subjects
may have performed to different work loads before reach-
ing thelr target heart rate and variables may have ex-
isted not tested in this study. A gross motor cardio-

vascular stress instrument such as a treadmill with
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less dependency on leg strength and leg endurance for
performance may have provided different results but
was not feasible for this study.

The effects of testing during different parts of
the term in which subjects may be under varying degrees
of academic stress could be considered. During the
first part of each session the subject was asked how
their day went, how they felt, with particular atten-
tion pald to any extra stresses that may be influencing
their lives at that particular time. The information
was noted.

The number of subjects used in this study was lim- -
ited to eight per group, and due to the design and sub-
Jects used in this study, results may not reflect pat-
terns which may have emerged if larger groups had been

tested.

Definitions

The followlng are definitions of terms relevant to
this ctudy:

Fine motor task is defined as a task which requires

eye-hand coordination and precise movement of localized
muscles.

Gross meotor task is defined as a task which requires

the movenent of large muscle groups and which provides
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sufficient work to tax the cardiovascular system.

Meditation group is a group of 16 transcendentel

meditators who have regularly practiced the TM tech-
nique for three or more years.

“editation period is the treatment period in which

subjects in the meditation group assigrned to the exper-
imental procedures practiced the TM technique for 15 or

20 minutes, depending on personal customary practice.

Nonmeditation group is a group of 16 Oregon State

University students who have no history of practice of
a relaxation technique and who are matched as closely
as possible with the meditation group for sex, age,
height, weight, and current and customary activity
level.

Pattern of phvsiological response 1s determined

4

by the changes in repeated measures of selected physio-

logical variables over time,

)]

£

3

; period is the treatment period in which

|
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subjects 1 nonmeditation group assigned to the ex-
perimental procedures sat and relaxed with eyes closed
for a corresponding length of time to their matched
meditator.

Transcendental meditation is as defined in the

Review of Relatec Literature, page 1l2.
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CHAPTER II

REVIEW OF RELATED LITERATURE

A review of pertinent literature related to relax-
ation, meditation, tension and performance is presented
in this chapter. The nature of physiological and psych=-
ological variables and performance are discussed. Fur-
ther discussion considers the technigue of transcenden-
tal meditation, the physiological and psychological cor-
relates of TM, and the effect of meditation on perform-
ance. The criterion motor performance tasks and physi-
ological measures in this study are reviewed with re-
spect to their specific application. A summary is in-
cluded at the end of this chapter.

Transcendental meditation (TM) is e widely prac-
ticed, standardized technique of a passive type of man-
tra meditation taught by Maharishi Mahesh Yogi. Mantrea
is a Sanskrit term and denotes a sound, which in the case

'

of TM, is produced as an "auditory image" and is passive-
ly "listened to" for 15 or 20 minutes. In this way the
meditator "turns the attention inward towards the subtler
levels of a thought until the mind transcends the exper-
ience of the subtlest state of thought and arrives at

the source of thought." (Yogi, 1966, p. L09).

The physiological changes which occur as a result



of TM are not the result of conscious controlling. A
number of studies have shown that conditioning can alter
autonomic functions and the electrical activity of the
brain (Budzynski and Stoyva, 1969), but in TM the phys-
iological changes reported to occur are as by-products
of the mental experience (Goleman and Schwartz, 1976).

Many forms of passive meditation have been shown
to produce similar results, however, a conflict seems
to prevail as to whether a 'thoroughly consistent rep-
licated pattern of responses' to passive meditation has
been demonstrated (Otis, 1974; Goleman, 1977; Woolfolk,
1975-76).

In understanding the mechanisms of various medita-
tive techniques, the findings reflect influences of very
complex sets of social, cognitive, perceptual and physio-
logical variables which increase the difficulty of re-
search. The effect of any form of relaxation would also
include such variables. Understanding the mechanisms
of relaxation can lead to the development of a counter
to the stress mechanisms which are reflected in changes
in the psychophysiological response and performance of

tasks.

13
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Theories of Tension and Health

Mobilization of Tension

The function of the fight or flight response, as
proposed by Cannon (1932), is to mobilize the body's
resources for swift action. During the fight or
flight response the heart beats more rapidly, more
blood is circulated, stored sugar is released from
the liver, respiration deepens, and the sympathetic
nervous system is activated.

Stress may be thought of as the '"excess main-
tenance tension" resulting from a problem situation
created by a disequilibrium in the environment (How-
ard, 1965). A problem is regarded as "any condition
which is posed to an individual for solution'". Stress
can be the result of cognitive appraisal, can be on
the conscious or subconscious level of action, result
from a variety of environmental stimuli, and be the
result of a failure to master a problem solving situa-
tion. Howard (1965) states, "No organism ever attains
a state in which all its problems are solved. Rather,
every person exists under conditions in which some
problems are under control, others are being dealt

with, and still others may be temporarily ignored."

(p. 150).
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Response Stereotypy

Cognitive appraisal is critical in determining
whether a stress response will be elicited (Lazarus,
1666; Malmo, 1972; Mason, 1972; Stoyva, 1976). Each
individual is unigue in their perception, appraisal
and reaction to a situation. The same situation may
produce different physiologicel reactions a dif-
ferent times 1f the individual perceives the situ-
ation as belng more or less stressful one time than
another.,

For a given set of autonomic functions, individu-
als tend to respond with an idilosyncratic pattern, in
which no matter what the stress, the same physiologi-
cal function shows maximal activatlon. Individuals
can be characterized as "blood pressure reactors',
"stomach reactors’, ''nose reactors" (Patel, 1977).
This pattern of response is reproducible over differ-
ent sutuations involving stress (Lacey and Lacey,
1958). Reproducibility of some measures of the auto-
nomic response stereotypy is greater than others.
Salivary secretion has the highest reliability &accord-
ing to Lewinsohn (1956). Skin resistance, on the
other hand, was found to be the most incependent arnd

most reproducible by Lacey and Lacey (1958). Heart
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rate and heart rate variability have been found almost
equally as independent, and blood pressure has shown
consistent significant intercorrelation in a complex
fashion (Lacey and Lacey, 1958). No single physio-
logical measure, however, correlates well with others
or can serve as an index to the state of other measures
or to the "total arousal of the organism" (Lacey and
Lacey, 1962, Lewinsohn, 1956).

Lader (1970) concurs with Lacey and Lacey (1958)
in a study comparing methods of relaxation. Variabill-
ity was found in and among physiological measures with-
in subjects. Normal subjects showed a low degree of
response stereotypy; psychosomatic patients, on the
other hand, show a high degree of response stereotypy
(Sternbach, 1966).

Four levels of response stereotypy are discussed
by Lacey and Lacey (1958). Situational stereotypy is
the modal response pattern to a specific situation.
Intra-stressor stereotypy is the reproducible pattern
of responses to a single form of stressor. If repro-
ducible over different stresscrs, it is termed inter-
stressor stereotypy. Finally, symptom stereotypy re-
fers to the constancy of the physiological measure in
which the area of maximal activation to stressful ex-

perience is in line with the complaint given by pa-
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tients with psychosomatic disorders (Lacey and Lacey,
1958).

Deep physiological relaxation, then, 1is not
simply a low frontalls EMG, or a low heart rate or
low blood pressure, but a combination of such changes
(Schwartz, 1975). The most effective relaxation
technique may depend on the type of anxiety the person
is experiencing at the time and the person's autonomic
response stereotypy (Schwartz, 1975).

Meditation represents a complex pattern of which
deep relaxation 1s only one pattern within the complex
(Schwartz, 1976). A major effect of transcendental
meditation 1s to produce a unique pattern of cortical
versus limbic system arousal (Wallace and Benson, 1972).
Mantra meditation can lead to heightened cortical and
reduced limbic arousibility at the same time according

to Schwartz (1976).

Stress Linked Disorders

Sternbach (1966) has reported a model for thinking
about stress related disorders. A combination of fac-
tors are required in order for a stress-linked disorder
to develop:

l. A response stereotypy.

2. Frequently occuring stresses which trigger the
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response stereotypy, and are frequent enough
to prevent a return to baseline,.

3. This in turn triggers a failure in the homeo-
static mechanisms, and pressures remain con-
stantly elevated.

Considerable evidence is avallable demonstrating
that dailly living habits and one's habltual response
to stress figure prominently in heart disorders, eg.
high levels of animal fats in the diet, heavy tobacco
usage, lack of exercise and continued emotional stress
(Stoyva, 1976). The body, specifically the pituitary
adrenal cortical system, responds hormonally in a 'non
specific" manner to many different stimuli, eg. exces-

sive muscular exercise, trauma, cold, fasting, acute

infections (Selye, 1956).

Cardiovascular Response

Cardiovascular responses represent adjustments to
meed metabolic reguirements, potentially or actually
demanded. Only a limited number of basic response
patterns involving cardiovascular variables may exlst,
activated by a certain set of sufficient stimuli.

Some situations may result in more than one basic
response pattern (Cohern, 1975). Cardiovascular learn-

ing then can be viewed as a mechanism for expanding
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the choices of stimuli for any given response pattern
so that the pattern can occur in anticipation of events
(Cohen, 1975).

Heart rate 1s a good indicator of overall so-
matic activity according to Obrist, et al (1970). A
common central nervous system mechanism 1s seen to
control both heart rate and somatic activity creating
a "coupling effect". '"Decoupling" occurs at highly
aversive or stressful situations (Obrist, et al, 1970).

If the stress response 1s evoked too often or sus-
tained too long, disorders are likely to develop (Fol=-
kow, 1971; Selye, 1956, 1973; Simeons, 1962; Stoyva,
1976; Wallace and Benson 1972; Wolf and Goodell, 196&).
Cardiovascular pathology develops less from intense re-
peated demand than from cardiovascular adjustments with-
out accompanying metabolic demand (Cohen and Obrist,
1975). Symptom specificity (Goldstein, 1964), results
from repeated production of unused preparatory tension
in particular responding muscle groups or autonomic

areas.

Relaxation Response

The relaxation response described by Benson, et al
(1974) appears to be an integrated hypothalmic response

which results in a generalized decrease in sympathetic



activity, and perhaps also an increase in parasympa-
thetic activity. This response is first described by
Hess (1954) as the frophotropic response as oppesed to
an ergotropic or "fight or flight response" (Cannon,
1932). 1In a discussion of fhe physilology of neuromus-
cular relaxation, Gellhorn (1958) indicates the excit-
ability of the sympathetic division of the hypothalmus
can be diminished by increased discharges of barorecep-
tors in the sino aortic area and by reduction in propri-
oceptive impulses coming to the hypothalamus. Reduction
in hypothalamic activity is also accompanied by reduced
excitation in the cerebral cortex, emotional activity,
and the tendency for subjects to fall asleep.

The ergotropic syndrome, according to Hess (1954)
consists of an increase in sympathetic discharges and
skeletal muscle tone, and a diffuse cortical excita-
tion, (desynchronization of EEG potentials as in awak-
ening). The trophotropic syndrome is typified by in-
creaced parasympathetic discharges, relaxation of
skeletal muscles and lessened cortical excitation (in-
creased synchrony as in sleep) (Hess, 1954; Gellhorn
and Kiely, 1972).

"The physiological change which accompanies the
mental state of meditation is a shift in the tropho-

tropic-ergotropic balance to the trophotropic side,"
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reports Gellhorn and Kiely (1972, p. 400). The EEG pat-
terns in states of passive meditation indicate that con-
ditions reflective of trophotropic dominance are compat-
ible with full awareness as reported by meditators (Wal-

lace, et al, 1971).

Muscle Relaxation

EMG changes are related to many stressful environ-
mental events (Malmo, 1966). Deep muscle relaxation
is utilized in many therapies because it is said to
be incompatible with the presence of anxiety (Budzyn-
ski and Stoyva, 1959). Malmo (1948) reports that
surface EMG 1s a reflection of motivation or level
of activation.

The {frontalis muscle was chosen by Haynes, et al
(1975-76) as a measure to compare relaxation tech-
nigues. Previous research had suggested it may be
correlated with tension levels in other areas of the
body and with other indices of autonomic arousal such
as heart rate and skin resistance (Jacobsen, 1970;
Sainsbury and Gibson, 1954; Stoyva and Budzynski, 1974).
The frontalis muscle 1s reported to be one of the most
difficult muscles to relax (Balshan, 1962; Stern and

Berrenberg, 1977; Stoyva and Budzynski, 1974).
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EFF=CTS OF TENSION ON HEALTH

Cardiovascular Response

Tension produces a number of physiological
changes. Several studies have investigated the
effects of tension on heart rate, blood pressure and
frontalis EMG. Various relaxation techniques have
also been explored to determine their effect on
such physiological measures.

That environmental events of a stressful nature
produce cardiovascular responses hardly requires doc-
umentation (Cohen, 1975). The heart rate and blood
pressure may rise in anticipation of a stressful en-
counter. Heart rate was chosen as a variable in a
study by Sirota, Schwartz and Shapiro (1974) because
of i1ts association with fear. According to Brod
(1963, as reported in Cohen and Obrist (1975)), dis-
crepancies between anticipatory cardiovascular ad-
Jjustments and metabolic demand occur most often in
situations in which the individual is given an oppor-
tunity to avoid the stressful stimuli by an overt act.

In comparison of general relaxation suggestions
and hypnotic induction, Burns (1971) found differing
responses to induced anxiety. Heart rate response was

higher for the general relaxation group. Sirota,



23
Schwartz, and Shapiro (1974) reported that subjects
who voluntarily slowed their heart rate recuced their
perceived aversiveness of a stimuli. This was partic-
ularly so in those subjects who reacted cardiacally to

fear situations in daily 1life.

Blood Pressure Response

Edelman (1970) found that progressive muscle re-
laxation does reduce blood pressure. However, the tech-
nique of progressive muscle relaxatlon was not unique.
Controls who were told to relax produced the same re-
sults. TFidel (1977) found that subjects using a bio-
feedback relaxation technique reduced both systolic and
diastolic blood pressure. Controls using a general re-
laxation technique reduced only diastolic blood pres-
sure. Fidel also noted there was much variation among
subjects 1in both groups.

Patel (1977) trained hypertensive subjects in a
biofeedback aided relaxation and meditation technique
and found a quicker recovery of blood pressures to
baseline levels after exposure to a standard laboratory
stressor than controls who had not been taught the

technique,
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Muscle Relaxation

Haynes, et al (1975-76) examined five different
relaxation techniques and their effectiveness in re-
ducing frontalis muscle tension. The passive relax-
ation technique of Wolpe's systematic desensitization
was found to reduce frontalis EMG the best.

Working with athetoid cerebral palsy patients,
Finley, et al (1976) found frontalis EMG biofeedback
aided in the improvement of fine and gross motor
functions. This suggests the use of frontalis muscle
training as a general body relaxation focus.

Freedman and Papsdorf (1976) found no significant
relationship between physiological levels (heart rate,
frontalis EMG, and EEG) and sleep onset time in insom-
niacs. Since subjects did improve, this suggests that
muscle relaxation alone was not responsible for the
improvement. No difference was found between the
effectiveness of the techniques of progressive muscle
relaxation and biofeedback. Good (1975) previously
found that waking frontalis EMG level did not predict
sleep latency, indicating no threshold had to be reached
before sleep could begin. The question was raised in
conclusions regarding the use of muscle relaxants and

relaxation training to facilitate the onset of sleep.
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THEORIES OF TENSION AND PERFORMANCE

Efficiency and skill in human movement is demen-
strated in selectivity of motor unit innerwvation.
vThe poorest performers have the greatest muscular
tension (Duffy, 1932), coordination being dependent
on the ability to inhibit reactions. A record of the
tonus in a remote muscle group indicates the '"spread"

of muscular tension in an activity (Freeman, 1933).

Levels of Tension and Performance

Tension has been shown to be inhibitive and
facilitative depencing on a variety of factors.
Pills, et al (1937) describes two xinds of tension;
emotional upset, which is felt to be inhibitive, and
effort, which facllitates performance. An optimum
level of tension appears to facilitate performance
(Courts, 1939; Freeman, 1938). This tension is
not the same for all kinds of activities. Simple
tasks are facilitated by tension more than com-
plex ones. Orientation to the task also varies
the tension. Subjects who are working for ac-
curacy have a decrease 1n tension; working for
speed increases the tension (Gheselli, 1936).

Extreme degrees of tension have been found to inter-
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fere with performance (Freeman, 1933).

Muscular Work and Tension

Muscular work is accompanied by an increase in
muscular tension (Davis, 1939; Freeman, 1931). At
the onset of work an initial increase in tension 1is
shown which rapidly drops down to a level somewhat
above that of rest (Davis, 1939). Muscular tension
is perceived by some to be a state of alertness or
preparedness (Duffy, 1932). The height of the ini-

HSet 1

tial rise is a function of the subject's
(Freeman, 1931, 1933).

An inverted U shaped curve 1is typical of the
relationship between learning and the degree of ex-
perimentally produced tension (Courts, 1942). Davis
1937, 1939) found no evidence for a consistent re-
lationship between output of work and muscle action
potential. A 'peripneral theory of psychological
process'', therefore, demands a correlation between
psychological process and muscular phenomena rather
than between work output and muscular phenomena
(Courts, 1942).

Some anxiety patients display an excessive bodily

response to exercise. Jones and Mellersh (1946) stud-
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ied patients with "effort syndrome'" whose intolerance
to effort produced somatic symptoms on exertlon in ex-
cess and for no apparent reason except anxiety. Using
a 10 minute recovery period, Jones and Mellersh (1946)
suggested the use of 'pulse area" for comparisons of
exercise response. Pulse area 1is described as the sum
of the recovery pulse for minutes one through four plus
the mean of minute eight through ten, subtracting five
times the resting pulse.

After moderate or severe physical exercise, a
characteristic curve for heart rate is obtained in
which the maximum decrease occurs within the first
four minutes and then flattens out rapidly (Jones

and Mellersh, 1946).

Effort and Tersion and Performance

Tension level of muscles of the head, neck, shoul-
Ger and arm regions have been reported to reflect the
relative amount of effort exerted during the perform-
ance of various physical and perceptual motor tasks
(Eason, 1963). Eason, (1963) reported an experiment
in which EMG levels were used to assess how well a
subject performed a task relative to the amount of
effort exerted. This "index of performance efficiency"

was determined by a ratio of performance quality to



tension level. The amount of effort based on the EMG

of the neck muscle) was found to be independent of

skill. The performance efficiency ratio varied with

incentive, length of continuous wocrxk and degree of

skill (Eason and Branks, 1963). Studies dealing with

the relationship between muscular tensicn level and

performance quality have yielded highly variable re-

sults (Eason and Branks, 1963).

In a study of three years olds, Duffy (1932) re-
ported that fluctuations 1n tension were at least as

closely relateé as degree of tension to performance.

Irregularities in tension, concluded Duffy, are in-
dicative of the degree of coordination which is in
turn dependent on the ability to inhibit reactions
and selectively relax musculature.

Duffy (1932) proposed a two dimensional hypo-
thesis relating tension and performance. Behavior

varies along two continua: direction and intensity.

28

The relationship between tension level and performance

is dependent upon the direction in which the subject

exerts his effort as well as the intensity of that

effort (Eason, 1963). The muscular tension is also
positively related to both motivation which facili-
tates performance, and to muscular fatigue which is

detrimental to performance. Tensicn level at any
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given time 1s the summation of the motilvational and

fatigue components (Eason and White, 1960).
Habituation

The level of activity of non involved musculature
becomes less with practice (Davis, 1937). This has
been termed "habituation'" (Davis, 1937). Eason (1963),
using a pursuit rotor task, reported that for each
dally session neuromuscular control increased from
trial to trial while neck tension level decreased.
Tension becomes more localized in the reacting muscu-
lature as work progresses (Freeman, 1931; Gregg,

1342). Therefore, at the beginning of successive
periocds of similar activity the extraneous muscular

tension would tend to be progressively less.

Anticipation

In a study of temporal factors in stress reactions,
Folkins (1970) found a one-minute anticipatory time most
stressful. Shorter or longer periods were better espe-
cially if cognitilve coping could occur. Responses taken
at 10 second intervals was recommended by Folkins (1970).

Dean (1966) reports, "If S is told exactly when
shock is to be received, deceleration effect (of heart

rate) appears immediately.” (p. 195). Folkins (1970)



30
suggests lengthy recovery periods to study the decel-

eration of heart rate.

Frontalis EMG

Darwin (1872) hypothesized that the facial ex-
pressions of emotions can be differentiated and are
universal. Izard (1971) found significant the re-
lationship of facial specific patterns of muscle
tension to the subjective experience of emotion. This
was supported by Schwartz, et al (1374).

Frontalis EMG has been reported in a number of
studies measuring muscle tension. Controversy exists
as to the efficacy of the frontalis as a measure of
general body relaxation. According to Rasmajian (1976),
the electrode placement for the frontalis muscle re-
flects swallowing, breathing, movements of the Jaws,
tongue, eyes, and all sorts of repeated dynamic mus-
cular activity along with nervous tension overactivity.
Frontalis EMG was used by Budzynski and Stoyva (1969,
1974) as a general relaxation measure. The use of the
frontalis is supported by Sainsbury and Gibson (1954)
and Haynes (1975-76) who report correlations with
tension in other areas of the body and with other auto-
nomic measures such as heart rate and GSR.

The reliability of various estimates of electromyo-
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graphic activity was examined by Epstein and Webster
(1975). Cumulative integration values were stressed
as necessary for precise estimates of within subject
changes. For group activity a derived EMG measure
was suggested. Reliability also varied with length
of time. The within subjects scores were more var-
iable using one minute time periods, however between
subject scores were most reliable at one minute time

periods.
EFFECTS OF TENSION ON PERFORMANCE

Various forms of relaxation techniques designed
to reduce tension have been shown to affect perform-
ance of physical and mental tasks. Jacobsen's (1938)
instructions in relaxation, for instance, enabled
subjects to perform better on mental tests than con-

trols in a study done by Chaney (1972).

Relaxation Technigues and Performance

Induced laboratory stress has been used to test
the effectiveness of relaxation techniques. Lazarus
(1968) cited evidence some stressful stimuli are of
such a nature as to never fully habituate, however
often the stimuli is repeated. To the stressor film

used by Lazarus (1968), Davidson, et al (1971) did
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find both telling the subject to relax and giving
relaxation instructions did reduce physiological
arousal (GSR) over repeated exposures to the film,
disagreeing with Lazarus' assumption the stress of
the film would never fully habituate.

Gatchel, et al (1978) found that a biofeedback
group maintained a low level of frontalls EMG during
stress. No generalizations were found, however, to

other physiological measures.

Levels of Tension and Performance

Krause (1S77) studied the effects of anxiety and
activation on athletic performance and concluded an-
xiety does differentially affect athletic performance
based on varying demands of the tasks involved. This
context would relate to both state and trait notilons
of anxiety, and complexly relate autonomic measures
such as heart rate to anxiety, activation and game per-
formance.

Detrimental effects of extremely high levels of
tension prior to and during physical activities in-
volving endurance has been generally accepted (Ni-
deffer, 1970). Not well established is the effect of

tension if the activity involves intense effort for a
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brief period. A shot putter was reported to have
improved in distance (after a seeming 1limit had been
reached) after two weeks of relaxation practice (Ni-
deffer, 1970). Practice at low levels of tension and
competition at high levels of tenslion may pose a
problem. The change in tension levels may be the
detrimental factor in activities which involve pre-
cise timing and coordination (Nideffer, 1970). Such
results may imply the use of relaxation as an aild to
performance in competition.

SubJjects in a pre-relaxed condition showed greater
velocity of movement of various loads than when the
muscles were pre-tensed Just before movement according

to Berger (1969).

Tension and Pursuit Rotor Performance

Unskilled motor performance 1s characterized by
excessive tension (Courts, 1042; Davis, 1939; Gregg,
16L2; Russell, 1937. Courts (1942) found that the re-
lationship between tension and early pursult rotor
practice and performance is the same as between ten-
sion and memorization.

Eason and White (1960) studied the relationship
between fatigue induced by a suspended welght and per-

formance during & pursuit rotor activity. Performance
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was found to be directly related to the length of the
inter-trial interval (0, 10, 20, 40 seconds), and in-
versely related to the physical work load (0, 5, 10
pouné weight suspended from the wrist). Muscle tension
was found to be inversely related to the length of the
performance interval, directly related to work and in-
versely related to performance. Other studiles have
also shown that pursuit rotor performance is facilita-
ted by reduced muscle tension (Freeman, 1933; Eason and
Branks, 1963). Pursuit rotor learning, however, was

shown to be facilitated by tension (Freeman, 1938).
EFFECTS OF MOTOR ACTIVITY ON PHYSIOLOGICAL RESPONSE

Cardiovascular Response

"The functional role of neural control of
the vascular system 1s to adjust the cardiac
output and the distribution of this total flow
to meet the varying needs of tissues, main-
tain systemic arterial pressure and still pre-
serve the essential functions of the heart,
brain and other vital tissues." {Rushmer, 1976,

p. 153)

The many adjustments to circulatory flow and
pressure are effected by the sympathetic nervous
system. The structure of vascular smooth muscle
tissue is complex with, in some cases, the abllity to
react to both sympathetic and parasympathetic neural

and transmitter input, and other cases to only spe-~
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cific responses such as changes in carbon dioxide ten-
sion (Rushmer, 1976).

Neural control of the peripheral vascular system
is dominated by the sympathetic system. The dien-
cephalon of the hypothalamus integrates reactions which
involve the vascular system including temperature reg-
vlation, water balance, thirst, hunger and cardlovas-
cular responses to exertion (Rushmer, 1976). The car-
dlac response to exercise can occur in anticipation of
movement, anxiety or excltement as well as actual ex-~
ertion (Schwartz, et al, 1971; Cohen, 1975; Little,
1977) .

As reported in Little (1977;, S.J. Sarnoff and
associates performed a classic series of experiments
in response to the finding that the heart size of an
athlete tends to become smaller during exercise at a
time when cardiac output is increased. The mechanism
which allows the heart to balance the output of the
right and left ventricles, "heterometric autoregula-
tion", is achieved by altering the myocardial length.
This relationship, known as the cardiac function
curve, was found by Sarnoff to be affected by the

degree of autonomic nervous system stimulation.
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Elood Pressure

Rushmer (1976) defines '"basal" blood pressure as
"the arterial pressure present when all physical, emo-
tional and metabolic activities are reduced to a phys-
iologic minimum." (p. 193). A "basal" state being dif-
ficult to achieve, many investigators collect data on
subjects who have rested quietly and comfortably for at
least 30 minutes and 10 to 12 hours after the last meal.
Fluctuations even under these conditions suggest the
need for using average values of repeated measurements.
The act of taking the blood pressure itself can cause
an emotional reaction which may alter the reading.
For a discussion of factors which affect systemic ar-
terial pressure in addition to expressed or repressed

emotions, see Rushmer, 1976, p. 193-194,

Bicvele and Treadmill Ergometers

Respiration and circulation need at least four
minutes of work to adapt before a steady state can be
achieved (Astrand, pamphlet). In his work with the
bicycle ergometer, Astrand has proved the bicycle to
be a very suitable work form. The use of large muscle
groups allows the analysis of the oxygen transport
function which 1is valuable in tests of physical fitness

(Astrand, pamphlet).
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Balke (1952) used 180 beats per minute as the
breaking point for heart rate in a test of physical
performance. Usling the treadmill, heart rate, blood
pressure and respiratory response were measured during
gradvally increased work. Prior experience on the

treadmill was found to aid subjects.
MEDITATION AND TENSION REDUCTION

Tension reduction technigues have been reported to
affect some areas of tension more then others. A cog-
nitive technigue such as passive meditation was report-
ed by Blankstein (1973) to have a greater impact on a
reduction of fear than on other measures, a somatic
technique (slow, deep breathing) reduced respirations.
The use of feedback reduced tension for wherever the
feedback was given. A modified progressive relaxation
technique reduced several of the measures studied, but
not as significantly as other techniques reported
(Blankstein, 1973.)

Combinations of techniques have been used as
therapy by several investigators. Concluding a study
of biofeedback and progressive relaxation, Braud (1978)
suggested that in order to improve the technique, pas-

sive meditation needed to be included in the training.
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Passive Meditation

Many forms of passive meditative techniques have
been reported to reduce sympathetic arousal. Anand,
et al (1971), in a study of highly experienced yoga
meditators demonstrated a reduction 1n oxygen con-
sumption, which suggested a reduction in metabolism
and muscle tension. The reduction allowed the subject
to remain in an air tight box for 11 hours while a
control remained only six hours.

Elson, et al (1977) matched controls with Ananda
Marga meditators for age, sex, height, weight, and as
closely as possible in terms of customary and recent
levels of physical activity. The subjects were measured
in a meditation/eyes-closed relaxation state. The re-
sults may have been contaminated, reported Elson, due
to the "extreme athletic fitness of the Dartmouth
College volunteer controls"”. Findings were that no
significant differences existed in the reduction in
heart rate during meditation/relaxation. The controls
initial rates were significantly lower than the medi-
tators, 57.2 to 72.3 beats per minute respectively.

Deikman (1966), using a fixed gazé meditation con-
cluded that the possibility exists that the '"classical

mysticeal experience....and other unusual experiences
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represent conditions of specilal receptivity to exter-
nal stimull ordinarily excluded or ignored in the nor-

mal state."

Procressive Muscle Relaxation

Weiner (1977) reported a reduction in state an-
xlety and frontalils EMG in Ananda Margz meditators
and subjects using a progressive muscle relaxation
technique. Results also showed the meditators did
not significantly increase in self actualization over

the progressive muscle relaxation group.

Transcendental Meditation and Wakefulness

Passive meditatlon technigues such as transcen-
dental meditation have been reported to elicit the re-
laxation response (Benson, 1974). The EEG patterns
in states of meditation indicate that conditions of
trophotropic dominance are compativle with full aware-
ness (Gellhorn, 1972), supporting the work of Wallace,
Benson, and Wilson (1971) who report that transcenden-
tal meditetion is a wakeful hypometabolic state.

A study of sleep during transcendental meditation
led Pagano, et al (1976) to conclude that TM does not

induce a "unique" state of consciousness such as the
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"wakeful hypometabolic state' suggested by Wallace
and Benson (1972). Meditation, concludes Pagano, et
al, 1s an activity that includes quite different states
both from day to day and meditator to meditator.

Keeping subjects awake has been a problem in the
comparison of relaxation techniques. Travis, et al
(1676), in a study comparing transcendental meditators
and controls showed only controls decreased in measures
significently over time. Many subjects in both groups
slept during the 30 minute meditation-post mecditation
period. Younger (1975) supports the finding that tran-
scendental meditators spend considerable portions of

their time 1in Stage 1 sleep.

TM and Reduction in Phvsiological Functions

Medltatlon has been reported to have an effect on
various physiological functions. Allison (1370) re-
ported that during TM respiration becomes slow and
shallow, with the rate being about half the resting
rate. Resplratory changes at the beginning and end
of meditation were immediate. Further, there was no
evidence of compensatory over breathing at the end of
meditation and no significant 002 buildup. Wallace
(197C) and Wallace and Benson (1972) reported a de-

crease in heart rate during meditation. Decreases
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have also been noted in blood lactate, increases in
electrical resistance of the skin and increases in
slow alpha waves (Wallace and Benson, 1972).

Warrenburg, et al (1977) supported Benson's

"

"relaxation response" hypothesis in a study of tran-
scendental meditators and subjects using a progressive
muscle relaxation technique. No difference was found
between or within groups from treatment to eyes closed
control periods,

Benson (1972, 1973) reported a significant re-
duction in blood pressure in hypertensive subjects
after nine weeks of using the TM technique. The re-
duction was comparable to employing operant condition-
ing techniques according to Benson. Subjects who
stopped meditating returned to control level blood
pressure within four weeks. Blackwell, et al (1975)
also found a reduction 1in blood pressure of moderate
hypertensives with practice of the TM technique, and
correlated this reduction with a decrease in anxiety
as shown by the Spilelberger State-Trait Anxlety In-
ventory. Wallace (1970) and Wallace and Benson (1972)
report no substantial change in blood pressure during

the meditation techniqgue.
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Cumulatory Effects of TM Practice

The concept of "unstressing'.in TM is discussed
by Goleman (1971). Involuntary and spontaneous move-
ments sometimes occur when stress 1s being released.
During the beginning of an individual's meditative
practice these movements and other sometimes uncom=-
fortable side effects may occur. Discomforting side
effects can also occur with too frequent or too long
a meditation period. As the medltator passes through
this period of "normalizing" these responses rarely
occur. The "normalizing" may take several months
(Kanellakos, 1974).

Rogers (1977), reporting on cumulative effects of
periodic relaxation, fcund after 10 weeks no signifi-
cant changes occurred in 73 response measures taken on
transcendental meditators.

The procedure of simply resting twice daily may
account for some of the benefits claimed by the prac-
ticioners of TM according to Otis, et al (1974).

Vassiliadas (1973) of the Stanford Research In-
stitute studled physilological changes of the TM prac-
tlce over time. The changes that were observed in the
study were slow to develop for the most part. Sug=-

gestion was made for the use of longer periods of time.



43

Experienced meditators have been reported to have
more significant changes than thelr less experienced
counter parts. This has been shown for trait anxiety
(Davidson, et al, 1976; Ferguson and Gowan, 1976;
Hjelle, 1974), self actualization (Ferguson and Gowan,
1976; Hjelle, 1974), decreased depression and neuroti-
cism (Ferguson and Gowan, 1976), tonal memory (Frumkin,
1976), internal control (Hjelle, 1974), and phenylala-
nine concentration (Jevning, et al, 1976).

Plasma amino acid levels have been related to
mental states. Jevning, et al (1976), in a study of
franscendental meditators found that plasma phenylala-
nine levels significantly increased in long term
meditators. Jevning hypothesized that the increase
in phenylalanine resulted from a decrease in sympa-
thetic activity which utilizes phenylalanine as a pre-
cursor to catecholamines. A prior study by Michaels,
et al (1976), measuring plasma epinephrine, norepi-
nephrine, and lactate, concluded that TM and "eyes
closed" relaxation are biochemically equivalent.
Michaels' finding using meditators with one or more
years experience was not supported by Jevning (1976)
whose study involved meditators with three to five

years of experience.
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T™ and Disorders

Stutterers who were taught the TM technique re-
ported an improvement in theilr speech. Subjects also
indicated they felt better about themselves in general
after six weeks of meditatiﬁg (McIntyre, et al, 1974).

Wilson, et al (1975) reported the effects of TM
practice on asthma. One group meditated, one group
read. ALfter three weeks scores in pulmonary function
abnormalities (RAW) for the TM group worsened, but
later improved beyond the control group. The groups
were swltched and the reading group was taught TM. The
original TM group was asked not to meditate, but to
read. At the end of three weeks the new TM group wor-
sened, but later improved. An overall improvement in

asthma conditlon was reported.

TM and Personality

Suggestlon has been made that those persons who
take up the practice of a meditation technigque are dif-
ferent than the normal population. Fiebert (1977)
found through an attitude survey those favoring per-
sonal growth will favor meditation. Otis (1974) re-
ported about 50% of subjects in a study discontinued
TM within 18 months. People who stay in TM, reports

Ctls, tend to have better integrated personalities
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than those who drop out. Williams, et al (1976) re-
ported male prospective meditators were more Introvert-
ed and more neurotic than normal, female prospective
meditators had a higher psychoticism score. Over six
months of practicing TM, subjects became less neurotic.
The degree of reduction was related to the frequency

of regular meditative practice.

T™ and Stress Reactivity

Goleman and Schwartz (1976) studied stress reactiv=-
ity of meditators with two or more years regular prac-
tice. An anticipatory increase 1n activation and a re-
covery phase decrease, indicating habituation of the
anticipatory response, were both more pronounced for
meditators than nonmeditators. TM was not seen as
positive in terms of stress intervention if antici-
patory arousal is used as an index of intervention.

The defensive anticipatory arousal becomes mal-
adaptive, according to Goleman and Schwartz, when
after the threat has passed, the arousal conﬁinues,
falling to habituate. Meditation is then seen as
"adaptive" in terms of recovery from stress arousal.

In the Goleman and Schwartz study the stress recovery
benefits of meditation were more pronounced in the

experienced meditators and negligible in the less
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experienced suggesting effects are not quickly ac-
gquired and over time state effects could become traits.
A passive defensive reaction was involved 1n the Gole-
man and Schwartz experiment who note the actual per-
formance of meditators under stress as yet has not been

studied.

MEDITATION AND PERFORMANCE

Habiltuation to Stress

Alpha blocking in meditators during meditation
did not habituate under repeated acoustic stimulation
in a study by Anand, et al (1961). Anand concluded
this suggests a constant state of alertness during med-
itation.

In response to repeated presentations of noxious
auditory stimuli (Orme-Johnson, 1973) meditators demon-
strated fewer spontaneous GSRs, faster GSR habituation,
and fewer multiple responses during habituation than
nonmecditators. Nonmeditators planning to begin TM
made higher resting levels of spontaneous GSR than
nonmeditators in this study. Conclusions were drawn
that the practice of TM contributes to the improvement
of autonomic stability. Orme-Johnson (1973) reports
that individuals exhibiting a high degree of autonomic

stability tend to be less impulsive on motor tasks,
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have quicker perceptions, present behavior which is
less conditionable to aversive stimuli, and habituate
fo tones faster. Rapid habituation is reported to
be correlated with improved mental health (Orme-

Johnson, 13973).
TM anc¢ Mental Health

Psychiatric patients were taught the TM technique
as a treatment (Glueck, and Stroebel, 1975). Patients
using TM had a higher recovery and discharge rate
than age, sex, and MMPI matched controls. In the
original study biofeedback and autogenic training
groups were included. Due to the lack of persis-
tency with the techniques, data could not be used
regarding biofeedback and autogenic training in this
study. TM was chosen for use in this study because
it has been found that other types of passive mantra
meditations, although producing similar findings, are
not as consistent iIn results, and TM appears to pro-
duce a maximum effect more rapidly than any other
technique (Gleuck and Stroebel, 1575).

Prew (1974) studied transcendental meditators
who had full time jobs, concluding that Jjob perform-
ance, Jobssatisfaction, job stability and inter-

personal relationships with co-workers and supervi-



sors all seemed to improve in people participating
in the TM program.

Mertinetti (1976) reported that transcendéntal
meditators showed greater response sensitivity to the
Ames Trapezoid Illusion than controls who commented

they were easily distracted from the task.

T and Reaction Time

Appelle, et al (1974) studied reaction times of
transcendental meditators. The meditators failed to
show a learning curve in pre or posttest trials. A
rest and task group demonstrated a learning curve in
the pretrial only. Meditators, however, reduced with-
in subject variance on the posttest and showed initial
and final scores significantly better over rest and
task groups. Results, according to Appelle, et al,
suggest a correlation between reaction time and alert-

ness.

T and the Pursuit Rotor Task

Using a pursuit rotor tracking device, controls
performed better than transcendental meditators during
10 second trials at 60 rpm (Williams and Herbert, 1976).
£ similar study showed no difference in terms of per-

formance, learning, reminescence, and intra-individual
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abllity between TM subjects and subjects who sat quiet-
ly with eyes closed prior to the pursuit rotor task

(Williams and Vickerman, 1976).
SUMMARY OF THE REVIEW OF LITERATURE

The nature of physiological and psychological
correlates of tension and meditation and the inter-
relationship of tension and performance have been
reviewed. Tension and stress have been discussed es
having effects on physiological variables and per-
formance of tasks, inhibiting in some cases and fa-
cilitating in others. Motor activity produces stress
as indicated by changes in physiological measures
during activity. Sympathetic input, central to the
reaction to stress, exhibits an idiosyncratic pattern,
and 1s a component in the physiological changes as-
sociated with motor activity. Individual perception
and appraisal is important as to whether a stress re-
sponse is elicited. The maintenance of tension when
not needed may interfere with performance and have a
long term effect on health. Increased habituation
to a stressor or the confrontation of stress in a
more relaxed state may have a more positive effect
on health as well as performance.

Meditation was viewed as potentially producing
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a profound state of relaxation. Differences in mea-
sures over time lmplicate a changing of state effects
into trailts. The need for an investigatlon of the
effects of immediate prior use ?nd long term regular
practice of a simple form of passive meditation as an
aid to the coping process during the performance of a
motor activity has become apparent as a result of this

review of precedent research.
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CEAPTER III

METHODOLOGY

Sample Description

A group of meditators and a group of normedita-
tors comprised the samples for this study. The medi-
tation group was 16 transcendental meditators who had
regularly practiced the TM technique for three or more
years. Six of the meditators had received advanced
training (Siddha) in the TM technique. Sixteen Oregon
State University students who were matched as closely
as possible with the meditation group for sex, age,
height, weight, and current and customary activity
level and who had no history of practice of a relax-
ation technique formed the nonmeditation group. Sub-
Jects were medically cleared as apparently healthy for
participation in the study by a physician associated
with Oregon State University. Clearance was based on
the review of a Self Report Medical History Form
(Appendix C) and a l12-lead resting ECG obtained by
the experimenter. A resting ECG indicates cardiac
function is acequate urder resting circumstances.
Subjects gave written consent to be used as subjects

prior to the administration of the resting ZCG.
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Method of Obtaining Consent

During an advanced TM lecture in the Fall of
1978, the experimenter presented a brief description
of the study to be undertzken and its requirements for
the subjects. Further contact was made on a referral
basis for additional meditation subjects. Written
consent was obtained from those individuals agreeing
to volunteer as subjects for the study by way of the
Acknowledgement of Willingness to Participate form
(Appendix A). A Questionnaire-Relaxation and Motor
Activity Study (Appendix B-1), Self Report Medical
History Form (Appendix C), and a personal interview
were also given to determine the gqualifications and
vital information for each subject.

Nonmeditation subjects were sought through the
use of posted notices, announcements in classes, and
the university student newspaper. Acknowledgement of
Willingness to Participate forms, guestionnaires
(Appendix B-2), Self Report Medical History forms,
and personal interviews were given nonmeditators who
volunteered for the study. Data from the completed
forms was used to select subjects who were acceptably
paired with each meditation subject.

Anonymity of all subjects was maintained by

assigning a number to each subJect which was recorded
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on the questionnaire and Self Report Medical History

Form. Thereafter only assigned numbers were used to

identify subjects.

Sample Pairing

Subjects were matched as closely as possibel with-
in variances on selected varlables. Variances allowed
for each of the matching variables were: sex, none; age,
% one year; height, ¥ one inch; weight, ¥ five pounds;
current and customary activity level, subjectlve eval-
vation based on the responses of each prospective par-
ticipant to the Questionnaire-Relaxation and Motor
Activity Study (Appendix B-1, B-2). Means and standard
deviations of the meditation and nonmeditation groups
are presented in Tables la and 1lb, Subjects ranged

in ages from 18 to 32 years. Sixteen males and 16

females participated in the study.

Experimental Design

L pretest-posttest control group randomized blocks
design was used in this study (Campbell and Stanley,
1963)., The following steps were taken to match sub-
jects and establish groups. Sixteen transcendental

meditators with three or more years experience in the
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TABLE 1 a

MEANS AND STANDARD DEVIATIONS OF
MATCHING CRITERIA VARIABLES
FOR THE MEDITATION GROUP

Age Height Weight Fitness Years

in in in Level¥* Exper-
Years Inches Pounds ience
Medita-
ting
Experimental
Mean 26.4 68.8 141.9 2.5 b7
Standard
Deviation 2.7 3.5 12.2 0.8 1.3
Control
Mean 26.3 67.9 137.5 2.4 5.3
Standard
Deviation L.5 4,0 24,9 0.7 2.2
Total
Mean 26.3 68.3 128.7 2.4 L.9
Standard
Deviation 3.6 3.7 19.1 0.7 1.8

*Fitness level: Good, 3; Fair, 2; Poor, 1.
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TABLE 1 D

MEANS AND STANDARD DEVIATIONS OF

MATCHING CRITERIA VARIABLES
FOR THE NONMEDITATION GROUP

Age Height

Weight Fitness

in in in Level*
Years Inches Pounds
Experimental
Mean 25.9 69.0 143.1 2.5
Standard
Deviation 2.6 3.7 16.0 0.8
Control
Mean 26.1 67.9 137.5 2.4
Standard
Deviation L.8 L.1 25.2 0.7
Total
Mean 26.0 68.4 140.3 2.4
Standard
Deviation 3.7 3.8 20.6 0.7
*Fitness level: Good, 3; Fair, 2; Poor, 1.
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TM technigue were recruited to form a meditation
group (M). A population of 35 nonmeditation subjects
(NM) having no history of relaxation training were
recruited out of which 16 were chosen who were each
matched as closely as possible with a palred subject in
the meditation group for sex, age, height, weight, and
current and customary activity level.

Matched pairs of meditators and nonmeditators were
assigned to two subgroups. An attempt was made to
evely distribute meditation subjects by sex, length of
meditation experience, advanced training in meditation
and range and mean age. Each subgroup of eight subjects
contained four males and four females. Three medita-
tors in each subgroup had received advanced training in
meditation (Siddha). (See Tables la and 1b).

Matcned supbgroups were then randomly selected for
experimental (E) or control (C) procedures. Exper-
imental groups periformed a pretest and posttest of a
pursuit rotor task and a bicycle task. Immediately
prior to performance of the posttest experimental
groups recelved a treatment perioc.

Treatment consisted of a meditation period of
15 or 20 minutes for the meditation group based on
personal customary practice. Treatment for the non-

meditation group consisted of relaxing with eyes
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cilosed for a corresponding length of time to their
matched meditator. Control groups performed the pre-
test and posttest procedures without the treatment
period. Pretest and posttest procedures were identi-
cal for all groups.

Figures 1 and 2 illustrate the design and com-

parisons made within the design.

Criterion Instruments

The criterion instruments used in this study were
the electrocardiograph, electromyograph with time per-
iod integrator, sphygmomanometer, pursuit rotor track-
ing device with time on target chronograph, and bi-
cycle ergometer. The pursult rotor tracking device
was chosen as an instrument for providing a fine motor
task. The use of the pursuit rotor for this purpose
has been established in the literature (Eason, 1963;
Eason and Branks, 1963; Eason and White, 1960).

The ticycle ergometer was chosen as a measure of
gross motor cardiovascular stress. The use of the
bicycle ergometer for this purpose 1s supported by
Astrand (pamphlet). In addition, the bicycle er-
gometer may be adjusted for work load, and a re-
liable instrument for establishing a progression of

work load was available (Luft Progressive Bicycle
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Group Randomized Blocks Design used in this study.
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Ergometer Performance Test, Luft, 1563, Appendix F).

Muscle strains are an inherent risk in most vig-
orous physical activities. A progressive lncrease in
work load beginning with little resistance and grad-
vally increasing resistance minimizes the chance of
muscle strain. The Luft protocol increases work load
more often and with smaller increments than does the
Balke (pamphlet) or Astrand (pamphlet) bicycle ergo-
meter protocols, and was chosen for this reason.

A severe work load will cause the heart to be
stressed. Monitoring the heart rate on an ECG allowed
the experimenter tc note apparsent malfunctions in the
heart and be able to reduce the load before a crisis
would cccur. The review of a 1lz2-iead resting ECG
prior to activity does not allow a physician to certi-
fy the subject will not have a cardiac emergency, but
does enable the physician and experimenter to make
some assumption as to apparent healith. Stressing the
subject to 70% age predicted maximum heart rate,
rather than 85% or 9C%, allowed the experimenter to
assure moderate cardiovascular stress while minimizing
the risks invoived. Each subject was asked to adhere
to certain reguests (Appendix D) prior to coming to
the laboratory. The reguests were designed to guard

against effects of variables which could confound the
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results as well as to minimize the risks to the sub-
Jject.

The task would have been stopped if any of the
following had occurred: irregularities in ECG such as
depressed S-T segment appeared, ECG reflected three
preventricular contractions in a row, blood pressure
decreased during activity, systolic blood rressure
reached 180 mmHg, subject felt nauseated, dizzy, sub-
Ject experienced muscle cramps, anginal pain, or upon
the subject's request. The task was stopped when the
subject reached 70% age predicted maximum heart rate

(Appendix E).

Criterion Measures

The physiological criterion measures for this
study were heart rate, and systolic blood pressure as
measures of cardiovascular adjustment (Astrand, pamph-
let; Balke, 1952), and one-minute integrated average
frontalis EMG values as a measure of the "spread" of
muscle tension (Freeman, 1921, 1933). Rate-pressure
product (RPP) was also computed for the bicycle task
as a measure of internal work.

Criterion performance scores for the pursuit
rotor task were the time-on-target values for each

of the five trizls. As well as being a measure of
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fine motor skill, involving eye-hand coordination,
the time-on-target score allows a relative index of
effort (Eason, 1963). The length of time of perform-
ance on the bicycle ergometer before the target heart
rate was reached served as the performance score for
the gross motor activity of the bicycle task (Luft,
1963).

Comparisons were based on actual scores between
groups except for the performance time period of the
bicycle where interpolated data was used for the

physiological measures.

Screening Session

During the first session meditzators and matched
nonmeditators were given a resting 12-lead ECG. The
first session also included a brief orientation to the
laboratory and equipment to be used. Pending medical
clearance, the subject was asked to refrain from cer-
tain activities on the day of their participation in
the next session in order to reduce the effect of
variables which might alter performance such as rest
or exercise periods and consumption of food or drugs.
An explanation of these cautions was given the sub-
ject during the first session (Appendix D, Instruc-

tions to Participants, Relaxation and Motor Activ-
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ity Study). Subjects were also informed that arrange-
ments had been made for the use of the shower facili-
ties at Dixon Recreation Center near the laboratory
following each session (Appendix G, Shower Pass).

The Self Report Medical History Form and resting
12-lead ECG were reviewed by a physician. Subjects
were notified of the results and a schedule of appoint-
ments made if medically cleared for participation. An
attempt was made to schedule the two test times at the
same hour one week apart. The subjects with whom they
were matched were scheduled as closely as possible to
the same hour, but may have been a different day of

the week or a different week.

Pretest-Posttest Sessions

Subjects in both meditation and nonmeditation
groups, in two separate sessions, performed five one-
minute trials with a 30 second interval between trials
of a pursuit rotor tracking task. Subjects also per-
formed the Luft bicycle ergometer protocol to 70% age
predicted maximum heart rate. During each of these
tasks subjects were monitored for heart rate, blood
pressure and frontalis EMG. Experimental subjects re-
ceived a treatment period of meditation (meditators)

or eyes closed relaxation (nonmeditators) immediately
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prior to the posttest.

Upon entering the laboratory the subject was
guestioned regarding adherence to the instructions
they were to follow (Appendix D). Three electrodes
were placed on the frontalis muscle for monitoring
EMG. Figure 3 shows placement of electrodes and
headphones for securing lead wires. A Cyborg
Electromyograpn J33 and a Sp2 WN41l-2 RMS Dual
Processor and Time Period Integrator were used to
collect data on frontalis muscle EMG activity and
a chronograph for securing time on target performance
scores for the pursuit rotor task. Instruments are
pictured in Figure 4.

A standard CM5 lead II was used for ECG monitor-
ing. Figure 5 shows placement of leads. A Birtcher
Model 544 Electrocardiograph was used to collect data
on heart function and is pictured in Figure 6.
Electrodes and connecting wires were held in place and
out of the subject's way with six inch elastic bandages
secured around the torso. A set of headphones were
attached to the head to secure the frontalls EMG wires.
Figure 7 shows the rear view of EMG and ECG lead
wires.

A blood pressure cuff was snugly placed on the

non-éominant arm of the subject. Figure 8 shows
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Figure 3

Bipolar placement of electrodes for frontalls EMG
monitoring. The net difference in action potentials
were monitored retween the two active electrodes. The
middle electrode is a ground. One minute integrated
averages of root mean sguare were used for computation
of frontalis EMC activity. Headphones were placed over
the head to secure the lead wires.
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Figure 4

Cyborg Electromyograph J33 and SP2 Wnkll-2
Processor and Time Period Integrator, and
on target chronograph.
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Figure 5

Standard CM5 lead II placement of ECG electrodes.
Electrodes placed at the top of the sternum and at
the V5 position on the left thorax are active in
this bipolar system. The electrode on the right
thorax 1s a ground.
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Figure 7

Rear view of EMG and ECG lead wires. Note three EMG
lead wires secured by headphones hanging down the back
of the head and clipped together at the belt with the
three ECG lead wires brought around to the back. The
thick black cord is a part of the headphone set and
served no purpose in this study.
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Figure 8

Attachment of blood pressure cuff and bandage securing
the EMG and ECG lead wires to subject.
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attachment of blood pressure cuff and bandage se-
curing the EMG and ECG lead wires to subject. After
the proper position was ascertained by a trial blood
pressure reading, the stethoscope bell was taped to
the subject's arm.

The subject was asked how their day went, how
they felt, with particular attention paid to any extra
stresses that may be influencing thelr lives at that
particular time. The information was noted and re-
tained with the subject's data forms.

A schedule of data collection is shown in Tebles

2a and 2b.

Pursuit Rotor Task

4 five minute sitting adaptation period preceded
the pursuit rotor task (Zurns, 1971). DBaseline read-
ings for hezrt rate, blood pressure and one-minute
integrated average EWMG values were taken during minutes
3, 4, and 5 of the adaptation period (Burns, 1971;
VGoldstein, 1677; Kinsman, 1978&; Rushmer, 1976).

The subject was then informed &s to the nature of
the pursuit rotor task. Instructions were glven on
cassette tape to assure standardization. The pursuilt

rotor device was activated so that the moving light
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TABLE 2a

DATA COLLECTION SCHEDULE

Pursuit Rotor Task

Adaptation Heart Rateb - sixth 10-second period

Period ¢ of minutes 3, 4, and 5

C

Blood Pressure following minute 5

Frontalis EMGY - during minutes 3, 4
anéd 5
Perforgance
Period Heart Rate - anticipation of each
trial, 10 seconds
prior to start
Blood Pressure ~ during the interval
between trials
Frontalis EM - during each trial
Recove§y
Period Heart Rate - s5ixth 10-second period
of each minute
Blood Pressure - at the end of the re-
covery period
Frontalis EMG - during each minute
& five minutes in length
b measured in beats per minute
g measured in mm Hg
e one-minute integrated averages measured in microvolts
£ five one minute trials with 30 seconds between trials

five minutes in length
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TABLE 2b

DATA COLLECTION SCHEDULE

Bicycle Task

Adaptation Heart Ratel - sixth 10-second period
Periog® of minutes 3, 4, and 5
3lood Pressure® - following minute 5
Frontalis EMGY - during minutes 3, 4,
’ and 5
Performance Heart Rate - anticipation of per-
Periodg® formance, 10 seconds

prior to start
- sixth 10-second per-
iod of each minute
Blood Pressure - following heart rate
reading, at the begin-
ning of each minute

Frontalis EMG - during each minute
Recoverpy Heart Rate - sixth 10-second period
Period* of each minute

Blood Pressure - following heart rate

reading, at the begin-
ning of each minute
Frontalis EMG - during each minute

five minutes in length

measured in beats per minute

measured in mm Hg

one-minute integrated averages measured in microvolts
the length of time of performance until the subject
reaches the target heart rate of 70% age predicted
maximum (Appendix E)

ten minutes 1in length

OO0 U W
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followed the track in a clockwise direction and the
speed set at 60 revolutions per minute. The Layfayette
Phytoelectric Pursult Rotor device used in this study
is pictured in Figure 9. The task was performed in
five one-minute trials. Figure 10 depicts the subject
performing tne pursult rotor task.

Following instructions for the pursuit rotor a
10 second warning was given in which heart rate was
taken. Heart rate was taken during the second, fourth
and sixth 10 second perilods of each one-minute trial and
during the 10 second warning period prior to each trial
(Folkins, 1570). Frontalis EMG was recorded as an in-
tegrated one-minute average during each trial (Epstein
and webster, 1975). A 30 second interval between trials
allowed the experimenter to take the subject's blood
pressure., Followlng the fifth trial the subject sat in
a nearby chair for a five minute recovery period (Fol-
kins, 1970; Jones, 1S46) during which the heart rate
and frontalis EMG readings were taken as during the
trial periods. ZElood pressure was taken at the end of

the recovery period.

Bicyecle Task

The pursult rotor task was followed by performance
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Figure O

Layfayette Photoelectric Pursuit Rotor device. Di-
rection of the moving light was set to follow a clock-
wise direction at 60 rpm. The metal rod which subjects

used to track the moving light i1s shown lying on the
tarle.
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Figure 10

Subject depicted performing the pursuit rotor task.
Note attachment of lead wires and blood pressure cuff
allowed the subject freedom of movement for the task.
The electrocardiograph and electromyograph were out of
the subject's view and the sphygmomanometer was placed
such that the subject could not see the measurement.
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of the Luft Progressive Bicycle Ergometer Performance
Test {Appendix F) to a pre-established target heart
rate of TO% age predicted maximum (Appendix E) while
being monitored for heart rate, blood pressure and
frontalis EMG. The length of time in minutes taken to
reach the pre-established target heart rate was also
recorded.

The subject first sat in a chair for five minutes
(adaptation period) which allowed baseline readings
for the bicycle task to be taken during minutes 3, 4,
and 5. Following the adaptation period the subject
hyperventilated for 30 seconds. The electrocardio-
graph was monitored during hyperventilation and fer
15 seconds following. While no subject exhibited
arrythmias or irregular cardiac function during hyper-
ventilation or the period following, if such had oc-
curred there would have been a delay in testing.

Once recovered, the subject mounted the bicycle.
Figure 11 shows the Monarch Bicycle Ergometer used
in this study. The seat was adjusted for comfort and
proper leg extension. Location of the adjustment was
noted for the posttest. Instructions were given to the
subject while they were sitting on the bicycle. In-
structions were given on cassette tape to assure

standardizatior. The subject was asked to pedal at



Monarch Bicycle Ergometer. Seat position was adjusted
to provide comfort and proper leg extension for the
‘subject. Resistance to pedalling was increased by +
kilopound each minute as per the Luft protocol (Ap-
pendix F). A tachometer on the bicycle and a metro-
nome placed visvally 1n front aided the subject in
keeping a set pedalling speed of 50 counts per minute
which is approximately 22 kilometers per hour.
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50 counts per minute during the task as indicated by
the flashing light on a metronome placed visually
before them. The speed was approximately 22 kilometers
per hour which was also indicated by the tachometer.
Extra movements such &s turning to see what the ex-
perimenter was doing or to look at the instruments
other than the metronome would affect the readings
and the subject was asked for this reason to attend to
the task until told to do something different. TFigure
1.12 depicts the subject performing the bicycle task.
The subject was reminded that if severe discomfort,
pain in the chest, rzusees, dizziness, or other unusual
symptoms were experienced, he or she was to notify the
experimenter immediately and the task would be termin-
ated. During the pretest, a nonmeditation subject was
excused and replaced with a comparable matching subject.

Upon completion of the task the subject was asked
to continue pedaling for an additional minute at the
same cadence, but at O Xp load. The subject was then
moved to a nearby chalr for the remainder of the re-
covery period.

A 10 second warning was given prior to the be-
ginning of the Luft protocol (Folkins, 1970). The
heart rate was taken during this warning and during

the sixth 10 second periocd of each minute of the task.
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Figure 12

Subject depicted performing the bicycle task. The
metronome is a small black box on a shelf at the far
left. Note attachment of lead wires and blood pressure
cuff zllowed the subject freedom of movement for the
task. A cardboard screen blocked the subject's view of
the electrocardiograph. The sphygmomanometer was placed
behind the subject, and the subject was positioned so
that the electromyograph was out of view.
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Blood pressure was taken immediately following each
heart rate reading. EMG values were taken as repeated
one-minute integrated averages during each minute of
the task. Measurements continued to be taken each
minute of the 10 minute recovery period (Jones, 1946;

Folkins, 1970).

Meditation/Relaxation Period

The experimental subjects were given a treatment
(meditation/relaxation period) immediately prior to
performance of the posttest. The experimental med-
itation subjects meditated for 15 or 20 minutes, de-
pending on customary practice, followed by 10 minutes
of sitting quietly with eyes closed. Experimental
nonmeditation subjects sat and relaxed with eyes closed
for a corresponding length of time to the meditation
subjJect with whom they were matched.

Subjects were seated in a comfortable chair in a
darkened room. The headphones used to hold the fron-
talis EMG wires in place assisted in blocking out ex-
traneous sounds during the meditation/relaxation period.
Instructions were given as to the procedure for the
meditation/relaxation period and post meditation/re-
laxation period on a cassette tape to assure standardi-

zation., Subjects were asked to sit for five minutes
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with their eyes open (adaptation period), during which
baseline readings were taken for heart rate and fron-
talis EMG during minutes 3, 4, and 5. Blood pressure
was taken following minute 5 (Burns, 1971; Kinsman,
1978). The subjécts were instructed to begin the
meditation/relaxation period. Heart rate was taken
during the last 10 second period of each minute of
meditation/relaxation. Frontalis EMG values were
one-ninute integrated averages during each minute of
meditation/relaxation (Epstein and Webster, 1975).
After 20 minutes, the experimenter entered the room
and asked the subject to continue sitting with eyes
closed for 10 more minutes. Blood pressure was taken
at this time. During the 10 minute post-meditation/
relaxation period, heart rate and frontalis EMG values
continued to be taken. Following the post-meditation/
relaxation period, subjects were asked to slowly open
their eyes and blood pressure was again taken.

A short questionnaire was given to the subjects
following the post-meditation/relaxation period (Ap-
pendix H, Post Meditation/Relaxation Questionnaire).
SubJjects were asked to indicate how well they were
able to meditate/relex on a scale of 1 - 5, if they
think they went to sleep, when, and about how long

they slept.
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The third session was concluded for experimental
subjects with performance of the posttest of the pur-
sult rotor task and bicycle task. Control subjects
performed the posttest without the prior meditation/
relaxation period. Measurements for the posttest
were taken as per the pretest. See Tables 2a and
2b, Data Collection Schedule, page 72-73. Data
collection forms for the pursuit rotor task and bil-
cycle task, and the meditation/relaxation period are

presented in Appendix I, J, and K.
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CHAPTER IV

RESULTS AND DISCUSSION

The data obtained from the 32 subjects on pretest
and posttest of the pursuit rotor task and bicycle task
were complled into appropriate categories and are pre-
sented in thils chapter. The data are discussed under
three broad headings relating to the appropriate hy-
potheses: (1) Pattern of Physiological Response, (2)
Level of Performance, and (3) Relationship of Per-
formance to Physiological Response. Under each broad
heading the pursult rotor task data 1s presented first
Tollowed by the bicycle task data.

A pretest-posttest randomized blocks design was
used with groups compared on three levels: (1) Medi-
tators and Nonmeditators, (2) Experimental and Con-
trol Groups, and (3) Pretest and Postiest. Compari-
sons are made within each of these categories on each
of the physiolecgical varisbles. Variables include
heart rate, blood pressure, frontalis EMG, and for the
bicycle btask, rate-pressure product (RFPP).

An analysis of variance of the trends of the trial
means (Grant, 1S56) was used to test the first hypothe-

sis relating tc the pattern of physiologiczl respons

g

.

& level of signifilcance of .05 was selected for accept-



ance or rejection ¢of the null hypothesis. Tables ana
graphs are presented to illustrate and clarify where
significant difference occurred. Mean values for the
physiological variables during each time period as
computed for each group are also presented.

Hypothesis two, which relates to the difference
in levels of performance between comparative groups,
was tested with an analysis cof variance of the trends
of the trial means and an analysis of variance of
means for the pursuit rotor task, and an analysis
of variarce of means for the bicycie task. & sig-
nificance level of .05 wes selectad Ifor acceptance or
rejection of the null hypothesis. Tables and graphs
are presented tc illustrate and clarify where sig-
nificant c¢ifference occurred. Mean time on farget
scores are presented for each trial of the pursuilt
rotor task. Mean bilcycle task perflormance scores
are also tabled and presented.

4 multiple regressiorn analysis was used to test
the third hypothesis which establishes the relation-
ship of performance (dependent variable) to physio-
logical response (independent variable). Tables are
presented to show significant regression coefficients

of multiple corrslations.

Since the coefficients of multiple regression

€5
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(R) may be a result of chance or sampling error, an
analysis of variance of significance of R was also
computed. A significant F-ratio indicated that a
significant linear relationship existed between the
dependent and independent variables identified. A

.05 level of significance was selected as showing a
significant linear relationship. If R proved signif~
icant, a further correlation of .85 was necessary for

acceptance or rejection of the null hyvpothesis.

Pattern of Physiological Response

Pursuilt Eotor. Task

The pursuit rotor tracking device was designated
as an instrument to measure fine motor task involving
eye-hand coorcdination and localized movement. Selected
fime periods were analyzed for the pursuit rotor on
the assumption the pattern of physiological response
might occur in certain time periods and not in others.
Time periods selected for the pursult rotor task data
analysis were: adaptation value and anticipation value
of each trial (six values), the second 10 second per-
iod of each trial (five values), the fourth 10 second
perioé of each trial (five values), the sixth 10

second period of each trial (five values), the sixth
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10 second period of the fifth trial through recovery
(six values). Heart rate, blood pressure, and frontalis
EMG response will be discussed as they relate to the
comparison of groups in selected time periods.

Heart Rate. Tables 3a through 3e provide mean

heart rate values for each group during each time period.
Table 4 provides F-ratios and descriptions of signifi-
cant trend difference found in heart rate response be-
tween meditators and nonmeditators. Figures 1l3a through
13c illustrate difference in trends presented in Table 4.
Analysis of variance tables are provided for each
significant trend difference (Table 5a through 5c).
Comparing meditators and nonmeditators in the ex-
perimental condition, a quartic trend difference was
found during the sixth 10 second period of the posttest.
No significant difference was founc in any tlme perilod
of the pretest between these groups. Control medita-
tors and nonmeditators showed a quadratic difference 1n
trends during the adaptation/anticipation time period of
the pretest and a guartic tfend difference during the
sixth 10 second heart rate of the last trial through
recovery of the pretest. No significant difference
was found for the control condition comparing medita-

tors and nonmeditators during the posttest.



TABLE 3a

MEAN HEART RATE RESPONSE* TO THE PURSUIT ROTOR TASK
DURING ADAPTATION AND ANTICIPATION OF EACH TRIAL

Anticipation of Iach Trial

Groups Adaptation 1 2 3 Yy
Meditators
Experimental ]
Pretest 69 93 84 84 87 91
Posttest 66 83 82 78 79 83
Control
Pretest 64 81 76 79 76 81
Posttest 85 83 7 77 83 83
Nonmeditators ‘
Experimental
Pretest 79 98 95 93 99 97
Posttest 69 87 80 84 80 87
Control
Pretest T4 93 g3 90 87 90
Posttest 72 86 81 89 88 85

—

*indicated in beats per minute

88



TABLE 3b

MEAN HEART RATE RESPONSE* TO THE PURSUIT ROTOR TASK
DURING THE SECOND 10-SECOND PERIOD OF EACH TRIAL

Trial
Groups 1 2 3 4 5
Meditators
Experimental
Pretest 101 89 90 86 88
Posttest 85 80 81 82 82
Control
Pretest 87 78 79 82 . 79
Posttest 85 81 80 81 79
Nonmeditators
Experimental
Pretest 102 96 97 99 99
Posttest 83 82 84 85 85
Control
Pretest 100 88 87 90 90
Posttest 88 83 84 84 83

*indicated in beats

per minute

63



TABLE 3¢

MEAN HEART RATE RESPONSE* TO THE PURSUIT ROTOR TASK
DURING THE FOURTH 10-SECOND PERIOD OF EACH TRIAL

Trial
Groups 1 2 3 4 5
Meditators
Experimental
Pretest 96 88 90 87 88
Posttest 83 82 81 84 84
Control
Pretest 88 80 82 82 84
Posttest 87 81 83 84 85
Nonmeditators
Experimental
Pretest 100 99 99 101 103
Posttest 86 85 85 87 86
Control
Pretest 102 92 91 92 92
Posttest 90 84 87 88 88

*indicated in beats per minute



TABLE 3d

MEAN HEART RATE RESPONSE* TO THE PURSUIT ROTOR TASK
DURING THE SIXTH 10-SECOND PERIOD OF EACH TRIAL

. Trial
Groups 1 2 3 b 5
Meditators
Experimental
Pretest 92 91 90 91 90
Posttest 84 84 86 82 85
Control
Pretest 83 80 83 81 84
Posttest 86 85 79 83 86
Nonmeditators
Experimental
Pretest 100 99 98 101 101
Posttest 85 86 85 88 90
Control
Pretest 97 93 93 94 oL
Posttest 88 87 87 90 88

*indicated in beats per minute



Table 3e _

MEAN HEART RATE RESPONSE* TO THE PURSUIT ROTOR TASK
DURING THE FINAL PERFORMANCE HEART RATE THROUGH RECOVERY

Final
Performance a Recovery
Groups Heart Rate 1 2 3 L 5
Meditators
Experimental
Pretest 90 72 67 70 68 67
Pesttest 85 70 65 68 67 66
Control
Pretest 84 61 62 62 63 65
Posttest 86 ol 65 67 ol 66
Nonmedltators
Experimental
Pretest 101 77 78 76 78 78
Posttest 90 69 66 68 72 71
Control
Pretest gl 70 68 68 71 67
Posttest 88 69 70 68 70 72

*indicated 1n beats per minute

c6



TABLE 4

SIGNIFICANT* COMPARISONS OF TREND OF HEART RATE RESPONSE TO THE PURSUIT ROTOR TASK
BETWEEN MEDITATORS AND NONMEDI TATORS

Adaptation/ Second Fourth Sixth Final
Anticlpation 10-second 10-second 10-second Performance
of Each Trial Period Period Period Heart Rate/
of Each Trial of Each Trial of Each Trial Recovery
Experimental
Pretest
Posttest quartic
F 9.93
Control
Pretest gquadratic quartic
F 5.05 F 5.18
Posttest

*F of 4.60 needed for significance at .05 for df 1,14

€6
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FPigure 13a

Pursuit Rotor Heart Rate Response Comparing Meditator and
Nonmeditator Control Groups During Adaptation and the
Anticipation of Each Trial of the Pretest.
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Figure 13b

Pursuit Rotor Heart Rate Response Comparing Meditator
and Nonmeditator Control Groups During the Sixth 10-
Second Period of Each Trial of the Posttest.
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Pursuit Rotor Heart Rate Response Comparing Meditator
and Nonmeditator Control Groups During the Final Per-
formance Heart Rate Through Recovery of the Pretest.
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TABLE b5a

ANALYSIS OF VARIANCE OF TRENDS
PURSUIT ROTOR HEART RATE RESPONSE
COMPARING MEDITATOR AND NONMEDITATOR CONTROL GROUPS
DURING -ADAPTATION/ANTICIPATION OF EACH TRIAL OF THE PRETEST

Source of Variation Mean Square Dr F-Ratio
Total 233.53 95
Meditator/
Nonmeditator 101&5.30 15
3278.34 1 3.83
Error 856.86 14
Time Period £86.38 80
672.29 5 13.81*
Linear 894 .64 1 21.29%*
Quadratic 992.58 1 58 .66%*
Cubic 1254.79 1 15.52*%%
Quartic 105.11 1 1.85
Interaction 28 .49 5 0.59
Linear 17.75 1 0.42
Quadratic 85.51 1 5.05%*%
Cubic 12.40 1 0.15
Quartic 4.93 1 0.09
Error 48 .67 70
Linear 42,02 14
Quadratic 16.92 14
Cubic 80.85 14
Quartic 56.79 14

- *F of 2.38 needed for significance at .05 for d&f 5,70
*¥*¥F of 4.60 needed for significance at .05 for d4f 1,14



ANALYSIS OF VARIANCE OF TRENDS
PURSUIT ROTOR HEART RATE RESPONSE

TABLE Sb’
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COMPARING MEDITATOR AND NONMEDITATOR EXPERIMENTAL GROUPS
DURING THE SIXTE 10-SECOND PERIOD OF EACH TRIAL

OF THE POSTTEST

Source of Variation Mean Square Df F-Ratilo
Total 178 .81 79
Meditator/
Nonmeditator 893.40 15
145,80 1 0.15
Error 946 .80 14
Time Period 11.33 64
21.86 4 2.35
Linear 65.03 1 5.17*
Quadratic 5.79 1 0.43
Cubic 6.01 1 1.15
Quartic 10.61 1 1.79
Interaction 28.96 4 3,11
Linear 44,10 1 3.51
Quadratic 9.45 1 0.70
Cubic 3.31 1 0.63
Quartic 58.97 1 9.93*
Error 9.31 56
Linear 12.58 14
Quadratic 13.52 14
Cubic 5.21 14
Quartic 5.94 14

*F of 4.60 needed for significance at

.05 for df 1,14



ANALYSIS OF VARIANCE OF TRENDS
PURSUIT ROTOR HEART RATE RESPONSE

TABLE 5c
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COMPARING MEDITATOR AND NONMEDITATOR CONTROL GROUPS
DURING FINAL PERFORMANCE HEART RATE THROUGH RECOVERY

OF THE PRETEST
Source of Variation Mean Square Df F-Ratio
Total 173.62 95
Meditator/
Nonmeditator 524,18 15
1141.26 1 2.38
Error 480.11 14
Time Period 107 .89 80
1466 .89 5 90.18&*
Linear 2825.75 1 107 .56%*
Quadratic 2835.05 1 120 .47**
Cubic 1450.67 1 130.96**
Quartic 1860.04 1 20.15%*
Interaction 31.69 5 1.95
Linear 89.72 1 3.42
quadratic 0.05 1 .01
Cubic 22.05 1 1.99
Quartic 46 .29 1 5.,18%*
Error 16.27 70
Linear 26.27 14
Quadratic 23.53 14
Cubic 11.08 14
Quartic &.94 14
*F of 2.38 needed for significance at .05 for df 5,70
**F of 4,60 needed for significance at .05 for df 1,14



Table 6 provides F-ratios and descriptions of
significant trend difference found in heart rate re-
sponse between experimental and control groups. Fig-
ures 1l4a through lidc illustrate difference in trends
presented in Table 6. Analysis of variance tables
are provided for each significant trend difference
(Tables Ta through Tc).

Comparing meditators in the experimental and
control conditions, a quartic differnce in trends
was found in the pretest during the adaptation/an-
ticipation time period, but not during the posttest.
Nonmeditators in experimental and control groups
were found to have a significant linear difference
in trends of the fourth second period of each trial
during the pretest but not during the posttest.
Comparing experimental and control conditions, non-
meditators during the posttest showed a signifi-
cant linear difference in trends during the second

10 second period of each trial.



TABLE 6

SIGNIFICANT* COMPARISONS OF TREND OF HEART RATE RESPONSE TO THE PURSUIT ROTOR TASK
BETWEEN EXPERIMENTAL AND CONTROL GROUPS

Adaptation/  Second Fourth Sixth Final

Anticipation 10O-second 10-second 10-second Performance
of Each Trial Period Period Period Heart Rate/
of Each Trdial of Each Trial of Each Trial of Each Trial
Meditater
Pretest quartic
F 9.14
Posttest
Nonmmeditator
Pretest linear
F 8.11
Posttest linear

F 4.92

*F of 4.60 needed for significance at .05 for df 1,14

10T
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Figure 1lia

Pursuit Rotor Heart Rate Response Comparing Experimen-
tal and Control Groups of Meditators During Adapta-
tion and the Anticipation of Each Trial of the Pretest.
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Figure 14b

Pursuit Rotor Heart Rate Response Comparing Experimen-
tal and Control Groups of Nonmeditators During the
Second 10-Second Period of Each Trial of the Posttest.
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Pursuit Rotor Heart Rate Response Comparing Experimen-
tal and Control Groups of Nonmeditators During the
Fourth 10-Second Period of Each Triai of the Pretest.
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TABLE T7Ta

ANALYSIS OF VARIANCE OF TRENDS
PURSUIT ROTOR HEART RATE RESPONSE
COMPARING EXPERIMENTAL AND CONTROL GROUPS OF MEDITATORS
DURING ADAPTATION/ANTICIPATION OF EACH TRIAL OF THE PRETEST

Source of Variation Mean Square Df F-Ratio
Total 226.23 95
Experimental/
Control 937 .68 15
1658 .34 1 1.87
Error 886.20 14
Time Period 92.83 80
837.37 5 19.03*
Linear 1492.,72 1 14 ,96%*
Quadratic 540.10 1 16 .69%*
Cubic 1470.61 1 36 .94%*
Quartic 493,08 1 L7 ,57%*
Interaction 22.02 5 0.73
Linear 20.36 1 0.20
Quadratic 0.96 1 0.03
Cubic 41.57 1 1.04
Quartic QY .72 1 g, 14x**
Error 43.99 70
Linear 99.78 14
Quadratic 33.78 14
Cubilce 39.81 14
Quartic 10.37 14

*F of 2.38 needed for significance at .05 for df 5,70
**F of 4.60 needed for significance at .05 for df 1,14



TAELE 7D

ANALYSIS OF VARIANCE OF TRENDS
PURSUIT ROTOR HEART RATE RESPONSE
COMPARING EXPERIMENTAL AND CONTROL GROUPS OF NONMEDITATORS
DURING THE SECOND 10-SECOND PERIOD OF EACH TRIAL
OF THE POSTTEST

Source of Variation Mean Square Df F-Ratio
Total 196.00 79
Experimental/
Control 974 .34 15
11.25 1 0.01
Error 1043.14 14
Time Period 13.58 64
19.51 4 1.67
Linear 0.01 1 0.01
Quadratic 27 .86 1 2.54
Cubic 47 .31 1 6.41*
Quartic 2.90 1 0.4¢&
Interaction 33.78 i 2.89
Linear 110.56 1 4 ,92%
Quadratic 14.50 1 1.32
Cubic 9.51 1 1.29
Quartic 0.56 1 0.05
Error 11.71 56
Linear 22.45 14
Quadratic 10.96 14
Cubic 7.38 14
Quartic 6.04 14

*F of 4.60 needed for significance at .05 for df 1,14



TABLE 7Tc

ANALYSIS OF VARIANCE OF TRENDS
PURSUIT ROTOR HEART RATE RESPONSE
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COMPARING EXPERIMENTAL AND CONTROL GROUPS OF NONMEDITATORS
DURING THE FOURTH 10-SECOND PERIOD OF EACH TRIAL

OF THE PRETEST

Source of Variation Mean Square Df F-Ratio
Total 449,80 79
Experimental/
Control 2226.00 15
806 .45 1 0.35
Error 2327.40 14
Time Period 33.50 !
98.28 4 L, o7*
Linear 63.76 1 1.63
Quacratic 285.75 1 12 .43%*
Cubic 43,06 1 1.68
Quartic .56 1 0.06
Interaction 99.98 4 L, 14
Linear 3156.41 1 8.11%*
Quadratic 57 .00 1 2.48
Cubic 26 .41 1 1.03
Quartic 11 1 0.01
Error 24,12 56
Linear 39.14 14
GQuadratic 22 .98 14
Cubic 25.56 14
Quartic 8.92 14
*F of 2.55 needed for significance at .05 for df 4,56

**F of U4.60 needed for significance at .05 for df 1,14



Table 8 provides F-ratios and descriptions of
significant trena difference found in heart rate re-
sponse comparing pretest to posttest for each group.
Figures 15a through 15f illustrate difference in
trends presented in Table 8. Analysis cf variance
tables are provided for each significant trend dif-
ference (Tables 9a through 9f).

Control nonmeditators compared pretest to post-
test showed a significant difference in three time
periods: a guadratic trend difference during the
second 10 second period of each trial, a linear dif=-
ference during the fourth 10 second period of eéch
trial, and a cubic difference during the sixth 10
second period of each trial. During the adaptation/
anticipation time period experimental meditators and
control meditators compared pretest to posttest
showed a quartic difference in trends of heart rate
response. A significant difference was found at the
quartic degree comparing experimental meditators pre
test to posttest cduring the sixth 10 second period o

each trial.
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TABLE 2.6

SIGNIFICANT* COMPARISONS OF TREND OF HEART RATE RESPONSE TO THE PURSUIT ROTOR TASK
BPETWEEN PRETEST AND POSTTEST

Adaptation/  Second Fourth Sixth Final
Anticipation 10-second 10-second 10-second Performance
of Each Trial Period Period Period Heart Rate/
of Each Trial of Each Trial of Each Trial of Each Trial
Meditator
Experimental quartic quartic
F 6.00 F 6.37
Control quartic
F 5.06
Nonmeditator
Experimental
Control quadratic linear cubic
F 9.25 F 6.10 F 6.43

*F of U4.60 needed for significance at .05 for df 1,14
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Figure 15a

Pursuit Rotor Heart Rate Response Comparing Pretest
and Posttest of Meditators in the Experimental Group

During Adaptation and the Anticipation of Each Trial.
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Figure 15b

Pursuit Rotor Heart Rate Response Comparing Pretest

and Posttest of Meditators in the Control Group
During Adaptation and the Anticipation of Each Trial.
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Pursuit Rotor Heart Rate Response Comparing Pretest
and Posttest of Nonmeditators in the Control Group
During the Second 10-Second Period of Each Trial.
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Pursuit Rotor Heart Rate Response Comparing Pretest
end Posttest of Nommeditators in the Control Group

During the Fourth 10-Second Period of Each Trial.
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Pursuit Rotor Heart Rate Response Comparing Pretest
and Posttest of Meditators in the Experimental Group
During the Sixth 10-Second Period of Each Trial
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Pursuit Rotor Heart Rate Response Comparing Pretest
and Posttest of Nonmeditators in the Control Group
During the Final Performance Heart Rate Through Recovery
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TABLE Qa

ANALYSIS OF VARIANCE OF TRENDS
PURSUIT ROTOR HEART RATE RESPONSE
COMPARING PRETEST AND POSTTEST
OF MEDITATORS IN THE EXPERIMENTAL GROUP
DURING ADAPTATION/ANTICIPATION OF EACE TRIAL

Source of Variation Mean Square Df F-Ratio
Total 295.41 95
Pretest/
Posttest 1262.06 15
852.04 1 0.66
Error 1291.35 14
Time Period 114.16 80
848 .82 5 12.60*%
Linear 1476 .60 1 11.76%*
Quadratic 542.65 1 14.,09**
Cubic 1689.74 1 35.40%*
Quartic 505.75 1 34, 00%*
Interaction 34,47 5 0.51
Linear 22.29 1 0.18
Quadratic 0.86 1 0.02
Cubic 13.61 1 0.29
Quartic §9.29 1 6.00%*
Error 67 .38 70
Linear 125.55 14
Quadratic 38.52 14
Cubic 47.73 14
Quartic : 14.88 14

*F of 2.50 needed for significance at .05 for df 5,70
**F of 4,60 needed for significance at .05 for df 1,14



TABLE 9b

ANALYSIS OF VARIANCE OF TRENDS
PURSUIT ROTOR HEART RATE RESPONSE
COMPARING PRETEST AND POSTTEST
OF MEDITATORS IN THE CONTROL GROUP

DURING ADAPTATION/ANTICIPATION OF EACH TRIAL

116

Source of Variation lean Square Df F-Ratio
Total 117.22 85
Pretest/
Posttest 418.33 15
66.67 1 0.15
Error 443,45 14
Time Period 60.76 80
669 .09 5 34,00*
Linear 1513.58 1 Lo ,57**
Quadratic 394.33 1 28 .69%*
Cubic 891.11 1 L] ,Qhx=
Quartic 448,00 i 30.02%*
Interaction 27 .62 5 1.40
Linear 22.86 1 0.75
Quadratic 5.76 1 0.42
Cubic 4,20 1 0.29
Quartic 75.57 1 5.06%*
Error 19.68 70
Linear 30.53 14
Quadratic 13.74 14
Cubic 21.25 14
Quartic 14 .92 14

*F of 2.50 needed for significance at .05 for df 2,70
**F of 4.60 needed for significance at .05 for df 1,14
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TABLE 9c.

ANALYSIS OF VARIANCE OF TRENDS
PURSUIT ROTOR HEART RATE RESPONSE
COMPARING PRETEST AND POSTTEST
OF NONMEDITATORS IN THE CONTROL GROUP
DURING THE SECOND 10-3ECOND PERIOD OF EACH TRIAL

Source of Variation Mean Square Df F-Ratio
Total 237 .45 79
Pretest/
Posttest 1120.48 15
832.10 1 0.73
Error 1141.08 14
Time Period 30.49 64
225.50 4 14 ,56%
Linear 297 .03 1 11.56%%*
Quadratic 391.14 1 31.65%%
Cubic 211.60 1 17 .81%*
Quartic 2.23 1 0.19
Interaction 45,61 4 2.95
Linear 46.23 1 1.80
Quadratic 114.29 1 Q.25%%
Cubic 21.03 1 1.77
Quartic .91 1 0.08

*F of 2.55 needed for significance at .05 for df 4,56
**F of U4.60 needed for significance at .05 for 4f 1,14
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TABLE 9d

ANALYSIS OF VARIANCE OF TRENDS
PURSUIT ROTOR HEART RATE RESPONSE
COMPARING PRETEST AND POSTTEST
OF NONMEDITATORS IN THE CONTROL GROUP
DURING THE FOURTH 10-SECOND PERIOD OF EACH TRIAL

Source of Variation Mean Square Df F-Ratilo
Total 221.96 79
Pretest/
Posttest 1048.36 15
g§25.61 1 0.78
Error 1064 .27 14
Time Period 28.28 64
157.23 4 9.190%
Linear 180.63 1 7 .2Ux*x
Quadratic 274 .57 1 17 .23%*
Cubic 160.00 1 7 .80%*
Quartic 13.73 1 1.94
Interaction 55.52 4 3.24
Linear 152.10 1 6.10%*
Quadratic 62.16 1 3.90
Cubic 0.90 1 0.14
Quartic 6.91 1 0.98
Error 17.12 56
Linear 24,93 14
Quadratic 15.94 14
Cubic 20.52 14
Quartic 7.08 14

*F of 2.55 needed for significance at .05 for df 4,56
**F of 4.60 needed for significance at .05 for 4f 1,14



TABLE %e

ANALYSIS OF VARIANCE OF TRENDS
PURSUIT ROTOR HEART RATE RESPONSE
COMPARING PRETEST AND POSTTEST
OF MEDITATORS IN THE EXPERIMENTAL GROUP
DURING THE SIXTH 10-SECOND PERIOD OF EACH TRIAL

Source of Variation Mean Square Df F-Ratio
Total 178.08 79
Pretest/
Posttest 861.97 15
858.05 1 1.00
Error 862 .25 14
Time Period 17.79 o4
4.80 4 0.26
Linear 1.23 1 0.03
Quadratic 0.64 1 0.05
Cubic 4,90 1 1.04
Quartic i2.43 1 1.44
Interaction 16.93 4 0.90
Linear 6.40 1 0.13
Quadratic 2.16 1 0.16
Cubic b,23 1 0.90
Quartic 54.91 1 6.37*
Error 18178 56
Linear 48 .51 14
Quadratic 13.25 14
Cubic 4,72 14
Quartic 8.63 14

*F of 4.60 needed for signficance of .05 for df 1,14
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TABLE 9f .

ANALYSIS OF VARIANCE OF TRENDS
PURSUIT ROTOR HEART RATE RESPONSE
COMPARING PRETEST AND POSTTEST
OF NONMEDITATORS IN THE CONTROL GROUP
DURING THE FINAL PERFORMANCE HEART RATE THROUGH RECOVERY

Source of Variation Mean Sguare Df F-Ratio
Total 191.35 g5
Pretest/
Posttest 618.72 15
1.50 1 0.01
Error 662 .81 14
Time Period 111.21 80
1280.12 5 40.08*
Linear 2532.01 1 60.40%*
Quadratic 2568 .57 1 35.22%%
~ Cubic 1130.01 1 86 .50%*
Quartic 100.32 1 5.58%*
Interaction 52.10 5 1.63
Linear 151.56 1 3.62
Quadratic 7.74 1 0.11
Cubic 84 .05 1 6. 43%x
Quartic 11.57 1 0.64
Error 31.94 70
Linear 41.92 14
Quadratic 72.92 14
Cubic 13.06 14
Quartic 17.99 14

*F of 2.38 needed for significance at .05 for df 5,70
**F of 4.60 needed for significance at .05 for df 1,14



Blood Pressure. No significant difference in

trends of blood pressure response was found between
meditators and nonmeditators, in experimental or
control conditions, pretest or posttest, in any of
the selected time periods for the pursuit rotor task.
Table 10 provides mean blood pressure responses

during time periods for each group.



TABLE 10

MEAN BLOOD PRESSURE RESPONSE* TO THE PURSUIT ROTOR TASK

Antici- Intervals Between Trials
Groups pation 1 2 3 h 5 Recovery
Meditators
Experimental
Pretest 101 110 111 112 111 112 108
Posttest 101 107 107 110 109 109 103
Control
Pretest 104 98 Q9 100 Q9 112 106
Posttest 100 106 108 108 110 108 101
Nonmeditators
Experimental
Pretest 108 114 113 113 115 114 105
Posttest 114 112 113 113 111 111 105
Control
Pretest 111 121 120 120 117 116 108
Posttest 107 112 115 114 117 112 108

*indicated in mm Hg

AN
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Frontalis EMG. No significant difference was

found in the analysis of trends of frontalis EMG
values between meditators and nonmeditators, in
experimental or control conditions, pretest or
posttest, in any of the selected time periods for
the pursuit rotor task. Tables lla and 1lb pro-
vide mean frontalis EMG responses during time per-

iods for each group.



TABLE 11la

MEAN FRONTALIS EMG RESPONSE* TO THE PURSUIT ROTOR TASK

DURING ADAPTATION AND PERFORMANCE OF EACH TRIAL

Trial
Adaptation 1 2 3 b 5
Meditator
Experimental
Pretest 6.1 by, h.7 4.8 4.8 4.8
Posttest b4.1 L, 5.3 5.2 5.2 5.0
Control
Pretest 4.2 3. 3.7 3.7 3.6 3.7
Posttest L.2 L, 4.0 3.9 3.9 3.8
Nonmeditator
Experimental
Pretest 5.6 by, 4.5 4.5 4.3 4.3
Posttest 4.0 by, 4.6 h.7 4.6 4.6
Control
Pretest h.2 3. 3.7 3.6 3.6 3.6
Posttest 3.7 3. 3.5 3.6 3.5 3.3

*indicated in integrated one-minute averages measured in microvolts

721



TABLE 11Db

MEAN FRONTALIS EMG RESPONSE* TO THE PURSUIT ROTOR TASK
DURING TRIAL 5 THROUGH RECOVERY

Trial Recovery
5 1 2 3 I 5
Meditators
Experimental
Pretest L.8 4.9 L.,z 5.2 4.9 5.4
Posttest 5.0 4.6 4.5 b2 4.5 L.6
Control
Pretest 3.7 3.6 3.5 3.9 4.0 3.9
Posttest 3.8 3.6 3.2 3.1 3.2 3.6
Nonmeditators
Experimental
Pretest 4.3 h.5 L1 4.4 4.3 4.5
Posttest Lh.6 4.0 3.6 3.7 3.9 5.9
Control
Pretest 3.6 3.9 3.8 4,2 3.9 4.3
Posttest 3.3 3.7 3.5 3.5 3.4 3.7

G2t

*indicated in integrated one-minute averages measured in microvolts
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Bicycle Task

The bicycle ergometer was chosen as an instru-
ment to measure gross motor task involving large muscle
groups and a cardiovascular endurance response.

Selected time periods were analyzed for the bi-
cycle, as for the pursuit rotor, on the assumption the
pattern of activated physiological response or physio-
logical habituation might occur in certain time perilods
and not in others. Since the length of performance
varied from seven to 20 minutes among subjects in the
bicycle task, group means of repeated measures of the
physiological variables during performance were derived
using interpolated values based on 20 intervals. Actual
scores for the bicycle task were used in comparisons
made of data gathered prior to performance, during the
first three minutes of performance, and during the re-
covery period. Time periods selected for the bicycle
task data analysis were: adaptation through minute
three of performance (four values), performance period
(20 values), and the last performance measure through
recovery (11 values).

Heart Rate. Tables 1l2a through 12b provide

mean values for heart rate response for each group
during each time period. Table 13 provides F-ratilos

and descriptions of significant trend difference found
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in heart rate response between meditators and non-
meditators. Figures 1l6a through 16e illustrate
the difference in trends presented in Table 13
Analysis of variance tables are provided for each
significant trend difference (Table 14a through
l4e).

During the pretest analysis of meditators and
nonmeditators in the experimental condition reflected
a significant difference in trends of heart rate re-
sponse during the time period described by the last
performance heart rate through recovery. The dif-
ference was linear and cubic in description. The
posttest analysis reflected a significant quadratic
difference in trends between experimental meditators
and nonmeditators during the performance period. No
significant difference between meditators and non-

meditators was shown in the control condition.



TABLE 12a

MEAN HEART RATE RESPONSE* TO THE BICYCLE TASK
DURING ADAPTATION THROUGH MINUTE THREE OF PERFORMANCE

Groups Adaptation Anticipation Minute 1 Minute 2 Minute 3
Meditators
Experimental
Pretest 68 77 97 92 92
Posttest ol 69 93 94 91
Control |
Pretest 62 70 U 95 93
Posttest 67 72 92 U 95
Nonmeditators
Experimental
Pretest 73 71 102 100 103
Posttest 67 T4 97 oYt 95
Control
Pretest 68 82 99 100 97
Posttest 69 75 97 a7 98

*indicated in beats per minute

32T
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TABLE 12b

MEAN HEART RATE RESPONSE* TO THE BICYCLE TASK
DURING PERFORMANCE

Interpolated Meditator
Minutes of Experimental Control
Performance Pretest Posttest Pretest Posttest
1 89 84 84 82
2 95 91 93 89
3 94 91 94 93
4 ok 93 94 94
5 98 97 95 96
6 98 99 95 99
7 102 102 100 101
g 106 106 104 103
9 111 108 107 106
10 113 109 109 109
11 117 113 113 112
12 121 118 118 117
13 125 123 122 iz22
14 128 127 i25 126
15 131 131 129 131
16 136 136 134 136
17 141 140 139 140
18 145 145 144 145
19 150 149 149 150
20 155 155 154 156

*indicated in beats per minute, interpolated data
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TABLE 12c

MEAN HEART RATE RESPONSE* TO THE BICYCLE TASK
DURING PERFORMANCE

Interpolated Nonmeditator
Minutes of Experimental Control
Performance Pretest Posttest Pretest Posttest
1 89 87 91 87
2 100 95 96 93
3 100 96 99 96
4 102 96 99 98
5 103 96 101 100
6 104 97 102 101
7 105 99 104 103
g 108 102 105 104
9 112 107 106 107
10 115 109 110 110
11 118 111 117 113
12 120 116 121 113
13 124 120 124 121
14 128 125 128 125
15 131 130 132 129
16 135 135 137 133
17 140 138 140 138
18 145 142 145 143
19 149 148 150 149
20 154 155 156 154

*indicated in beats per minute, interpolated data



TABLE 1l2d

MEAN HEART RATE RESPONSE* TO THE BICYCLE TASK
DURING LAST PERFORMANCE HEART RATE THROUGH RECOVERY

Meditator
Experimental Control
Pretest Posttest Pretest Posttest
Last
Performance 154 154 154 155
Heart Rate
Recovery
Minute 1 120 117 114 112
Recovery
Minute 2 99 96 88 87
Recovery
Minute 3 91 87 77 81
Recovery
Minute 4 &6 90 77 85
Recovery
Minute 5 88 87 77 77
Recovery
Minute 6 €3 85 T4 78
Recovery
Minute 7 80 81 76 79
Recovery
Minute 8 82 81 T4 78
Recovery
Minute 9 80 81 73 77
Recovery
Minute 10 82 81 77 79

*indicated in beats per minute
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TABLE l2e

MEAN HEART RATE RESPONSE* TO THE BICYCLE TASK
DURING LAST PERFORMANCE HEART RATE THROUGH RECOVERY

Nonmeditator
Experimental Control
Pretest Posttest Pretest Posttest
Last
Performance 153 154 156 154
Heart Rate
Recovery
Minute 1 117 116 116 111
Recovery
Minute 2 91 83 95 89
Recovery
Minute 3 89 79 87 87
Recovery
Minute 4 88 85 84 82
Recovery
Minute 5 &8 83 84 g1
Recovery
Minute 6 8L 82 83 80
Recovery
Minute 7 €5 83 81 80
Recovery
Minute 8 g7 81 78 80
Recovery
Minute 9 84 79 83 77
Recovery
Minute 10 81 80 83 79

*indicated in beats per minute
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TABLE 13

SIGNIFICANT* COMPARISONS OF TREND
OF HEART RATE RESPONSE TO THE BICYCLE TASK
BETWEEN MEDITATORS AND NONMEDITATORS

Last
Performance
Adaptation/ Interpolated Heart Rate/
Minute 3 Performance Recovery
Meditators/
Nonmeditators
Experimental
Pretest linear
F 6.00
cubic
F 7.40
Posttest guadratic
F 4.65
Control
Pretest
Posttest

*F of 4.60 needed for significance at .05 for df 1,14
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Bicycle Heart Rate Response Comparing Meditator and Non-
meditator Experimental Groups During the Last Performance
Heart Rate Through Recovery of the Pretest
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TABLE lba

ANALYSIS OF VARIANCE OF TRENDS
BICYCLE HEART RATE RESPONSE
COMPARING MEDITATOR AND NONMEDITATOR EXPERIMENTAL GROUPS
DURING PERFORMANCE OF THE POSTTEST

Source of Variation Mean 5qQuare Df F-Ratilo
Total 476.89 319
Meditator/
Nonmeditator 837.86 15
54,98 1 0.06
Error 893.78 14
Time Period 4L59.08 304
o 6910.92 19 237 .15*
Linear 127529.59 1 369 .34**
Quadratic 3325.14 1 E5.68%*
Cubic 2.57 1 0.06
Quartic 110.41 1 2.35
Interaction 26 .46 19 0.91
Linear 170.35 1 0.49
Quadratic 180.35 1 L ,65%*
Cubic 12.71 1 0.30
Quartic 0.11 1 C.C
Error 29.14 266
Linear 345,29 14
Quadratic 38.80 14
Cubic 42,06 14
Quartic 46.99 14

*F of 1.59 needed for significance at .05 for df 19,266
**F of 4.60 needed for significance at .05 for d4f 1,14
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TABLE 14b .

ANALYSIS OF VARIANCE OF TRENDS
BICYCLE HEART RATE RESPONSE
COMPARING MEDITATOR AND NONMEDITATOR EXPERIMENTAL GROUPS
DURING THE LAST PERFORMANCE HEART RATE THROUGH RECOVERY
OF THE PRETEST

Source of Variatilon Mean Square Df F-Ratio
Total 595 .60 175
Meditator/
Nonmeditator 1247.89 15
0.02 1 0.01
Error 1337.02 14
Time Period 534 .45 160
7938.16 10 199 .5u*
Linear LehThd b2 1 1237 .66%*
Quadratic 22232.00 1 219.98**
Cubic ea24.62 1 271.02%*%
Quartic 1652 .64 1 23.40%*
Interaction 56 .06 10 1.41
Linear 226.95 1 6.01%*
Quadratic 11.19 1 0.11
Cubic 224 .78 1 7. 41%*
Quartic 0.15 1 0.01
Error 39.78 140
Linear 37.77 14
Quadratic 101.06 14
Cubic 30.35 14
Quartic 70.63 14

*F of 1.83 needed for significance at .05 for df 10,140
**F of 4.60 needed for significance at .05 for d4f 1,14
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Table 15 provides F-ratlos and descriptions
of significant difference in trends found in heart
rate response between experimental and control groups.
Figures 17a and 17b 1illustrate the difference in
trends presented in Table 15. Analysis of variance
tables are provided for each significant differnce in
trends (Tables 16a and 16b).

Experimental and control meditators showed a
significant difference in trends during the last
performance heart rate through recovery time period.
During the pretest, results showed a quadratic and
cubic difference, during the posttest a guadratic
difference in trends was reflected 1n analysis. No
significant difference was shown for nonmeditators
between experimental and control conditions during
any time period.

No significant difference was found between
pretest and posttest trends of heart rate response
for meditators or nonmeditators in the experimental

or control condition,.
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TABLE 15

SIGNIFICANT* COMPARISONS OF TREND
OF HEART RATE RESPONSE TO THE BICYCLE TASK
BETWEEN EXPERIMENTAL AND CONTROL GROUPS

Last
Performance
Adaptation/ Interpolated Heart Rate/
Minute 3 Performance Recovery
Experimental/
Control
Meditators
Pretest quadratic
F 5.62
cubic
F 4.93
Posttest quadratic
F 6.45
Nonmeditators
Pretest
Posttest

*F of 4.60 needed for significance at .05 for df 1,14
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Bicycle Heart Rate Response Comparing Experimental and
Control Groups of Meditators During the Last Performance
Heart Rate Through Recovery of the Pretest.
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TARLE 16a

ANALYSIS OF VARIANCE OF TRENDS
" BICYCLE HEEART RATE RESPONSE
COMPARING EXPERIMENTAL AND CONTROL GROUPS OF MEDITATORS
DURING THE LAST PERFORMANCE HEART -RATE THROUGH RECOVERY
OF THE PRETEST

Source of Variation Mean Square Df P-Ratio
Total 641.92 175
Experimental/
Control 920.63 1
2752.36 1 3.48
Error 789.79 14
Time Period 615.79 160
9216.03 10 223.98*
Linear 52888 .58 1 1038 .28%*
Quadratic 29085.11 1 500.16%*
Cubic 7938.56 1 217 .96%*
Quartic 2039.56 1 28 .75%*
Interaction 60.58 10 1.47
Linear 1.66 1 0.03
Quadratic 327.39 1 5.63%*
Cubic 179.59 1 L ,g3%*
Quartic 23.94 1 0.34
Error 41.15 140
Linear 50.94 14
Quadratic 58.15 1
Cubic 36.42 14
Quartic 70.95 14

*F of 1.83 needed for significance at .05 for df 10,140
**F of L.50 needed for significance at .05 for 4f 1,14
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TABLE 16b

ANALYSIS OF VARIANCE OF TRENDS
EICYCLE HEART RATE RESPONSE
COMPARING EXPERIMENTAL AND CONTROL GROUPS OF MEDITATORS
DURING THE LAST PERFORMANCE HEART RATE THROUGH RECOVERY
OF THE POSTTEST

Source of Variation Mean Square Df F-Ratio
Total 636.05 175
Experimental/
Control 1110.34 15
1060.36 1 0.95
Error ' 1113.91 14
Time Period 591.59 160
8741.05 10 179.98*
Linear L47600.80 1 L1p,52%*
Quadratic 26962.35 1 891 .620%*
Cubic oulg 58 1 177 .76%*
Quartic 2870.06 1 Lo ,39%*
Interaction 44,38 10 0.91
Linear 7.26 1 0.06
Quadratic 195.21 1 6. Lo**
Cubic 100.16 1 1.88
Quartic 0.46 1 0.01
Error 48.57 140
Linear 115.39 14
Quadratic 30.24 14
Cubic 53.16 14
Quartic 67.70 14

*F of 1.83 needed for significance at .05 for df 10,140
**F of 4.60 needed for significance at .05 for d4f 1,14
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Blood Pressure. Tables 17a through 1l7e

provide mean blood pressure values for each group
during each time period. Table 18 provides F-ratios
and descriptions of significant difference in trends
found in blood pressure response between meditators
and nonmeditators. Figures 18a and 18b illustrate
the difference in trends presented in Table 18.
Analysis of variance tables are provided for each
significant difference in trends (Tables 19a and
18b).

Analysis of comparisons of trends of blood
pressure response of meditators and nonmeditators
in the experimental condition showed a pretest
difference during the performance period (cubic)
and a posttest difference during the adaptation
through minute three time period (quadratic). No
significant difference in trends was found during
pretest or posttest for meditators and nonmedita-

tors in the control condition.
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TABLE 1l7a

MEAN BLOOD PRESSURE RESPONSE* TO THE BICYCLE TASK
DURING ADAPTATION THROUGH MINUTE THREE OF PERFORMANCE

Adaptation Minute
1 2 3
Meditators
Experimental
Pretest 106 112 119 121
Posttest 100 107 112 112
Control
Pretest 102 111 115 121
Posttest 101 107 112 114
Nonmeditators
Experimental
Pretest 104 114 117 121
Posttest 106 110 115 120
Control
Pretest 108 120 122 127
Posttest 107 112 120 123

¥ indicated in mm Hg
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TABLE 17b

MEAN BLOOD PRESSURE RESPONSE* TO THE BICYCLE TASK
DURING PERFORMANCE

Interpolated Meditator

Minutes of Experimental Control

Performance Pretest Posttest Pretest Posttest
1 110 105 107 104
2 112 108 112 108
3 116 109 115 111
4 119 111 117 114
5 122 113 119 115
6 124 115 122 115
7 126 117 122 116
8 127 119 124 118
9 129 122 127 120
10 130 125 128 123
1 132 127 130 124
12 134 130 131 127
13 136 132 132 129
14 139 135 134 131
15 144 136 136 134
16 145 149 139 137
17 149 142 142 140
18 154 145 145 142
19 156 147 147 145
20 159 150 149 148

*indicated in mm Hg
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TABLE 17c

MEAN BLOOD PRESSURE RESPONSE* TO THE BICYCLE TASK
DURING PERFORMANCE

Interpolated Nonmeditator
Minutes of Experimental Control
Performance Pretest Posttest Pretest Posttest
1 109 108 115 110
2 113 109 119 114
3 115 112 121 118
4 117 115 123 120
5 118 118 124 121
6 119 119 125 122
7 121 121 128 123
8 123 123 130 125
9 123 125 130 128
10 131 127 131 130
11 133 130 134 132
12 136 132 137 133
13 138 134 139 136
14 140 137 141 139
15 142 140 143 140
16 143 143 146 143
17 146 146 151 150
18 148 149 151 150
19 151 152 153 153
20 153 155 155 157

*indicated in mm Hg
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TABLE 174

MEAN BLOOD PRESSURE RESPONSE* TO THE 3ICYCLE TASK
DURING THE LAST PERFORMANCE BLOOD PRESSURE THROUGH RECOVERY

Meditator
Experimental Control
Pretest Posttest Pretest Posttest

Last

Blood 159 150 149 148
Pressure

Recovery

Minute 1 152 146 144 137
Recovery

Minute 2 138 134 129 127
Recovery

Minute 3 124 125 116 122
Recovery

Minute 4 116 117 109 111
Recovery

Minute 5 112 110 110 107
Recovery

Minute 6 108 108 107 103
Recovery

Minute 7 105 105 103 103
Recovery

Minute 8 105 106 100 101
Recovery

Minute O 104 105 101 101
Recovery

Minute 10 103 105 100 101

*¥indicated in mm Hg
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TABLE 17e

MEAN BLOOD PRESSURE RESPONSE* TO THE BICYCLE TASK
DURING THE LAST PERFORMANCE BLOOD PRESSURE THROUGH RECOVERY

Nonmeditator
Experimental Control
Pretest Posttest Pretest Posttest

Last

Blood 153 155 155 157
Pressure

Recovery

Minute 1 146 148 143 143
Recovery

Minute 2 133 140 132 128
Recovery

Minute 3 121 124 121 122
Recovery

Minute 4 116 118 117 117
Recovery _

Minute 5 110 112 113 113
Recovery

Minute 6 109 109 109 109
Recovery

Minute 7 107 107 108 107
Recovery

Minute 8 106 107 107 107
Recovery

Minute 9 104 106 105 107
Recovery

Minute 10 104 104 104 106

*¥indicated in mm Hg
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TABLE 18

SIGNIFICANT* COMPARISONS OF TREND
OF BLOOD PRESSURE RESPONSE TO THE BICYCLE TASK
BETWEEN MEDITATORS AND NONMEDITATORS

Last
Performance
Adaptation/  Interpolated Blood Pressure
Minute 3 Performance Recovery
Meditators/
Nonmeditators
Experimental
Pretest cubic
F 4,91
Posttest quadratic
F 11.67
Control
Pretest
Posttest

*F of 4.60 necessary for significance at .05 for 4f 1,14
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TAELE 19a

ANALYSIS OF VARIANCE OF TRENDS
BICYCLE BLOOD PRESSURE RESPONSE
COMPARING MEDITATOR AND NONMEDITATOR EXPERIMENTAL GROUPS
DURING ADAPTATION THROUGH MINUTE THREE OF PERFORMANCE
OF THE POSTTEST

Source of Variation Mean Square Df F-Ratio
Total 163.92 63
Meditator/ A
Nonmeditator 522.53 15 ,
290.06 1 0.73
Error 531.99 14
Time Period 51.85 48
511.27 3 24 ,01*
Linear 1505.11 1 39.96
Quadratic 20.25 1 4.20
Cubic &.45 1 0.40
Interaction 20.27 3 0.95
Linear 4,51 1 0.12
Quadratic 56.25 1 11.67%*
Cubic 0.05 1 c.01
Error 21.30 42
Linear 37.57 14
Quadratic 4 .82 14
Cubic 21.39 14

*F of 2.85 needed for significance at .05 for af 3,42
**¥F of 4.60 needed for significance at .05 for d4f 1,14

—t
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TABLE 19D

ANALYSIS OF VARIANCE OF TRENDS
BICYCLE BLOOD PRESSURE RESPONSE
COMPARING MEDITATOR AND NONMEDITATOR EXPERIMENTAL GROUPS
DURING PERFORMANCE OF THE PRETEST

Source of Variation Mean Square Df F-Ratio
Total 435,43 319
Meditator/
Nonmeditator L767.96 15
306.74 1 0.06
Error 5086.61 14
Time Period 221.66 304
3129.95 19 113.20%
Linear 59232 .94 1 210.05%*
Quadratic 119.88 1 1.25
Cubic 37.03 1 0.84
Quartic 26.33 1 0.78
Interaction 29.50 19 1.07
Linear 4o.24 1 O.14
Quadratic 60.34 1 0.63
Cubic 216.87 1 L ,Q1%**
Quartic 66.21 1 1.97
Error 27 .65 266
Linear 281.99 14
Quadratic 95.81 14
Cubic 44 .13 14
Quartic 33.59 14

*F of 1.59 needed

for significance at
**F of 4.60 needed for significance at

.05 for 4f 19,266
.05 for df 1,14
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During the last performance blood pressure

through recovery time period, a significant quartic
difference in trends was found between experimental
and control nonmeditators during the posttest. Fig-
ure 19 1llustrates the significant difference in
trends found. TAble 20 provides the analysis of
variarice table for the significant comparison. No
significant difference was found for the pretest
during any of the time periocds for the nonmeditators.
Meditators showed no significant difference when
comparing experimental and control groups in any of

the time perlods, pretest or posttest.
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Bicycle Blood Pressure Response Comparing Experimental
and Control Groups of Nonmeditators During the Last Per-
formance Blood Pressure Through Recovery of the Posttest
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TABLE 20

ANALYSIS OF VARIANCE OF TRENDS
BICYCLE BLOOD PRESSURE RESPONSE
COMPARING EXPERIMENTAL AND CONTROL GROUPS OF NONMEDITATORS
DURING THE LAST PERFORMANCE BLOOD PRESSURE THROUGH RECOVERY
OF THE POSTTEST

Source of Variation  Mean Square Df F-Ratio
Total Luh 4o 175
Pretest/
Posttest 1389.50 15
73.84 1 0.05
Error 1483.48 14
Time Period 355.83 160
L909.72 10 05 .52%
Linear L1186.48 1 184 ,88%x%
Quadratic 7510.47 1 54 ,50%%
Cubic 193.46 1 5.36%%
Quartic 203.08 1 6.90%*
Interaction 63.79 10 1.24
Linear 157.20 1 0.71
Quadratic 18.65 1 0.14
Cubic 100.31 1 2.78
Quartic 203.08 1 11.56%*
Error 51.40 140
Linear 222.78 14
Quadratic 137.76 14
Cubic 36.09 14
Quartic 17.57 14

*F of 1.83 needed for significance at .05 for d&f 10,140
*¥*F of 4.60 needed for significance at .05 for df 1,14
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Table 21 provides F-ratios and descriptions
of significant difference in trends of blood pres-
sure response in pretest to posttest comparisons.
Pigures 20a and 20b 1llustrate the difference in
trends of blood pressure response presented in
Table 21. Analysis of varilance tables are provided
for each significant difference in trends (Table
22a and 22b).

Pretest and posttest comparisons reflected
significant difference in trends during adaptatilon
through minute three: experimental nonmeditators
showed a quadratic trend difference, control medi-
tators showed a cublc trend difference. No other
difference was shown for pretest to posttest com-

parisons in any time period.



SIGNIFICANT*

TABLE 21

159

COMPARISONS OF TREND

OF BLOOD PRESSURE RESPONSE TO THE BICYCLE TASK

BETWEEN

PRETEST AND POSTTEST

Last
Performance
Adaptation/ Interpolated Blood Pressure
Minute 3 Performance Recovery
Pretest/ .
Posttest
Meditators
Experimental
Control
Nonmeditators
Experimental guadratic
F 5.48
Control cubic
F 6.15

*F of 4.60 necessary for significance at

.05 for 4f 1,14
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Figure 20a

Bicycle Blood Pressure Response Comparing Pretest and
Posttest of Nonmeditators in the Experimental Group
During Adaptation and the First Three Minutes of Per-

formance
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Bicycle Blood Pressure Response Comparing Pretest and
Posttest of Nonmeditators in the Control Group During
Adaptation and the First Three Minutes of Performance



TABLE 22a

ANALYSIS OF VARIANCE OF TRENDS

BICYCLE BLOOD PRESSURE RESPONSE
COMPARING PRETEST AND POSTTEST
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OF NONMEDITATORS IN THE EXPERIMENTAL GROUP
DURING ADAPTATION THROUGH MINUTE THREE OF PERFORMANCE

Source of Variation Mean Square Df F-Ratio
Total 213.84 63
Pretest/
Posttest 710.65 15
25.00 1 0.03
Error 759.63 14
Time Period 58.58 48
659.63 3 36.74*
Linear 1960.20 1 Ol 58%*
Quadratic 18.06 1 1.88
Cubic .61 1 0.04
Interaction 26 .38 3 1.47
Linear 11.25 1 0.37
Quadratic 52.56 1 5.48%x
Cubic 15.31 1 1.10
Error 17.95 Lo
Linear 30.35 14
Quadratic 9.60 14
Cubic 13.91 14
*F of 2.85 needed for significance at .05 for df 3,42
**¥F of 4,60 needed for significance at .05 for 4f 1,14



TABLE 22b

ANALYSIS OF VARIANCE OF TRENDS
BICYCLE RBRLOOD PRESSURE RESPONSE
COMPARING PRETEST AND POSTTEST

OF THE NONMEDITATORS.IN THE CONTROL GROUP

DURIWG ADAPTATION THROUGH MINUTE THREE OF PERFORMANCE
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Source of Variation Mean Sguare Df F-Ratio
Total 134.56 63
Pretest/
Posttest 333.63 15
217 .56 1 0.64
Error 341.92 14
Time Period 72.35 48
873.90 3 4g .83
Linear 2520.01 1 95,08%%
Quadratic 95.06 1 6.7688
Cubic 6.61 1 0.55
Interaction 38.23 3 2.18
Linear 1.51 1 0.06
Quadratic 26.51 1 2.78
Cubic 74,11 1 6.15%*
Error 17.54 L2
Linear 26.51 14
Quadratic 14,06 14
Cubic 12.05 14
*F of 2.85 needed for significance at .05 for 4af 3,42
**F of 4,60 needed for significance at .05 for 4f 1,14
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Frontalis EMG. Frontalis EMG values were

analyzed from data gathered using one minute inte-
greted EMG scores measured in microvolts. Tables
23a through 23e provide mean values for frontalis
EMG response for each group during each time period.
Table 24 provides F-ratios and descriptions of sig-
nificant difference in trends found in frontalis EMG
response between meditators and nonmeditators. TIrig-
ures 2la through 21d 1llustrate the difference in
trends presented in Table 24. Analysis of variance
tables are provided for each significant difference
in trends (Tables 25a through 254).

Comparing meditators and nonmeditators in the
experimental condition during performance a signif-
icant quadratic difference in trends was found during
the posttest. The last performance EMG values through
recovery time period reflected a significant differ-
ence in trends between the experimental meditators
and experimental nonmeditators; a linear difference
in trends was shown during the pretest, and a quartic
difference in trends during the posttest. Meditators
and nonmeditators in the control condition reflect-
ed a significant cubic difference in trends during
the last performance EMG through recovery of the

posttest. No significant difference was found



165
during the pretest between control groups in this time

period.
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TARLE 23a

MEAN FRONTALIS EMG RESPONSE* TO THE BICYCLE TASK
DURING ADAPTATION THROUGH MINUTE THREE OF PERFORMANCE

Adaptation Minute
1 2
Meditators
Experimental
Pretest 5.3 5.3 5.1
Posttest 5.1 6.5 6.6 6.
Control
Pretest 4.9 4.4 4,1 4,
Posttest 3.9 6.1 6.1 6
Nonmeditators
Experimental
Pretest 4.2 6.8 6.5 7.
Postest 3.4 5.7 5.4 5.
Control
Pretest 4,7 7.0 7.3 6.
Posttest 4.9 8.3 7.5 7.

*indicated in integrated one-minute averages measured
in microvolts
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TABLE 23b

VEAN FRONTALIS EMG RESPONSE* TO THE BICYCLE TASK
DURING PERFORMANCE

Interpolated Meditator

Minutes of mxperimental Control

Performance Pretest Posttest Pretest Posttest
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*indicated in one-minute integrated averages measured
in microvolts
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TABLE 23c

MEAN FRONTALIS EMG RESPONSE* TO THE BICYCLE TASK
DURING PERFORMANCE

Interpolated Nonmedltator

Minutes of Experimental . . Control

Performance Pretest Posttest Pretest Posttest
1 5.3 4.6 6.8 7.8
2 .3 5.4 7.4 7.3
3 6.6 5.5 6.5 7.4
4 6.4 5.4 6.5 7.4
5 6.6 5.6 6.5 7.4
6 6.9 5.5 6.6 7.3
7 7.1 5.7 6.6 7.2
8 7.0 5.9 6.8 7.2
G 7.0 6.0 6.8 7.2
10 6.8 5.8 6.8 7.1
11 6.7 5.6 7.0 7.1
12 6.7 5.6 7.0 7.1
13 5.7 5.3 7.0 7.1
14 6.7 5.2 6.9 7.1
15 6.7 5.3 6.9 7.2
16 6.7 5.1 6.9 7.0
17 6.7 5.0 7.1 6.6
18 6.7 4.9 7.2 6.2
19 6.5 h.7 7.0 6.1
20 6.3 4.6 6.9 6.1

*indicated in one-minute integrated averages measured
in microvolts
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TABLE 234

MEAN FRONTALIS EMG RESPONSE* TO THE BICYCLE TASK
DURING THE LAST PERFORMANCE EMG THROUGH RECOVERY

Meditator
Experimental Control
Pretest Posttest Pretest Posttest

Last

Performance 5.0 6.2 4.0 6.3
EMG

Recovery

Minute 1 4.1 5.5 3.7 5.6
Recovery

Minute 2 4.6 4.3 3.1 3.7
Recovery

Minute 3 4.5 4,1 2.7 3.4
Recovery _
Minute 4 4.6 4.7 2.7 3.4
Recovery

Minute 5 4.8 5.3 2.9 3.0
Recovery

Minute 6 4.8 5.1 3.0 3.0
Recovery

Minute 7 4.8 5.5 2.9 3.4
Recovery

Minute 8 5.1 5.3 3.2 3.2
Recovery

Minute 9 5.3 4.4 3.3 3.2
Recovery

Minute 10 5.1 4.9 3.7 3.4

*¥indicated in one-minute intergrated averages measured
in microvolts



TABLE 23e

MEAN FRONTALIS EMG RESPONSE*
DURING THE LAST PERFORMANCE EMG THROUGH RECOVERY
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TO THE BICYCLE TASK

Last

Performance

EMG
Recovery
Minute 1

Recovery
Minute 2

Recovery
Minute 3

Recovery
Minute 4

Recovery
Minute 5

Recovery
Minute 6

Recovery
Minute 7

Recovery
Minute &

Recovery
Minute 9

Recovery
Minute 10

Nonmeditator
Experimental Control
Pretest Posttest Pretest Posttest
6.3 4.6 6.9 6.1
5.7 h.6 7.0 5.6
4.2 3.6 4.9 6.6
4.3 3.1 5.1 5.6
4.2 3.0 5.3 5.3
4.2 3.1 b, 4.6
h.2 3.1 5.2 4.3
3.9 3.3 5.4 4.2
4.1 3.3 5.9 4.5
3.9 3.3 5.9 4.3
4.1 3.3 6.0 4.6

*indicated in one-minute integrated averages measured

in microvolts
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TABLE 24

SIGNIFICANT* COMPARISONS OF TREND
OF FRONTALIS EMG RESPONSE TO THE BICYCLE TASK
BETWEEN MEDITATORS AND NONMEDITATORS

Last
Performance
Adaptation/  Interpolated EMG/
Minute 3 Performance Recovery
Meditators/
Nonmeditators
Experimental
Pretest linear
F U4.62
Posttest guadratic guartic
F 4.75 F 6.19
Control
Pretest
Posttest cubic
F 6.84

*F of L .60 needed for significance at .05 for df 1,14
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ANALYSIS OF VARIANCE OF TRENDS
BICYCLE FRONTALIS EMG RESPONSE

TABLE 25a .
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COMPARING MEDITATOR AND NONMEDITATOR EXPERIMENTAL GROUPS
DURING THE LAST PERFORMANCE EMG THROUGH RECOVERY

OF THE PRETEST
Source of Variation Mean Square Df F-Ratio
Total 5.28 175
Meditator/
Nonmeditator L2.79 15
L.,75 1 0.10
Error 45,50 14
Time Period 1.76 160
2.22 10 1.38
Linear 5.12 1 0.93
Quadratic 10.49 1 1.94
Cubic 4,62 1 6 .64%
Quartic 0.98 1 0.53
Interaction 3.55 10 2.22
Linear 25.56 1 L ,6o%
Quadratic 4,58 1 0.85
Cubic 0.47 1 0.68
Quartic 0.06 1 0.03
Error 1.80 140
Linear 5.53 14
Quadratic 5.41 14
Cubic 0.79 14
Quartic 1.84 14

*F of 4.60 needed for significance at .05 for 4f 1,14



TABLE 25b
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ANALYSIS OF VARIANCE OF TREND S
BICYCLE FRONTALIS EMG RESPONSE
COMPARING MEDITATOR AND NONMEDITATOR EXPERIMENTAL GROUPS
DURING THE LAST PERFORMANCE EMG THROUGH RECOVERY

OF THE POSTTEST

Source of Variation Mean Square Df F-Ratio
Total 3.59 175
Meditator/
Nonmeditator 25.13 15
104,01 1 5.33%
Error 19.50 14
Time Period 1.57 160
4,65 10 3.38%*
Linear 11.52 1 1.73
quadratic 12.63 1 3.89
Cubic 14,12 1 13.99%
Quartic 0.37 1 0.72
Interaction 1.15 10 0.84
Linear 2.14 1 0.32
Quadratic 1.41 1 0.42
Cubic 3.30 1 3.27
Quartic 3.21 1 6.190%
Error 1.38 140
Linear 6.65 14
Quadratic 3.32 14
Cubic 1.01 14
Quartic 0.52 14

*F of 4.60 needed for significance at
**F of 1.83 needed for significance at

.05 for 4f 1,14
.05 for df 10,140



TABLE 25c¢

ANALYSIS OF VARIANCE OF TRENDS
BICYCLE FRONTALIS EMG RESPONSE
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COMPARING MEDITATOR AND NONMEDITATOR CONTROL GROUPS .

DURING THE LAST PERFORMANCE EMG THROUGH RECOVERY
OF THE POSTTEST

Source of Variation Mean Square Df F-Ratio
Total 5.70 175
Meditator/
Nonmeditator 37.52 15
71.02 1 2.02
Error 35.13 14
Time Period 2.72 160
11.80 10 5.88%
Linear 86.73 1 g.,00%*
Quadratic 30.36 1 5.94%%
Cubic 0.00 1 .01
Quartic 0.38 1 0.92
Interaction 3.26 10 1.61
Linear 0.25 1 0.03
Quadratic 9.19 1 1.80
Cubic 12.39 1 6.84xx
Quartic 0.59 1 1.43
Error 2.02 140
Linear 9.63 14
Quadratic 5.11 14
Cubic 1.81 14
Quartic 0.42 14

*F of 1.83 needed for significance at
**F of L.,60 needed for significance at

.05 for d4f 10,140
.05 for d4f 1,14



TABLE 25d

ANALYSIS OF VARIANCE OF TRENDS
BICYCLE FRONTALIS EMG RESPONSE

179

COMPARING MEDITATOR AND NONMEDITATOR EXPERIMENTAL GROUPS

DURING PERFORMANCE OF THE POSTTEST

Source of Variation Mean Square Df R-Ratio
Total 3.31 319
Meditator/
Nonmeditator 56.71 15
81.76 1 1.49
Error 54 .92 14
Time Period 0.68 304
0.98 19 1.52
Linear 5.67 1 0.87
Quadratic 3.77 1 1.59
Cubic 3.98 1 5.46%
Quartic 2.99 1 4,1
Interaction 0.88 19 1.37
Linear 1.02 1 0.16
Quadratic 11.30 1 4 ,75%
Cubic 0.00 1 0.01
Quartic 1.73 1 2.40
Error 0.64 266
Linear 6.50 14
Quadratic 2.38 14
Cublic 0.73 14
Quartic 0.72 14

*F of 4.60 needed for significance at

.05 for df 1,14
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Comparing experimental and control groups, a
significant difference in trends of frontalis EMG
response was found in analysis. During the posttest
nonmeditators in the experimental and control groups
showed a significant cubic difference in trends
during the last performance EMG through recovery
time period. Figure 22 1llustrates the significant
difference in trends found. Table 26 provides the
analysis of variance table for the significant com-

parison,



181

Posttest

_17.0}
a Nonmeditators
—~
2 ¢ — Experimental Group
° /' \ # — o Control Group
2 /
26.0} 0\‘ \
S </ \
= L ®
o N
= [
25
m5‘or
o
—~
m
0
o
o
&

4.0l
o
I
Q
=

3'07

L~
"1 1 A —l 1 A ] 'y A A A 'l
Last 1 2 3 4 5 6 7 8 9 10
EMG Recovery Minutes

Figure 22

Bicycle Frontalis EMG Response Comparing Experimental
and Control Groups of Nonmeditators During the Last
Performance EMG Through Recovery of the Posttest



TABLE 26

ANALYSIS OF VARIANCE OF TRENDS
BICYCLE FRONTALIS EMG RESPONSE
COMPARING EXPERIMENTAL AND CONTROL GROUPS OF NONMEDITATORS
DURING THE LAST PERFORMANCE EMG THROUGH RECOVERY
OF THE PRETEST

Source of Variation Mean Df F-Ratio
Total 4,09 175
Experimental/
Control 32.65 15
109.31 1 4,02
Error 27.18 14
Time Period 1.41 160
6.32 1 6.21*
Linear 46,70 1 g.go**
Quadratic 13.03 1 5.52%%
Cubic 0.66 1 0.54
Quartic 1.65 1 L, 54
Interaction 1.88 10 1.94
Linear 3.91 1 0.83
Quadratic 1.28 1 0.54
Cubic 7.58 1 6.19%*
Quartic 0.C1 1 0.03
Error 1.01 140
Linear L.,70 14
quadratic 2.36 14
Cubic 1.23 14
Quartic 0.36

*F of 1.83 needed for significance at .05 for df 10,140
**F of L.60 needed for significance at .05 for df 1,14



183

Table 27 provides F-ratios and descriptions
of significant difference in trends of frontalis EMG
response in pretest to posttest comparilsons. Figures
23a through 23c illustrate the difference in trends
of frontalis EMG response presented in Table 27.
Analysis of variance tables are provided for each
significant difference in trends (Tables 28a through
28¢).

Pretest to posttest difference in trends of
frontalis EMG response was reflected in all groups
except control nonmeditators. Experimental medita-
tors showed a quartic difference in trends during
the performance period. Experimental nonmedltators
showed a quartic difference in trends during the
last performance EMG through recovery. Control
meditators reflected a guadratic trend difference

in the adaptation through minute three time period.



TABLE 27
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SIGNIFICANT* COMPARISONS OF TRENDS
OF FRONTALIS EMG RESPONSE TO THE BICYCLE TASK

BETWEEN PRETEST AND POSTTEST

Last
Performance
Adaptation Interpolated EMG/
Minute 3 Performance Recovery
Pretest/
Posttest
Meditators
Experimental guartic
F 4.63
Control gquadratic
F 4.61
Nonmeditators
Experimental guartic
F 6.89
Control

*F of 4.60 needed for significance at .05 for 4f 1,14
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TABLE 28a

ANALYSIS OF VARIANCE OF TRENDS

BICYCLE FRONTALIS EMG RESPONSE
CUMPARING PRETEST AND POSTTEST
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OF MEDITATORS IN THE CONTROL GROUP
DURING ADAPTATION THROUGH MINUTE THREE

Source of Variation Mean Square Df F~-Ratio
Total 4,05 63
Pretest/
Posttest 12.33 15
28.36 1 2.54
Error 11.18 1
Time Period 1.47 4E
7.69 3 & .6Ux
Linear 15.49 1 10.87%*
Quadratic 4,62 1 5.,46%*
Cubic 2.97 1 7. 45%*
Interaction 3.33 3 3.74*
Linear 5.89 1 4,13
Quadratic 3.90 1 L, 5]
Cubic 0.19 1 0.48
Error 0.8% Lo
Linear 1.43 14
Quadratic 0.85 14
Cubic 0.40 1
*F of 2.85 needed for significance at .05 for 4f 3,42
**F of 4,60 needed for significarnce &t .0%5 for 4&f 1,14
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TABLE 28b

ANALYSIS OF VARIANCE OF TRENDS
BICYCLE FRONTALIS EMG RESPONSE
COMPARING PRETEST AND POSTTEST

OF MEDITATORS IN THE EXPERIMENTAL GROUP
DURING PERFORMANCE

Source of Variation Mean Sguare Df F-Ratio
Total 3.78 319
Pretest/
Posttest 67 .29 15
115.38 1 1.81
Error 63.86 14
Time Period 0.65 304
0.26 19 0.37
Linear 0.38 1 0.06
Quadratic 0.31 1 0.12
Cubic 0.05 1 0.06
Quartic 1.63 1 2.42
Interaction 0.45 19 0.65
Linear 0.56 1 0.0%
quadratic 0.75 1 0.28
Cubic 2.96 1 3.32
Quartic 3.13 1 L, 63%
Error 0.62 266
Linear 6.70 14
Quadratic 2.64 14
Cubic 0.89 14
Quartic 0.67 14

*F of 4.60 needed for significance at .05 for &f 1,14
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TABLE 28c

ANALYSIS OF VARIANCE OF TRENDS
BICYCLE FRONTALIS EMG RESPONSE
COMPARING PRETEST AND POSTTEST
OF NONMEDITATORS IN THE EXPERIMENTAL GROUP
DURING THE LAST EMG THROUGH RECOVERY

Source of Variation Mean Square or F-Ratio
Total 3.30 175
Pretest/
Posttest 28 .04 15
42,02 1 1.55
Error 27 .04 1
Time Period 0.99 160
7.29 10 12 .68%
Linear 37.06 1 14 ,93%*
Quadratic 25.69 1 15 . 54%*
Cubic 5.71 1 g,1o%*
quartic 0.01 1 0.01
Irteraction 0.u2 10 0.73
Linear 1.51 1 0.61
Quadratic 0.10 1 0.07
Cubic 0.20 1 0.28
Quartic 1.47 1 6.8G**
Error 0.58 140
Linear 2 .48 14
Quadratic 1.38 14
Cubic 0.70 14
Quartic 0.21 14

*F of 1.£3 needed for significance at .05 for d&f 10,140
**F of 4,60 needed for significance at .05 for df 1,14
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Rate-Pressure Product. Tables 29a through 29e

give means of RPP response between groups by time
periods. Figure 24 illustrates the significant dif-
ference found in analysis of trends of group mean
comparisons of RPP. An analysis of variance table
is presented in Table 30 for the significant dif-
ference in trends of RPP found.

During the ime perlod adaptation through minute
three, control nonmeditators showed a significant
quadratic difference in trend of RPP pretest to
posttest. No other significant difference in trends
was found in selected time periods between groups

for RPP.



TABLE 29a .

MEAN RATE-PRESSURE PRODUCT RESPONSE* TO THE BICYCLE TASK
DURING ADAPTATION THROUGH MINUTE THREE QOF PERFORMANCE

Adaptation Minute
1 2 3
Meditators
Experimental
Pretest 72.0 107. 113. 110.
Posttest 64 .6 98. 104. 101.
Control
Pretest 63.0 104, 108 112.
Posttest 67 .9 a7. 105. 109.
Nonmeditators
Experimental
Pretest 76.8 116. 117. 124,
Posttest 72.1 105. 109, 114,
Control
Pretest 74,0 119. 122. 122.
Posttest 74,3 109. 115. 121.

*computed by multiplying heart rate times blood pressure
and dividing by 100
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TABLE 29b

MEAN RATE-PRESSURE PRODUCT RESPONSE* TO THE BICYCLE TASK
DURING PERFORMANCE

Interpolated Meditator
Minutes of Experimental Control
Performance Pretest Posttest Pretest Posttest
1 93.6 85.9 86.6 84.5
2 104.3 96.1 103.0 96.2
3 107.1 97 .7 106.5 102.5
4 111.1 102.5 109.2 107.2
5 118.5 109.1 111.4 110.0
6. 121.1 112.7 115.4 113.7
7 127.1 118.4 121.5 117.5
8 134.1 126.3 128.5 121.3
9 141.4 131.2 135.4 126.8
10 145.8 135.6 138.9 132.5
11 152.1 143.3 146 .6 139.4
12 160.5 153 .4 153.8 148.0
13 169.0 162.0 160.9 156.5
14 177.9 171.4 167.9 165.0
15 188.1 178.2 176.7 174.8
16 197.8 187.9 186.5 184.1
17 210.3 199.7 197.6 194.4
18 223.4 210.6 209.1 205.3
19 233.8 219 .4 219.1 217.7
20 245.1 232.0 230.3 230.0

*computed by multiplying heart rate times blood pressure
and dividing by 100
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TARLE 29c

MEAN RATE-PRESSURE PRODUCT RESPONSE* TO THE BICYCLE TASK
DURING PERFORMANCE

Interpolated Nonmeditator

Minutes of Lxperimental Control

Performance Pretest Posttest Pretest Posttest
1 98.0 90.9 97.2 92.3
2 112.7 102.7 112.0 104.9
3 115.9 106.3 119.3 111.7
4 119.5 109.9 120.4 116.4
5 122.3 112.2 123.7 120.0
6 123.5 115.6 126.9 122.9
7 126.2 119.7 132.2 125.7
8 132.8 125.7 135.6 129.3
9 142.9 132.9 137 .4 135.9
10 151.3 138.6 144 .6 142 .4
11 157 .6 144 .7 156.1 148 .4
12 163.2 153.1 164.7 155.3
13 171.8 161.2 171.4 163.5
14 179.8 170.5 179.4 72.7
15 187.2 181.4 188.1 180.4
16 195.4 193.9 200.0 189.2
17 205.0 201.4 209.0 201.7
18 214 .7 210.8 218.7 213.3
19 224.3 223.8 229.4 226.9
20 234.8 238.9 2h2.1 241.8

*¥*computed by multiplying heart rate times blood pressure
and dividing by 100
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TABLE 29d

MEAN RATE-PRESSURE PRODUCT RESPONSE* TO THE BICYCLE TASK
DURING THE LAST PERFORMANCE RPP THROUGH RECOVERY

Meditator

Experimental Control

Pretest Posttest Pretest Posttest

Last

Performance 245.1 232.0 230.3 230.0
RPP

Recovery

Minute 1 182.4 171.1 1644 154 .4
Recovery

Minute 2 136.1 27.5 114.9 118.3
Recovery

Minute 3 111.8 108.8 90.6 97 .6
Recovery

Minute 4 102.4 104.3 82.8 93.3
Recovery

Minute 5 98.1 95.5 84 .4 82.3
Recovery

Minute 6 88.9 92.1 79.0 80.0
Recovery

iinute 7 g2.3 84.8 78 .4 80.8
Recovery

Minute 8 84.5 85.6 73.6 77 .4
Recovery

Minute 9 82.5 84 .6 73.8 76.9
Recovery

Minute 10 83.0 &4 .8 77 .6 79.1

*computed by multiplying heart rate times blood pressure
and dividing by 100



TABLE 2%e -

MEAN RATE-PRESSURE PRODUCT RESPONSE* TO THE BICYCLE TASK
DURING THE LAST PERFORMANCE RPP THROUGH RECOVERY

Nonmeditator
cxperimental Control
Pretest Posttest Pretest Posttest

LastT

Performance 234.8 238.9 242.1 241.8
RPP

Recovery

Minute 1 171.3 172.0 158.8 160.1
Recovery

Minute 2 120.8 116.5 124 .1 114.1
Recovery

Minute 3 108.0 96.8 105.6 106.6
Recovery

Minute 4 101.5 100.8 98.3 95.8
Recovery

Minute 5 97.8 92.3 o4 .9 91.1
Recovery

Minute 6 91.8 89.8 90.0 86.8
Recovery

Minute 7 90.3 88 .4 87.1 84.9
Recovery

Minute 8 91.6 86.1 83.4 83.9
Recovery

Minute 9 e8.4 83.5 86.3 81.6
Recovery

Minute 10 84.0 g2.5 85.4 83.8

*computed by multiplying heart rate times blood pressure
and dividing by 100
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Figure 24
Bicycle Rate-Pressure Product Response ‘Comparing Pretest
and Posttest of Nonmeditators in the Control Group During
Adaptation and the First Three Minutes of Performance
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TABLE 30

ANALYSIS OF VARIANCE OF TRENDS
BICYCLE RATE-PRESSURE PRODUCT RESPONSE
COMPARING PRETEST AND POSTTEST
OF NONMEDITATORS IN THE CONTROL GROUP
DURING ADAPTATION THROUGH MINUTE THREE OF PERFORMANCE

Source of Variation Mean Square Df F-Ratio
Total 579.95 63
" Pretest/
Posttest 714,70 15
333.10 1 0.45
Error 741.96 14
Time Period 537.84 48
7896.00 3 180.35*%
Linear 17287.20 1 246 .81%*
Quadratic 5476.00 1 110.08%*
Cubic 924 .80 1 80.03%*
Interaction 96 .56 2 2.21
Linear 0.31 1 0.01
Quadratic 264 .06 1 5,31%*
Cubic 25.31 1 2.19
Error 42,78 42
Linear 70.04 14
Quadratic 49.75 14
Cubic 11.56 14

*F of 2.85 needed for significance at .05 for df 3,42
**F of 4.60 needed for significance at .05 for d4f 1,14
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From the previous analysis of data, the find-
ings resulted in acceptance or rejection of hypothesis
one and subhypotheses 1.1 and 1.2 which dealt with
the pattern of physiological response to fine and
gross motor tasks.

Hypothesis One was accepted. No uniform pat-

tern of significant difference exlsts between med-
itators and nonmeditators in the pattern of physio-
logical resporse to a fine motor and gross motor
task.

Subhvpothesis 1.1 was accepted. Ne

uniform pattern of significant difference exists in
the pattern of physiological response between subjects
who have relaxed and subjects who have not relaxed
immediately prior to a pursult rotor task.

Subhyvpothesis 1.2 was accepted. No

uniform pattern of significant difference exists in
the pattern of physiclogical response between subjects
who have relaxed and subjects who have not relaxed

immediately prior to a bicycle task.
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Level of Performance

Pursuit Rotor Task

Analysis of the trends of the trial means. An

analysis of variance of the trends of the trial means
of performance of five trials of the pursuilt rotor
task was performed. The criterion measure was the
time on target for each triel. Tables 3la and 31lb
provide mean, standard deviation, and variance of the
performance scores of the five trials.

Table 32 provids the F-ratlo and description of
significant difference in trends of performance
found between meditators and nonmeditators in the
pursuit rotor task. Figure 25 illustrates the dif-
ference shown in Table 32. Table 33 provides an
analysis of variance tatle for the significant dif-
ference found.

Analysis of variance of the trends of the trial
means of performance between meditators and nonmedi-
tators for the pursuit rotor task showed a significant.
quadratic and cubic difference between experimental

groups during the pretest.



TABLE 3la

MEAN, STANDARD DEVIATION, AND VARIANCE
I'OR PURSUIT ROTOR PERFORMANCE SCORES*

. Trial
1 2 3
Meditator S ) o
Experimental
Pretest M 5.15 6.33 7.62 7
SD 3.37 2.66 3.98 L
\Y 11.35 7.09 15.83 18
Posttest M 9.40 11.87 12.11 11
SD 5.22 5.46 5.30 5
\ 27 .29 29.85 28.09 33
Control
Pretest M 6.75 10.23 11.23 10
SD 4 N3 6.89 7.54 6
v 19.66 47.40 56.79 48
Posttest M 13.00 13.30 14 .57 14
SD 6.24 .25 4.99 b
\ 38.92 18.09 24,94 23

.59
.32
.65

.59
.78

45

.56
97
.59

.71
.86
.63

11

14

10
41

29

.90
.55
.63

.10
.86
.87

.26
A6
N

15.
A5
71

*measured in seconds as length of time 1in contact with moving light per

trial of 60 seconds

T0<



TABLE 31b

MEAN, STANDARD DEVIATION, AND VARIANCE
FOR PURSUIT ROTOR PERFORMANCE SCORES*

trial of 60 seconds

Trial
1 2 3 L
Nonmeditator S | -
Experimental
Pretest M 4,13 6.64 8.49 9.21
SD  3.14 4,03 h.27 L 20
\' 9.89 16.21 18.25 17.61
Posttest M 12.20 14.31 13.86 12.82
SD  3.99 4 .65 L .23 .12
\' 15.96 21.60 17.93 16 .97
Control
Pretest M 5.69 5.92 7.29 9.30
SD 3.78 2.79 2.67 2.83
vV oo14.26 T.77 7.14 8.02
Posttest M 10.58 12.45 13.66 12.94
SD L .85 5.91 5.33 5.74
vV  23.49 34.91 28.39 32.92
*measured in seconds as length of time in contact with moving light per

P

B \V)
U VWO

.09

.32
.26
.70

o<
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TABLE 32
SIGNIFICANT* COMPARISONS OF TREND

OF PURSUIT ROTOR TIME ON TARGET SCORES OVER FIVE TRIALS
BETWEEN MEDITATORS AND NONMEDITATORS

Linear Quadratic Cubic Quartic

Meditator/
Nonmeditator

Experimental
Pretest F 6.74 F 7.30

Posttest

Control

Pretest

Posttest

*F of 4.60 needed for significance at .05 for df 1,14
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Figure 25

Pursuit Rotor Time On Target Performance Scores Com-
paring Meditators and Nommeditators in the Experi-
mental Condition During the Pretest



TABLE 33

ANALYSIS OF VARIANCE OF TRENDS
PURSUIT ROTOR PERFORMANCE SCORES

205

COMPARING MEDITATOR AND NONMEDITATOR EXPERIMENTAL GROUPS

DURING THE PRETEST

Source of Variation

Mean Square or F-Ratio
Total 26 .97 7S
Meditater/
Nonmeditator 115.85 15
c8.17 1 0.84
Error 117.22 14
Time Period 6.11 ol
39.55 b 11.93
Linear 139.16 1 22.13*
Quadratic 18.96 1 L.,57
Cubic 0.01 1 0.01
Quartic 0.07 1 0.07
Interaction 11.83 L 3.57
Linear 6.15 1 0.98
Quadratic 27.95 1 6. 7U¥
Cubic 12.86 1 7 .30%
Quartic 0.34 1 0.32
Error 3.32 56
Linear 6.29 14
Quadratic L.,15 14
Cubic 1.76 14
Quartic 1.07 14
*F of 4.60 needed for significance at .05 for df 1,14
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Comparisons of experimental and control groups
showed a significant quadratic difference for non-
meditators during the pretest. DNo significant dif-
ference was found for the posttest. Figure 26
illustrates the significant difference found in the
trends of performance scores between experimental
and control groups of nonmeditators during the pretest.
An analysis of variance table 1s provided in Table

34.
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Figure 26

Pursuit Rotor Time On Target Performance Scores Comparing

Experimental and Control Groups of Nonmeditators During
the Pretest



ANALYSIS OF VARIANCE OF TRENDS
PURSUIT ROTOR PERFORMANCE SCORES

TABLE 34

208

COMPARING EXPERIMENTAL AND CONTROL GROUPS

OF NONMEDITATORS

DURING THE PRETEST

Source of Variation Mean Square Df F-Ratio
Total 14.34 79
Experimental/
Control 4y .47 15
0.12 1 0.01
Error L47.64 14
Time Period 7.28 64
65.03 4 19.35*%
Linear 253.16 1 28 .75%*
Quadratic 4,83 1 2.40
Cubic 2.14 1 1.31
Quartic 0.01 1 0.01
Interaction 4,38 L 1.30
Linear 2.67 1 0.30
Quadratic 3.80 1 L ,88%x
Cubic 4.45 b 2.71
Quartic 0.61 1 0.61
Error 3.36 56
Linear 8.81 14
Quadratic 2.01 14
Cubic 1.64 14
Quartic 0.99 14

*F of 2.55 needed for significance at

.05 for df 4,56

**F of 4,6C needed for significance at .05 for df 1,14
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Table 35 provides F-ratios and descriptions of

significant difference found in pretest and posttest
comparisons of the trends of the trial means of per-
formance of the pursuilt rotor task. Filgures 27a and

27b illustrate the significant difference in trends
presented in Table 35. Analysis of variance tables

are provided for each significant difference in trends

(Tables 36a and 36b).
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Analysis of pretest and posttest comparisons of
trends of the trial means of performance of the
pursuit rotor task showed a quadratic difference for
experimental nonmeditators. A linear difference in
trend was found for control nonmeditators comparing

pretest and posttest performance values.
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TAEBLE 35

SIGNIFICANT* COMPARISONS OF TREND
OF PURSUIT ROTOR TIMEZE ON TARGET SCORES OVER FIVE TRIALS
BETWEEN PRETEST AND POSTTEST

Linear Quadratic Cublilc quartic

Pretest/
Posttest

Meditator
Experimental

Control

Nonmeditator

Experimental F 15.11

Control F 7.82

*F of U4.60 needed for significance at .05 for df 1,14
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Figure 27a

Pursuit Rotor Time On Target Performance Scores Compar-
ing Pretest and Posttest of Nonmeditators in the Exper-
imental Group
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TASLE 364

ANALYSIS OF VARIANCE OF TRENDS
PURSUIT ROTOR PERFORMANCE SCORES
COMPARING PRETEST AND POSTTEST
OF NONMEDITATORS IN THE EXPERIMENTAL GROUP

Source of Variation Mean Square Df F-Ratio
Total 24,86 79
Pretest/
Posttest 1¢8.15 15
Le4 46 1 5.62
Error 82.70 14
Time Period 5.50 6L
26.33 b 7.32*
Linear 93.13 1 10.96%**
Quadratic 10.34 1 9.,08%*
Cubic 1.70 1 1.00
Quartic 0.13 1 0.04
Interaction 11.32 4 3.14
Linear 21.41 1 2.52
Quadratic 17.21 1 15,11%*
Cubic 5.1 1 3.02
Quartic 1.40 1 0.49
Error 3.60 56
Linear 8.50 14
quadratic 1.14 14
Cubic 1.71 14
Quartic 3.05 14

*F of 2.55 needed for significance at .05 for d4f 4,56

**F of 4,60 needed for significance at

.05 for 4af 1,14



TARLE 36b

ANALYSIS OF VARIANCE OF TRENDS
PURSUIT ROTOR PERFORMANCE SCORES
COMPARING PRETEST AND POSTTEST
OF NONMEDITATORS IN THE CONTRCL GROUP

216

Source of Variation Mean Scuare Df F-Ratio
Total 25.42 79
Pretest/
Posttest 108.08 15
€666.72 1 o.,78%
Error 68.18 14
Time Period 6.05 6L
31.88 b 9.21%*
Linear 93.95 1 3.73
Quadratic 16.38 1 4 ,9Ex
Cubic 10.91 1 4,50
Quartic 0.28 1 0.33
Interaction 16.42 4 b, 7h%*
Linear 56.95 1 7.82%
Quadratic 1.64 1 0.50
Cubic 7.06 1 2.92
Quartic 0.31 1 0.04
Error 3.46 56
Linear 7.28 14
Quadratic 3.29 14
Cubic 2.42 14
Quartic 0.85 14

*F of 4.60 needed for significance at .05 for df 1,1L

¥*F of 2.55 needed for significance at

.05 for df 4,56
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Analysis of the means of performance. An analysis

of variance of the means of performance of the sum of
the five trials for the pursuit rotor task was per-
formed. The criterion measure was the mean time on
target of the sum of the five trials. All groups im-
proved their scores from the pretest to the posttest
demonstrating a learning effect. An interaction ef-
fect between meditators and nonmeditators was ob-
tained for the experimental group. Applying Tukey's
procedure for pairwise comparisons showed no signif-
icant difference between groups 1in performance scores.
Similarly no significant difference was found between
other comparisons: meditators and nonmeditators, in
the control condition, pretest and posttest in per-
formance scores of the pursuit rotor task.

Table 37 provides an analyslis of variance table
reflecting the results of the analysis of the means
of performance of the sum of the five trials for the

pursuit rotor task.



TABLE 37

ANALYSIS OF VARIANCE
PURSUIT ROTOR PERFORMANCE SCORES

Source ‘of Variation Mean Square Df F-Ratio
E/C 26.33 1 0.76
M/ NI 2.82 1 0.81
Interaction 27.60 1 0.80
Error 34 .62 28 0.76
Pre/Post 549.96 1 98 .56*
E/C X Pre/Post 1.41 1 0.25
M/NM X Pre/Post 6.08 1 1.09
Interaction

Pre/Post X E/C X M/NM  26.82 1 4 ,81*
Residual 5.58 28 98.56
*F of U4.20 needed for significance at .05 for d4f 1,28
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Bicycle Task

An analysis of variance of between group means was
performed on the length of time subjects performed the
bicycle task beforerreaching 70% of their age predicted
maximum heart rate. The range of performance was seven
to 18 minutes. Table 38 provides the mean, standard
deviation, and variance of performance scores for all
groups of subjects during the pretest and posttest. No
significant difference was found in levels of perform-
ance between meditators and nonmeditators in the ex-
perimental and control conditions, pretest and posttest

for the bicycle task.
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TABLE 38

MEAN, STANDARD DEVIATION, AND VARIANCE
FOR BICYCLE PERFORMANCE SCORES*

Mean Standard Variance
Deviation
Meditators
Experimental
Pretest 11.50 - 3.02 9.14
Posttest 11.63 3.81 14 .55
Control
Pretest 12.13 3.87 14.98
Posttest 12.25 3.92 15.36
Nonmeditators
Experimental
Pretest 10.38 4,07 16.55
Posttest 10.75 4.02 16.21
Control
Pretest 10.63 3.07 9.41
Posttest 11.38 3.50 12.27

*Measured as length of time of performance to reach
target heart rate of 70% age predicted maximum
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Relationship of Performance to Phyvsiological Response

Regression coefficients of multiple correlations
were computed with the pursuit rotor and bicycle data
in order to establish the relationship of performance
to physiological response. The independent variables
were the physiological measures of heart rate, blood
pressure, frontalis EMG and, for the bicycle task,
rate-pressure product. The dependent variables were
the performance scores of time on target for the pur-
suit rotor task, and the length of performance time
until the subject reached the target heart rate of 70%
age predicted maximum for the bicycle task. Inde-
pendent variables were analyzed by time periods for
correlation with the dependent variabie.

Variables were subjected to a stepwise multiple
regression analysis. The stepwise multiple regression
aralysis provides a coefficient of multiple correlation
or R and an F-test of statistical significance. The
R establishes the degree or extent that several inde-
pendent variables taken together can be a predictive
measure of the adependent varilable. Since R may be
the result of chance or sampling error, an analysis of
significance of R (F-test) is computed. A significant
F-ratio indicates that a significant linear relation-

ship exists between the dependent variable and the
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independent variables identified.
A significant correlation was noted where the
F-ratio was significant to the .05 level and correia-

tions were at or above .85.

Pursuit Rotor Task

Tables 39 through 41 present the regrese
sion coefficients of multiple correlations of per-
formance and physiological measures for the pursult
rotor task. Significant correlations exist pretest
and posttest for heart rate, blood pressure, and
frontalis EMG. However, no conclusive pattern which
would suggest predictability of performance and
physiological measures for the pursuit rotor task

are shown.
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TARLE 39a
SIGNIFICANT* CORRELATIONS BETWEEN TRENDS

OF HEART RATE RESPONSE AND TIME ON TARGET
FOR THE PURSUIT ROTOR TASK DURING THE PRETEST

Trial Adapt/ H.R. Recov. Recov. Recov.
Antic. 2,4,6 1-5 1,5 oL

s L FEL A A N e LI B o o1 o e M 0 et e Al 3 T st o,

Experimental
Meditators
Ul W e

R .92 R.195
R .85

Control
w n U= W D e

J=

n

= w n

n

Experimental
Nonmeditators Nonmeditators Meditators

Control

e ot s b e ke

*¥F test of significance at the .05 level and an
R of .E5 needed for a sigrificant correlation



TABLE 2Gb

SIGNIFICANT* CORRELATIONS BETWEEN TRENDS
OF HEART RATE RESPONSE AND TIME ON TARGET
FOR THE PURSUIT ROTOR TASK DURING THE POSTTEST

224

Trial Adapt/ H.R. Recov. Recov. Recov.
Antic. 2,4,6 1-5 1,5 2-4

T 1 R .97

+ 0

g5 ° R .97

E 3

—

o b R .88

QT -

N O D

==

i
w2
5
—~s 3 R .t6
ow
j;ﬁ ~ R .93
ST 5
R
O =
—~ &
22,
Fh
Cw 2
O+
=g
s o L4
2 E
25 2
= =
f
o 1 R .g2
Nl
w2
o
—~ - =
°oT
sz &
56 5
)
0=
*F testmof significance at the .05 level and an
R of .85 needed for a significant correlation
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TARLE 40a
SIGNIFICANT* CORRELATIONS EETWEEN TRENDS

OF BLOOD PRESSURE RESPONSE AND TIME ON TARGET
FOR TEE FURSUIT ROTOR TASK DURING THE PRETEST

Trial Adaptation Trial Recovery
Em 1 R .89
+ -
s 2 R .21 R .90
L O
Ea 3 R .86
bR 4 R .85
585
CHENS
| =
1
22
o
— 4+ =
o8
B
ok
=
38 7

Experimental
Nonmeditators
= W ke

U

Nonmeditators
UloE W e

Control

*F test of gignificance at the .05 level and an
R of .25 needed for a significant correlation
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TARLE 40b
SIGNIFICANT* CORRELATIONS BETWEEN TRENDS

OF BLOOD PRESSURE RESPONSE AND TIME ON TARGET
FOR TEE PURSUIT ROTOR TASK DURING THE POSTTEST

Trial Adaptation Trial Recovery
. 1 R .85 R .90 R .86
£ “
O O -
EL 3 R .85 R .87 R .90
, -~
el R .86 R .68
2% 5 R .87
1=
1 R .97
f
.8 7
ow 3 R .E5
EEE I 3 .02
32 5 R .95
0
o 1
PP L
S @ <
oA
g5 3
5 s 5
] =
O]
So-c 1 R .89
piie
= [}
el R .86 R .89 R .85
5¢ 0y R .95 R .89
jolN ol
00 5
[~

*F test of significance at the .05 level and an
R of .85 needed for & significant correlation



TABLE 41a

SIGNIFICANT* CORRELATIONS BETWEEN TRENDS
OF FRONTALIS EMG RESPONSE AND TIME ON TARGET
FOR THE PURSUIT ROTOR TASK DURING THE PRETEST

n

Trial Adaptation Trial Recovery

Experimental
Meditators

Control

Experimental

Control

= W U =W D

Meditators

Nonmeditators
6 I GRS S Ul

-

Ul o= W

Nonmeditators

*
1V RLes |

test of significance at the .05 level and an
of .85 needed for a significant correlation

ey
=



TABLE 41b

SIGNIFICANT* CORRELATIONS BETWEEN TRENDS
OF FRONTALIS EMG RESPONSE AND TIME ON TARGET
FOFR THE PURSUIT ROTOR TASK DURING THE POSTTEST
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Trial Adaptation Trial Recovery

Experimental
Meditators
U W e

0

0

w

Control
Meditators
UoE W

Nonmeditators
(S I S WU R (S R

Experimental

Nonmeditators
(G I = UV IV W

Control

*F test of significance at the .05 level and an
R of .85 needed for a significant correlation
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Ricycle Task

Regression coefficients of multiple correlations
of performance and physiological measures for the bi-
cycle task are presented in Tables 42 through 45.

No significant correlations were demonstrated for the
frontalis EMG during the posttest. Significant cor-
reiations are noted for the frontalis EMG during the
pretest and for the heart rate, blood pressure, and
KPP during pretest and posttest. However, no con-
clusive pattern which would suggest predictability

of performance and physiological measures for the

bicycle task are shown.



SIGNIFICANT*

TABLE 42a

CORRELATIONS EBETWEEN TRENDS
OF HEART RATE AND TIME TO TARGET HEART RATE
FOR THE BICYCLE TASK DURING THE PRETEST
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Meditators Nonmeditators
Exper- Control Zxper- Control
imental imental
Adapt/
Antic. R. 93
Min A
1-3 R .98 R .93
Interp
Min 1-5 R .99
Interp
Min 5-9 R .99
Interp
Min 9-14
Interp
Min 15-20 R .99
Last HR/

Recov. 1 R .94

*F test of significance at the

.05 level and an

R of .85 needed for a significant correlation



SIGNIFICANT*

TABLE 42D

CORRELATIONS BETWEEN TRENDS
OF HEART RATE AND TIME TO TARGET HEART RATE
FOR THE EICYCLE TASK DURING THE POSTTEST
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Meditators

mXper-
imental

Control

Nonmeditators
Control

Exper-
imental

Interp
Min 5-9

Interp

Min O-14

Interp

Min 15-20

Last HR/

Recov.

Recov

1-5

Recov
6-10

R .95

R .99

.99

.99

*F test df significance at the .05 level and an

R of .85 needed for a significant correlation



SIGNIFICANT*
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TABLE 43a
CORRELATIONS BETWEEN TRENDS

OF BLOOD PRESSURE AND TIME TO TARGET HEART RATE
FOR THE BICYCLE TASK DURING THE PRETEST

Meditators Nonmeditators

Exper-
imental

Control Exper- Control
imental

Adapt/
Antic.

loe=_]

in

-3

Interp
Min 1-5

’__J

Interp
Min 5-9

Interp
Min 9-14
Interp
Min 15-20
Last Bp/
Recov 1

Recov
1-5

Recov
6-10

R .98

*F test of significance at the .05 level and an
R of .85 needed for a significant correlation



TABLE 43b

SIGNIFICANT* CORRELATIONS BETWEEN TRENDS
OF BLOOD PRESSURE AND TIME TO TARGET EEART RATE
FOR THE RBRICYCLE TASX DURING THE POSTTEST

Meditators Nonmeditators
Exper- Control Exper- Control
imental imental

Adapt/
intic.

Min
1-3
Interp
Min 1-5

Interp
Min 5-C

Interp
Min 9-14

Interp
Min 15-20

Last BP/
Recov 1

Recov

1-5

Recov
6=10

R .99 R .99

R .99

*F test of significance at the .0% level and an
R of .85 needed for a significant correlation
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TAZLE 44a

SIGNIFICANT* CORRELATIONS BETWEEN TRENDS
OF RPP AND TIME TO TARGET HEART RATE
FOR THE BICYCLE TASK DURING THE PRETEST

Meditators Nonmeditators
Exper- Control Exper- Control
imentzal imental

Adapt/
Antic.

Min

1-3

Interp

Min 1-5 R .99 R .99 R .99 R .99

Interp
Min 5-9

Interp
Min g-14

oy}

97

Interp
Min 15=20

Last RPP/
Recov 1 R .90 R .89

Recov

1-5

Recov
6-10

*F test of sigrnificance at the .05 level and an
R of .85 needed for 2 significant correlation
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SIGNIFICANT* CORRELATIONS BETWEEN TRENDS
OF RPP AND TIME TO TARGET HEART RATE
FOR THE BICYCLE TASK DURING THE POSTTEST

Meditators
Exper-
imental

Control

Adapt/
Antic. R

Min
1-3 R

Interp
Min 1-5 R

Interp
Min 5-9

Interp
Min 9-14

Iinterp
Min 15-20

Last RPP/
Recov 1

Recov

1-5

Recov
6-10

.91

.92

¥ test cof significance at the .05
R of .85 needed for a significant

ke TE e i PR i <ty o T

Nonmeditators
Exper-
imental

Control

© e 4 et v s

level and an
correlation
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TABLE 45

SIGNIFICANT* CORRELATIONS EETWEEN TRENDS
OF FRONTALIS EMG AND TIME TO TARGET HEART RATE
FOR THE 3ICYCLE TASK DURING THE PRETEST

Meditators

Exper-
imental

Control

Nonmeditators
Exper- Control
imental

Adapt/
Antic.

Min

1-3

Interp
Min 1-5

Interp
Min 5-9

interp
Min 9-14

Interp
Min 15-20

Last EMG/

Recov 1

Recov

1-5
Recov 6~10

R .99

*F test fo significance at the

-

.05 level and an

R of .85 needed for a significant correlation
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From the previous analysis of data, the findings
resulted in acceptance or rejection of hypothesis two. and
Subhypotheses 2.1 and 2.2 which dealt with the perfor-
mance of a fine motor and gross motor task.

Hypothesis Two was accepted. No significant

difference exists between meditators and normedita-
tors in the performance of a fine motor and gross
motor task.

Subhvpothesis 2.1 was accepted. No signif-

icant cdifference exists in the levels of performance
between subjects who have relaxed and subJects who have
not relaxed immediately prior to a pursuilt rotor task.

Subhypothesis 2.2 was accepted. lNo signif-

icant difference exists in the levels of performance
between subjects who have relaxed and subjects who have

not relaxed immediately prior to a bicycle task.
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Discussion

The results of this study indicate long term
history of a relaxation practice (TM) or immediate
prior meditation/relaxation do not alter the pattern
of physiological response during performance of two
levels of motor stress. The level of performance of
a fine motor or gross motor task does not appear to
be affected by long term history or immediate prior
meditation/relaxation. No consistant pattern re-
flecting predictability of performance from physio-
logical response was apparent from the results of
this study.

A pattern of meditating everyday over a period
of time, specifically the practice of TM, may not
alter the pattern of physiological response during
performance of motor tasks, but lower physiological
values (HR, BP) do appear to be maintained as a pat-
tern of response. This is supported by Benson (1374),
Gellhorn (1972), and Waliace and Benson (1372).

Michaels (1976) and Warrenburg, et al (1977) con-
cluded there was no difference between meditators and
subjects who sat with eyes closed. This may hold for
a meditation/relaxation period as in the Michaels and

Warrenburg, et al study. However, the evidence that
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long term history of meditation/relaxation changes
state effects into traits in time, creating reduced
activation levels appears to be supported (Pagano,
et al, 1976).

Examination of heart rate analysis reveals
several pretest differences. Pretest differences
occurred between experimental and control groups
as well as between meditators and nonmeditators.
Pretest differences were not consistent between
groups and did not hold during the posttest. The
differences between groups could rnot be attributed
to the history of relaxation practice of immedilate
prior meditation/relaxation.

Meditators did not show greater anticipatory
response than nonmeditators in the pursuit rotor task
heart rate response, as in a study measuring heart
rate in passive reaction to a stressor (Gcleman and
Schwartz, 1976). Meditators in experimental and
control conditions did show a difference in trends
of heart rate response during adaptation and antici-
pation of each trial comparing pretest to posttest.
Experimental meditators reduced their level of ac-
tivation. Control meditators were not consistent in
the direction of change in level of activation.

Means of heart rate response to the pursuit
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rotcr task (Table 2.1) illustrate an increase in the
level of cardiac response in anticipation of trials
(Cohen and Obrist, 1975; Little, 1977; Schwartz and
Higgins, 1971).

Rlood pressure response trends to the pursuilt ro-
tor task ¢id not reflect a difference between groups
pretest and posttest. Pretest difference between ex-
perimental and control meditators were eliminated 1in
the posttest. Though not a significant difference,
control meditators showed a posttest decrease, and ex-
perimental mecditators showed a posttest increase in
blood pressure response. ElooC pressure absolute
values appear to be higher for nonmeditators as sup-
ported by Benson and Vallace (1972), Benson, et al
(1973) and Blackwell, et al (1975).

The recovery period did not show a quicker re-
turn to baseline (adaptation) by meditators as found
by Patel (1977). The act of taking blood pressure
itself may have zltered the reading and may have con-
taminated the results of this study (Rushmer, 197%).

No significant trend difference was found in
frontalis EMG response to the pursuilt rotor task
tetween groups pretest and posttest. Pretest dif-
ferences existed between several groups which dic
not hold for the posttest. Comparisons of controls

in both meditator anc¢ nonmeditator groups appear to
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have lower absolute values during the pretest and post-
test than their experimental counterparts. A common
response pattern was not found between heart rate and
frontalis EMG as suggested by Jacobsen (1970), Sains-
bury and Gibson (1954), and Stoyva and Budzynski (1974).

No significant difference in heart rate response
to the bicycle task during adaptation through minute
three was shown between groups. Goleman and Schwartz
(1976) concluded meditators have greater anticipatory
arousal than nonmeditators. The Goleman and Schwartz
study was based on passive reaction to a stressor,
not a stress reaction during a motor task.

The last performance heart rate through recovery
time period for the bicycle task reflected the greatest
difference in heart rate response trends. Pretest dif-
ferences hewever did not consistently show in the post-
test ancd results could not support the existence of a
difference between groups.

Blood pressure response trend difference was great-
er during the bicycle task than the pursuit rotor task.
Absolute values of blood pressure response showed less
variance between groups. Control nonmeditators were the
exception with higher blood pressure values initially
and through much of performance. No pattern of differ-

ence appeared which would refliect a difference between
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groups in blood pressure response to the bicycle task.

No consistent pattern of difference in trends of
frontalis EMG response appeared between groups pretest
and posttest. Absolute differences between controls and
experimentals during the bicycle task were not as pro=-
nounced as during the pursuit rotor task.

Meditators in experimental and control conditions
reflected increased frontalis EMG activity during the
posttest. Nonmeditators were mixed in their response
with a general reduction in activity overall.

Coupling of heart rate and blood pressure response
did not appear to occur for the bicycle task, Heart rate
patterns of response reflected difference in trends be-
tween several groups and time periods, though no consis-
tent pattern emerged. Elood pressure on the other hand,
appeared to have more consistency in trends between
groups. This increased stability of response of blood
pressure among subjects and between groups influenced
the results of the analysis of trends of group mean com-.
parisons of RPP where the only significant cdifference
found was for control nonmeditators pretest to posttest.

Variation among subjects in relaxation technique
studies was reported by Fidel (1977). Meditators are
reported to have variable responses which Pagano, et al

(1976) suggested occurred as state effects such as
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baseline measures. Meditators also have shown varia-
tion in response from day to day (trait effects).

These conclusions and the results of this study
further support the concept of response stereotypy.
Though meditators may reduce physiological actilvation
levels as a result of long term history of meditating,
they maintain an individuval, idiosyncratic pattern of
responding. Individuvalized perception of stress may
still be an over riding force which affects the phys-
iological pattern of response activatilion level. Re-
laxation, whether meditation (TM) or eyes-closed re-
laxztion, does not appear to affect the pattern cf
phvsiclogical response during motor activity of &
stressful nature. The benefits of immediate prior
meditation/relaxation on response to motor stress are
not apparent in this study. The benefits of a long
term history of TM practice do not appear to have an
effect upon the pattern of physiological response
during motcr stress.

Group comparisons of trends of the trial means of
performance scores for the pursuit rotor reflect no
consistent pattern which would demonstrate a difference
between groups. Analysis of the means of the sum of
the five trials of between group: scores showed no dif-

ference between groups in performance cf 2 pursuit
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rotor task. This result supported Williams and Vicker=-
man (1976) who found no difference between meditation
and eyes closed relaxation in the effect upon performance
of a pursuit rotor task. Controls did not do better than
meditavors in performance of the pursult rotor task in
this study as in a study by Williams and Herbert (1976).

The experimenter in this study was concerned that
the change in tension level from deep relaxation to the
fine motor stress of the pursuit rotor would show a
change in performance in early trials of the posttest
for subjects in the experimental condition (Nideffer,
1970). 4nalysic of the performance scores did not show
significant difference in performance in the affected
time period. Two of the subjects in the experimental
condition and one subject in the control condition im=-
mediately prior to performance of the posttest expressed
their dislike for the pursuit rotor task.

The changes in length of performance time Irom pre-
test to posttest between groups were small increases.
Control nonmeditators reflected the greatest increase
from 10.63 minutes to 11.38 minutes. Subjects within
groups varied widely in their fitness level and their
extent of participation in regular exercise. Effort
was made to balance the groups on the fitness level

variable using the questionnaire (Appendix B). Dif=-
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ferences in length of performance time on the bicycle
task varied between experimental and control groups as
well as meditators and nonmeditators. Experimental and
control meditators during the pretest exhibited the
greatest variance in performance scores. Variance with-
in groups increased for the experimental meditators
from pretest to posttest and control nonmeditators
from pretest to posttest.

No conclusive pattern reflecting an effect of long
term history or immediate prior meditation/relaxation on
performance emerged from the results of this study.

The number of significant correlations of perform-
ance and physiological response was greater during the
posttest than the pretest for the pursuilt rotor. Medi-
tators had more significant correlations than nonmedi-
tators in each of the physiological variables, but no
consistent pattern of correlations emerged which would
indicate long term history or immediate prior meditation/
relaxation had an effect on predictability of perform-
ance and physiological response.

No significant pattern of correlations emerged
for the bicycle task. As in the pursuit rotor task,
the number of significant correlations was greater
during the posttest than the pretest. Medivators

however did not show more significant correlations
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than nonmeditators in the bicycle task.

Every individual has their own i1diosyncratic pat-
tern of response (Patel, 1977). Individual cognitive
appraisal of a stressful situation influences the level
of activation of the physiological variables involved
in the stress response (Lazarus, 1966; Lazarus, et al,
1965; Malmo, 1972; Mason, 1972; Stoyva, 1¢76). The
degree of stereotypy varies among individuals as well
as the direction (which physiological variable or var-
iables elicit maximal activation in a stressful situa-
tion). This results in no single physiological measure
correlating with others on a consistent reproducible
basis. Nor can a single physiological measure serve
as an index to the state of the otiier measures or
the total arousal of the individual (Lacey and Lacey,
(1958, Lewinsohn, 1956).

This study supports the finding that there 1is var-
iation among subjects in how they will respond to a re-
laxation technique (Fidel, 1977). Prediction of perform-
ance based on physiological response may be difficult
to achieve.

This study further supports the evidence that med-
itators have lower heart rates, and blood pressures
(Benson, et al, 1973; Benson and Wallace, 1972). Though

trends of physiological response did not differ between
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meditators and nonmeditators or between experimentals
and controls, inference can be made that if individuals
start with lower activation levels they will keep
lower activation levels during motor stress.

Long term history of meditation/relaxation ap-
pears to change state effects of lowered activation
into traits (Pagano, et al, 1976) in time creating
reduced physiological activation levels outside of
the meditation/relaxation period. The state effects
created however do not affect the physiological pat-
tern of response curing fine or gross motor tasks.
Similarly, immediate prior meditation/relaxation also
does not appear to have an effect on the pattern of
response during fine or gross motor tasks.

Neither long term nor immediate prior meditation/
relaxation appear to have an effect on the level of
performance of a fine motor or gross motor task. Pre-
dictability of performance of a fine motor or gross
motor task from physiological response 1is not achieved
as a result of long term history or immediate prior

meditation/relaxation.
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CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Purpose

The purpose of this study was to determine the
effect of immediate prior meditation (TM) and relax-
ation on the pattern of physiological response and
performance of a fine motor and gross motor task and
whether the long term regular practice of a passive
meditation techknique (TM) produces a difference in

the reaction to motor activity.
Methods

A pretest-posttest contrcl group rendomized blocks
design was used in this study. Sixteen transcendental
meditators with three or more years regular practice
were selected as the meditation group. Subjects with no
history of relaxation training were recruited and 16
nonmeditators selected to create matched palrs with svp-
jects in the meditation group. Matching criteria were:
sex, age, height, welght, current and customary activ-
ity level. Matched pairs of subjects were assigned to
two groups with an attempt tc balance matching criteria
for each group. One group was rancomly assigned to ex-

perimental procedures, the other group served as a
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control group.

Subjects performed a pretest and postiest on a
pursuit rotor task and a bicycle task while being mon-
itored for heart rate, blood pressure and frontalis
EMG. Experimental subjects meditated (meditation
group) or relaxed with eyes closed (nonmeditation
group) immediately prior to the posttest.

Arialysis of variance of trends was used to tes?t
the first hypothesis which dealt with the pattern of
physiological response to the tasks. Analysis of
variance was used to test the second hypothesis which
cealt with the level of performance. A multiple re-
gression analysis was used to test the third hypothe-

sis which dealt with the relationship between perform-

ance and physiological response.
Results

The analysis of the data resulted in the follow-
ing findings.

Hypothesis One was accepted. No significant

difference exists betweer meditators and nonmeditators
in the pattern of physiological response to a fine
motor and gross motor task.

Subhypothesis 1.1 was accepted. No sig-

nificant difference exists in the pattern of physio-



250
logical response between subjects who have relaxed and
subjects who have not relaxed immediately prior to a
pursult rotor task.

Subhvpothesis 1.2 was accepted. No signif-

icant cifference exists in the pattern of physiologilcal
response between subjects who have relaxed and subjects
who have not relaxed immediately prior to a bicycle
task.

-

Eypothesis Two was accepted. No significant dif-

ference exists between meditators and nonmeditators in
the performance of a fine motor ancd gross motor task.

Subhypothesis 2.1 was accepted. No signif-

icant difference exists in the levels of performance
between subjects who have relaxed and subjects who
have not relaxed immediately prior to a pursult rotor
task.

Subhypothesis 2.2 was accepted. No signif-

icant difference exists in the levels of performance
between subjects who have relaxed and subjects who have
not relaxed immediately prior to a bicycecle task.

Hypothesis Three was accepted. No significant

difference exists between meditators and nommeditators
in the relationship of performance and physiological

response to a fine motor and gross motor task.
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Subhypothesis 3.1 was accepted. No signif-

icant difference exists in the relationship of per-
formance and physlological response between subjects
who have relaxed and subjects who have not relaxed
immediately prior to a pursuilt rotor task.

Subhypothesis 3.2 was accepted. No signif-'

icant difference exists in the relationship of per-
formance and physiological response between subjects
who have relaxed and subjects who have not relaxed

immediately prior to a bicycle task.

Conclusions

Within the limitations of the design and subjects
used in this study, the following conclusions were
drawn.

While repeated absclute differences were noted
between meditators and nonmeditators and between exper-
imental and control groups, tre differences in pattern
of physiological response appeared to be rancdom te-
fween groups. No consistent pattern of difference
exlsts between groups 1n any selected time period.
Though effort was made to achieve equal groups through
matching criteria, pretest differences existed between
meditators and nonmeditators. Attributing those dif-
ferences to the history of meditation was not valid

due to the pretest difference between experimental and



control groups of meditators observed even though
effort was made to balance matching criteria and ex-
perience in meditation between groups.

The variance among subjects in their cognitive
appraisal of the given stresses (Lazarus, 1960; Laz-
arus, et al, 1665, Stoyva, 1976) may be independent of
meditation history or immediate prior meditation/relax-
ation. Patel (1977) discussed the tendency of individ-
uals to possess 1diosyncratic patterns of response; some
veing heart rate reactors, some blood pressure reactors,
scme stomach reactors. Within a given group of subjects,
ur;less response stereotypy 1s controlled, physiological
patterns of responding to a given stress may be so var-
iable as to distort mean patterns.

+~

Pursuit rotor performance did improve pretest To
posttest demonstrating a learning effect which may have
been facilitated by tension (Freeman, 1938). Long term
history of a relaxation technique (TM) did not carry
over to facilitate reduced muscle tension and improved
pursuit rotor performance as suggested by Eason and
Branks (1963) and Freeman (1933).

Analysis of the bicycle task performance scores
showed no significant difference between groups. Though

meditators performed longer than nonmeditators as a

group during the pretest of the bicycle task



253
(11.81 minutes to 10.50 minutes respectively), the
difference was not statistically significant. Some
difference 1n length of performance could be expected
Gue to the meditators lower 1nitlal cardiovascular
activity. Differences pretest to posttest were minimal.
The one week time period between pretest and posttest
¢ld not give subjects time to provide a conditioning
effect, and the bicycle ergometer task is not consid-
ered to be & neuromuscular activity which 1s sensitive
fo practice and learning as the treadmill has shown
to be (Balke, 1952).

The relationship of performance and physiological
response did not show a consistent pattern reflective
of predictability. Elood pressure showed the strongest
relationship to performance on the pursult rotor task
with several time periods having significant correla-
tions and several groups reflecting positive relation-
ships. Pretest differences and posttest differences
however did not show blood pressure to be any nmore or
less a predictor for subjects with a history of medi-
tation or subjects with immediate prior meditation/re-
laxation. Blood pressure dic not show as strong a

relationship to performance during the bicycle task.

Recommendations

For further study trhe following recommandations
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are made.

The circumstances during this study limited the
nurber ¢f subjects per group to eight. Statistical
analysis of cdata with these few subjects reguires a
greater diffesrence betwesen groups in order to estab-
lish significance. An increase in the number of sub-
jects per group might better reflect differences
tetween groups.

Rushmer (1976) reports that the act of taking

-

tlood pressure may be stress procducing in and of

itself. The inflation of the cuff arourd the earm

Q.
o]
[
n
O

ause a level of cZiscomfort. Though blood
pressure was taken after the heart rate measurement,
subject anticipation of the blood pressure measure-
ment may have altered heart rate. £An alternate
method of measuring blood pressure shcould be found
whicrh is not as potentially stress producing.

Other physiological measures could be adced to
the date which might contribute to the overall pilc-
ture of physiological response to motor stress.

GSR was found to be the most independent and most
reproducible in a study done by Lacey and Lacey
(1958). Tre bicycle task may not be as appropriate
for this measure as the pursult rotor due to the

level of work. Oxygen consumption, however, appears
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an appropriate physiological variable for the bilcycle
task. PFrontalis EMG has been criticized as a measure
of general muscular tension (Basmajian, 1576) due to
its potential to reflect other facial muscle activity
such as swallowing, eye movement, movement of the jaws,
etc. Other sites for electromyographic measurement
could be consicdered.

Fine and gross motor activity were measured by
the pursuit rotor and bicycle ergometer respectively.
Other instruments could be considered which measure
fine and gross motor activity.

Fesponse stereotypy i1s & concern of this investi-
gator. An attempt could be made to 1dentify and iso-
late subjects by their ideiosyncratic pattern of re-
sponse. Subjects could be recruited for stucy, for
instance, who have been identified as hypertensives,
as in the Patel study (1977), and measured during
activity.

Many research studies have dezlt with meditation
ana othér forms of relaxation and their effect upon
the pessive rezsction to stress. The need for further
research in the area of physiological response during

verformance of activity is evident.
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Appendix A

ACKNOWLEDGEMENT OF WILLINGNESS TO PARTICIPATE
I acknowledge the willingness to participate in a Relaxation
and Motor Activity study being conducted at Oregon State Univer-
sity during Winter term, 1979. I understand the tasks to be
performed will be those of participating on two different occa-
sions in a strenuous stationary bicycle activity and manually
tracking a moving light. The purpose of this study 1s to see
if certain types of relaxation affect the body during activity.

During each activity heart rate and forenead muscle tension will
be monitored by the use of electrodes taped to my torso and fore-

head. Blood pressure will also be taken.

Medical approval will be given prior to my participation in the
activity portion of the study. A resting l2-lead ECG given by
the experimenter and a Self Report Medical History will provide

data for the medical approval.

The time involvement will be approximately three one-hour sessions.

A relaxation period will be added for some subjects.

I give permission for the experimenter to use the data gained
for experimental study, but the right of privacy will be respect-

ed and my name will be kept in strict confidence.

I understand that my commitment i8 not binding and I may with-
draw from participation in the study at any time. Questions
regarding this study will be answered on a one-to-one basis.

Signed

Date Phone

Address
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Appendix B-1

QUESTIONNAIRE - RELAXATION AND MOTOR ACTIVITY STUDY

Name

Date Sex: M F  Subject number

Birthdate Height _____ Weight

Address

Phone

l. How long have you regularly practiced Transcendental
Meditation?

2. Please indicate dates and lengths of experience in
rounding”

3. Please indicate dates and what advanced training you have
received in the TM Siddhis program.

4., Do you have any physical disabilities which might interfere
with your participation in a stressful stationary bicycle
activity or manually tracking a moving light® Explain.

5. Have you ever used a pursuit rotor tracking device: Explain.

6. Have you ever been given a stress test on a bicycle ergo-
meter or a treadmill: Explain.

7. Exercise

a. Do you engage in sports?
which
How often?
b. Have you competed in any sport within this last year?
which?
when

c. Do you expect to be competing in a sport between
January and March, 1979¢

Which?



d.

e.

page 2

Do you . . .
Run/ Jog miles/week mile time

Ski: crosscountry downhill

Swim: miles, week
Bicycle miles/week

Lift welights times/week

Participate in a calisthenics program?

times/week

How far do you think you walk each day”

Were you an athlete 1n high school college

Wwhat sports?

How many years?

Is your occupation:

Sedentary

Inactive

Active

Heavy work

2

9
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Appendix B-2

QUESTIONNAIRE -« RELAXATION AND MOTOR ACTIVITY STUDY

Name
Date Sex: M P Subject number
Birthdate Height Welght
Address
Phone
1. Have you ever had any formal relaxation training’ (eg.
meditation, yoga, biofeedback) Yes No
dhat
when

Do you practice a relaxation technique?
Do you have any physical disabilities which might interfere

with your participation in a stressful stationary bicycle
activity or manually tracking a moving light: Explain,

Have you ever used a pursuilt rotor tracking device? Explain.

Have you ever been given a stress test on a bicycle ergo-
meter or a treadmill? Explain,

Exercise

a. Do you engage in sports?’
Which?
How often?

b. Have you competed in any sport within this last year:
Which?
when®

¢c. Do you expect to be competing in a sport between
January and March, 19797

Whichr



d.

page 2

Do you . . .

Run, Jog miles/week mile time

Ski: crosscountry downhill

Swim: miles/week
Bicycle miles/week

Lift welghts times,/week

Particlpate in a callsthenics program?

times/week

How far do you think you walk each day?

Were you an athlete 1n high school college

What sports

How many years?
Is your occupation:

Sedentary

Inactive
Active

Heavy work



Appendix C .

SELF REPORT MEDICAL HISTORY FORM

Name

Date Sex: M P Subject number
Birthdate Height Welght
Address

Phone

l. Do you smoke tobacco?

Cigarettes: How many How many years

Cigar: How many How many years
Pipe: How many times/day How many years

In case you have stopped, when did you?

why?
2. What 18 your weight now?

what was your weight one year ago?

Are you dieting? ______ Why
3. Do you have headaches” »

Never ___ Seldom ___ Occasionally ___ Frequently ____
4., Past history

Have you ever had:

rheumatic fever

heart murmur

high blood pressure

any heart trouble
disease of the arteries
varicose veins

lung disease

asthma

allergies

injuries to back, knees, etc.
epllepsy

Please explain any checked.

v
n
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page 2

Have you recently had:

chest pain

shortness of breath

heart palpitations

cough on exertion

coughing of blood

back pain

swollen, stiff or painful Jjoints
frequent urination

Please explain any checked.

111

Family history

Have any of your relatives had:
heart attacks

high blood pressure

too much cholesterol
diabetes

congenital heart disease
heart operations

other ’

Fiease explain any checked.

Blood pressure
Systolic Diastolic

Resting l2-lead ECG attached.



274
Appendix D

INSTRUCTIONS TO PARTICIPANTS
Relaxation and Motor Activity Study

You are scheduled to participate 1in the study on relaxation and
motor activity on the following dates.

Session 1 at (time)

Session 2 at (time)

All sessions will be held in room 124 Moreland Hall on the
Oregon State University campus.

So that measurements taken will be as much as possible
totally you, the followlng requests are made:

l. Do not meditate or purposefully relax for at least six
hours prior to entering the 1lab.

2. Do not engage in strenuous or energetic bodily activity
other than your usual activity the day of your session.

3. Have your last meal more than two hours prior to enter=-
ing the lab.

4. Do not smoke, drink coffee, tea, coke, or take aspirin
for three hours prior to entering the lab.

5. Do not take any drugs, recreational or medicinal, for
24 hours prior to your session.

Clothing
Shorts, teeshirt, tennis shoes and socks will be most

comfortable for the activity. Wwarmer clothes for after
the session 1is advisable.

Adhesive patches will hold the electrodes in place.
Female subjects will be asked to remove their bra for
placement of the electrodes.

illness

If you are 111, please call and reschedule your appoint-
ment. It is not advisable to perform this activity while
suffering with or recouperating from a cold, the flu, or
other ailment. Normal menstruation will not affect your
performance.

Thanks again for your help. If you have any questions, please
call.

Candy Wood
753-0118 home
754=-2311 office
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Appendix E

DEC/436/006

PREDICTED MAXIMAL (100%) AND SUBMAXIMAL (90 and 70%;) HR
FOR TREADMILL STRESS TESTING

POOR FAIR GOOD
AGE 1005 90% 70% | 1006 90% 70% | 100% 90%  70%
20 201 187 161 201 187 159 196 181 153
21 199 185 159 200 186 159 196 181 153
22 198 184 158 199 185 150 195 181 153
23 197 184 158 198 184 1587 195 181 153
24 196 183 157 198 184 157 194 180 152
25 195 182 156 197 183 157 194 180 152
26 194 181 156 194 180 154 193 179 151
27 193 180 158 196 182 156 193 179 151
28 192 179 154 198 181 155 192 178 151
29 191 178 154 193 180 154 192 178 151
30 190 177 1583 193 180 154 191 177 150
31 189 176 152 193 180 154 191 177 150
32 188 175 151 192 179 1353 190 176 149
33 187 175 151 191 178 152 189 175 149
34 186 174 150 191 178 152 189 175 149
35 184 172 149 190 177 152 188 174 148
36 183 171 148 189 176 151 188 174 148
37 182 170 147 189 176 151 187 173 147
38 181 169 147 188 175 150 187 173 147
39 180 168 146 187 174 150 186 172 146
40 179 167 145 186 173 149 186 172 146
41 178 166 144 186 173 149 185 172 146
42 177 166 144 185 172 148 185 172 146
43 176 165 143 184 171 147 184 171 145
44 175 164 142 184 171 147 184 171 145
45 174 163 142 183 171 147 183 170 144
46 173 162 141 182 170 146 183 170 144
47 172 161 140 181 169 145 182 169 144
48 171 160 140 181 169 145 182 1 144
49 170 159 139 180 168 145 181 168 143

« « « o MOXe



POOR FAIR GOOD
AGE 100% 90% 70% 100% 90% 70% 100% 90% 70%
50 168 157 137 179 167 144 180 167 142
51 167 157 137 17% 167 144 180 167 142
52 166 156 136 178 166 143 179 166 142
53 165 155 135 177 165 143 179 166 142
54 164 154 135 176 164 142 178 165 141
S5 163 153 134 176 164 142 178 165 141
56 162 152 133 175 163 141 177 164 140
57 161 151 133 174 162 140 177 164 140
58 160 150 132 174 162 140 176 163 139
59 159 149 131 173 162 140 176 163 139
60 158 148 130 172 161 139 175 163 139
61 157 148 130 172 161 139 175 163 139
62 156 147 129 171 160 138 174 162 138
63 155 146 128 170 159 138 174 162 138
64 154 145 128 169 158 137 173 161 137
65 152 143 126 169 158 137 173 161 137
66 151 142 126 168 157 136 172 160 137
67 150 141 125 167 156 136 171 159 136
68 149 140 124 167 156 136 171 159 136
69 148 139 123 166 155 135 170 158 135
70 147 139 123 165 154 134 170 158 135

Categories taken from fitness classification table.

Calculated by computer according to the formula given by Karvonen and Cooper.

FORMULA:

(HR ™ max. - RHR) x 90 (or 70) +RHR

100



Appendix F

Luft Progressive
Bicycle Ergometer Performance Test

Subject Date 19
Date of Birth Height Weight
Kpm. | Heart | Blood Pressure
Minute Kp € 50Cpm. . Rate Systolic ' Diastolic, | Diastolicg
1 1 300 i
2 1 300 !
3 1 300 ‘ i
) 1% 375 |
S 13 450 !
6 13/4 525 |
7 2 600 i 1
8 2% 675 | §
9 23 750 i
10 2 3/4 825 } v
{11 3 500 i ! I
12 37 975
13 3% 1050 ;
* 14 33/4 1125 I | , .
15 4 1200 ! ,
16 43 1275 i
17 43 1350 i
18 4 3/4 1425 i
(19 5 1500 ‘ i
20 5% 1575 :
21 51 1650 | ;
22 53/4 1725 I ;
23 6 18C0
24 6% 1875
25 62 1950 !
Seated Recovery 1 | : '
2 : ;
3 1 I 4
4 !
5 !
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SHOWER PASS 278

Please allow

to use the shower facilitles on

as they are a participant in a research
study with the Physical Education and
Psychology departments.

investigator Mr. Holsberry



Subject number Date Time

1.

Appendix H

POST MEDITATION/RELAXATION QUESTIONNAIRE

Circle the number which best describes your success i1n
meditating/relaxing in the laboratory today.

easy, hard,

very not very
satisfactory satisfactory satisfactory
1 2 3 4 5

Do you think you spent some time sleeping during the
meditation/relaxation part of the periodr

Yes No

If yes, can you describe about when and about how long
you slept?

beginning (2oen2 )
min.

Was there any physical unstresslng?’ {Meditation subjects
only.) Please describe.

Do you have any other feelings you wish to share about
any part of the meditation/relaxation period?



Appendix I

PURSUIT ROTOR DATA

Subject number Date Test condition : ME MC NME NMC

Comments:

Blood Pressure

Test Period Time Syst. Diast, Heart Rate EMG _T-0-T

Baseline

Anticipation
Trial 1

Interval 1
Anticlpation
Trial 2

Interval 2
Anticipation
Trial 3

Interval 3
Anticipation
Trial &4

Interval 4
Anticipation
Trial 5

Interval 5
Recovery 1

1
2
3
4

5
10sec
2nd

4th
6th

10sec
2nd
4th
6th

10sec
2nd
4th
éth

10sec
2nd
4th
6th

10sec
2nd
4th
6th

2nd
4th
6th
2nd
4th
6th
2nd
4th
6th
2nd
4th
oth
2nd
4th
6th
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Appendix J
BICYCLE ERGOMETER DATA
Subject number Date Test condition : ME MC NME NMC

Date of birth Target heart rate Time to THR

Comments:
KpLoad Blood pressure
Test Period 50 com Time Syst, Diast. H.R. EMG Comments
Baseline 1 !
2
3
4
5
Hyperventilate
Anticipation 10sec.
Exercise 1 1 7
1 2 ‘
1 3 |
1 1/4 4 ’
11/2 5 !
1 3/4 o .
2 7
2 14 8 ;
2 12 9 i
2 3/4 10 !
3 11 ! :
3 14 12 ¥ .
312 13 i
3 3/4 14 :
15 E §
4 1/4 16 ! :
4 1/2 17 :
4 3/4 18 i
.18 & %
514 20 s !
Recovery 1 |
2
3 :
4 1 -
5 o :
) : —
7 : : I 1
8 ; i
S ! ‘
10 ' ! ‘




Appendix X

MEDITATION/RELAXATION DATA

Subject number Date Time

Comments:

Blood Pressure

Comments

N

Test period Time Syst. Diast. H. R. EMG
Adaptation/ 1
Eyes Open 2 r

3

4

5 .
Meditatlcn/ 1
Relaxation 2

3

4

5

©

7

8

9

10

11

12

13

14

15

1o

17

18

19

20
Post 1 |
Meditation/ 2 :
Relaxation 2 !

' 5

)

7

8

9

10



