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SUMMARY 

The problem areas under examination may be conveniently considered under 

three interrelated headings. 

1 Alpha Feedback Investigation 

i 
Twenty subjects participated in an alpha feedback training program of six 

weeks duration. On the basis of their performance at raising their alpha 

levels from pre- to post-training, they were assigned to either a "successful" 

or an "unsuccessful" group. For all subsequent experiments, both between-

subjects (i.e., "successful" vs. "unsuccessful" groups) and within-subjects 

_(i.e~, "successful" subjects as self-controls) control procedures were 

employed. 

The first aim was to determine whether, in fact, the phenomenon of operant 

alpha enhancement had been demonstrated. Employing automatic EEG analysis 

equipment and "normalising" the EEG data, it was found that over the short

term the "successful", but not the "unsuccessful", group produced significant

ly more alpha during their operant than during their free-operant conditions. 

In addition, although there was no significant difference between the two 

groups over the free-operant conditions, the 11 successful 11 group produced 

significantly more alpha during the operant conditions. It is suggested 

that this apparent demonstration of direct operant alpha enhancement - like 

all instances of the phenomenon - was probable instead mediated via the 

learned control of voluntary ~esponses ~ the most likely of which may be 

oculomotor efferent activity. 

\ 

A second aim was to determine the short-term physiological and behavioural 

concomitants of "successful" feedback-associated alpha enhancement and to 

determine the psychological correlates of the 11 successful11 long-term practice 

of the technique. Over the short-term, occipital EEG and heart-rate data 

,were obtained over experimental sessions comprising Pte-experimental rest, 

experimental (or alpha feedback) and post-experimental rest conditions. 

In addition, pre- and post-experimental condition measures on autonomic 

balance, reaction-time and short-term memory/perceptual speed were obtained. 

The results indicated that the "successful" short-term practice was signif

icantly accompanied by an enhancement in occipital alpha and a reduction in 

occipital beta. It was also found to be followed by a significant para

sympathetic shift in autonomic balance. 

~Over the/ ••••••••••••••••••. 
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Over the long~term, the pre- and post-training scores of the two groups on 

20 psychological dimensions were examined. The results indicated that 

"successful" long-term practice was associated with a reduction in "negative" 

and an enhancement in "positive" psychological characteristics. Specifically, 

"need for approval" and "neuroticism" were found to decrease whilst subjects 

construed themselves to be more "active" and more ttinvolved11 • No evidence 

was obtained to suggest that social factors might have contributed measurably 

toward these effects. 

"Successful" long-term practice was also found, in accordance with previously 

reported findings, to be accompanied by a significant enhancement in "hypnotic 

susceptibility". In going beyond previous research, however, it was found 

to be accompanied by a corresponding enhancement in ''direct suggestibility". 

On the basis of these findings, it is suggested that alpha feedback training's 

apparent usefulness ~or raising 11 hjpnotic susceptibility" is probably limited 

to relaxation~type hypnotic situations. 

Finally, the subjective concomitants of "successful'' feedback-associated 

. alpha enhancement were examined by means of repertory grid techniques and 

it was found that the subjective data provided support for much of the 

findings generated by the other experiments. 

2 Transcendental Meditation Investigation 

Ten teachers of Transcendental Meditation participated in a short-term 

investigation into the physiological and behavioural correlates of Trans

cendental Meditation. Each subject was exposed to at least 9 hour-long 

sessions in the laboratory. For the subsequent experiments on this "advanced" 

meditator group, within-subjects control procedures were employed (i.e., 

subjects served as self-controls). 

The third aim of the present study was to examine the occipital EEG correlates 

of meditation. Employing automatic EEG analysis equipment and "normalising" 

the EEG data, it was found that the practice was accompanied by a significant 

reduction in occipital alpha abundance and by a trend indicative of enhanced 

beta abundance. It is concluded that these data are consistent with the 

hypothesis that meditation may be accompanied by a forward migration of 

slower EEG activity and by an intensification of lower voltage fast activity 

over the posterior channels. Unfortunately, they are also not inconsistent 

with the hypothesis that meditation-associated EEG changes might be _ 

indistinguishable from those of light sleep. It is thus suggested that, 

in order to/ •••••••••••• 
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in order to obtain decisive evidence on these two incompatible hypotheses, 

further similar EEG rese~rch into meditation is to be recommended in which, 

in addition to occipital!EEG data, recordings from frontal and central 

channels are also examined. 

The fourth aim was to determine the short-term physiological and behavioural 

concomitants of Transcendental Meditation. The heart-rate data of the 

11 advanced11 meditator group (as well as the occipital EEG data - see above) 

were obtained over experimental sessions comprising pre-experimental rest, 

e~peiimen~al (or meditation) and post-experimental rest conditions. In 

addition, pre- and post-experimental condition measures on autonomic balance, 

reaction-time and short-term memory/perceptual speed were obtained. The 

results indicated that the practice was unaccompanied by changes in heart

rate. It was also not found to be associated with a subsequent change in 

autonomic balance nor with changes in reaction-time and short-term memory/ 

perceptual speed. It is concluded that the failure to find a hypometabolic 

condition after meditation (which does not imply its absence or presence 

during actual meditation) raises doubt concerning the efficacy of meditation

associated hypometabolism as the underlying mechanism for the alleged 

meditation-associated psychological changes. 

A fifth aim was to explore the psychological concomitants of regular 

meditation practice and to attempt to determine the role, if any, of factors 

related to changes in "need for approval'' in bringing about measurable 

psychological changes. The subjects for this experiment comprised 28 

beginning meditators who were assigned to either a "regular" or an "irregular" 

novice meditator group on the basis of their reported meditation-regularity 

over.a period of approximately 6 weeks. For this experiment, both between

and within-subjects control procedures were employed. The pre- and post

training scores of the two groups on 19 psychological dimensions. were 

examined. The results indicated that "regular" long-term prac.tice was 

associated with a reduction in 11 negativett and an enhancement in "positive" 

psychological characteristics. Specifically, 11 anxiety11 and "neuroticism" 

were found to decrease and ttextraversion11 to increase whilst subjects construe<::. 

themselves to be better ttable to concentrate". These findings are largely 

in line with those of previous researchers. However, a strong 

indicative of an increase in "need for approval" provided tentative evidence 

to suggest that these "positive" psychological changes might not simply 

have been due to the cumulative effects of regular meditation practice. 

The increases in ttneed for approvaltt might have contributed - either directly 

by its I . · · · · · · · · · · · · · · · · · 
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by its possible effect on some psychological variables or indirectly via 

its influence upon a subject's meditation-regularity - toward the meditation-

associated psychological changes. It is suggested that the enhanced "need 

for approval" may have been a reflection of the effects of "Transcendental 

Meditation-associated social pressures" upon suitably predisposed subjects. 

Finally, the subjective concomitants of Transcendental Meditation as practised 

by the "advanced" meditator group were examined by means of repertory grid 

techniques. .The subjective data were found to provide support for some of 

the findings of the other experiments.discussed above. 

3 Comparative Multidisciplinary Investigation 

The sixth and major aim of the present study was to investigate the relation

ship between the hypothetical altered states of consciousness associated 

with feedback-associated alpha enhancement and Transcendental Meditation 

by means of a systematic comparative examination of some of their supposed 

comcomi tants • It was decided not to compare the states on all the variables 

. examined in the study but only on those variables that met the c·riterion 

of having significantly indexed one or both of the states. A failure to 

adopt this strategy might conceivably have led to a situation where 

significant differences obtained on relevant indices were swamped by the 

insignificant effects of irrelevant non-indices. 

The two practices were compared in a short-term physiological and behavioural 

experiment on three variables - alpha abund~ce, beta abundance and autonomic 

balance - that had been previously shown to index one or both of the practices. 

Significant differences emerged between the two techniques as practised by 

the "successful" alpha feedback group and the "advanced" meditator group 

on each of these··"relevant index" variables. "successful" feedback-associated• 

alpha enhancement was found to be aecompanied by more occipital· alpha and 

less occipital beta~ In addition, it was found to be followed by a para-

sympathetic shift in autonomic balance whilst no such effect was found to 

follow Transcendental Meditation. The practices were then compared 

simultaneously on these three variables and a significant overall difference 

was obtained. A similar simultaneous comparison on all short-term variables 

(i.e., also on criterion "irrelevant non-indices'') also produced a significant 

overall difference between the two practices. On the basis of these findings,, 

it is concluded that feedback-associated alpha enhancement and Transcendental 

Meditation have important and significant distinguishing parameters, and that, 

in terms of the present operational definition for hypothetical states of 

consciousness/ ••••••••• 
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consciousness, the data are consistent with the hypothesis that the practices 

are accompanied by distinct hypothetical altered states of consciousness. 

The practices were also compared over the long-term on psychological variables 

that had previously been shown to alter significantly ~s a function of at 

least one of the practices. Groups who practised the two techniques over 

periods of approximately 6 weeks - the 11 successfulll alpha feedback group 

and the 11 regular11 novice meditator group - were found to produce very similar 

psychological changes. 11 Negative 11 psychological characteristics tended to 

be reduced whilst 11 positive11 psychological characteristics tended to be 

enhanced. The only definite significant difference that emerged between 

the two groups was with respect to their changes in 11 need for approval" -

with the alpha feedback group decreasing and the meditators increasing. 

This also turned out to be the variable that best discriminated between the 

two practices. On the basis of these latter data, it is concluded that 

although the two practices seemed to be accompanied by highly similar 

measurable psychological changes, some of the mechanisms underlying these 

changes seemed to be different. In the case of Transcendental -Meditation, 

social factors appeared to play an important role in raising 11 ne~d for. 

approval" which, in turn, seemed to have contributed crucially toward the 

obtained psychological changes. For feedback-associated alpha enhancement 

on the other hand, there was no evidence to stiggest that social f~ctors 

might have exerted any systematic or measurable effect. 

/ 

Finally, an attempt was made to compare the short-term subjective concomitants 

of the two practices. by means of a. comparative examination of the .. scores 

of the nsuccessful 11 alpha feedback group and the 11 advanced11 meditator group 

on a 11 phenomenological repertory grid11 • Althotigh some significant difference. 

were obtained, the data are open to contradictory interpretations. Because 

of these problems of interpretation, no conclusions are derived from the 

subjective data concerning the relationship between the two hypothetical 

altered states of consciousness. 
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1.0 PROBLEMS AND AIMS 

The problem areas under examination in the present study may be conveniently 

considered under three interrelated headings. 

1.1 An Experimental Investigation into the Cor~elates of Feedback-Associated 

Alpha Enhancement 

The phenomenon of enhancing and/or suppressing EEG alpha abundance by the 

~revision to subjects of alpha-contingent feedback has been widely reported 

(see sections 2.1 to 2.J). For the purpose of e~aluating the findings in 

the area, operant terminology will be adopted (Shapiro & Schwartz, 1972). 

Within this framework it may be shown that the majority of researchers have 

attempted to demonstrate one or more of the following three k~nds of operant 

conditioning phenomena: 

(1) An operantly conditioned alpha increase (above a basal level). 

(2) An operantly conditioned alpha decrease (below a basal level). 

(J) Operantly conditioned differential alpha control (i.e.~ the difference 

between 11 enhance 11 and 11 suppress 11 conditions). 

Whilst the last two phenomena appear to hav~ been frequently and widely demon

strated (see section 2), acceptable instances of the first phenomenon appear 

to be far more elusive. Although many researchers have reported having 

demonstrated the phenomenon, few have managed to satisfy Katkin and Murray's 

(1968) three minimal cfiteria for the acceptability of evidence for operant 

conditioning (see section 2.4). 

One of the aims of the present study was to ~ttempt to demonstrate the 

phenomenon of operant alpha enhancement. A group of subjects were given daily 

hour-long alpha feedback training sessions over a period of six weeks. On 

the basis of their success at raising their occipital alpha levels over the· 

longitudinal period, the subjects were assigned to either a 11 successfu.L" 

alpha feedback group (comprising the 50% who increased their alpha abundance 

most) or an nunsuccessful" alpha feedback group. The ability of the 

"successful" group to demonstrate the phenomenon of operant alpha enhancement 

was examined by means of a short-term experiment that incorporated both 

within-subjects and between-subjects designs. That is, it permitted the 

"successful" group to be compared with the "unsuccessful11 group and, at the 

same time,/ •••••••••• 
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same time, allowed the 11 successful 11 alpha feedback subjects to act as self-

controls. Katkin and Murray's (1968) first minimal criterion for the 

acceptability of evidence for operant alpha enhancement requires, (1) in 

terms of the within-subjects design, that the "successful" subjects' 

operant condition. alpha le-vel exceed .. signi:ficantly that- of their free

operant condition, and (2) in terms of the between-subjects design, that 

the operant condition alpha level of the ttsuccessful" group significantly 

exceed that of the "unsuccessfultr group. Katkin and Murray's second cri-

terion demands that the experimental design permit the comparison of experi

mental groups with appropriate control groups whilst their third criterion 

requires that the data be, within reasonable limits, free from obvious alter-

native explanations. To the extent that the data of the present study meet 

these criteria, it will be assumed that the phenomenon of operant alpha 

enhancement-had been demonstrated. 

\Vith the exception of a number of attempts to measure the subjective correlates 

of various feedback-associated EE.G states (see sections 2$1 and 2.2), very 

little research has been directed toward an examination of the psychological 

and physiological concomitants of alpha feedback training. Schwartz, Sha>v 

and Shapiro (1971) reported finding that the mechanisms for alpha control 

and heart-rate control are independant, a finding consistent with Kamiya's 

(1962) early observation of an apparent independance between conditioned 

alpha changes and changes in cardiac activity, respiratory activity, eye-

movements and muscle tension. Engstrom., London and Hart (1970a,b) performed 

a study to examine the relationship between alpha feedback training and hyp

notisability and reported finding that feedback training to enhance alpha 

duration significantly increased hypnotisability • Unfortunately, although 

• their findings appear to be acceptable, they are consistent with a number 

of alternative interpretations (see section 2.J). It has also been widely 

contended, largely on the basis of alpha feedback's assumed similarity to 

meditation (see section 4), that its regular practice is accompanied by a host 

of beneficial (and even psychotherapeutic) psychophysiological changes. 

However, no direct examination of these claims has been reported. 

A second major aim of the present study was to determine the physiological, 

behavioural and psychological correlates of ttsuccessful 11 feedback training 

for alpha enhancement. Employing, once again, a short-term experiment in-

corporating both within- and between-subjects designs, the influence of feed-

back-associated alpha enhancement on other occipital EEG frequencies and on 

heart-rate/ ••••••• 
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heart-rate was examined. In addition, an attempt was made to determine its 

subsequent effect on autonomic balance measures and on performance on reaction- ~~ 

time and short-term memory/perceptual speed tasks. Over the long-term, the 

influence of regular "successfultt feedback-associated alpha enhancement was 

exami~ed by comparirig the pre- and post-feedback training psychological test 

scores of the "successfultt and "unsuccessfuln alpha feedback groups. The 

psychological dimensions investigated included "hypnotic susceptibilityn, 

11 suggestibility11 , !'need for approval 11 , 11 anxiety 11 , 11 neuroticism 11 , "extraversion",, 

construed tr tension", cons trued 11 i deal-self1t, construed 11 frustration-tolerance", 

construed ttempathy", construed 11 ability to concentrate", construed uinvolvemant",

construed 11 happinessH, construed 11 warmthn, construed 11 passivity11 , construed 

"•vi thdrawal 11 , construed 11 creat i vi ty11 , construed ll opt imism 11 , construed 11 confi-

dence11 and construed 11 sensitivityn. 

1.2 An Experimental Investigation into the Correlates of Transcendental 

Meditation 

Wallace (1970b) has proposed that the practice of Transcendental Meditation 

brings about a fourth major state of consciousness - one that is physiologically 

distinguishable from the accepted trio of waking, sleeping and dreaming. The 

physiological activity that has been reported.by tesearchers to index this 

state (see section 3!1) has prompted Wallace, Benson and Wilson (1971) to 

term it a 11 wakeful hypometabolic state" characterised by a parasympathetic 

shift in autonomic balance. 

Researchers have reported Transcendental Meditation to be accompanied by 

reliable and progressive changes in EEG activity. With a deepening of the 

meditative state, alpha abundance appears to increase whilst the average 

alpha frequency tends to decrease. Finally, during the deepest stagea of 

meditation, theta and possibl~ even beta may be observed. Furthermore, 

the focus of the slow-wave EEG changes seemsto have a tendency to migrate from 

the occipital to the frontal EEG channels during the course of meditation. 

Most of the reported EEG correlates of Transcendental Meditation refer there-

fore to frontal EEG activity. Nevertheless, although there is less con-

sensus concerning possible occipital EEG changes during meditation, the 

available evidence points tentatively toward there being either no significant 

changes or toward there being a decrease in occipital alpha accompanied by 

an increase in occipital beta activity (see section 3.1.~). 

The/ •••••••••••••• 
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The third major aim of the present study was to examine the occipital EEG 

correlates of Transcendental Meditation. Using a within-subjects experi-

mental design, the occipital EEG correlates of a group of experienced 

teachers of Transcendental Meditation were examined across experimental 

sessions each comprising a pre-meditation rest condition, a meditation 

condition and a post-meditation rest condition. The EEG data were auto-

matically converted to numerical form, normalised - using the pre-meditation 

rest condition data as base (see section 5.5) ~ and subjected to statistical 
' analysis. The pre-meditation rest condition base represented the control 

condition against which the meditation-associated EEG changes or the post

meditation rest condition EEG changes could be related. 

The Transcendental Meditative state, in comparison to the waking state, 

appears also to be accompanied by a decreasedrespiratory-rate (see section 

J.1.3), decreased frequency o£ sporitaneous GSRs and a marked increase in 

skin-resistance (see section 3.1.5), decreased cardiac output, oxygen consump

tion and carbon dioxide elimination, decreased arterial blood pH levels (see 

section 3.1.6) and markedly diminished blood lactate concentration (see section 

J.1.?). In addition, small increases in forehead and arm skin temperature 

(see section 3.1.8) as 1vell as slight decreases in EMG activity (see section 

3.1.10) are frequently described. On the other hand, no consistent or sig-

nificant changes in blood pressure (see section 3.1.2), respiratory gas 

exchange quotient, arterial p0
2

, arterial pC0
2 

(~ee section 3.1.6) or EOG 

activity (see section 3.1.9) appear to be associated with the practice of 

Transcendental Meditation. The position with regard to the influence of 

meditation on heart-rate is contradictory (see section 3.1.4). On the more 

molar behavioural and psychological levels, Transcendental Meditation has 

been reported to be associated ~ith enhanced perceptual-motor performance 

(see section 3~2.1), increased learning ability and intelligence (see section 

3.2.3) and heightened perceptual performance (see section 3.2.2). These 

latter findings appear, however, to lack acceptable scientific support. 

The fourth major aim of the study was to investigate a number of the short

term physiological and behavioural concomitants of Transcendental Neditation. 

Employing the same 11 advanced" meditator group and tl1e same experimental 

design as for the EEG investigation, the heart-rate correlates of meditation 

were examined. In addition, in an attempt to determine the effects of 

meditation upon waking autonomic balance levels, pre- and post-meditation 

autonomic/ 
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autonomic balance measures were obtained. It should be noted that this 

strategy was not designed to establish changes in autonomic balance during 

actual meditation. Similarly, the influence of meditation upon subjects• 

waking performance on reaction-time and on short-term memory/perceptual 

speed tasks was examined by obtaining pre- and post-meditation performance 

scores on these tasks. 

The reported relationship between the long-term practice of Transcendental 

M~ditation and psychological changes of the type measured by pencil-and-paper 

tests appears to be overwhelmingly reliable. Researchers have linked the 

practice, without exception, to 11 positive 11 psychological changes. Amongst 

the most frequently reported psychological concomitants are increased 11 self

actualisation11, increased nhappinessn 1 improved 11 inte'r-personal relationshipsn 

and decreased 11 anxietyn, decreased 11 neuroticism 11 , decreased naggression11 and 

decreased ntension11 (see section 3.2.l.1:). Since these 11 positiven correlates 

of Transcendental Meditation have been established by different investigators, 

using different psychological instruments and experimental design, their 

reliability seems to be acceptably high. Unfortunately, at present there are 

two contradictory sets of interpretations for the above findings. The more 

widely held view is that 11 the regular cumulative practice of meditation° is 

the crucial factor responsible for the meditation-associated ttpositiven 

psychological changes. More recently, h~wever, some researchers (Otis, 1973; 

Ballou, 1973) have pointed to factors that converge around the time that 

subjects are first initiated into Transcendental Meditation to be of central 

importance, thus rejecting the vie~ that meditation has a cumulative effect. 

The fifth major aim of the study was thus to explore the ~sychological con

comitants of long-term regular meditation practice and to attempt to deter~ 

mine the role, if any, of factors related to changes in 11 need for approval 11 

in bringing about measurable psychological changes. 

A group of novice meditators were measured on a number of psychological 

dimensions prior to their learning Transcendental Meditation and again after 

having had 6 weeks experience. The group was divided into a 11 r.egtilar 11 and 

an 11 irregular11 novice m.;:di tator group on the basis of their- meditation 

regularity over the period and compared. The psychological dimensions 

employed included all those outlined for the alpha feedback investigation 

(see section 1.1) except for 11 hypnotic susceptibility". ·This strategy? ..,_ 
l.t.. 

was hoped/ •• ~ •••••• 
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was hoped, would provide evidence concerning not only the two contradictory 

interpretations fbr meditation-associated psychological changes but also for 

the mechanisms that have been proposed to account for the meditation-associated 

psychophysiblogical changes (see section J.J). 

1.3 An Experimental Investigation into the relationship between the Feedback

Associated Alpha State and the Transcendental Meditative State 

It has been widely assumed that the practices of Transcendental Meditation 

and EEG feedback for alpha enhancement are associated with similar or even 

identical psychophysiological concomitants. These assumed similarities 

have then been held to support the notion of identity or ne~r-identity with 

respect to the altered states of consciousness associated with the practices 

(see section 4). 

It is recognised that the strategy of conceptualising these psychophysiologi

cal conditions in terms of states of consciousness is of debatable usefullness. 

''Consciousness" is a term that has been assigned a different meaning by many 

of those who have used it and consequently a consideration of the meta

theoretical implications cif employing the term is beyond the sco.pe of the 

present study. Instead, a given state of consciousness is operationally 

defined is a hypothetical construct which may be indexed~ albeit in an im

perfect way, by relevant data drawn from many levels of analysis and derived 

by different methodological operations. It is assumed that this hypothetical 

"internal state" cannot be fully indexed by the data of any ~ne operation 

(eg., the EEG), but that an inference is built up on the basis of many inter

secting and overlapping observations (see section 4.J). This may be seen to 

be analogous to the historical position of the electron in physics or the 

gene in biology - both have been postulated entities, or inferred hypothetical 

constructs •. 

Previous writers have frequently suggested a close relationship to exist 

between the two hypothetical altered states of consciousness on the basis of 

apparent similarities with respect to their EEG and subjective correlates. 

Comparisons were undoubtedly complicated by the fact 1 howev~r 1 that the data 

used for these comparisons were derived by different researchers and by 

different research methodologies (for alpha feedback and meditation respective-

ly). For example, feedback for alpha ehhancement and Transcendental Medi-

tation have/ •••••••• 



l.i 

' ,_ 

• 1: 

1.J ·7 

tation have frequently been described as having similar EEG correlates -

notably, an elevation in alpha abundance. However, since the alpha feedback 

researchers have invariably concentrated upon the enhancement of occipital 

' i_ 

I 

• 
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alpha (see section 2) whilst Transcendental Meditation appears to be accompanied , 

by a more frontally-restricted alpha change (see sections 1.2 & ).1.1), -. 

serious doubt is raised concerning the validity of employing these data for 

comparative purposes. No published study has attempted to systematically 

compare the EEG correlates of the two practices using the same EEG placements 

anp experimental techniques. 

Possibly even more suspect has been the tendency of previous writers to base 

their conclusions concerning identity or near-identity of the two states upon 

insufficient data - invariably merely EEG and/or subjective data alone. It 

has been. recently convincingly demonstrated that neither subjecti-v~e data (see 

section lr.1) nor EEG data (see section lr.2) are, by themselves, adequate 

indices for defining hypothetical altered states. Stoyva and Kamiya (1968) 

and Sioyva (1970) have suggested instead that by the simultaneous use of a 

number of these imperfect indices, the construct validity ot the hypothetical 

altered states of consciousness may be enhanced and thus provide evidence 
' 

con~erning their relationship. By way of analog~ although neither EEG activity~ 

nor RE.Ms (alone) are perfect criteria for the presence of the hypothetical 

dream state, their use in combination enhances considerably the construct 

validity of this hypothetical 11 internaltt state. 

The sixth and major aim of the present study was to investigate the relation

ship between the two hypothetical altered states of consciousness by means of 

a systematic comparative examination of some of their supposed concomitants. 

It was assumed that a failure to discriminate between the two practices using 

the indices selected (see below) would constitute supportive evidence :for the 

hypothesis of Transcendental Meditative state/feedback-associated alpha state 

identity or near-identity. The hypothes.is \Wuld be unde·rm·inecl on. the other 

hand, to the extent that differences were found to materialise. A rejection 

of the hypothesis would imply that the two practices are accompanied by dis-

tinct hypothetical altered states of consciousness • The question of whether 

the distinction is of a qualitative or merely a quantitative nature would 

remain contentious. 

The two states were not compared across all the variables examined in the 

study but merely on those variables that were found (in previous sections of 

the study/ •••••• 
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the study - see sections 1.1 & 1.2) to index significantly one or both of the 

states. Thus, for example, should a particular variable be found to index 

neither state, it was excluded from the comparative investigation. A 

failure to adopt this strategy could conceivably have led to a position where 

significant differences obtained on "relevant indicest' were swamped by the 

insignificant effects obtain~d_on ~irrelevant non-indices". On the other 

hand, it is recognised that this procedure might have resulted in the exclusion 

of variables which would have discriminated between the two states. 

The relationship between the two hypothetical states was investigated in two 

separate studies. The first involved a short-term comparative examination 

of the 11 success full' alpha feedback group (see section 1.1) and the tt advanced~' 

meditator group. The variables over which the groups might potentially have 

been compared (see above) included the following: EEG (i.e., four frequency . - . 

bands) and heart-rate correlates and the influence of their respective 

techniques upon waking autonomic balance levels,on reaction-time performance 

a.nd on short-term memory/perceptuaf speed performance. The subjective con-

comitants of the two practices were also compared by means of a Phenomenologi-

cal Repertory Grid (see appendix K). The second study comprised a longitu-

dinal comparative investigation inth the psychological correlates of the two 

states. The pre- and post-training scores (separated by about six weeks) 

of the 11 successful11 alpha feedback group (see section 1.1) and the "regularu 

novice meditator group (see section 1.2) on a number of selected psychological 

dimensions (see above) were examined. The psychological dimensions from 

which the selection was made corresponded to ·those outlined in section 1.2. 
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2.0 ALPHA FEEDBACK LITERATL~E SURVEY 

Joe Kamiya is widely accredited as the founder of the study of EEG feedback. 

He started studying the phenomenon as early as the late 1950's but it was not 

until 1962 (Kamiya, 1962) that his work was first published in any definitive 

form. By the end of the decade his work had become widely known and he was 

joined in the field by a number of other researchers such as Brown (1970, 

1971), Green (1971), Mulholland (1968), Murphy (1969) and Stoyva (1970) who 

·also made notable and pioneering contributions~ Ga~rner (1971) suggests 

in fact that a number of persons separately and more or less simultaneously 

discovered the phenomenon - that it was another example of 11 the simultaneous 

discovery of an idea whose time had come." 

Prior to this discovery of the ability to manipulate the EEG by means of feed

back technology, a number of stud~s had reported the amenability of the EEG 

to the techniques of classical conditioning. These studies did not attem~t 

so much to condition the appearant~ of alpha, but rather the desynchronisation 

or disappearance of alpha - the alpha blocking responseo Although Knott 

(1941), Gastaut et al (1957) and Mundy-Castle (1958) failed to obtain clear 

evidence for conditioning, Loomis, Harvey and Hobart (1936), Jasper and 

Cruikshank (1937), Travis and Egan (1938), Jasper and Shagass (1941a,1941b), 

Shagass (1942), Shagass and Johnson (194J), Stern, Das, Anderson, Biddy and 

Surphlis (1961) and Albino and Burnard (1964) obtained positive results. 

This research essentially involved the repeated pairing of a previously 

neutral stimulus, such as a tone, with an unconditioned alpha blocking stimu

lus to determine whether or not the previously neutral stimulus could acquire 

alpha blocking properties. Cruikshank {1937) also reported the classical 

conditioning of the ~lpha blocking reponse to a constant time interval -

a phenomenon termed 11 time condi tioning11 by \val ter ( 1938). Although classical 

conditioning of the alpha blocking response has not been conclusively demon

strated, the general view is that the evidence points tentatively in fa.vour 

of the phenomenon (Albino & Burnard, 1964). 

2.1 K~miya's Pioneering Work: Kamiya's early work on alpha feedback, or as 

he usually terms it, alpha conditioning, may conveniently be divided into 

three distinct developmental phases. The first phase involved his investi

gations into the pos~ibility of human beings discriminating between EEG 

events. This work was important in that the ability of ~ubjects to dis

criminate between different EEG events by means of their distinct "private 

stimulus/~-·····~········ 
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stimulus concom i tantsu ''as a necessary pre-condition for the pass ible 

altering of these events by means of feedback technology or operant con-

ditioning. Slucki, Adam and Porter (1965) had similarly first to demon-

strate that animals had the ability to discriminate between internal visceral 

events - a necessary pre-condition for autonomic response learning - before 

Neal Miller (1968) attempted to operantly condition these responses. 

In these discrimination experiments, Kamiya (1962, 1968, 1969) first instructed 

hi:S subjects to guess which of two brain wave events, labelled A (alpha) and 

B (beta), they were producing when .he sounded a bell. He then informed the.m, 

on the basis of their EEG·records, whether their guesses were correct or not. 

After about three hours of this simple discrimination training most subjects 

were able to correctly respond at well above the 50o/o chance level and on.e 

subject achieved nearly 100o/o correct responses • 

... 
Having established that subjects had the ability to discriminate between dis-· 

crete EEG events, Kamiya next attempted to determine whethe~ this prior 

discrimination training afforded them any control over their EEGs. The 

subjects were asked to produce brain wave event A on one signal and brain wave 

event B on another and the results indicated that after they were given this 

prior discrimination training they were, indeed, able to voluntarily control 

these EEG wave patterns. 

The third and final developmental phase of Kamiya's work involved his investi

gation into the possibility of subjects gaining direct control over their 

EEG events without having to undergo prior discrimination training. 

at this stage that the typical biofeedback or operant conditioning methodology 

was first used. This essentially involved criterion level alpha being 

followed by tonal reinforcement while non-alpha or below-criterion alpha 

remained unreinforced. Once more, Kamiya (1968, 1969) obtained positive 

results, and it appeared, indeed, that subjects could gain quite subtle contrO'l. 

over their EEG activity by means of this feedback technique. 

All of the studies to be reviewed below are at this developmental stage, that · 

is, they employed feedback or operant methodology in their attempts to 

manipulat~ the EEG. Their findings are consequently evaluated critically 

within an operant framework. Specifically, Katkin and Murray's (1968) 

proposed/ •••••••••••• 
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proposed three minimal criteria for the acceptability of evidence for operant 

conditioning are applied to each bf the studies under review. The criteria 

demand of a study purporting to demonstrate an operantly conditioned change 

that: 

(1) there should be some demonstration that the response being reinforced 

shows an increase in frequency, or amplitude~ or probability over the 

level shown in the free-operant period; 

(2~ the experimental design should allow comparisons between experimental 

groups and appropriate control groups; 

(3) the data should be, within reasonable limits, free of obvious alternative 

explanations, such as those proposed by Skinner (1938) (see Appendix L). 

Kamiya (1969) performed an experiment in which subjects were required, by 

means of alpha feedback, to directly suppress their alpha rhythms. The task 

was readily accomplished by six out of the seven subjects. 

decrease in alpha as a function of training trials 'vas fo'.lnd. 

A systematic 

The subjects 

were able to describe, furthermore, the "private stimulus concomitants 11 of 

this low-alpha state. There was general agreement in describing it as a 

state of heightened visualisation. In fact, when the one unsuccessful subject 

was given this in~ight, he too achieved successful alpha suppression. 

Kamiya next performed a study, which he has since replicated several times, 

aimed at establishing whether the decrease in alpha obtained in the above 

11 suppression-only11 feedback study was, indeed, a conditioned decrease or 

whether the effect was simply functionally related t~ the number of experimental' 

trials. An experimental design employing alternating blocks of three kinds 

of experimental conditions '- 11 enhance alpha", "rest" and "suppress alpha11 -

was used. It was found that the "suppress alpha 11 conditions produced the 

expected decrease in alpha as a function of reinforcement trials while the 

11 enhance alpha" conditions produced the expected up,vard trend in percentage 

time alpha. These findings strongly suggest that the subjects learned to 

respond differentially (or acquired operant differential control) across the 

two kinds of experimental condition- "enhance alpha" and "suppress alpha 11 • 

In order to establish whether significant alpha enhancem~nt or significant 

alpha suppression had been learnt, however, it is necessary to relate these 

apparent operantly conditioned deviations in alpha to a baseline alpha level 

(see above). Kamiya, in fact,intended the "rest conditions 11 interspaced 

between the operant conditions to serve as basal or free-operant conditions. 

However~/ ••••••••• 
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However, an unexpected experimental finding negated this possibility. 

Instead of the percentage time alpha remaining constant in the ''rest" 

conditions, as would have been expected had it been really no more than 

a simple basal condition, a strong increase in alpha as a function of the 

number of rest conditions was found; an increase that was slightly greater 

even than that found over the "enhance alpha" conditions. Kamiya hypothesised 

that this was due to the subjects having acquired a ''preferred mode of waiting" 

as a result of their exposure to the alpha feedback experimental procedure. 

The preferred mode was, of course, the high alpha state. Kamiya presented 

two sets of evidence in support of this interpretation. The first was that 

subjects learned to prefer to rest in the high alpha mode simply because it 

is a state generally described as being pleasant and desirable. The second 

set of evidence came from additional studies that showed that when subjects 

were given only 11 suppression11 training, their: 11 baseline1 ~-- alpha levels tend to 

decline. That is, they continued to do in the basal condition what they h~d 

been trained to do in the operant condition. On the other hand, when given 

training for both enhancement and suppression, they preferred enhancement and 

alpha baselines tended to rise. 

Kamiya's (1969) operant alpha increase fails to satisfy Katkin and Hurray's 

(1968) first minimal criterion for the acceptability of evidence for operant 

conditioning (see above). That ls, that the response being reinforced 

should show an increase over its level in the free-operant period. Kamiya's 

percentage time alpha in the "enhance alpha11 conditions clearly fails to 

exceed that in the so-called baseline conditions. The nsuppress alpha" 

conditions on the other hand, do meet this criterion and the likelihood of a 

conditioned decrease in alpha appears much greater. Crider, Schwartz and 

Shnidman'(l969) and Davidson and Krippner (1971) have supported Kamiya's 

(1969) view that the basal alpha levels can change as a result of the operant 

training, implying essentially that this changed nbasaltt level is inconsistent 

with Katkin and Murray 1 s definition of a baseline. That is, whilst Kamiya 

(1969), Crider, et al (1969) and Davidson and Krippner (1971) claim that 

Kamiya's 11 baseline 11 condition is affected by the experimental independent 

variables (i.e., the feedback given during the operant conditions), Katkin 

and Murray require that the free-operant condition be subject to all the 

influences affecting the operant conditions except for the independent 

variables (i.e., the actual response-contingent reinforcement). Thus, 

should this view be accepted, it would follow that Katkin and Murray's first 

criterion/ ••••••• 
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criterion cannot be legitimately applied to this data. However, in 

supporting a view expressed by Grice and Barber (1966) concerning a potential 

weakness inherent in within-subjects experimental designs, Spanos and Chaves 

(1970) said that a''··· statistical design that compares the effects of two 

or more treatments administered to the same subjects may validly be employed 

to draw conclusions about the independent effects of these treatments only 

if it can be assumed that the treatments do not affect one another. 11 It 

follows therefore that should Kamiya (1969), Crider et al (1969) and 

,·Davidson and Krippner's (1971) view be accepted, then it would follow that 

the variables influencing the free-operant and the operant conditions are 

sufficiently confounded to invalidate any conclusions made concerning possible 

operant alpha enhancement. In summary therefore, a rigorous application of 

Katkin andMurray's (1968) first criterion leads one to the rejection of 

Kamiya's (1969) assertion of having operantly conditioned an alpha increase8 

The rejection of the applicability of this criterion on the basis of the 

arguments put forward by Crider et al (1969) and Davidson and Krippner (191i) 

however, leads one logically tb th~position where it is shown that the 

variables influencing the free-operant and the operant conditions had been 

sufficiently confounded to rule out the possibility of drawing legitimate 

conclusions concerning possible operant alpha enhancement. 

Davidson and Krippner (1971) attempted not only to argue against the 

applicability of Katkin and Murray's first criterion to Kamiya's data, but 

also presented evidence which they felt would have allowed for the acceptance 

of Kamiya's data in terms of this criterion. They wrote that; ''It should 

be noted that the alpha during the generation trials was of a higher amplitude 

than the alpha present in the baseline periods. 0 However, since it was an 

increase in percentage time alpha and not necessarily an increase in alpha 

amplitude that Kamiya attempted to operantly condition, this evidence is 

quite irrelevant. 

Katkin and Murray's (1968) second criterion was satisfied by Kamiya's (1969) 

experimental design. That is, adequate control procedures were employed. 

The differential operant alpha control that was demonstrated obviously met 

the minimal control standards since this type of conditioning, of necessity, 

incorporates a bidirectional control (Black, 1972). Adequate control for 

the demonstration of operant alpha enhancement and suppression was provided 

by the within-subjects interspacing of operant and free-operant conditions. 

The data/ •••••••••• 
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The data upon which Kamiya (1969) bases his claim of having operantly 

conditioned an increase in alpha is open.to a number of alternative 

interpretations. 

(1968) criteria_ 

It fails thus to meet the third of Katkin and Murray's 

Since no period of adaptation to the experimental 

14 

-situation ~as reported by Kamiya, it appears probable that subjects learned 

increasingly to relax in, habituate to, and to pay less attention in the 

experimental situation and that the increases in alpha as a function of time 

was mediated by changes in these variabl~s. This alternative explanation 

.is supported by the findings of Peper (1970) who found that subjects produce 
l 

more alpha when instructed to 11 not pay attention" than when instructed to 

11 pay attention11 • Lynch and Paskewitz (1971) similarly wrote that; "Alpha 

activity occurs in the feedback situation when an individual ceases to pay 

attention to any of a number of stimuli which normally block this activity. 

These stimuli may be cognitive,.somatic, emotional or anything, in fact, 

which will lead to alpha blocking.'' Since the possible influence of these 

factors in raising alpha in the feedback situation is discussed at length in 

section 2.4:.3, no further evidence ip. support of this plausible alternative 

explanation will be presented here. It neverthel~ss appears quite 

reasonable to conclude that this alternative interpretation is capable of 

accounting for, wholly or in part, th~ alpha increase found by Kamiya (1969) 

to accompany both his 11 enhance alpha" and his "rest" conditions. 

Skinner 1 s ( 1938) description of four ways in '"hich apparent autonomic 

response conditioning may occur (see Appendix L) may apply equally to the 

apparent operant alpha conditioning - both to increases and to decreases in 

alpha. That is, the apparently conditioned alpha changes might be the 

result, not of direct operant conditioning, but of operantly conditioned 

alterations in somatic or cognitive responses which mediate the apparently 

conditioned EEG changes. This alternative explanation for apparent direct 

operant alpha conditioning is discussed at length in section 2.4.J. 

In summary therefore, it is concluded that whilst Kamiya (1969) appeared to 

satisfactorily demonstrate both operant alpha suppression and differential 

operant alpha control, he did not succeed in ~emonstrating conclusively 

the phenomenon of operant alpha enhancement. 

Kamiya (1969) attempted also to establish whether specific subjective reports 

were associated with the high and low alpha EEGs produced by his subje~ts. 

There was general agreement in describing the high alpha state as an 

uncritical/ ••••••••••••• 
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uncritical pleasant state characterised by mental, if not physical, 

relaxation. The non-alpha state on the other hand was generally associated 

with sustained visualisation and no particular reports of pleasantness. 

A rather tentative description of people who performed particularly weLl in 

the alpha feedback situation was also offered by Kamiya. People loosely 

described as 11meditators 11 , people with a history of introspection, those who 

frequently used \-Tords like images, dreams, wants and feelings, also 

psychotherapists of the type who lay great store by 0 growth11 techniques, 

people who feel at ease in.close interpersonal relationships and those who 

are particularly good at intuitively ''sensing" the feelings of others, were 

all tentatively described as "good feedback subjectstr. 

The influence of these tentative descriptionsi as well as of the reported 

subjective associations of the high alpha state, on the course of future 

research in th~ field cannot be over-estimated. This data formed the 

starting point for most of the diver,gent re:;earch trends in the area~ 
• 

The implied relationship between feedback-associated high alpha states and 

meditative states is clear. The ramifications of this implied relationship 

are discussed at length in section ~- Kamiya's (1969) description of the 

good alpha subject appears also, however 7 to be strikingly similar to both 
.--

~ilgard1s (1965, 1969) and Ericksen's (~967) description of the good hypnotic 

subject as well as to Bakan (1971) and Day's (1967) description of a 

predominantly left CLEM (Conjugate-Lateral Eye Movement) looker. Hilgard 

(1965) described the good hypnotic subject as one who ''··· has rich 

subjective experiences ••• , one who is interested in the life of the mind 

••• , and "·ho accepts impulses from wi thin .. 11 Nideffer (1973) similarly cites 

Ericksen's (1967) description of the good hypnotic subject to correspond 

almost exactly to Kamiya 1 s description of a good alpha feedback subject. 

This has prompted much research into the possible relationship between alpha 

feedback training and hypnotisability (see section 2.}). Bakanr s ( 197n 

description of the predominantly left-CLEM subject as subjective, passive, 

relaxed, preverbal and parasympathetic, has similarly l~d to research being 

directed into possible CLEM/alpha feedback relationships {Bakan & Svorad, 

1969; Strayer, in Bakan, 1971; Krummeck, 1973). 

2.2 Subsequent EEG Feedback Research: Hart (1967) attempted to replicate 

and extend the findings of Kamiya (1962, 1968, 1969). He employed t\-To 

alpha feedback experimental groups as well as a non-feedback control group. 

The first/ ••••••••••••• 
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The first experimental group received both within-session alpha-contingent 

tonal reinforcem~nt as well as post-session verbal reinforcement to inform 

them as to their level of success ~uring the feedback sessions. The second 

experimental group received only the within-session alpha feedback. 

Finally, the control group received .no within-session alpha feedback but did 

receive post-session verbal feedback. The results were in the expected 

direction with the first experimental group achieving greater alpha increases 

than the second, who in turn achieved greater alpha increases than the control 

group. These differences, however, failed to reach significance. 

Although Hart's (1967) experimental design, by incorporating a non-feedback 

control group, partiall0 satisfies Katkin and Murray's (1968) second minimal 

criterion, the results fail to meet the first criterions That is, the operant 

alpha levels (of the experimental groups) failed to rise significantly above 

the free-operant levels (of the control group). Nevertheless, the results 

do at least tentatively suggest the efficacy of both alpha feedback and verbal 

feedback in raising alpha levels. 

Green, Green and Walters (1969, 1970) conducted a series of experiments into 

the psychological and physiological effects of autogenic training (Schuitz & 

Luthe, 1959) and biofeedback training. T' _"{: is the findings of the latter 

studies that are df relevance here even though they differed methodologically 

in a number of important respects from Kam iya 1 s work·. ( Kam iya, 1969) . For 

instance, instead of the subjects being given tonal feedback in an eyes-closed 

condition, they were given visual feedback in an eyes-open condition. Second, 

in these experiments an attempt was made to condition two additional physio

logical functions simultaneously with the alpha rhythm - a reduction in fore

arm EMG (electromyograph) activity and an increase in the temperature of the 

hand. Any comparison therefore between the findings of these experiments and 

those of the other studies reviewed will necessarily have to be tentative. 

Using 5 subjects, Green, Green and Walters (1969, 1970) reported that they 

obtained an increase ~n percentage time alpha within five feedback training 

sessions. In addition they reported that the initially 11 high alpha producers" 

increased their alpha levels more than did the initially 11 low alpha producers." 

Unfortunately/ •••••••••••••• 

1 The second criterion was only partially met since a non-reinforcement 
control group is not generally considered to be as effective as a 
yoked control group. 
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Unfortunately, the study on which these conclusions were based failed not 

only to offer any statistical confirmation but failed even to incorporate 

minimal control procedures. For example, neither a within-subjects bi-

17 

directional alpha conditioning control procedure nor even a between-subjects 

non-reinforcement control group was employed. The research thus clearly 

fails to meet the minimal requirements of Katkin and Murray's (1968) second 

criterion. Therefore, even though, according to Davidson and Krippner (1971) 

some of the results - some subjects were able to emit 100% alpha in ten 

second epochs while speaking with their eyes open - are very unlikely to be 

simply a function of non-feedback resting, their total neglect of appropriate 

control procedures negates the possibility of drawing anything except the most 

tentative of conclusions. 

Nowlis and Kamiya (1970) performed an experiment to investigate feedback

induced alpha_control and associated mental activity. After being allowed. 

two minutes in which to adapt to the experimental situation, the baseline alpha 

scores of the 26 experimental subjects were determined. This was followed by 

a 15-minute feedback period during which free practise at alpha control was 

permitted. Some subjects were given auditory feedback in an eyes-closed 

condition whilst others received visual feedback in an eyes-open condition. 

Finally, they were given a 2-minute test trial during which they attempted to 

produce as much alpha as possible and another 2-minute test trial during which 

they attempted to produce as little alpha as possible. The results indicated~ 

not only a significant difference between the final generation and suppression 

trials, but also a significant difference between the generation ("enhance 

alpha11 ) trials and the basal trials on the one hand and the suppression trials 

and the basal trials on the other. It was additionally found that those 

subjects who were successful at controlling their alpha were able spontaneously 

to describe their EEG-associated mental activity. Relaxation, non-visual 

.focussing and 11 letting go 11 were reported to be associated with alpha. These 

subjective-report findings are essentially the same as those found by Kamiya 

(1962, 1968, 1969) and by Green, Green and Walters (1969, 1970). 

This study, like that of Kamiya (1969), appears to have conclusively demon

str~ted the phenomenon of operant differential alpha control {i.e., alpha 

differences across 11 enhance alpha" a~1d 11 suppress alpha11 conditions). This 

experimental condition of necessity contains its own bidi~ectional operant 

conditioning/ ••••••••••• 
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conditioning control. However, unlike Kamiya's earlier study, the results 

of this study appear to meet Katkin gnd Murray's (1968) first criterion for 

both alpha enhancement and alpha suppression. (It was concluded that the 

earlier study had failed to demonstrate opera1;1t alpha enhancement.) That is, 

both the conditioned alpha decreases and the conditioned alpha increases 

were significantly different from a free-operant or basal condition. 

However, Nowlis and Kamiya (1970) failed to employ adequate control procedures, 

thus failing to satisfy Katkin and Murray's second criterion. It appears 

highly probable that after being allowed onlY a 2-minute adaptation period, 

subjects' basal alpha levels were still greatly depressed by such factors as 

apprehensions about the forthcoming experiment, the novelty of the experi

mental situation and other similar influences (Lynch & Paskewitz, 1971). 

All or part of the alpha increase could conceivably be accounted for in terms 

of a decrease in.the influence (or orienting value) o£ these factors as a 

function of time spent in the experimental situation. There thus appe.rs to 

be an obvious alternative explanation fqr the apparent operant alpha enhance-

ment (but not for the operant alpha suppression). The findings \-d th regard 

to the alpha increase consequently fail to satisfy the requirements of Katkin 

and Murray's third criterion for operant conditioning. 

Nowlis and Kamiya (1970) appear to have conclusively demonstrated both 

differential operant alpha control and operant alpha suppression. The 

phenomenon of operant alpha enhanc~ment was, however, not satisfactorily dem-

onstrated. The possibility of these apparently conditioned EEG changes being 

accounted for in terms of mediation is discussed fully in section 2.1/.J. 

Barbara Brown (1970) investigated aspects of consciousness associated with 

EEG alpha activity by means of a feedback procedure that provided subjects 

with light feedback in an eyes-open condition~ A further important metho

dological distinction between this study and those of Kamiya (1968, 1969) and 

Hart (1967) lay in the fact that Brown's (1970) light feedback incorporated 

both digital and analog information whereas the tonal feedback of these other 

studies contained only digital information - tone 11 on11 for alpha and tone 

11 off11 for non-alpha. The presence of Brown's light signal was a function 

of alpha presence (ioe., the digital information component) whilst the 

intensity of the light signal was functionally .related to the alpha amplitude 

(i.e., the analog component). Comparisons therefore between the findings of 

this/ 



f• 

II 

/. 
I 

I 

I 

I
I, 

r , .. 

2.2 

this study and those of Kamiya (1968, 1969) and Hart (1967) will necessarily 

have to be somewhat tentative. Each experimental practice session comprised 

a 10- to 15-minute relaxation or adaptation period followed by a 5-minute 

eyes-~pen and a 5-minute eyes-closed non-feedback condition. This was 

followed by 5. alternating blocks of 10-minute ~enhance alpha'' (feedback} 

and 3-minute "rest" (basal) conditions. The feedback and the rest conditions 

were all eyes-open conditions. Twenty-three subjects completed two or more 

experimental practice sessions and 10 completed four or more sessions. The 

results, unlike those of Kamiya (1969), indicated that subjects produced 

significantly more alpha during the feedback conditions than during the inter-

spaced rest conditions. Subjective reports strongly implicated a narrowing 

of perceptual awareness, drifting and floating sensations and an apparent 

shortening of time with absolute abundance of alpha. Discrimination, that 

is, experimen{al over rest tondit~on percentage time alpha levels, tended to 

be more closely associated with "main-taining perceptual awareness". In all 

other· respects the subjective reports relating to 11 discrimination 11 were the 

same as those associated with absolute alpha abundance. These subjective 

reports are essentially in agreement ~ith those reported by Kamiya (1968, 

1969), Green, Green and \{alters (1969, 1970) and Nowlis and Kamiya (1970). 

Brown's (1970) findings clearly meet Katkin arld Murray's (1968) first minimal 

criterion. That is, the percentage time alpha was signifi~antly higher in 

the operant enhance alpha conditioris than in the free-operant rest condi-

tions. The second criterion also appears to be adequately satisfied since 

the interspacing of operant and free-operant conditions permitted eacb subject 

to act as a self-control. Finally, the third minimal criterion, that the data• 

be free from an obvious alternative explanation, appears also to be adequately 

satisifed should the question of possible explanation in terms of mediational 

mechanisms'be left until later (see section 2.~.3). 1 Brown (1970} appears 

therefore to have, indeed, demonstrated the phenomenon of operant alpha en-

hancement. No attempt was made to dem·onstrate operant alpha suppre;;;sion or 

differential atpha control. 

~hereas Kamiya's (1969} apparent operant alpha increase was more than offset 

by alpha increases in the free-operant periods, Brown (1970) appears to have 

achieved a conditioned alpha increase that was significantly greater than any 

increase in her baseline conditions. It should be pointed out that Kamiya 1 s 

(1969) "preferred mode" phenomenon (i.e., an increase in basal alpha as a 

function/ •••••••••••• 
1 Brown (1970) does not, in fact, hold the view that feedback-associated 

EEG changes are brought about by operant conditioning. 



I 
I 

·I 

-v 

~·. 

. ·- ·-···.:-~.!...;. 

2.2 '20 

function of the number of conditions) was also seen in Brown's study. 

However, not only was the effect less strong but the alpha increase in the 

operant conditions was also significantly greater. This apparent discrepancy 

between the findings of Brown (1970) and Kamiya (1969) demands some comment. 

There ~ere at least four important methodological differences between the 

studies which might have contributed toward these different findings. 

Firstly, since Brown's (1970) subjects were allowed a far longer adaptation 

period prior to the determination of experimental data, their basal le~els 

were probably less depressed by alpha-blocking factors when the experimental 

data were recorded. It follows therefore that whereas Kamiya's (1969) 

subjects' basal alpha levels increased sharply as a function of increasing 

adaptation to the experimental situation, Brown's (1970) already partially-

adapted subjects showed a less dramatic increase .. Secondly, Brown's 

feedback signal provided more information per unit time and;may therefore have 

been a mo~e potent reiriforcer. Thirdly, since Brown's sub~ects were given 

feedback in an eyes-open condition whilst Kamiya' s ( 1969) subjects 1vere given ' 

their's in an eyes-closed condition, it appears probable that the former sub

jects were initially subject to more alpha blocking influences, leaving a 

greater scope for alpha enhancement as they learned to inhibit the influence 

of these factors. Finally, whereas Kamiya' s subjects >vere required to learn 

to both increase and decrease their alpha levels, Brown's (1970) subjects 

faced the more limited task of simply having to iearn alpha enhancement. 

Barbara Brown (1971) summarised the findings of a number of experiments direct-; 

ed toward an examination of the interrelationships bet1veen 3 EEG frequencies -

beta, ·alpha and theta - 3 colours ~ red, blue and green - and subjective 

thoughts and feelings. Feedback, represented by differently coloured lights, 

informed naive subjects which EEG frequency they were emitting and they v;-ere 

requested to identify associated subjective activity. Since possible 

feedback-associated EEG changes we_:re secondary to the major aims of the 

study, its relevance within the present review is limited to its findings 

with regard to EEG frequency/subjective-report relationships. A-lpha was 

found to be significantly related to the following descriptors: peaceful, 

calm, pleasant, at-ease, neutral, illusion, dreamlike, mysterious, uncertain

ty, contemplative, association of ideas, transcendental thinking, remembering, 

drowsy, tired and sluggish. Beta was significantly associated with angry, 

aggravated, irritated, impatient, unhappy, troubled, frustrated, toucpy, 

shaky, investigative and ttfeel-a-void-inside11 • Only trvacillating11 could be 

significantly/ ••••••. 
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s~gnificantly related to theta. In addition, it \vas found that many of the 

descriptors associated with alpha were also comm6n to the colours blue and 

green whereas beta and the colour red frequently shared the same descriptors. 

These results are essentially in agreement with the EEG frequency/subjective

report associations found by Kamiya (1968, 1969), Green, Green and Walte~s 

(1969, 1970), Nowlis and Kamiya (1970) and Brown (1970) but greatly extends 

these earlier findings. 

An important inference to be drawn from Brown's (1971) findings appears to 

be that subjective-report/physiological-parameter relationships derived by 

means of biofeedback techniques may potentially be contaminated by pre-

existing subjective biases toward the feedback signal. Thus for example, 

alpha indicated by a red feedback signal is likely to elicit somewhat different 

subjective associations than alpha indicated by a blue or green light. It 

even seems possible that differences iri the frequency of reinforcement tones 

could exert contaminating influences and thus 21ecount for the minor discrep

ancies found between investigators. 

Peper and Mulholland (1970) attempted by means of tonal feedback to increase 

and decrease the percentage time alpha of 21 subjects in an eyes-closed con-

dit ion. EEG-associated subjective reports were also examined. Each practice 

session consisted first of a 2-minute eyes-closed and a 2-minute eyes-open 

trial without feedback in order to establish alpha baselines. This was 

followed by 10 alternating 2-minute 11 0n11 or enhance alpha trials and 2-

minute "Off11 or suppress alpha trials. Finally, one nann and one HQff11 

trial without feedback followed. The results indicated that the subjects 

learned to significantly decrease their 11 0ff1r alpha levels belolv that of 

their baselines. However, no significant increase in alpha over the basal 

levels was found in the "On" trials. Finally, the expected significant 

difference in alpha between the "On" and the 11 0ff11 trials \vas found but this 

difference failed to increase significantly as a function of additio.nal 

training. The authors reported that the initially high alpha subjects 

associated "relaxation" with alpha whereas the initially low alpha subjects 

tended to implicate "tenseness" with alpha. The former finding is essentially 

in agreement with the findings of all the studies thus far revie,ved ( Kam iya 

1968, 1969; Green, Green and Walters, 1969, 1970; Nowlis and Kamiya, 1970 

and Brown, 1970, 1971) whereas the latter finding is contradictory. 

The alpha decrease in the 11 0ff11 trials, but not the alpha increase in the 

11 onu/ . -·'"'-·'*·•···· 
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non11 trials,. was significantly different from baseline alpha levels; thus 

the former condition but not the latter satisfies Katkin and Murray's (1968) 

first criterion. Although this study did not use a control group or even 

an interspaced self-control condition, thus failing to meet Katkin and Mu~ray's 

second criterion, this merely negates their conclusion of having demonstrated 

operant alpha enhancement but not their conclusion that operant alpha sup-

pression had been demonstrated. This is because, although alpha is thought 

to increase simply as a functio~ of increasing adaptation (or non-orienting) 

in a feedback situation (Lynch and Paskewitz, 1971), no mechanism has been 

suggested, other than by feedback itself, whereby alpha is reduced in the 

feedback situation. It may thus be valid to conclude that Peper and Mul-

holland (1970) succeeded in demonstrating operant alpha suppression but not 

operant alpha enhancement. The question regarding the possibility of these 

conditioned effects being mediated is deferred to section 2~4.J. 

Peper and Mulholland's (1970) findings appear to differ in one~very important 

respect from those of Kamiya (1968, 1969), Hart (1971), Green, Green and 

Walters (1969, 1970), Nowlis and Kamiya (1970) and Brown (1970). \vhereas 

each of these studies reported finding an increase in alpha as a function of 

the number of enhance-alpha feedback trials, whether wholly or partially 

accountable for in terms of increasing adaptation, Peper and Mulholland (1970) 

failed to obtain such an effect. Thus, not only did they fail to demonstrate 

an operantly conditioned alpha increase but they failed even to demonstrate 

an adaptation-related alpha increase. Peper and Mulholland offered as a 

tentative explanation for the former finding the fact that their subjects 

were given insufficient feedback practice .. (i.e., only 20 minutes). The 

latter finding does not appear to admit of a simple explanation, however, 

especially in view of the fe.ct that Peper and Mulholland do not report having 

permitted their subjects an adaptation period prior to the commencement of 

the study proper. 

Using rigorous operant conditioning experimental methodology, Beatty (1971) 

investigated feedback-associated EEG control. The use df the operant 

paradigm suggested a number of controls that had not previously been employed 

in the field. For example, to demonstrate that it was in fact the contingency 

of response and reinforcer that was responsible for any observed alteration in 

the experimental group's EEGs, a yoked control group which received only non-

contingent reinforcement was employed. Twenty-seven naive ex~erimental 

~ . _,_ I suoJec~s •••••••••• 
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subjects and 9 naive matched (with respect to EEG baselines) yoked controls 

were subjected to the following eyes-open experimental procedure. After a 

300-second baseline period, one of three discriminative stimuli informed 

subjects as to their task requirement for a particular experimental trial. 

One light signalled an alpha trial, a second a beta trial and a third a·rest 

period. Their success at ~eeting the indicated task requirement was sig-

nalled by the loudness of a t anal feedback signal. Additional (extra-trial) 

rewards for task success were also provided. There were 10 X 200-second 

:t;einforcement trials divided into 5 blocks in which the ordering of alpha and 

beta trials was randomised. 

at least one minute duration. 

Each block was separated by a iest period of 

The results indicated that the experimental 

subjects, but not the yoked controls, learned to respond significantly 

differently with alpha during the alpha trials and the beta trials. The 

learned differential alpha-responding was found furthermore to increase 

significantly as a function of the amount of contingent reinforcement. 

Similarly, the experimental subjects receiving contingent reinforcement, 

but not the yoked controls, learned torespond significantly differently with 

beta during the alpha and the beta experimental trials. Initial alpha 

abundance was not found to be predictive of subjects' relative efficiency in 

learning differential EEG control. 

Whilst this study clearly demonstrates the phenomenon of operantly conditioned 

EEG differentiation for both alpha and beta, little else may be validly con-

eluded. For example, since no attempt \vas made to relate alpha changes found 

in the various experimental trials to any form of alpha baseline, it is un

clear whether the conditioned alpha differentiation was a function of both 

conditioned alpha enhancement and conditioned alpha suppression or just _<?_~ 

of these conditioned changes. The same applies for conditioned beta dif-

ferentiation. These interpretation difficulties have arisen not so much as 

a result of inadequacies in the experimental design which, in fact, did in

clude a free-operant (baseline) condition, but rather as a result of a 

limited analysis of the available data. These problems may be seen to be 

a direct result of the failure on the part of Beatty (1971) to meet Katkin 

and Murray's (1968) first minimal criterion. 

Beatty (1972) conducted a study in which an attempt was made to evaluate the 

effects of informational feedback, cognitive set and expectations on EEG 

control/ •••••••••• 
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control. These two sets of independent variables were manipulated inde-

pendently and in interaction and their effects on EEG control assessed. The 

informational feedback variable consisted simply of EEG feedback whilst the 

cognitive set variables consisted of providing subjects with information drawn 

from the literature about the subjective and behavioural concomitants of. 

alpha and beta. Forty-five subjects were assigned to one of five groups -

a feedback-only group, an instructions-only group, a feedback and instructions 

group, a control group with·neither treatment and a group given both treatments 

but inappropriately matched - and subjected to ~n experimental procedure 

essentially similar to that of Beatty (1971). The results indicated that 

the feedback-only, the information-only and the feedback and information 

treatments were equally effective in allowing subjects to produce the EEG 

changes demanded by the experimental design. On the other hand, if they 

were given neither treatment or given the treatments inappropriately matched, 

no EEG cont~ol emerged. 

Beatty (1972) appears to have satisfactorily demonstrated that feedback-

·alone, information alone or an interaction between these two treatments are 

equally effective in bringing about differential EEG control. However, as 

in his earlier study (Beatty, 1971), the possible efficacy of these treatments 

for both increasing and decreasing alpha are confounded. That is, the 

results do not permit one to ~stabl{sh whether the differential EEG control 

is due to learned bidirectional EEG changes or merely to a learned unidirect

ional EEG change. 

On the basis of his findings, Beatty (1972) concluded that the abilities to 

both increase and decrease alpha were ~ependent upon pre-existing and 

relatively dominant response strategies. More specifically, this conclusion 

arose out ·of his finding that even 'vhen given only EEG subjective and 

behavioural association information, subjects almost immediately exhibited 

differential EEG control. His interpretation is partially contradicted 

by that of Peper and Mulholland (1970) who suggest that whilst alpha decreases 

may be dependent upon overlearned responses, possible alpha increases would 

probably be dependent upon responses not yet within one's behavioural 

repertoire (see section 2.~). In view of the fact, however, that Beatty 

(1972) has not even conclusively demonstrated operant alpha enhancement, 

but merely differential alpha control, his interpretation appears 

to be founded on inadequate data. Furthermore, Peper and Mulholland'_s 

(1970) interpretation/ ••••• 
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(1970) interpretation appe~rs to be more consistent with the findings oL 

the majority of studies in the area - namely that whilst control over alpha 

decreases are relatively quick and ~asy to demonstrate, alpha increases appear 

far more difficult to demonstrate. 

This study has pointed to the importance of at least one set of variables 

that needs to be considered >vhen evaluating the research in the al:'ea. 

These are the variables of cognitive set and expectancy. Beatty (1972) has 

cbnclusively demonstrated the ~otential~confounding influence of these 

factors upon the interpretation of data in the area. 

Walsh (1972) performed a study to investigate two controversial issues in the 

area~ The first concerned the question of whether the alpha control so 

frequently repo~ted in the literature was simply a function of learned alpha 

suppression and not learned alpha enhancement. (The present review has 

repeatedly pointed to the lack of clarity on this issue.) The second was to 

determine whether many of the psychological and subjective effects attributed 

to alpha feedback might not actually result from alternative social, cognitive 

and physiolog{cal influences. This aim should be distinguished f~om that of 

Beatty (1972) who investigated the influence of these kinds of factors on alpha 

control. Forty subjects were given psychological tests and then assigned 

to one .of four experimental conditions; (1) alpha instructions with alpha 

training; (2) alpha instructions with non-alpha (placebo) training; ( J) 

neutral instructions with alpha training; and ( 4) neutral instructions with 

no alpha training. Each subject was given t~o training sessions with 

randomised eyes-open and eyes-closed training conditions in which tonal feed

back signalled either the presence or the absence of alpha. 

It was found that only one condition - alpha instructions with no alpha 

training - manifested significant alpha control whilst no significant alpha 

enhancement at all was demonstrated. Walsh (1972) took these findings to 

provide partial support for the hypothesis that alpha control resulting from 

·biofeedback training is a function of learned alpha suppression rather than 

alpha enhancement. This conclusi~n appears unjustified in view of the 

experimental findings. It has been found ge~erally that the influence of 

alpha suppression, being an easier and quicker response to learn to produce, 

usually predominates over possible alpha enhancement in differential alpha 

control/ ••••••••• 
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control studies - particularly during the earlier stages. In view of the 

fact therefore that \valsh barely even demonstrated alpha control, it is 

hardly to be expected that the alpha enhancement component of this alpha 

control would reach significance. Walsh appears thus to have been urtsuc-

cessful in providing additional information on this important and contra-

versial issue. 

Walsh also found t6at a combination of alpha instructions tind alpha training 

produced significantly more "alpha-like" subjective reports than did any of 

the other three experimental conditions. Thi~ evidence supported the con-

elusion that so-called alpha experiences result from socially induced 

expectations acting in combination with the physiological effects of alpha 

activity. Finally, it ~as also established that baseline alpha levels 

were positively correlated with hypnotic·susceptibility, 11 intuition" and 

positive attitudes towards various means of expanding internal subjective 

awareness. This was taken to support the hypothesis tha·t subjects who are 

most successful at alpha feedback training normally show high levels of alpha 

activity and possess certain associated traits indicative of a passive orien

tation away from external reality and toward inner subjective states. 

Hord and Barber (1971) tested 22 subjects in an alpha control study. Tonal 

feedback in the eyes-open condition was Amployed. Each of two experimental 

sessions consisted of a brief period of familiarisation or adaptation followed 

by 8 X 8-minute experimental conditions; (1) Baseline; (2) Alpha on, no 

feedback; (3) Alpha on, with feedback; (4) Alpha off, no feedback; (5) 

Alpha off, with feedback; (6) Alpha on, no feedback; (7) Alpha on, with 

feedback, and (8) Recovery, which was equiva~ent to the first condition. 

During the first experimental session·the tonal feedback was made contingent 

upon the presence of alpha and during the second session upon an absence of 

alpha. For the purpose of data analysis, conditions (1) and (8) were com

bined to give baseline data, (7) and (3) for enhance-alpha with feedback, and 

(2) and (6) for enhance-alpha without feedback. It was found that the alpha 

levels during the enhance-alpha conditions were significantly higher than 

during the basal conditions and that the alpha levels during the suppress

alpha ccaditions were significantly lower than during the basal conditions. 

Both of these findings~ alpha enhancement and alpha suppression. satisfy 

Katkin and Murray's (1968) first minimal criterion. Katkin and Murray's 

r second criterion is partially met. That is, a within-subjects control 

condition was employed wherein the operant and the free-operant (or basal) 

conditions/ 
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conditions were interspaced. However, Hord and Barber ( 1968) failed to 

systematically randomise the ordering of the different experimental condi-

tions within each experimental session. This failing had the affect of 

possibly exposing the data to weak unwanted positional influences. Since 

the conditions were somewhat randomised, however, this criticism is not 

serious and Hord and Barber appear therefore to have conclusively demonstrated 

the phenomena of operant alpha enhancement and operant alpha suppression. 

Hord and Barber also concluded on the basis of their data that tone-on and 

tone-off were equally effective modes of feedback. It shouLd be pointed 

out 1 however, that the experimental design resulted in the alpha-off mode feed-

back sessions always following the alpha~on mode feedback sessions. No 

attempt was made to balance the ordering of these two modes of feedback and 

consequently the data, from which were derived conclusions felating to the 

relative efficacy of the two feedback modes, are contaminat~d by positional 

effects. A third major conclusion, namely that alpha control was equally 

good with and without feedback is also rendered sli~htly questionable by their 

failure to systematically randomise the ordering of experimental conditions 

within experimental sessions. Hard and Barber 1 s (1971) final major finding 

was a significant positive correlation between alpha control and basal alpha 

levels. This finding is supportive of that of Walsh (1972). They inter-

preted this finding to be due to the fact that the relatively high alpha 

subjects received a more optimal level of feedback. 

Sachs, Fenwick, Marks, Fenton and Hebden (1971) investigated the effects of auto

control of the alpha rhythm on possible associated feeling states. Sixteen 

subjects were tested in the eyes-open condition and light feedback, similar 

to that employed by Brown (1970), signalled the presence and the amplitude 

of alpha activity. The experimental design consisted of 9 blocks of 3 kinds 

of 3-minute experimental conditions; (1) suppress-~lpha with feedback; 

(2) basal condition without feedback; and (3) enhance-alpha with :fee-dback. 

The results indicated that only 6 of the 16 subjects achieved control over the 

amplitude component of the alpha rhythm; that is, produced significantly 

higher amplitude alpha during the enhan·ce-alpha than during the suppress-

alpha conditions. Also, two semantic differentials and an unstructured inter-

view failed to uncover any significant high-amplitude alpha/feeling state 

associations. 

This study is open to criticism, however, on a number of counts. Firstly, 

it fails/ ••••••• 
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it fails to repprt whether the alpha amplitude control achieved by the 

six subjects was-a function of (1) learned alpha amplitude increases; 

(2) learned alpha amplitude decreases; or (J) a combination of these 

two effects. Thus, although the experimental design would have permitted 

it, alpha amplitude increases and decreases relative to basal alpha amplitude 

were not reported. A second major failing was that of not systematically 

randomising the ordering of the three experimental conditions within each of 

the 9 blocks and consequently a potentially powerful and unwanted confounding 

influence in the form of a positional effect wa~ introduced. \ofould not, . 

for example, the suppress-alpha amplitude conditions have been contaminated 

by being repeatedly preceded by the enhance-alpha amplitude conditions? 

.Finally, this study's failure to demonstrate EEG/mental state associations 

may conceivably be due to the very weak conditioning effect achieved and con

sequently the negative findings of this study should not necessarily be consi-

dered contradictory to the positive findings obtained by K~miya (1962, 1968, 

1969), Green, Green and Walters (1970, 1971), No-wlis and Kamiya (1968), 

Brown (1970, 1971) and Peper and Mulholland (1970). 

Travis, Kondo and Knott (1972a) performed a study to evaluate the effects of 

contiguous versus non-contiguous reinforcement on alpha enhancement. Light 

feedback, given in an eyes-open condition, was employed. Twenty-four sub-

jects were divided into three experimental groups; 

group given contiguous (with alpha) reinforcement; 

group; and (J) a non-reinforcement control group. 

( 1) an e:xper im ental 

(2) a yoked control 

All subjects were given 

6 X 10-minute alpha enhancement trials on each of two days. The results 

indicated that on the first day the experimental group produced significantly 

more alpha than either of the two control groups. On the second day, after 

the yoked control group of the first day had been given contiguous reinforce

ment, it was found that both contiguous reinforcement groups produced signifi- 1 

cantly more alpha than the non-r~inforcement group. It was also observed, 

over both experimental days, that those groups that received contiguous 

reinforcement, but not those receiving non-continguous or no-reinforcement, 

increased their alpha levels significantly over trials within an experimental 

session. The experimenters concluded that the alpha enhancement was related 

to a crucial continguity between alpha production and the feedback stimulus. 

This study appears to satisfy all three of Katkin and Murray's (1968) minimal 

criteria/ ······-···· 
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criteria for the acc~ptability of evidence for op~rant conditioning. Al-

though the experi~ental group's alpha increase was not related to its own 

free-operant basal alpha levei, it was sh~wn t6 exceed the alpha levels of 

both of its free-operant control groups. The second criterion, that of 

employing an adequate control group, is clearly met. Finally, with the 

possible exception of an explanation of the data in terms of mediation (see 

section 2.4.3), no obvious alternative explanation appears likely. Travis, 

Kondo and Knott (1972a) thus appear to have conclusively demonstrated the 

ph~nomenon of operant alpha enhancement. 

The possible interaction effects of the sex of the subject with the sex of the 

experimenter in an alpha feedback training situation was investigated by Travis,! 

Kondo and Knott (1972b). Twenty-eight subjects, consisting of 14 males and 

14females, were run by two experimenters, one male and one female, each of whom 

ran 7 male and 7 female subjects. Each subject was given 5 X 10-minute train-

ing trials in the eyes-open condition. Light reinforcement was made conting

ent upon the production of ~riterio~ alp~a. The results in~icated no signi

ficant sex of experimenter/sex of subject interaction effect to exist in this 

kind of feedback situation • 

Silverman and Sherwood (1971) attempted to operantly condition the amplitude 

component of the EEG • Subje6ts were given 4 X 1-hour training sessions in 

which both light and tonal reinforcement, given in an eyes-open condition, 

were made contingent upon the production of criterion amplitude EEGs. Each 

experimental session consisted of a short eyes-closed rest period followed by 

4 blocks of "On" trials and "Off" trials in which subjects were respectively 

required to produce and inhibit the criterion amplitude-associated feedback 

signals and a 5th 11 0n 11 and "Off" block without feedback. The results indi-

cated that significant differential EEG amplitude control could only be 

demonstrated by combining the data from experimental blocks 4 and 5. Further-

more, no significant differences in differential EEG amplitude control were 

found between the 4th feedback session and the 5th non-feedback session. 

It was also observed that in all cases high a~plitudes were associated with 

alpha and low amplitudes with higher frequencies. The experimenters con-

eluded that learned differential EEG amplitude control can transfer to a 

non-feedback condition. 

Although operant EEG amplitude differentiation appears to have been demon-

strated, by/ •• ~ ••••••••• 
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strated, by failing to relate the possible operantly conditioned EEG ampli

tude increases and decreases to an adequate free-operant EEG amplitude level 

as is required by Katkin and Murray's (1968) first criterion, one is unable 

to establish whether the control demonstrated was a function of both learned 

increases and decreases in EEG amplitude or simply a function of a learned 

unidirectional amplitude change. The within-subjects bidirectional control 

procedure employed by this study, although adequate for the simple demon

stration of an operant differential control. effect, is incapable of satisfy

lug Katkin and Murray's second minimal criterion for the operant conditioning 

of a specific change such as an EEG amplitude increase or decrease. 

Schwartz, Shaw and Shapiro (1971) conducted an experiment to investigate 

the possible specificity of operantly conditioned alpha and heart-rate changes. 

Twelve subjects were tested on their ability to control their alpha abundance 

and their heart-rates, then given 4 daily 1-hour feedback-training sessions 

and finally tested again on their ability to control alpha and heart-rate. 

Both pre- and post~experimental sessions consisted of a three-minute baseline 

period, 5-minutes to increase alpha with feedback, 5-minutes to decrease 

alpha with feedback, a second three-minute baseline period, 5-minutes to 

decrease heart~rate with feedback and 5-minutes to increase heart-rate with 

feedback. The results indicated ~hat prior to the alpha ~nd heart-rate feed-

back training, subjects were unable to differentially control their alpha 

but were able to produce a 5 beats-per-minute difference in heart-rate unac..,. 

companied by alpha changes. After the four feedback training sessions, how-

ever, subjects evidenced significant alpha control unaccompanied by heart

rate changes whilst their ability to control their heart-rates remained un-

changed. On the basis of this data, as well as upon an analysis of sub-

jective ~eport data, the experimeriters concluded that the mechanisms of alpha 

control and heart-rate control are distinct. These findings are consistent 

with the earlier observations of Kamiya (1962) and support the notion that 

operantly conditioned EEG changes, like operantly conditioned autonomic re

sponse changes (Miller, DiCara, Solomon, Weiss and Dworkin, 1970), are 

specific. 

Honorton
1 

Davidson and Bindler ( :1.972) perf'ormed a study to investigate feed

back-induced EEG changes and possible changes in associated subjective 

reports. Twenty-three subjects were given auditory feedback in an eyes-

closed condition./ ••••• 
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closed condition. Each 1-hour experimental session consisted of 10 alter-

nating blocks of J kinds of experimental condition enhance-alpha with 

feedback, rest without feedback and suppress-alpha with feedback. The 

ordering of the 3 experimental conditions within the blocks was counter-

balanced. Subjective activity was assessed by means of an 11 on 1 inetr state 

report scale in which the subjects called numbers between 0 and 4 to indicate 

their degree of relaxation and attention to external stimuli and also by a 

more conventional post-experimental. interview. The results indicated that 

the group as a whole differed.significantly over the 3 experimental conditions 

. and that each individual subject achieved a significant alpha generation/ 

suppression difference. The results furthermore appear to indicate that the 

suppression/rest (16% - 36%) difference but not the generation/rest (40% -

36%) difference was significantly different for the group as a whole. The 

alpha generation conditions were found to be associated with significantly 

higher 11 on line11 state reports than were the alpha suppression reports. 

The degree of shift in state report over the experimentai conditions was found 

furthermore to be significantly related.to a subject's degree of alpha shift 

over the conditions. High state reports were also significantly associated 

1vi th less REM activity (Rapid Eye Hovement activity recorded from the supra

orbital:...canthus muscles) and less EMG activity (Electromyograph activity 

recorded from the frontalis-muscles) than low state reports. Finally, these 
I 

state reports were found to relate significantly to the post-experimental 

interview data. The experimenter~ concluded on the basis of this converging 

data that high alpha is associated with a narrowing of perceptual awareness, 

relaxation and altered states of consciousness in some subjects. 

The BEG/subjective state associations reported by Honorton, Davidson and 

Bindler (1972) essentially support the findings of Kamiya (1962, 1968, 1969), 

Green, Green and \valters (1970, 1971), Nowlis and Kamiya (1970), Brown (1970, 

1971) and Peper and Mulholland (1970). This study, however, although con

clusively demonstrating the phenomena of operant alpha decreases and operant 

differential alpha control, fails to conclusively demonstrate operantly con

ditioned alpha enhancement. Like Kamiya's (1969) study, which this experi

ment closely mirrors in both experimental design and actual EEG data, this 

arises out of a failure to meet Katkin and Murray's (1968) first criterion. 

Since this issue has been discussed at length in the review of this earlier 

study (Kamiya, 1969), it will not be repeated here .. 

2.3 EEG Alpha and Hypnotic Susceptibility 

The/ ••••••••••• 
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The traditional trance hypnosis paradigm1 has stimulated much research effort 

toward the denotation of the neurophysiological correlates of the hypnotic 

trance state. Studies attempting to relate hypnosis to changes in metabolic 

rate, skin conductance, heart-rate, blood pressure, re~piratory rate, digital 

blood volume, oral temperature and other physiological parameters have yielded 

varied and conflicting results (see reviews in Gorton, 1949; \{eitzenhoffer, _, 

1953; Sarbin, 1956; Crasilneck and Hall 1 1959; Levitt and Brady, 1963; 

Barber, 1965; Jana, 1967; Edmonston, 1968, and Timney and Barber, 1969) and 

it• is generally concluded by both trance and alternative paradigm theorists 

alike that no physiological evidence has yet been shown to convincingly 

differentiate the hypnotic from the waking state. 

More specifically, attempts to relate liypnosis to EEG parameters, a strategy 

once thought to be highly promisirig, has similarly failed to demonstrate a con-

vincing relationship. The weight of evidence favours the view that a subject 

continues to elicit his characteristic waking EEG pattern in the hypnotic 

state (Chertok and Kramarz, 1959; Diamant, et al, 1960; 'ynes 1947; Loomis, 

Harvey and Hobart, 1936; Weitzenhoffer, 1953; Barber 1970). 'VThere studies 

have reported EEG alterations to accompany an hyp~otic manipulation (Barker 

and Burgwin, 1948; Schwartz et al, 1955, and Chertok and Kramarz, 1959) 1 

they have invariably been shown to be related to the suggestions given to 

the subject rather than to hypnosis per se. 

In 1968, however, London, Hart and Leibovitz (1968) reported significant 

findings from a study employing a different type of research strategy. In

stead of attempting to differentiate - within-subjects - between the waking 

and the hypnotic state, they attempted to relate - between-subjects - hypnotic 

susceptibility to EEG factors. This research strategy was first employed 

by London and Me Devitt (1967) in a study that found that low and high hypnotic· 

susceptibility subjects differed significantly on a number of base-rate 

measures of autonomic functions. 

London, Hart and Leibovitz (1968) investigated the relationship between hyp

notic susceptibility and the duration of the occipital alpha rhythm. Of 

154 female subjects who volunteered for the study, 125 eventually completed 

all the tests. The following battery of tests 'vas given to each subject: 

( 1) group/ •••••••• 

1 For critical evaluations of the traditional trance hypnosis paradigm 
and the alternative non-trance llhypnosis11 paradigm, see Spanos, 1970; 
Spanos and Chaves, 1970; Barber, 1972· 
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( 1) group and individual tests of visual and other imagery; (2) the 

Harvard Group Scale of Hypnotic Susceptibility (HGSS) administered by tape 

recorder (Shor and Orne, 1962); and (J) an individually administered EEG. 

The EEG test-session consisted of 10 X 2-minute eyes~tlosed trials during 

which subjectswere requested to relax followed by a single 2-minute eyes-

closed visual imagry trial. The occipital alpha channel was used to obtain 

alpha durations. For analysis purposes, HGSS scores were grouped into 4 

categories of increasing hypnotic susceptibility. An Analysis of Variance 

revealed that EEG alpha durations differed significantly across these groups 

under both operant conditions where no special instructions were given and in 

'. r 
I . .. 

! 
the conditions where subjects were instructed to engage in active visual imager}'~ 

The major finding was that of a significant and positive relationship between ! 

alpha abundance and hypnotic susceptibility. A secondary finding was that 

this relationship was maintained under both the operant and the visual imagery 

conditions. London, Hart and Leibovitz (1968) contended not only that the 

data supported the idea of hypnotic susceptibility being a stable personality 

trait with measurable physiological substrates but also suggested that the 

data provided clues as to the reason for the failure of previous studies to 

find alpha differences between the hypnotic and the waking state. They 

stated that, 11 because most experiments use highly susceptible subjects, and 

because the highly susceptible subject may routinely produce high alpha 

under waking conditions, thep no change may be observed under hypnosis merely 

because. a ceiling effect is inherent .in the subject selection process. 11 

No,vlis and Rhead ( 1968) independently investigated the same problem - that of 

the relationship between alpha and hypnotic susceptibility - in another 

laboratory. Twenty-one subjects, both males and females, were tested on 

hypnotic susceptibility by means of the orally and individually administered 

Stanford Hypnotic Susceptibility•Scales, Forms A and C (Weitzenhoffer and 

Hilgard, 1959, 1962). An EEG testing session followed in which a 2-minute 

EEG sample was recorded and the percentage time alpha co~puted. The eiectrode 

placements were either occipital-frontal or occipital-central and the EEG 

amplification gains were variable. The statistical analysis of the data 

revealed that hypnotic susceptibility and baseline percentage time alpha were 

significantly correlated for both males and females. These findings are 

congruent with those of London, Hart and Leibovitz (1968). The experiment-

ers advised caution, however, in interpreting these results for three reasons. 

The first was that they considered a 2-minute EEG experim~ntal session too 

short/ ••••••••••• 
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short to be entirely adequate. The second involved t~ interpretation 

difficulties that arose out of the use of variable EEG gain settings. And 

finally, they considered the sample size too small for them to have complete 

confidence concerning the generalisability of their findings. Notwithstanding 

the above, Nowlis and Rhead ( 1968) tentatively offered tlvo possible explana-

tions for their findings. They SUQgested firstly that p~ople who tend to 

relax: and 11 let go 11 spontaneously in the laboratory could well be more hyp

notisable, and since alpha had been found to be associated with this kind of 

~ental activity (Kamiya, 1968), the obtained relationship between alpha and 

hypnotic susceptibility could simply be the discovery of a long-term psycho-

physiological tendency in operation. Their second explanation, this time in 

terms of short-term social psychological situational factors, suggested that 

those subjects who respond well to hypnotic susceptibility might subsequentlr 

come to regard the whole experimental situation more positively and consequent

ly relax: more and produce more alpha than the low susceptibility subjects in 

the experimental situation. A final explanation of the alpha/hypnotic 

susceptibility relationship phenomenon, they suggested, may involve an inter

action of the above two explanations. 

Galbraith, London, Leibovitz, Cooper and Hart (1970) performed a study aimed 

at extending the findings of London, Hart an~ Leibovitz (1968) and Nowlis and 

Rhead (1968) by means of sophisticated·spectral EEG analysis techniques. 

Subsequent to being given the HGSS by experimenters "blind" to the intentions 

of the rest of the study, 59 volunteer subjects (25 males and 35 females) 

were tested under conditions of rest and under conditions of auditory and 

visual sensory stimulation whilst selectively attending during a 1-hour EEG 

test-session. The EEG data were collected and computer analysed by 

experimenters 11 blindtt to the subjects' HGSS scores. Spectral analysis, 

that is, the EEG intensity occurring at different frequencies in a single 

EEG lead, and cross-spectral analysis, that is, the quantity of shared 

intensity between pairs of EEG leads (see Blackman and Tukey, 1959; Halter, 

1963), were computed. Spectral analyses were carried out to determine the 

combination of EEG leads and the EEG frequency range most predictive of 

HGSS scores. The results indicated that the occipital autospectrum and the 

occipital-vertex: eros~ spectrum were most predictive of hypnotic susceptibili

ty, particularly during the condition of selective visual attention. Low 

frequency EEG ranges, particularly between 5 - 7 Hz 1 were found to be the 

most predictive frequency range. The experimenters concluded that their 

findings/ ••••••••••• 
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findings supported and extend~d the earlier findings of London, Hart and 

Leibovitz (1968) and Nowlis and Rhead (1968). They concluded, in addition, 

that had these earlier studies not band-pass filtered their EEG signals 

in the alpha frequency range, thus exclud~d the most predictive slow EEG 

frequencies from their analysis, even more significant hypnotic susceptibility/ 

EEG frequency range relationships might have been demonstrated. 

Engstrom, London and Hart (1970a,b) were the first to report a study which 

employed t~ sophisticated technology of alpha fe~dback to further the in

vestigation of the relationship between alpha and hypnotic susceptibility. 

They hypothesized that feedback to increase alpha duration would result in 

raised hypnotic susceptibility. From an initial 180 volunt~ers, only JO 

subjects (10 males and 20 females) were selected for the alpha training pro-

gram and the experiment proper. The selection resulted in the elimination 

from the study of all subjects except th9se who both scored relatively lo·w 

on hypnotic susceptibility (i.e., averaged a score of 7 or. less on the HGSS 

and SHSSs) and relatively low on percentage time alpha (i.e.:, 50% or less 

averaged over a 2-minute eyes-open and a 2-minute eyes-closed test condition). 

Of the subjects selected for the training sessions, 20 were randomly assigned 

to an experimental group which received alpha-contingent feedback and 10 were 

assigned to a yoked control group. All subjects were informed that they were 

inYolved in a study of brain wave control as a means of enhancing hypnotic 

susceptibility. The training program consisted of 6 sessions, each involving 

a 4-minute basal EEG trial without feedback follo\ved by 6 X 5-minute enhance-

alpha trials with feedback. At the end of each session subjects evaluated 

their feelings during alpha and/or hypnosis by rating each of 48 adjectives 

describing different mental states. At ~he end of the last training sessiony 

a final basal EEG measurement was recorded and the SHSS, Form B, was administer~ 

ed by an experimenter who had not previously tested the subject. The results !· 

indicated that hypnotic susceptibility and the operant (basal)alpha rhythm 

were positively related both before and after feedback training. Cha.nge.s 

in both variables from pre- to post-training also yielded significance. 

Furthermore, it was found that the experimental and the control groups 

increased significantly in terms of both alpha duration and hypnotic sus-
' 
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The experimental group's increase over both these variables 
i. 

ceptibility. 

were found, however, to be significantly greater than that of the control 

group. Finally, the scores on the 48 adjectives describing hypnosis and 

alpha yielded a significant correlation, indicating that the two experiences 

were typically experienced as very similar subjective states. 

This/ ··~··~······ 
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This study not only lends support to the findings of London, Hart and 

Leibovitz (1968),·Nowlis and Rhe~d (1968) arid Galbraith et al (1970) but 

it also provides strong evidence for the hypothesis that feedback training 

to increase alpha duration may result in increased hypnotisability. Al

though subjects were unfortunately informed as to the nature of the experi

menters1 expectations, thus possibly introducing unwanted 11 demand character

istics'' influences (Orne, 1966, 1967), the employment of a yoked control 

group prevented these influences from being confounded with the experimentally 

re•levant variables. 

Katkin and Murray's (1968) three minimal criteria for the acceptability of . . 

evidence for operant conditioning were also met by this study. Firstly, 

alpha in the feedback trials increased to a level significantly in excess of 

the alpha in the free-operant (basal) trials. Secondly, this increase was 

significantly greater £or the experimental than for the control gr6up4 

Finally, no obvious alternative explanation for the data appears evident. 

Engstrom, London and Hart (1970) thus appe~r to have provided convincing 

evidence in support of operantly conditioned alpha enhancement. 

Engstrom, London and Hart ( 1970a, b), attempting to demonstrate that their 

findings were co~sistent only with the trance hypnosis paradigm, contended that 

the ''experimental demonstration of a functional relationship between EEG alpha 

and hypnotic susceptibility challenges widely held theories of hypnosis, 

especially role-playing theories, and supports the idea that hypnosis is a 

psychophysiological state. 11 This statement incorrectly implies that the 

mere demonstration of a relationship bet\veen the personality trait - hypnotic 

susceptibility (or ability to respond to test suggestions, as alternative 

paradigm theorists term it) - and a psychophysiological parameter, necessarily 

supports th~ ~iew that hypnosis is a physiologically indexed altered state of 

consciousness. Engstrom, London and Hart's (1970a,b) deductive statement 

contains an unwarranted logical leap. Possibly the most telling argument 

against their contention, however, is the fact that the above findings are 

also totally consistent with the non-trance 11 hypnosis 11 paradigm. Since 

Barber ( 1971), for example, equates 11 hypnotisability11 with 11 readiness to 

respond to ~uggestions 11 9 he interprets these findings to suggest a relationship 

bet\veen responsiveness to suggestions and the "many variables that constitute 

EEG alpha training.n Since he (Barber, 1969) has already empirically 

demonstrated the social psychological correlates of responsiveness to test-

suggestions/ ··~········· 
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suggestions, it is quite consistent with his approach that physiological 

correlates might also be identified. 

37 

An alternative explanation for the findings of Engstrom; London and Hart· 

(1970) has been offered by Doxey (1971) who suggested that the increase in 

hypnotic susceptibility reported to a~company operantly conditioned alpha 

enhancement is due not to the direct effect of the EEG changes but rather 

to changes in secondary factors, which closely but not perfectly, correspond 

t~ alpha and hypnotic susceptibility as measured on "relaxation based" scales 

such as the HGSS (Shor and Orne, 1962) and the SHSS (Weitzenhoffer and Hil

gard, 1959, 1962). These secondary influences are the some\vhat paradoxical 

passive attentional factors -· what Green, Green and \falters' ( 1970) termed 

11 passive volitiontt. Passive attentional states have been shown by Kamiya 

(1962, i968, 1969), Green, Green and Walters (1970, 1971), Nowlis and Kamiya 

(1968), Brown (1970, 1971), Pe~er and Mulholland (1970) and Honorton,· David

son and Krippn~i (1972) to be closely re~ated to high EEG alpha levels and is 

similarly thought by many to be an important factor influencing hypnotisability· 

(Galbraith et al, 1970 and Miller, Galanter and Pribram, 1960). It con-

I . 

sequently follows that feedback training to enhance alpha would also very 

likely teach subjects control over associated passive attentional responses 

(or non-orienting) and that these now well-learned response's would become 

available \vithin the subjects' behavio?ral repertoires for transference 

to relaxation-hypnotic situations, resulting in raised hypnotic su~ceptibility •. 

1{hether or not these learned attentional factors would also transfer to.non

relaxation hypnotic treatments or to basal suggestibility treatments is a 

doubtful empirical question that the present study attempted to answer. 

Doxey (1971) asserted further that any technique that resulted in a strength

ening of passive attentional responses would similarly, in this indirect 

manner, result in raised hypnotic susceptibility. EMG (electromyo·graph) or 

muscle relaxation feedback as described by Budzyski (1970) was suggested as 

a possible technique that might result in comparable hypnotic susceptibility 

increases (on appropriate relaxation·scales). The results of an EMG feed

back research project by Wickramasekera (1971) have lent support to this 

view. Employing an experimental and a yoked control group, he ~ound that 

the experimental group not only achieved a significantly greater degree of 

forehead muscle relaxation but also increased significantly more on hypnotic 

susceptibility/ ........ 
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Honorton1 Davidson & Bindler, 1972; Peper, 1972). The employment of this 

control procedure requires, additionally, that the ordering of the interspaced 

conditions be systematically randomised. The failure of a number of 

experimenters to do this has resulted in the contamination of their data 

(Hard & Barber, 1971; Sachs, Fenwick et al, 1971). Another within-stibjects 

control procedure, one that attempts to obtain a r-ttrue 11 baseline condition 

against which to relate experimental (or operant) conditions, consists of 

permitting subjects sufficient time to completely adapt (or habituate) to 

.the experimental situation prior to the recording of baseline data. 

These are the minimal control standards that need to be satisfied in order 

that criterion one may be validly applied to the data. 

Criterion Three - Are the data, within reasonabl~ limits, free from 

obvious alternative explanations? The most obvious kin4 of alternative 

explanation for the apparent direct operant conditioning pf the EEG is tha£ 

the effect is mediated by means of the ~p~r~nt conditionirig of some other 

voluntary response.or responses. Skinner (1938) has suggested no less than 

four ways in which such apparent op~rant conditioning may occur (see 

Appendix L). Lynch and Paskewitz (1971), in their review of the mechanisms 

of alpha control, concluded that it''··· does seem apparent, however, (that) 

alpha activity is mediated by a whole host of factors, and that the likli

hood of ever controlling or eliminating all of these factors to observe only 

simple alpha conditioning is extremely small. Thus, in the more restricted 

sense, any discussion of the operant control of alpha activity seems to us, 

operationally indefensible." There are at least three such volrintary 

responses that are thought to have the capacity to mediate changes in alpha -

alterations in cognitive mode, changes in affective arousal arid changes in 

oculomotor efferent activity. 

Cognitive mediation (which corresponds to Skinner's fourth way in which 

apparent operant autonomic response conditioning may occur) has been invoked 

as the explanation for the phenomenon by Green, Green and Walters (1971) 

who wrote that: 11 In actuality there is no such thing as training in brain 

wave control; there is training only in the elicitation of certain 

subjective states that are accompariied by oscillating voltages in the 

cerebral cortex, detected through the subject's skull and scalp. Brain 

waves, as such, are not known to have any sensory representation whatsoever 

~ 

by means/ •••••••••••••• 
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by means of which they can be detected. What are detected and manipulated 

1n some unknown way are foci of attention, thought processes, and subjective 

feelings. it can be said that we do not attempt to train people in 

the production of low-frequency alpha and theta rhythms, but rather to train 

them in the voluntary control of certain existential states whose central

nervous-system correlates are revealed by the presence of low-frequency alpha 

and theta rhythms in the EEG record. 11 These existential states are, of 

course, the relaxed, passive, non-critical mental states reported to be 

associated with alpha. 

Nideffer (1973) has suggested that such factors as anxiety and affective 

arousal may be even more central to·the development of alpha than eye

accommodation. He said that; 11 It may be hypothesised that, within an 

individual, as affective arousal (emotional involvement) increases, alpha 

will decrease. That is, alpha should be produced so long as stimuli are 
• 

not being reacted to in an ego-involved way. If attention is possible, 

as meditation procedures would suggest, within ego or personal involvement, 

and without changes in ocular accommodation, then alpha may be pr~sent. 

In fact, it is explicitly maintained that for alpha to occur, the 

accommodation triad must not be stabilised and arousal level must be low. 11 

Mulholland (Mulholland, 1968, 1969a, b, 1972; Mulholland & Davis, 1966; 

Mulholland & Evans, 1965, 1966; Mulholland & Peper, 1971; Mulholland & 

Runnals, 1962a, b, 1963, 1964a, b), Peper (Peper, 1971, 1972; Peper & 

Mulholland, 1970) and Dewan (Dewan, 1~67; Dewan & Mulholland, 1969) have 

shown the importarice of visual-motor activity in the 11 alpha-attenuation 

cycle''· They suggested furthermore that the increases in alpha associated 

with alpha feedback training are likely to be mediated by the learned 

control of oculomotor and lens adjustment processes of which the subject 

may not necessarily be aware (Mulholland, 1971). Since oculomotor efferent 

commands appear to bear a one-to-one relationship to alpha desynchronisation 

(Peper, 1970), Mulholland (1972) has hypothesised that refraining from 

visual-motor activity is a necessary, but not sufficient, condition for the 

occurrence of alpha. Peper and ~ulholland (1970) have, in.fact, hypothesised 

that whilst alpha suppression in an alpha feedback situation is mediated 

via the elicitation of the overlearned orienting response, alpha enhancement 

is mediated via the gradually acquired response of non-orienting. That is, 

a subject learns to suppress his alpha by simply 11 paying attention11 , thus 

eliciting an/ •••••••••• ~ •• 
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~liciting 

activity. 

an orienting response with its associated oculomotor efferent 

On the other hand, in order to enhance alpha, the subject has 

gradually to learn (and with some difficulty) 11 not to pay at tent ion11 to 
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anything in the experimental situation. As a consequence, a passive non-

critical mental state is reported to be associated with alpha (Nideffe~, 1973) 

Lynch and Paskewitz (1971), although less specific about implicating the 

relaxation 6f the accommodation triad in alpha enhancement~ offered an 

hypothesis which'is essentially consistent with that of Mulholland (1972). 

'They wrote that: 11 It is likely that those who exhibit alpha activity 

during alpha feedback sessions do so, in fact, through a process of 

"unfocusing11 attention, that is trying not to attend to any one aspect of 

the surroundings, thus creating a sort of perceptual deprivation. 

suggest that alpha activity occurs in the feedback situation when an 

individual ceases to pay attention to any of a number of stimuli which 

normally block this activity." 

We 

The point should be emphasised that although oculomotor activity appears to 

be both a necessary and a sufficient condition for alpha attenuation, 

inhibition of oculomotor efferent activity appears only to be a necessary 

but not a sufficient condition for alpha presence. Mulholland (1968) wrote 

that: 11 I would suggest that the occipital desynchronisation process be 

considered to be not merely the absence or negative of the synchronisation 

process. Whatever the synchronisation process is, it is more probable if 

sensory-oculomotor processesoccurring in the occipital cortex are reduced, 

but the reduction of excitation in the occipital cortex does not by itself 

account for synchrony. Some new principle is required, and we await conclus-

ive neurophysiological studies on this point." The oculomotor efferent 

theory of alpha, although possibly the most valid in the area at present, 

is not yet capable of explaining all the ph~nomena within its domain. It 

may turn out that some new theory, perhaps one within a different paradigm 

(eg. the electromechanical-gel theory of Kennedy 1 1959), will provide valid 

answers to more of the questions in the domain and consequently gradually 

supercede the oculomotor efferent theory. 

It is tentatively suggested by the writer that the abolition oY oculomotor 

efferent activity and its associated relaxation of the accommodation triad 

may be a necessary, although not sufficient, condition for the presence of 

alpha activity. It is furthermo~e suggested that decreases in this oculo-

motor efferent/ •••••••••••• 
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motor efferent activity may be either directly manipulated or may be 

mediated via any other response which is closely associated with efferent 

oculomotor quiescence. A study by Dewan (1967) represents probably the 

best example of tralpha control 11 mediated via the direct manipulation of 

visual-motor activity. There are also a number of studies (Kamiya, 1968, 

1969; Brown, 1970; 1971; Honorton, Davidson & Bindler, 1972) where alpha 

enhancement appears to be accompanied by a passive, non-critical, non

attentional mental state in which the subjects are not aware of any oculomotor 

changes. Green, Green and Walters (1970) have suggested, in fact, that the 

alpha increases in these instances might be mediated via the subjects' 

learning to elicit these "existential mental statesn. It is suggested here, 

however, that these existential states-do not directly mediate alpha, but 

rather mediate changes in oculomotor efferent activity, which in turn 

mediates changes in alpha. There is a considerable body of evidence to 

suggest that -..vhilst active, critical, at tent ional states are associated 

with oculomotor efferent activity ~nd activation of the accommodation tria&, 

passive, non-critical, non-attentional stat~s are accompanied by a relaxation 

of the accommodation triad. Piaget ( 1954) observed that 11 very early 

in life focussing attention is associated not only with the use of the 

intrinsic muscles of the eyes, but also becomes associated with muscle 

movements of the neck, head and body, whereby visual interest is directed 

toward objects. Likewise, thinking develops iri conjunction with the_ 

perception and manipulation of objects and, because of this, object

oriented thought becomes intimately associated with the striate muscle 

effort of voluntary activity, particularly eye muscle activity." Zickmund 

(1969) also reported that attention, even to autitory stimuli presented in 

darkness, is accompanied by eye movements. Mulholland and Peper (1970) 

explained the phenomenon of alpha blocking by attentional states in terms 

of mediation by the visual orienting component of the aroused orienting 

response. 

Affective arousal has been suggested by Nideffer (1973) to be an important 

variable with the capacity to mediate changes in alpha in a feedback 

situation. But once again, it is tentatively suggested here that these 

factors exert their influence on alpha via the final common pathway - the 

visual-motor system. It is propo;,ed that the stimulus concomitants of 

affective arousal have high orienting value and consequently elicit oculo

motor efferent activity (being part of the general orienting response) 

which mediates changes in alpha. Evidence in support of this view is 

provided/ •••••••••••••• 
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provided by Nideffer (1973) who stated that 11 anxiety and affective arousal 

also cause change.s in eye accommodat ion. 11 

In summary, it is tentatively hypothesised that such factors as cognitive 

mode and affective arousal do not directly mediate alpha changes, but rather 

mediate changes in oculomotor efferent activity - the final common mediation

al pathway- which, in turn,mediates changes in alpha. 

On the basis of the evidence presented here, it would appear that there 
l 

has been no conclusive demonstration of the phenomenon of pure, unmediated 

operant EEG conditioning. Furthermore, in view of it having been concluded $ 

that oculomotor efferent quiescence is a necessary condition for alpha,.it 

seems as if an instance of unmediated operant alpha conditioning may be 

incapable of demonstration. It appears therefore that alpha feedback fails 

to meet the minimal requirements for it to be c6nsidered an instance of 

simple operant conditioning. 

Anothei obvious alternative explanation for the phenomenon af alpha enhance

ment in an experimental situation suggests that alpha increases, not as a 

function of reinforcement, but rather as a function of the subjects' increas~ 

ing adaptation to the experimental situation. That is, as the subject \vho 

is initially anxious and attentive in the novel experimental situation learns 

to relax and ignore the stimulus concomitants of the situation, his alpha 

would be expected to rise. Lynch and Paskewitz (1971) similarly warned 

that such factors as apprehensions about the forthcoming experiment and the 

novelty of the situation might depress alpha levels during the earlier stages 

of experiments. It thus appears that as these factors diminish as a function 

of adaptation, their high orienting-value stimulus concomitants similarly 

diminish and mediate an increase in alpha activity. It should be pointed 

out, however, that should the minimal control standards specified by criterion 

two be met, then the relative influence ~f these potentially confounding 

factors may be determined. Employment of adequate control conditions ensures 

that the operant alpha level may be related to either (1) a 11 true11 or 

uncontaminated basal alpha level, or ( 2) .to a basal level that is subjected 

to the same extra-feedback variables as the operant level. 

Evidence in support of Lynch and Paskewitz 1 s (1971) contention that alpha 

enhancement in a feedback situation may arise out of a diss ipa·t ion of the 

influence of alpha-inhibitory factors has been provided by Paskewitz and 

Orne (1971)/ ••••• ~ ••••••• 



2.4.3/2-5 

Orne ( 19 71) • Attempts to enhance alpha density under conditions of 

complete darkness by means of feedback were unsuccessful. However, when 

light was introduced, increases ~n alpha densities were obtained. 

Furthermore, significantly higher alpha densities were obtained during 

feedback than during intervening rest periods. Paskewitz and Orne (1971) 

concluded that ''··· the results support the view that increases in alpha 

densities can take place only if ~nhibitory mechanisms are initially 

present to depress densities • Increases in alpha activity may reflect an 

. increasing ability of the subject to ignore otherwise distracting influences, 

and this process may account for some of the reported subjective concomitants 

of alpha feedback training.u 

2.5 Summary 

Although evidence had accumulated to tentatively suggest that the EEG alpha 

blocking response was amenable to the techniques of classical conditioning 

(see section 2), it required the pioneering research of Joe Kamiya (1962, 

1968, 1969) to demonstrate that EEG activity could also be modified by the 

more powerful and flexible technology of biofeedback or operant conditioning. 

Since this time, the phenomenon of enhancing and/or suppressing EEG alpha 

abundance by the provision to subjects of alpha-contingent feedback or 

re~nforcement has been widely reported (Hart, 1967; Gr~en, Green & Walters, 

1969, 1970; Nowlis & Kamiya, 1970; Brown, 1970, 1971; Peper & Mulholland, 

1970; Beatty, 1971, 1972; Walsh, 1972; Hard & Barber, 1971; Sachs, 

Fenwick, et al, 1971; Travis, Kondo & Knott, 1972a; Silverman & Sherwood, 

1971; Schwartz, Shaw & Shapiro, 1971; Honorton, Davidson & Bindler, 1972; 

Engstrom, London & Hart, 1970a, b). For the purpose of evaluating the 

findings in the area, operant terminology was adopted (Shapiro & Schwartz, 

1972) and within this framework it was shown that the majority of research

ers attempted to demonstrate one or more ;of the following three kinds of 

operant conditioning phenomenon: (1) an operantly conditioned alpha 

increase; (2) an operantly,conditioned alpha decrease; (3) operantly 

conditioned differential alpha control. 

Whilst the last two phenomena were found to have been frequently and widely 

demonstrated (Kamiya, 1969; Nowlis & Kamiya, 1970; Peper & Nulholland, 

1970; Hard & Barber, 1971; Honorton, Davidson & Bindler, 1972 for alph~ 

suppression) (Kamiya, 1969; Nowlis & Kamiya, 1970; Peper & Mulholland, 

1970; Beatty/ ••••••••• 
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1970; Beatty, 1971; Hord & Barber, 1971; Honorton, Davidson & Bind1er, 

1972; Silverman & Sherwood, 1971 for alpha control), acceptable instances 

of the first phenomenon appeared to be more elusive. Although many 
i 

researchers reported having demonstrated the phenomenon, only four studies 

succeeded in adequately satisfying Katkin and Murray's (1968) three minimal 

criteria for the acceptability of evidence for operant conditioning - those 

of Brown (1970), Engstrom, London and Hart (l970a,- b), Hord and Barber (1971) 

and Travis, Kondo and Knott (1972a). A strict application of Katkin and 

Murray's (1968) third criterion led it to be conceded, however, that it is 

perhaps impossible to demonstrate direct operant alpha erihancement~ An 

alt~rnative explanation in terms of which it is seen to be an operantly-

mediated effect, was tentatively proposed. ~hanges in oculomotor efferent 

activity - which may thems~lves be either directly or indirectly manipulated 

were suggested as the most likely mediating mechanism (see Mulholland, 1968). 

It was concluded therefore that feedback-associated EEG changes appeared 

to be operantly-mediated phenomena. 

With the exception of a number of attempts to measure the subjective 

correlates of various feedback-associated EEG states (Kamiya, 1968~ 1969; 

Green, Green & Walters, 1970, 1971; Nowlis & Kamiyas 1970; Brown, 1970, 

1971; Peper & Mulholland, 1970;_ Honorton, Davidson & Bindler, 1972; 

Sachs, Fenwick, et al, 1971), very little research has been directed toward 

an examination of the psychological and physiological concomitants of alpha 

feedback training. Schwartz, Shaw and Shapiro (1971) reported finding that 

the mechanisms for alpha control and heart-rate control are independent; 

a finding consistent with Kamiya's (1962) earlier observation of an apparent 

independence between conditioned alpha changes and changes in cardiac activity, 

respiratory activity, eye-movements and muscle tension. Engstrom, London 

and Hart (1970a, b) per£ormed a study to examine the relationship between 

alpha feedback training and hypnotisability and reported finding that 

feedback training to enhance alpha duration was significantly associated 

with an increase in hypnotisability. Unfortunately, although their findings 

appeared to be acceptable, they were found to be open to a number of 

contradictory interpretations. 
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3.0 TRANSCENDENTAL HEDITATION LITERATURE SURVEY 

Transcendental Meditation (TM) is a meditation technique taught by 

Maharishi Mahesh Yogi (1966, 1969) an~ is defined as, "turning the 

attention inwards towards the subtler levels of a thought until the mind 

transcends the experience of the subtlest state of the thought and arrives 

at the source of the thought. This expands the conscious mind and at the 

same time brings it into contact with the creative intelligence that gives 

·rise to every thought (Mahesh Yogi, 1966, p.lr70) • 11 Growing interest in 

meditation in the West has resulted in hundreds of thousands of people 

being initiated into the practice. In the United States alone, the number 

of practitioners has grown from a m,ere few hundred in 1965 to over 350,000 

by 1973 (Newsweek, 197~). In South Africa, the number of persons 

initiated had risen to l1:, 500 by February 197~ (David Fiske, 1974). 

Accompanying these trends has been an increasing interest in the phenomenori 

on the part of researchers. From the time of the first major scientific 

publication on the physiological correlates of Transcendental Meditation 

by Wallace, Benson and \iil·son in 1971, the number of researchers engaged 

in psychophysiological studies had more than trebled by 1973 (Kanellakos 

& Ferguson, 1973). Transcendental Meditation research is currently in 

progress throughout the United States and Canada as well as in West Germany, 

Sweden, Holland, Britain, South Africa and Australia (Kanellakos & Fe~guson, 

1973). 

Many of the studies to be reviewed here are preliminary tn nature and are 

lacking in conventional scientific rigour. "Frequently, adequate con·trols 

were omitted, the number of subjects used was small, the criteria used for 

subject selection were not stated (eg., in experiments using meditation 

practitioners, the length of time the subjects had been practising 

Transcendental Meditation was not stated), and often the data were not 

analysed statistically" (Kanellakos & Lukas, 1973). Consequently, 

conclusions concerning the research data to be presented here should not 

be considered to be statistically significant unless this is specifically 

mentioned. 

One method of dividing the research studies to be reviewed here is into 

those that/ ••••••••••••• 
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those that attempt to delineate the short-term psychophysiological 

correlates of the actual practice of Transcendental Meditation and those 

that attempt to determine possible long-term changes that accrue from the 

~9 

practice of the technique over a period of time. Perhaps a more efficient 

method of dividing these studies is in terms of the disciplinary level ·of 

the research • This is the approach adopted here. Consequently, those 
• studies concerned with the ~ore molar disciplinary measures - the physiolog-

ical, electrophysiological and biochemical studies - are reviewed in section 

J.l whereas the more mol~r-orientated studies - the behavioural and 

psychological studies - are reviewed in section J.2. 

Although this review is concerned primarily with Transcendental Meditatiori 

research, important findings relating to other meditative .techniques are 

also presented. 

3.1 Physiological Correlates of Meditation 

J.l.l Electroencephalography: Das and Gastaut (1955) examin~d the EEG 

correlates of meditation in 7 yogis. 

EEG change to accompany the practice. 

They reported finding a progressive 

During the earlier stages of 

meditation, alpha activity was found to be replaced by fa~t wave activity 

of 40-~5 Hz whereas during the latter. stages these waves subsided and were 

replaced by slow alpha and even theta activity. These reported findings 

were derived, however, from an inadequately controlled study and from purely 

qualitative data that lacked statistical confirmation. 

Similar EEG findings were reported by Anand, Chhina and Singh (196lb). 

They subjected a Hatha Yogi, one Shri Ramanand Yogi, to an intensive series 

of physiological and electrophysiological tests whilst he meditated in a 

completely air-tight metalic and glass box. EEG electrodes, ECG electrodes~ 

respiration gas tubes, a chest strain-gauge for respiration-rate and other 

devices were connected to the enclosed subject. The EEG results indicated 

a change from waking alpha to predominant low voltage fast activity (with a 

few EEG biparietal humps) during meditation. These results were based, 

however, on subjective qualitative interpretations of the EEG record. In. 

addition, no statistical support for the conclusions was provided. 

Bagchi and Wenger (1957) conducted physiological and EEG tests on ~8 yogis 

over 98/ ··················••c· 
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over 98 experimental sessions. The sessions were conducted at a number of 

different laboratories, private homes, and even a mountain riave in India. 

The experimental procedures were thus far from standardised. Their EEG 

findings, also subjective, qualitative and without statistical backing, 

contradicted those of Das and Gastaut (1955). They reported that 11 ••• it 

is the normal waking alpha pattern that is seen in meditation, that is, 

8,5-11 beats per second 20-100 one-millionths of a volt, sometimes ! or 1 

beat slow, sometimes with good amplitude modulation and regularisation but 

without high amplitude fast waves." It is important to qualify these 

results, however, by stressing that the EEG data were obtained from 

occipital and parietal placements. No frontal EEG tracings were examined. 

An EEG study of the Somadhi med.itations of ~ Raj yogis was conducted by 

Anand, Chhina and Singh (196la). Frontal, parietal, temporal and 

occipital EEGs were recorded before as well as during meditation. It was 

found that the yogis had persistent and well-modulated alpha activity in 

their resting records but that this became even more marked and persistent 

during meditation. They noted the similarity between their findings and 

those of Bagchi and Wenger (1957). 

In addition to the above experiment, Anand, Chhina and Singh (l96la) also 

examined the EEG response characterLstics of the meditating Raj yogis to 

photic, auditory, thermal and vibratory stimuli. It was £ound that 

although the yogis showed the usual alpha blocking response to stimuli 

when not meditating, this blocking response failed to habituate to the 

repeated presentation of the stimuli. On the other hand, when they were 

in their Somadhi meditation, none of the stimuli produced any alpha 

blocking at all. They suggested,as a possible mechanism to explain these 

unusual findings, that the "brain activity ••• during the stage of Somadhi 

(has) for its basis a type of consciousness that these individuals were 

able to block the afferents from the Reticular Activating System and thus 

remain in alpha activity." 

An EEG study on a number of beginning meditators was also conducted by 

Anand, Chhina and Singh (196la) and they observed that "those who had a 

well-marked alpha activity in their normal resting records showed greater 

aptitude and zeal for main.taining the practice of yoga.tt 

Even though/ •••••••••••••• 
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Even though this study (Anand, Chhina & Singh, 196la), along with that on 

Zen meditation by Kasamatsu and Hirai (1966), has probably been the most 

influencial EEG study on meditation, it is methodologically extremely 

primitive. The number of subjects was unacceptably small. The conclusions 

were based upon the subjective assessment of individual EEG paper records, 

and finally, no statistical support for the conclusions was provided. 

EEG studies on Zen meditation have been carried out by Ondo,(l965), Akishige 

( 1968) and by Kasamatsu, Okuma, Takenaka, Koga, Ikeda and Sugiyama ( 1957). 

In all instances, marked increases in alpha was :;.-eported to accompany the 

transition from the waking to the Zen meditation state. 

The most rigorous EEG study of Zen was conducted by Kasamatsu and Hirai (1966). 

In addition to frontal, central, parietal and occipital EEGs, pulse-rate, 

respiration-rate and GSRs were polygraphically recorded. The subjects 

comprised 48 priests and disciples of the Soto and Rinzai Zen sects ranging 

in age from 24-72 years and in experience at Zen from .1-20 years. Eight-

een research fellows with no Zen experience served as controls. The 

experimental design permitted the EEG to be recorded before, during and 

after the practice of eyes-open Zazen meditation. (Note that, unlike the 

Zen, the yogis meditate with their eyes shut.) On the basis of their EEG 

findings, derived from their subjective interpretations of the EEG records, 

they hypothesised that the EEG changes accompanying Zen meditation could 

be divided into 4 stages indicative of increasing depth of meditation: 

(1) a slight change which is characterised by the appearance of alpha waves 

in spite of open eyes; (2) an increase in the amplitude of persistent 

alpha waves; (3) a decrease in alpha frequency; (4) the appearance of 

rhythmical theta trains, which is the final EEG change during meditation 

but does not always occur. It was found that the number of EEG stages 

a subject produced was directly related to his number of years of Zen 

training as well as to his degree of proficiency at Zen as evaluated by a 

Zen mastet• That is, only the most experienced monks or those rated most 

proficient meditators produced all four of the EEG changes. 

Kasamatsu and Hirai (1966) also examined the response characteristics of 

the EEG during Zen meditation to "click" stimulation. Using 3 meditating 

Zen masters and 4 eyes-closed resting controls, they measured the alpha 

blocking-time to regularly repeated (i.e., every 15 seconds) click 

stirnulation. . It was reported that whereas the control subjects' alpha 

blocking-times/ ••••••••••••• 
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blocking-times decreased as a function of the number of stimuli presented, 

those of the Zen masters showed no such decrease. They concluded that Zen 

meditators show almost no habituation to stimuli during thei~ meditation. 

Kasamatsu and Hirai's (1966) "study, like. all those thus far reviewed, may 

be criticised for having failed to employ any form of autom.tic EEG analysis 

techniques (i.e., EEG paper records were visually scored) and for not· 

supporting their conclusions with statistical evidence. 

The first serious systematic study into the physiological ef"fects of 

Transcendental Meditation was undertaken by Keith Wallace in the United 

States (1970a). Twenty-seven 11 normal 11 subjects, primarily experienced 

meditators (with 2-3 years experience), participated in the study. The 

experimental design permitted each subject to act as his own control. The 

experimental procedure consisted of a 15-30-minute rest period before the 

first pre-control measures were taken. The pre-contra~ period comprised a 

5-15-iliinute eyes-open period and a 10-20-minute eyes-closed period. The 

subject~ were then per~itted to meditate for 20-40 minute~ before the post-

control -measures were obtained. The post-control period consisted of a 

10-minute eyes-closed and a 5-10-minute eyes-open non-meditating period. 

The physiological parameters recorded included oxygen consumption, carbon 

dioxide elimination, cardiac output, arterial·blood gas analysis, arterial 

blood-pressure, heart-r~te, skin.resistance, eye-movements and the EEG. 

The EEGs were recorded on tape and subsequently subjected to spectral 

analysis by computer. All the da·ta, with the exception of the EEG and 

arterial lactate concentrations, were subjected to statistical analyses to 

establish whether mid-meditation values differed significantly from pre-

control.means. The EEG results are reviewed here whilst the other 

physiological results are reviewed under the appropriate sections. On the 

basis of his in~erpretation of the co~puter spectral analyses of the EEGs 

of 25 subjects, Wallace (1970a) reported that, although all subjects showed 

alpha in the eyes-closed pre-control period, ''during meditation the regular-

ity and amplitude oi" the alpha waves increased in all subjects. In 4 of 

the subjects, the alpha waves occasionally changed to a slower alpha wave 

frequency and in some cases stopped for 2-5-minute periods and low-voltage 

theta ;;raves predominated. 11 He qualified this f"inding by stressing that 

the most characteristic EEG ch~nges - increases in slew alpha wave 

intensity and occasional theta waves - appear predominantly over the frontal 

regions/ •••.•••....•..•••. 
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regions and to a lesser extent over the central regions (Wallace, 1970b). 

It should be stressed that no consistent EEG changes in other frequency 

bands or over different scalp locations were reported. 

Possibly the most serious criticism that can be levelled against Wallaceis 

(1970a, b) reported EEG findings is that he failed to support his sophisti-

cated computer EEG analysis with statistical evidence. In addition, he 

visual.ly and subjectively interpreted the computer spectral 11 maps". 

is thus unclear whether his EEG findings were valid or statistically 

significant. 

It 

Wallace (1970a) also examined the EEG response characteristics of meditating 

subjects. Sound and light stimulation was given at irregular intervals, 

ranging from 20-120 seconds, to test the habituation of the alpha blocking 

response. He. reported finding that 11 in almost all subjects, alpha· 

blocking caused by repeated sound or light stimuli showed no habituation." 

Wallace's findings concerning the EEG response characteristics of 

Transcendental Meditation subjects during meditation may thus be seen to be 

similar to Kasamatsu and Hirai's (1966) findings with Zen during their 

meditation and to Anand, Chhina and Singh's (l961a) findings with Yoga 

meditators when not meditating. 

Wallace, Benson and Wilson (1971) performed a study to replicate and extend 

the findings of Wallace's (1970a, b) earlier study. A similar experimental 

design in which 36 subjects acted as self-controls was used and. the 

procedure consisted of pre-control, meditation and post-control periods. 

The £allowing physiological measurements were recorded: oxygen consumption, 

carbon dioxide elimination, respiratory quotient, respiration-rate, minute 

ventilation, mean blood~pressure, diastolic blood-pressure, arterial pH, 

arterial p0
2

, arterial pC0
2

, base excess, blood lactate concentration, 

heart-rate, rectal temperature, skin resistance and EEG. The EEG data 

were treated as previously (Wallace, 1970a, b) - spectral-analysed but not 

statistically analysed. Once again, only the reported EEG results are 

described here. They reported f-inding 11 ~ •• a marked intensification of 

alpha waves in all subjects (during meditation). Typically there was 

an increase in intensity of slow alpha waves at 8 or 9 cycles per second 

in the frontal or ceritral regions of the brain during meditation. In 

several/ ••••••••••••••••••• 
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several subjects this change was Alsd accompanied by prominent theta wavas 

in the frontal area (\Jallace l'<- Benson, l972)i 1 • These reported EEG findings 

are open to the sam·e criticisms, however, as \fallace 1 s (1970a, b) earlier 

findings; that is~ no statistical analysis of the EEG data was performed. 

Brown, Stewart and Blodgett ·(1971, 1972) p~rformed a study to investigate 

the EEG rhythms during Transcendental Meditation and possible changes in 

perceptual-thresholds following the practice. The subjects comprised 22 

females who were divided into an experimental group of 11 meditators and 

a control group of 11 non-meditators. The experimental procedure consisted 

of a 3-minute eyes-open 11 pre-state 11 rest period, a 15-minute eyes-closed 

11consciousness state 11 during which the experimental subjects meditated and 

the controls rested, and a 3-minute eyes-open 11 post-state11 rest period. 

The perceptual-threshold data were obtained before the "pre-state'' peri~d 

and after the ~post state 11 period. These findings are discussed in the 

relevant sections (see section 3.2). The EEG data were recorded across the 

3 experimental peri~ds and the EEG records were subjected to visual analysis. 

They reported that whereas 10 of the 11 meditators showed A definite 

presence of frontal-cortical alpha waves throughout most of the meditation 

period, only 3 of the 11 controls showed this rhythm and with less consisten~ 

cy and at a much lower frequency of occurrenceduring the 15-minute 

11 consciousness state11 • The rank-order Wilconson-Mann-Whitney statistical 

test demonstrated significance at P<,01. These findings may be seen to be 

consistent with those of Wallace (1970a, b) and Wallace, Benson and Wilson 

(1971) but~they pla~ed even ~reater emphasis on the fact that the meditation

associated EEG changes are p~edominantly frontal in origin. In fact, to 

stress this they adopted Chapman, Cavonius and Ernist's (1971) term, 11 kappa

rhythm activity11 to describe the 8-12 Hz frontal area electrical activity 

and to distinguish it from the occipitally-located alpha rhythms. They 

suggested that these rhythms had different foci and that it was the kappa

rhythm activity that wa~ characteristically enhanced during Transcendental 

Meditation. This conclusion is supported by a finding reported in the 

revision of their earlier paper (Brown, Stewart & Blodgett, 1972), claiming 

thst they found a greater ratio of frontal/occipital 8-12 Hz EEG activity 

in meditating subjects than in eyes-closed resting non-meditating controls. 

Even though Brown, Ste~a~t and Blodgett (1971, 1972) subjected their EEG 

data to/ •••••••••••••••• 
>..' 
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data to statistical analysis, their study is open nevertheless to an 

important criticism. They failed ~o employ objective EEG analysis techniques 

and consequently the validity of their findings is questionable. 

Kanellakos (1970) cites Timmins, Kamiya and Yeager (1970) as having 

examined the EEG and heart-rat·e activity of 8 experienced (i.e. 1 they were 

teachers of the technique) practitioners of Transcendental Meditation and 8 

non-meditating controls. Five EEG channels and one heart-rate channel were 

tape recorded. The analysed data have not yet been published but they 

reported tentatively that the meditation teachers generally had more alpha 

than the controls., both during and out of meditation. In ·addition, whereas 

in the control subjects, occasional bursts of alpha tended to appear from 

the occipital portion of the brain alone, the teachers had alpha appear 

over a much wider portion of the brain and especially over the central 

regions. These preliminary and sbmewhat tentative findings are partially 

supporiive of those of Wallace (1970a, b) 1 Wallace, Benson and Wilson (1971) 

and Brown, Stewart and Blodg8tt (1971, 1972). 

Vassiliadis (1972) conducted a longitudinal physiological study into 

Transcendental Meditation. Physiological data were obtained on a group of 

18 subjects once a month for a period of 6 months. The number of subjects 

was then increased to 45 and the tests continued for another period of 9 

months. The physiological parameters examined included frontal and occipital 

EEGs, hand and forehead temperatures, breath-rate, skin resistance and 

rheoencephalograph. After the second month, half of the subjects were 

instructed in meditation whilst the others served as controls. The 

experimental procedure consisted of a 10-minute eyes-open rest condition and 

a 10-minute eyes-closed rest condition, a 20-minute meditation or eyes-closed 

rest condition (for controls) and another 10-minute eyes-closed rest condition 

and a ~0-minute eyes-open rest condition. The recorded EEG data were 

automatically analysed by passing.the EEG signals through band-pass filters 

for alpha (8-12Hz) and theta (5-:-7 Hz), The filter outputs were passed 

through root-mean-square reading meters, integrated, and recorded. This 

gave a continuous indication of the signal power in the alpha and theta 

EEG bandse Thus far, only preliminary EEG results are availa.ble. For 

the purpose of statistical analysis, each subject's EEG score was "normalised" 

so that each individual receiVed equal statistical weight. The EEG scores 

of meditators were compared with their own EEG scores prior to their starting 

meditation as ~ell as with the EEG scores of the controls. 

Vassiliadis/ •••••••••.••• 
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Vassiliadis (1972) reported £inding that both meditator and control groups 

sho~ed similar EEG characteristics in the frontal EEG regions and that no 

significant differences developed bet~een the two groups over 6-9 months 

of meditation. Although this finding is contrary to what Wallace's (197Gb) 

data might lead one to expect, Kanellakos and Lukas (1973) suggested, as a 

possible explanation for these apparently contradictory findings, that 

whilst Wallace's (1970b) subjects were well-seasoned meditators (with an 

average of 32 months experience), Vassiliadis's (1972) subjects had been 

practising meditation f'or only ·6-9 months. "The differences noted .may be 

related to the length of time of practice of Transcendental Meditation or 

possibly, to inevitable subject selection that occurs when data are reported 

for subjects who are su£ficiently motivated to continue the practice of 

Transcendental Meditation for almost 3 years'' (Kanellakos & Lukas, 1973). 

Although both meditators and controls showed similar EEG patterns prior to 

the meditation group learning meditation, significant changes were seen in 

both alpha and theta content as a function of the length of practice of 

Transcendental Meditation. It was found that the occipital alpha power 

exhibited a characteristic decrease £rom the pre-meditation rest period 

through the meditation period and increased again during the post-

meditation eyes-closed period. It was also found that after about 3-4 months 

of meditatioh, the meditators showed somewhat higher alpha than controls in 

the second half of meditation and in both the eyes-open conditions. After 

6-9 months of meditation (as compared to the same group prior to meditation)~ 

although there was no significant difference between the meditation periods, 

a significant increase in alpha during the second eyes-closed (or post~medi

tation) period over that in the (pre-meditation) first eyes-closed period 

was found. The alpha content during both eyes-open conditions was also 

higher after 6-9 months of meditation. 

Occipital theta also showed some significant changes after 6-9 months. 

Whereas prior to learning meditation, the theta power showed a general 

decrease from the beginning to the end of a recording session, after learning 

meditation, there was a gradual and significant increase in occipital theta 

power during the meditation so that theta power was actually higher at the· en& 

tnan at the beginning of a recording session. 

In view of the fact that this study (Vassiliadis, 1972) employed both 

automatic EEG analysis techni~ues and statistical analysis, it is 

probably/ ••.•••••.• 
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probably in terms of scientific rigour superior to most of the other studies 

reviewed. The converting of raw EEG data to normalised form also probably 

adds to the validity of the reported findings. 

A longitu~inal study into physiological effects (i.e., occipital EEG, heart

rate and skin resistance) of Transcendental Meditation was carried out by 

.Doxey ( 1972b). An experimental group of 48 novice meditators were tested 

prior to learning the technique of meditation and at monthly intervals there-

after for three months. A control group consisting of 10 non-meditators were 

The experimental procedure consisted of a 5-tested at the same times~ 

minute eyes-open adaptation period, a 10-minute eyes-closed pre-experimental 

rest period, a 20-minute experimental period (in which the meditators medita

ted and the controls rested with their eyes closed) and a 10-minute eyes-

closed post-experimental rest period. Each subject's EEG was automatically 

analysed by being passed through a 8-13 Hz (alpha) band-pass filter, the 

output of which operated digital counters which displayed the occipital EEG 

in terms of percentage time alpha. The 11 rav.r11 percentage time alpha scores were 

then 11 normalisedn by being converted into 11 percentage.time alpha in z-Scores 11 • 

This strategy was employed to ensure that no individual subject disproportion

ately influenced the group 1 s data, thus possibly invalidating the statistical 

analysis. The results indicated that whilst both the meditator and the con-

trol groups increased significantly in terms of occipital percentage time 

alpha over the 3-month period, the. increase was significantly greater for the 

meditation group than for the control group. Doxey interpreted the increase 

in alpha found for the control group (over the 4 sessions) to be a function of 

their increasing habituation to the experimental situation (see section 2.4.)). 

The greater alpha increase of the meditation group was attributed to the effects 

bf meditation "within a broad context11 and not simply to the practice of 

meditation per se. It was also found that the meditation group, after three 

months of meditation experiencei produced significantly more occipital alpha 

during the post-meditation rest period than during the pre-meditation rest 

period.· This finding is consistent with that of Vassiliadis (1972). 

Finally, it was found that the initial pre-training percentage time alpha 

levels significantly predicted whether subjects would continue to meditate 

or whether they would terminate the practice before the end of the three-month 

period. The initially high al_Pha subjects tended to have a significantly 

lower termination-rate over the period than the initially low alpha subjects. 

Probably the most serious problem associated with this study, one that 

possibly/ -~·······• 



possibly obscures and distorts 11 vaLid 11 EEG trends, is the hypothesized 

.strong "habituation effect". This effect appeared to be sufficiently 

powerful to account £or almost as much percentage time alpha variance as the 

independent variable - Transcendental Meditation. The study failed to 

permit the subjects 11 su£ficient 11 time to adapt adequately to the unfamiliar 

experimental situation before recording actual experimental dataft 

A spectral analysis of the EEG changes accompanying the practice of Trans

cendental Meditation was car:o:-ied out by Banquet (1973). The subjects con

sisted of an experimental group of 12 meditators with an average of 24 

months' experience and a control group of 12 matched non-meditators. The 

experimental sessions were as follows: a 5-minute eyes-open and a 5-minute 

eyes-closed rest period, a 30-minute meditation peri~d for the experimental 

subjects and a 30-minute eyes-closed rest period for the controls, a 3-minute 

period to 11 ••• come progressively out of meditation or relaxation" and a 

5-minute eyes-closed concentration (on thoughts and images) period. Frontal, 

central, parietal and occipital EEGs, EHGs and respiration-rate and ampli

tude were recorded across the experimental sessions. The EEG data were 

recorded on paper and also stored on tape. A push-button code system was 

arranged whereby subjects could communicate ongoing psychological events to 

the experimenter. The taped EEG data were subjected to Fourier spectral 

analysis by computer and 11 the results were derived from the compar.;1tive inter

pretation of the conventional EEG and the frequency spectral arrays, for 

both control and experimental subjects. 11 Banquet divided the EEG. changes 

accompanying Transcendental Heditation into three progressive phases that 

appeared to be associated with increasing 11 depth of medi tationtt. 

(1) The alpha activity which was found in the resting records of all the 

meditators became predominant at the beginning of meditation and its 

amplitude increased and average frequency decreased. This EEG stage 

was repeated at the end of Transcendental Meditation with an even 

greater abundance of alpha. 

(2) The first stage gave way to a second phase in which a dominant theta 

pattern, unlike that of drowsiness, was observed. Most subjects showed 

no "further evolution in the meditative state", that is, they did not 

produce the third phase of EEG change. 

(3) The third phase was found to accompany "deep meditation or even 

transcendence'' and was characterised by a pattern of generalised fast 

frequencies/ o&••••• 
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frequencies with a dominant beta rhythm around 20c/sec. 

An additional finding "'as that in "advanced" subjects (particularly), 

alpha, and more rarely theta, persisted into the post-meditation periods. 

Topographically, the most importaht EEG finding was that whereas alpha 

59 

rhythms spread from the occipital-parietal channels to the anterior channels 

during the course of meditation, resulting in a possible gradient shift, theta 

and beta frequencies usually appeared first in the frontal channels and then 

diffused posteriorly. 

Banquet's (:1.973) findings are partially supportive and partially an extension 

of the earlier finding~ of Wallace (1970a,b),Wallace, Benson and Wilson (1971), 

Brown, Stewart and Blodgett (1971 & 1972), Timmonds, Kamiya and Yeager (1970) 

and Doxey (1972b). That is, he also reported Transcendental Meditation to 

be accompanied by an increase in frontal alpha and theta activity but, in 

addition~ he reported finding a beta rhythm (which migrates from the frontal 

to the posterior channels) that characterizes the deepest stages of meditation. 

This latter finding is consistent with these of Das and Gastaut (1955) and 

Anand, Chhina and Singh (1961b) who found high frequency EEGs to accompany 

the meditations of yogis. It appears also to be consistent, although in a 

less direct sense, with Vassiliadis' (1972) EEG findings on Transcendental 

Meditation- a drop in occipital alpha from pre-meditation and an increase 

again after the termination of meditation. Banquet's (1973) reporte~ find-

ings of an upsurge in alpha in the post-meditation period is consistent with 

the findings of Doxey (1972b) and Vassiliadis (1972). 

Banquet's (1973) study can be criticised on at least two important counts. 

Firstly, th~ experi1nental findings and conclusions were based upon ~ubjective 

evaluations and interpretations of the EEG paper recorrls and spectral analysis 

arrays of the· individual subjects. No automatic analysis was used to convert 

this qualitative data into a quantitative form. Secondly, he failed to per-

form any statistical analysis on his data (which i.s not surprising in vie'" of 

its qualitative form). It thus remains unclear whether the findings he 

reported are significant. Banquet also examined EEG response characteristi-cs 

to flash and click stimulation during the different EEG stages of meditation. 

He reported finding that the alpha did not block to stimuli durihg Transcenden-

tal Heditation. This ,finding supports Anand, Chhina and Si:r1gh 1 s (1961.a) 
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findings on Yoga meditation but is contrary to Wallace's (1970a) findings 

on Transcendental Meditation. Banquet (1973) reported that the theta during 

Transcendental Meditation was replaced by alpha for a few seconds after the 

introduction of a stimulus,after which the theta returned. Finally, the beta 

of the deepest stages of meditation was found to be unresponsive to stimula-

tion. It was also pointed out by Banquet (1973) that the theta and the beta 

rhythms of meditation had characteristics that distinguished them from the 

dro"'sy and the waking EEG rhythms respectively. 

in section 4.. 

This is discussed further 

A longitudinal study into the physiological and psychological effects of 

Transcendental Meditation was conducted by Touyz (1974). An experimental 

group of novice meditators were tested prior to learning meditation and at 

regular intervals thereafter over a period of 5 months on occipital EEG, 

heart-rate and skin potential. A control group of non-meditators were 

tested on the same physiological measures over the same time period. Cat

tell's :16 P.F. Inventory was administered to both experimental and control 

subjects at the first and the last testing sessions. The procedure for the 

physiological testing consisted of recording all the relevant physiological 

parameters over a 11 pre-meditation11 eyes-closed rest period, a "meditation" 

period ( in which experimental subjects meditated and the controls rested 

with eyes closed) and a 11 post-meditation" eyes-closed rest period. The EEG 

paper records were visually analysed and the percentage time alpha calculated. 

(The. E was 11 blind11 as to whether the records were of experimental or control 

subjects). The data were subjected to statistical analysis. Touyz reported 

that the occipit~l alpha of.the experimental group decreased slightly during 

meditation and then showed a significant upsurge in the post-meditation rest 

per,iod. These alpha changes were not. found for the non-meditating control 

group. 

Touyz's (1974) finding of a decrease in occipital alpha to accompany Transcen

dental Meditation is consistent with the findings of Das and Gastaut (1955) 

and Anand, Chhina and Singh (1961b) on yoga meditation and with the findings 

of Vassiliadis (1972) and (less directly) Banquet (1973) on Transcendental 

Meditation. His reported finding of a significant increase in alpha follow

ing Transcendental Meditation agrees with the findings of Doxey (1972b), 

Vassiliadis (1972) and.Banquet (1973). 

The most serious criticism that can be levelled against Touyz's (1974) study 

is/ ••• ~ ~ ••••• 
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is that he calculated his percentage time alpha EEG data by visual subject-

ive inspection of the EEG paper records. 

subjective analysis is questionable} 

The validity and reliability of this 

In summary therefore, there is evidence to support the conclusion that the 

practice of Transcendental Meditation is accompanied by predictable and 

possibly significant EEG changes. There appears to be an increase in the 

abundance and a decrease in the frequency of alpha activity - particularly over 

the frontal cerebral areas. This is frequently followed by a change to theta 

activity; again primarily from the frontal regions as subjects "shift deeper 

into the meditative state'' (Wallace, 1970a,b; Wallace & Benson, 1971; Brown, 

·Stewart & Blodgett, 1971 & 1972; Timmons, Kamiya & Yeager, 1970; Do:x:ey, 1972b). 

A third phase of EEG change has been described by Banquet (1973) as being 

indicative of a still deeper meditative state. This is a more posteriorally 

located beta rhythm. Indirect evidence for the occurrence of this occipital 

beta activity during meditation has also come from studies by Vassiliadis 

(1972) and Touyz (197~). It thus appears that although the frontal EEG 

channels during Transcendental Meditation are characterised by a slowing of 

the alpha activity and the occasional appearance of theta, the changes in the 

posterior EEG channels appear to be less clear although there is some evidence 

to suggest that occipital alpha may diminish (Vassiliadis, 1972 & Touyz, 1974) 

and that beta may increase (Banquet, 197~). 

Another important finding concerns the gradient shifts in various EEG fre-

quency bands during the course of meditation. Alpha and theta· activity appear 

to migrate toward the frontal regions whilst beta activity may have a tendency 

to move in the opposite direction. 

Finally, there is also evidence to suggest that post-meditation alpha levels 

are enhanced (Doxey, 1972b; Vassiliadis, 1972; Banquet, 1973; Touyz, 197~). 

The present study aimed to investigate the occipital EEG concomitants of 

Transcendental Meditation using an "advanced" or experienced Transcendental 

Meditation group. The above review has pointed to the lack of clarity on 

this issue. By employing automatic EEG analysis circuitry, normalised EEG 

data and/ ·······•c•• 
1 Visual interpretation of EEG sleep records are, of course, quite 

acceptable in view of the markedly distinctive EEG concomitants 
of the different sleep stages (se~ Dement and Kleitman, 1963; 
Rechtschaffen and Kales, 1973) • 

.:· 
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data and statistical analysis, i·t was expected that the present study would 

provide reliable data concerning the occipital EEG changes associated with 

the practice of Transcendental Meditation. 

_3.1.2 Blood Pressure: Bagchi and Wenger (1957) conducted a physiological 

study on 45 Indian Yogis over 98 meditation sessions (see section ).1.1) and 

reported that ''blood· pressure rose minimally iri a few cases, dropped 20 points 

systolic in 2 instances at the end (of meditation) and showed no change in 

others. No abnormal blood pressure was seen at any time." 

The effects on blood pressure of the practice of 11 Shavasa~1 , a yogic breathing 

exercise, was investigated in a longitudinal study by Datey, Deshmukh, Dalvi 

and Vinekar (1969). Forty-seven hypertensive patients were tested on blood 

pressure prior to learning the exercise and again after having had J0-40 

weeks of J?egula:tr practise at the technique. All blood pressure measurements 

were obtained from non~Shavasan rest periods. The experimenters reported 

finding that 30-40 weeks of regular. practise· at the technique was accompanied 

by an average decrease in systolic blood pressure of 20%. 

In Wallace's (1970b) investigation into the physiological effects of Transcen

denal Meditation, technical difficulti~s resulted in his obtaining blood 

pressure data on only 5 subjects. He reported, however, that most subjects 

decreased slightly, although not significantly, during meditation as compared 

to the pre- and post-meditation rest periods. 

In a subsequent study (Wallace, Benson & Wilson, 1971) into the physiological 

correlates of Transcendental He·di tat ion, 36 subjects were used and it was 

reported that "systolic, diastolic and mean arterial blood pressure changed 

little during meditation" from pre- and post-meditation resting levels. 

Howev~r, in a longitudinal study into the effects oi' Transcendental Medi ta

t ion on blood pressure, Benson and Wallace (1972) reported finding signifi-

cant blood pressure changes. The subjects consisted of 22 hypertensive 

patients from whom a total of 1 119 blood pressure samples were taken, all 

in the non-meditative state. Control or pre-meditation training blood 

pressure data were obtained prior to the subjects be.ing instructed in 

meditation and after 4-63 weeks of regular practise at the technique, thei 

were re-tested. A significant decrease in both systolic (P<,005) and 

diastolic/ ••••••• 
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diastolic (P<,001) blood pressure was £ound. The experimenters concluded 

that this longitudinal decrease in blood pressure could be attributed to the 

regular practise of Transcendental Meditation. 

A num.ber of other studies have failed, however~ to provide supportive evidence 

for Benson and \~allace's (1972) positive findings. Schmit (1971), for 

example, investigated the average blood pressures of 20 practitioners of 

Transcendental Meditation whose experience at the technique ranged from one 

month to 5 years. He fouhd no significant correlation between length of 

experience at meditation and blood pressure. 

Kanellakos (1973) cites Otis (private communication) as having reported find

ing no significant evidence for Transcendental Meditation-associated blood 

pressure changes in the subjective reports of practitioners. A questionnaire 

dealing with subjective, beha~ioural and physio~ogical -effects of Transcenden-

tal Meditation was sent to 1 900 randomly selected practitioners. Of the 

525 people who responded to the questionnaire, the number (12) who replied 

positively to a question concerned with blood pressure changes (in either 

direction) associated with meditation ~as so low as not to exceed·chance. 

Otis, Jones and Stobert (1972) investigated blood pressure changes in 31 volun

teers before their initiation into Transcendental Meditation and at monthly 

intervals thereafter for 6 months. No significant changes in either systolic 

or diastolic blood pressures were found over the 6-month period. Also, no 

relationship was found between the regularity of the practice of Transcenden

tal Meditation and blood pressure changes. 

Otis, Kanellakos, Lukas and Vassiliadis (1972) investigated the blood pres

sures of 60 normal subjects at monthly intervals for 3 months prior to 

and for 12 months after their initiation into either meditation or a control 

condition. Significant blood pressure differences between the meditation 

and the control groups failed to materialise over the 12-month post-initia-

tion period. 

The weight of evidence suggests therefore that the practice of Transcendental 

Meditation has no significant effect on blood pressure (Wallace, 197Gb; 

Wallace, Benson & Wilson, 1971; Schmit, 1971; Otis, private communication; 

Otis, Jones & Sjoberg, 1972; Otis, Kanellakos, & Vassiliadis, 1972). The 

one exception/ •••• 
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one exception was a study on hypertensive patients by Benson and Wallace 

(1972). A pos$ible explanation for the failure to find blood pressure 

changes in the ttnormal 11 subjects has been suggested by Kanellakos and Lukas 

(1973) to be due to the masking effect of the 11 unusually low11 initial blood 

pressures of the young meditation subjects. A significant Transcendental 

Meditation-associated blood pressure decrease is thus easier to demonstrate 

with a group of hypertensives than with a group of young meditators who have 

low blood pressures to being with. 

3.1.3 Respiration Rate: The respiration rates of Zen meditat6rs have been 

observed by Hirai and Sugi (cited in Akishige, 1968) to decrease markedly 

during meditation. Similar findings have been reported by Hirai (1960), 

Sugi, et al (cited in Kasamatsu & Hirai~ 1966) and by Onda (1965) who found 

that certain Zen practitioners demonstrated a decrease in respiration rate 

from a pre-~editation resting level of about 15 breaths per minute to about 

2-3 breaths per minute during meditation. These findings have also 

received support from Leggett ( 1964) who found that the. respiration rates of 

Zen masters dropped from a waking rate of about 15 breaths per minute to a 

meditation breath-rate of about 2-4 breaths per minute. (The point should 

be re-emphasized that unless statistical significance is specifically stated, 

it should not be assumed.) 

Similar decreases in re~piration rate have been reported to accompany Yoga 

meditation. Bagchi and Wenger (1957) found consistent respiration changes 

to accompany ~he Yoga meditations of 12 subjects ove~ 16 test-sessions (see 

also section 3.1.1). In 9 out of the 16 sessions, the respiration rate 

during meditation never exceeded that during the. non-meditation control 

period and. in the other 7 sessions, the rate 11 ••• either went up minimally 

and transiently and later came down or remained about the same as the 

control period." However, the average respiration rate for the resting 

control periods was 16 breaths per minute whilst the lowest average respira

tion rate during meditation was 12 breaths per minute - an average decrease 

in respiration rate of 23%. 

Datey, Deshmukh, Dalvi and Vinekar (1969) reported finding a decrease in the 

breath-rate of 47 hypertensive patients from about 22 per minute during 

non-exercise periods to about 8 per minute during the practice of 11 Shavasan11 -

a Yogic breathing exercise (see also section 3.1.2). 

In Wallace's! •••••••• 
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In Wallace's (1970b) study into the physiological correlates of Transcendental 

Meditation (see also section 3.1.3), the respiration rates of 5 subjects were 

determined before, during and after meditation. He reported that: 11 There 

was a significant mean decrease during ~editation of about J/min., which 

'vas maintained into the post-control period. H 

In the subsequent study into the physiological correlates of Transcendental 

Meditation, Wallace, Benson and Wilson (1971) reported finding a significant 

drop in the respiration rates of 5 subjects from a pre-control rate of about 

13 per minute to about 11 per minute during meditation. Once again, this 

significant respiration rate decrease was found to persist into the post

control period. 

Allison { 1970) noted that the respiration ~ate of one "advanced" subjec·t 

practising Transcendental Meditation decreased from a pre-meditation resting 

level of about 12 breaths per minute to about 6-8 breaths per minute during 

meditation. A marked reduction in respiration volume was also noted. 

Vassilia~is (1972)reported finding that after an experimental group had been 

pr:actising Transcendental Meditation for 4 months, their respiration rates were 

significantly lower than those of a non-meditating control group. Unfortu

nately, since no pre-meditation training respiration rate data were obtained 

for the 2 groups, one cannot establish whether the obtained differences were 

simply a function of pre-training differences between the groups. 

Walrath (in preparation) also reported preliminary findings indicating that 

Transcendental Meditation was accompanied by a reduction in respiration rate 

from pre-meditation resting levels. 

The evidence points overwhelmingly in favour of the conclusion that meditation, 

whether Zazen (Hirai, Sugi, cited in Akishige, 1968; Hirai, 1960; Sugi, et 

al, cited in Kasamatsu & Hirai, 1966; Ondo, 1965; Leggett, 1964), Yoga 

(Bagchi & Wenger, 1957 & Datey, Deshmukh, Dalvi & Vinekar, 1969), or 

Transcendental Meditation (Wallace, 1970b; Wallace & Wilson, 1971; Allison, 

1970; Vassiliadis, 1972 & Walrath, in preparatio~), is accompanied by a 

marked and significant decrease in respiration rate. 

J.1.4 Heart-Rate: The data with regard to heart-rate changes during 

meditation/ •••••. 
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meditation have been contradictory. Anand, Chhina and Singh (1961b) report-

ed that th~ heart-rate of a Hatha Yogi decreased from a pre-meditation 85 

beats per minute to 60-72 per minute during meditation and actually slowed 

to 55 per minute after the subject had been meditating for 7 hours. (This 

study is more fully described in section 3.1.1). Unfortunately, this un-

controlled study does not permit one to establish whether the heart-rate 

decrease was a function of the m1.ditation practice, simply sitting quietly, 

or a combination of these two sets of factors. 

Bagchi and Wenger (1957) conclucted,on the basis of the findings of their 

research involving 45 Yogis (see also section 3.1.1) ,that ''there were no· 

consistent heart-rate changes ~uring meditation compared to control periods". 

The heart-rate variability was reported, however, to be 6%-9% above basal 

levels during meditation. 

Das and Gastaut (1955) reported that the heart-rate of yogis increased from 

about 70 per minute to about 70-80 per minute while they were practising 

Yoga postures and meditating and then dropped again to as low as 60 per minute 

afterwards. The significance of these findings, howev~r, are rendered un-

clear by the study's confounding of the 11 physical 11 Yoga postures \1ith the 

more 11mental 11 Yoga meditative techniques. 

A further report of enhanced heart-rate during meditation has come from 

Leggett ( 1964) 'vho found that the pulse-rates of meditating Zen masters 

increased above pre-meditation levels. 

Wallace (1970a,b,) investigated the physiological correlates of Transcendental 

Meditation. (Refer to section J.1.1). He reported finding that the mean 

heart-rat~ of 11 stibjects decreased by 5 beats per minute as compared to 

both pre- and post-meditation resting control periods. In a subsequent 

study, Wallace and Benson (1971) reported the mean heart-rate decrease during 

Transcendental Meditation to be in the region of three beats per minute. 

Timmons, Kamiya and Yeager (1970) similarly found that the heart-rates of 

8 Transcendental Meditation teachers were lowered by a few beats per minute 

during meditation whereas that of 8 control subjects did not change appreciably 

during a rest condition. 

was not offered. 

Statistical evidence for the reported findings 

Vassiliadis/ 
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Vassiliadis (1972) investigated the heart-rate changes in a group of begin

ning meditators and a non-meditating control gioup after 3-4 months and after 

6-9 months of meditation experience (for the experimental group). No signi-

ficant difference~ in terms 6f heart-rate changes had developed between the 

two groups at the end of J-4 months. That is, it was found that the decrease 

in heart-rate during Transcendental Meditation from pre-meditation resting 

levels was comparable to the decrease observed. in the controls during their 

rest period~ After 6-9 months of Transcendental Meditation experience, 

however, it was found that the heart-rates of the meditator group decreased 

by a significantly greater amount during meditation (P<,05) than that of the 

control group during their rest period. 

Walrath (in preparation) also reported finding a reduction in the heart-rate 

of 10 subjects during Transcendental Meditation from baseline heart-rate levels • 

. A longitudinal physiological and psychological study into the effects of 

Transcendental Meditation by Simpson, Dancereau and Giles ( 1971) ,that included 

a heart-rate examination was inconclusive. The authors suggested that this 

might have been due to their meditation and relaxation control subjects failing 

to practise their respective techniques throughout most of the experimental 

periods. 

A longitudinal study into the physiological effects of Transcendental Medita-

tion on a novice m~ditator group was conducted by Doxey (1972b). No signi-

ficant differences in terms of heart-rate were found to develop between a 

meditation group and a non-meditating resting control group over a period of 

three months. 

Touyz (1974), however, in a similar long-term physiological study, reported 

that the meditators showed a decrease in heart-rate during meditation as 

compared to a non-meditating control group. Neither group, however, 

demonstrated a significant heart-rate change over a 5-month period. These 

results appear to suggest that the meditation and control groups may have 

differed to some extent in terms of heart-rate at the onset of the longitu-

dinal study. 

In summary, the findings with-regard to .. heart-rate changes during meditation 

appear to be somewhat contradictory. Das and Gastaut (1966) and Leggett 

(1964)/ .•.••.• 
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(1964:) found meditation to be associated with increases in heart-rate whilst 

Bag chi and \fenger ( 1957), Vass il iadis .. ( 1972) (for Transcendental Meditation 

practitioners with up to 3-4: months' experience) and Doxey (1972b) found no 

relationship at all, and Wallace (1970a,b),Wallace and Benson (1972), 

Vassiliadis (1972) (for Transcendental Meditation practitioners with 6-~ 

months' experience), Timmons, Kamiya and Yeager (1970), \falrath (in prepara

tion) and Touyz (1974:) found meditation to be associated with a decrease in 

heart-rate. However, a number of the studies that reported finding medi-

tation to be accompanied by a heart-rate decrease failed to control for 

the possibility that the heart-rate reduction was simply a function of 

"resting11 • 

3 .1.5 Electrodermal Phenomena~ Bagchi and Wenger (1957) reported finding 

that the palmar skin resistance1 of yogis 11 ••• always increased during 

meditation" with the median increase being in the region of 56%. Some yogis 

were reported to have shown skin resistance increases of up to 70% to 10691> 

from resting levels during meditation. 

Akishige's (1968) thorough review of the physiological research into Zen 

meditation reported that the practice was accompanied by a fall in the number 

of spontaneous galvanic skin responses? It should be pointed out that 

this finding on a related eleGtro dermal phenomena is in no way incompatible 

with Bagchi and Wenger's (1957) finding of an increase in skin resistance 

during Yoga meditation. Both changes are indicative of increased physiolo-

gical stability or of a relative parasympathetic shift. 

Wallace (1970a,b) investigated the change~ in palmar skin resistance of 15 

subjects across pre-control, Transcendental Meditation and post-control 

conditions. He repor~ed that the changes he observed were probably the 

most "dramatic" physiological correlates of Transcendental Meditation. He 

found marked increases in the skin resistance of all subjects at the onse.t 

of meditation - 11 in some cases there were increases of over 500o/o after only 

'1.0 minutes of meditation (Wallace, 1970b) • 11 At the end of meditation, he 

reported/ •••••••••••• 
1 Skin Resistance - 11 Syn.onymous with 1 Fere effect 1 and 1 Exosomat ic 

Skin phenomena.' Measured by the application of weak controlled 
amounts of electrical current to skin .electrodes (Brown, 1967). 11 

2 spontaneous Galvanic Skin Responses- This phenomenon refers to both 
changes in skin potential (i.e., a measure of the electrical potential 
generated within the tissues) and changes in skin resistance (to a 
current applied externally to the skin) that do not occur Within an 
appropriate latent period following st1mulation. That is, they are 
not 11 inducedn electrodermal phenomena (Elsberg; Brown, 1967). 
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reported, the skin resistance decreased once more to resting values. 

(His data indicate, however, that the skin resistance was somewhat higher 

during the post-control conditions than during the pre-control conditions.) 

These findings were largely corroborated by the study of Wallace, Bens~n and 

Wilson (1971). They reported finding an increase from the pre-control 

resting.skin resistance level of about 90,9 kilohms to about 234:,6 kilohms 

during meditation. They found, however, that although the skin resistance 

decreased again after meditation, it still remained at a higher level than 

for the pre-control rest condition (at about 120 kilohms). 

Orme-Johnson (1971) examined.the effects of Transcendental Meditation on a 

number of electrodermal phenomena - GSR1 habituation, spontaneous GSR levels 

and secondary GSR responses? ·Eight meditators and 8 non-meditators were 

presented with a 100 dB, i second, 3000 Hz tone once every 53 seconds on 

average during the non-meditative state. It was found that the 11 inducedn 

GSR responses of.the meditators. habituated to the stimuli after significantly 

fewer presentations (about 11) lhan those of the non-meditators (about 26,1). 

Seven subjects from each group were then measured on their resting spontaneous 

GSR levels and it was found that the meditators made significantly fewer 

spontaneous GSRs (about 8,71 per 10 minutes) than the non-meditators (about 

35 per 10 minutes)ft Whereas the non-meditators had a spontaneous GSR 

frequency similar to the ·nnormaln levels reported in the literature, the 

meditators had unusually stable spontaneous GSRs. It was also found that 

the meditators had fewer "secondary responses" in the recovery limb of their 

GSR fluctuations than had the non-meditators. Furthermore, a correlation 

of 0, 73 was found between the number of spontaneous GSRs and the numbe.r of 

trials to criterion during extinction. A second study showed that a group 

of 8 non-meditators who planned to begin meditation had consistently more 

spontaneous GSRs than a group of 6 meditators. Once again, whilst the 

spontaneous GSR levels of the non-meditators were within "normaltt limits, 

the spontaneous GSR levels of the meditators were found to be unusually 

stable. Orme-Johnson~s (1971), not unacceptable, interpretation of his 

findings suggests that Transcendental Meditation is accompanied by a 

stabilisation/ ••••••• 

1orme-Johnson (1971) used the term 11 GSR" to refer to the 11 exosomatic 
skin phenomenon" or simply the 11 skin resistance11 • 

2These waves are in the recovery limb of the spontaneous GSR wave
form (Orme-Johnson, 1971). 
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stabilisation of the autonomic nervous system. 

Orme-Johnson, Kielbauch, Moore and Bristol (in press) investigated person-

ality and autonomic changes in 12 narcotic addict prisoners. The subjects 

were tested on spontaneous GSRs and on the Minnesota Multiphasic Person~lity 

Inventory before learning T~an~cendental Meditation and again 2 months later. 

A control group of 7 non-meditating prisoners was also tested at the same 

times. The results of 3 groups - regular meditators, irregular meditators 

and controls - weie compared and it was found that the regular meditators 

decreased their percentage of spontaneous GSRs significantly more than did 

either of.the other a groups. Furthermore, a significant correlation (r=·, 74) 

was found between the percentage decrease in spontaneous GSRs and the number 

of times that subjects meditated. The changes found on the HMPI and the 

relationship found between the GSR and MMPI changes are reviewed in section 

J.2.4. 

A reduction in the frequency of spontaneous GSRs was also reported by Walrath 

(in preparation) to accompany the practice of Transcendental Meditation. 

The evidence from the studies reviewed in this section strongly suggests 

that meditation, whether Yoga (Bagchi & Wenger, 1957), Zen (Akishige, 1968) 

or Transcendental Meditation (Wallace, 1970a, b; Wallace, Benson & Wilson, 

1971; 0rme-Johnson, 1971; Orme-Johnso~, et al, in press; Walrath, in 

preparation) is accompanied by marked and consistent changes in electro-

dermal activity (both in the short-term and over the long-term). The most 

widely corroborated finding is that meditation is accompanied by a marked 

increase in skin resistance (Bagchi & Wenger, 1957; Wallace, 1970a, b; 

Wallace, Benson & Wilson, 1971) and a decrease in the frequency of 

spontaneous GSRs (Akishige, 1968; Orme-Johnson, 1971; Walrath, in preparation)~ 

J .1.6 Metabolic Rate, Cardiac Output, Oxygen Consump_t ion, C02 Elim inat iont. 

Blood Gases and pH: Ondo (1965) reported that Zen meditation was accompan-

ied by a J0%-35% reduction in metabolic rate. Similarly, Sugi, et al (1964) 

are cited by Kasamatsu and Hirai (1966) as havipg found, on the basis of 

data on respiration rate, tidal volume and oxygen consumption, that Zen 

meditation was accompanied by a decrease in enerdy metabolism which was 

lower than resting metabolism. Akishige (1968) reported that the average 

decrease in metabolic rate during Zen meditation ''as 15o/o and some·times even 

25% be1ow/ •• ~ •••••••••••••• 
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25% below basal metabolic levels. 

Transcendental Meditation has also been described as a hypometabolic 
' 

physiological state (Wallace, Benson & Wilson, 1971) characterised by 

sympathetic nervous system quiescence ('lfallace & Benson, 1972). Further 

data follow related to the metabolic rate during Transcendental Meditation. 

Cardiac output has been described by Kanellakos (1970) and by Kanellakos 

and Lukas (1973) to be an accurate index of metabolic rate since the flow 

rate is proportionally related to the amount of oxygen that is carried to 

the tissues for metabolic processes. Wallace (1970b) measured the cardiac 

output from 5 subjects in duplicate before, during and after meditation and 

reported that it 11 decreased significantly during meditation in all 

subjects in whom it was measured. The mean decrease after 15 minutes 

of meditation was about 25% from the initial control period." 

Wallace, Benson and Wilson (1971) and Wallace (1970b) reported that the 

average total oxygen consumption of 20 subjects decreased significantly by 

about 40 ml./min. (or about 17%) from a pre-control resting level of about 

251,2 ml./min. during Transcendental Meditation and then partially increased 

again during the post-control period to an average of 242,1 ml./min. This 

significant decrease in oxygen consumption was accompanied by a decrease of 

about 30ml./min. in carbon dioxide elimination (although not significant) 

during meditation and an increase to pre-control resting levels in the post-

control resting period. However, no appreciable change in the respiratory 

exchange quotien~ (i.e., from 0,77-0,90) took place during meditation. 

Furthermore, no significant or consistent changes in either arterial pC0
2 

or p0
2 

were found by Wallace, Benson and Wilson (1971) to accompany the 

meditations of 10 subjects. A slight but si~nificarit decrease in arterial 

pH was found, however, and it was concluded that Transcendental Meditation 

resulted in a condition of 11 mild 11 metabolic acidosis. A similar pH trend 

has been described to accompany Zen meditation. 

Wallace and Benson (1972) suggested that since the. respiration quotient 

remained essentially unchanged across the pre-control, the meditation and the 

post~control conditions, whilst the oxygen consumption and carbon dioxide 

elimination/ 

1The ratio of carbon dioxide elimination to oxygen consumption (in volume);. 
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elimination decreased during meditation, the 11 controlling factor for both" 

was the reduction in the metabolic rate during meditation. This reduction 

was reflected in' a decrease, !!essentially involuntary, in the rate of 

respiration (off two breaths per minute)'', and in a decrease in cardiac output 

(of about 25%) • 

J .1. 7 Lactate in the Blood: Wallace (1970b) determined the blood lactate 

changes occurringbefore, during and after Transcendental Meditation in 2 

subjects. He reported that in both cases, the lactate concentrations 

decreased markedly at the onset of meditation and continued to remain low 

after meditation. 

This experiment was replicated on a larger sample of subjects by Wallace, 

Benson, Wilson and Garrett (1971). Blood samples were taken every 10 

minutes from the brachial arteri~s of 8 subjects for 20-30 minutes before, 

for 30 minutes during and for 10-20 minutes after the practice of meditation~ 

The blood lactate.concentrations were determined by enzymatic assay. It 

was found that the pre-meditation lactate levels (averaging 11,l± mg%) decreased 

significantly during meditation (to an average of 8,0 mg%), and in the post

meditation period, not only remained low (at .an average of 7,3 mg%) 7 but 

actually continued to decrease slightly (to an average of 6,85 mg%). The 

rate of decrease in lactate concentration during the pre-meditation period 

averaged 2,61 mg% per hour. At the onset of meditation, this rate increased 

significantly to 10,26 mgo/o per hour. 

A mechanism responsible for this marked drop in blood lactate concentration 

has been postulated (~lallace, Benson, Wilson & Garrett, 1971; Wallace, 

Benson & Wilson, 1971; Wallace & Benson, 1972). Although the relative 

contribution of the various body tissues toward lactate produ~tion has not 

been established, Wallace, Benson and Wilson (1971) cite Decker and 

Rosenbaum (194:2) as having assumed muscle tissue to be the major source. 

Since there is convincing evidence to suggest that meditation is accompanied 

by decreased sympathetic nervous system activity and hence a decrease in 

the production of norepinephrine which causes the constriction of blood 

vessels, meditation may be expected to be accompanied by increased somatic 

blood flow. Indeed, this has been reported by Rieckert (1967) who found a 

JOOo/o ir.crease in forearm blood flow during meditation and by Wallace and 

Benson (1972)/ •••••••••••••••• 
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Benson (1972) who found 11 a much more modest enhancement of blood flow.H 

(Since there appears to be no ~onsistent blood pressure changes during 

meditation- se~ section 3.1.2 ~the most likely explanation for the increased' 

somatic blood flow is in terms of a dilatation of the relevant blood vessels.) 

TIThe fall in blood lactate (may thus) ••• be explained by increased skeletal 

muscle blood flow 1vi th consequent increased aerobic metabolismn 1 (Wallace, 

Benson & Wilson, 1971). 

..1- 1. 8 Skin and Body Temperature: Bagchi and Wenger (1957) report~d that 

the skin temperature during Yoga meditation decreased by one degree c. 
within 10 minutes of beginning meditation. 

Wallace, Benson and Wilson (1971) examined the changes in the rectal 

temperatures of 5 subjects before~ during and after meditation. 

reported finding no significant changes. 

They 

Kanellakos and Lukas (1973) cite Ritterstaedt (1966) as having reported 

that forehead skin temperatures of subjects practising Transcendental 

Meditation increased by between 0,~ and 1,6 degrees C. Although an accurate 

infra-red radiometer measurement technique was employed, this preliminary 

report gave no indication of possible temperature changes during non

meditation resting control conditions. 

Hall (1971) investigated the cha~ges in radiated skin temperature over various 

body areas during Transcendental Neditation by means of an 11 AGA Thermovision 

camerarr which took infra-red photographs. Ten meditating and 5 non-

meditating subjects were tested. He reported finding that, in general, 

increases in skin temperature of 0~5 -1,0 degrees C. over the throat and 

forehead areas and of 0,5-3,5 degrees C. over the forearm was observed. 

Non-meditators were simply reported to have shown 11 somewhat 11 lower 

temperature increases than the meditators. 

Ritterstaedt and .Schenkluhn (1972) examined forehead skin temperature changes 

in experienced subjects (i.e., with 6-10 years experience) during the 

practice of Transcendental Meditation by means of a temperature sensitive 

diode. Four subjects were tested over 15 experimental sessions. It was 

found that the forehead temperature increased by about 0,7-0,8 degr~es C. 

if the meditators were well-rested prior to meditation and decreased by 

0,2-0,7 degrees/ ••••••••••••••••• 

'Lactate is a product of anaerobic metabolism 
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0,2-0,7 degrees C. if the meditators were tired before meditating. 

Kanellakos and Lukas (1973) wrote that the significance of this finding, 

e~en if repeatable, is unclear. 

Arm and forehead skin temperatures of novice meditators (i.e., with less 

than 6 months' experience) and non-meditating controls were examined by means 

of thermocouples by Vassiliadis (1972). Unlike Ritterstaedt and Schenkluhn 

(1972) who worked with llexperienced" meditators, Vassiliadis (1972) found 

that the forehead skin temperatures of his "novice" meditators decreased 

during a testing session, but he found that this decrease. '"as significantly 

less than that shown by the non-meditating controls. The arm temperatures 

of the novice meditators on the other hand, increased during the session 

and this increase was greater than that of the control group (P<,07). 

In summary therefore, although research into the relationship between 

meditation - particularly Transcendental Meditation - and this physiological 

Farameter is still in the preliminary stages, a number of trends have emerged 

and some tentative conclusions will be presented. The preliminary evidence 

favours the view that both forehead skin temperature (Hall, 1971; Ritter

staedt, 1966; Ritterstaedt & Schenkluhn, 1972; Vassiliadis, 1972) (or at 

least decreases less than that of a non-meditating control, in the case of 

the last reference) and arm skin temperature may increase (Holl, 1971; 

Vassiliadis, 1972) during the practise of Transcendental Meditation. The 

significance and reliability of these findings need further to be established 

before their possible implications need be seriously considered. 

3 .1.9 Electrooculograms (EOGs): \val lace ( 1970b) mea~ured the EOGs of 5 

Transcendental Meditation subjects across pre-control, meditation and post

control experimental conditions and reported finding no apparent eye-movement 

changes. 

).1.10 Electromyograrris (EMGs) and Body Motility: Das and Gastaut (1955) 

reported finding a complete cessation of peripheral EMG activity during the 

meditation of yogis even though they were sitting erect. The sensitivity 

of their recording equipment has been questioned, however, by Kanellakos 

and Lukas (197J). 

Datey, Deshmukh, et al (1969) similarly found that the practise of the Yoga 

breathing exercise/ ••••••••• ; 
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breathing exercise llShavasan 11 was accompanied by an almost total cessation 

of EMG activity. 

Akishige (1968) reported that Japanese scientists had found that the muscle 

tone of Zen monks was only about half that of a lay contr61 group. They 

further found that the duration of muscular contractions increased as a 

function of time elapsed into meditation. For e~ample, after 5 minutes, 

the contraction-duration of the extensor communis muscle averaged 1,83 

seconds, after 20 minutes, 2,23 seconds and after 40 minutes, 2,80 seconds. 

Otis, Kanellakos, et al (1972) examined the effects of Transcendental 

Meditation on EMG activity. Although both a meditating and a control group 

showed a decline in EMG activity as a function of time spent in the testing 

session, no significant differences were found to develop between the two 

groups. The experimenters concluded that meditators (with 3 months' 

experience) exhibited only slightly greater EMG activity reduction during 

meditation than did a control group during a rest condition. 

It thus appears that the available evidence points to the conclusion that 

Transcendent~! Meditation (Otis, Kanellakos, et al, ~972) may be accompanied 

by decreased muscular activity. Additional research is required, however, 

in order to establish both the repeatibility and the si~nificance of these 

findings. 

3.2 Psvchological Correlates of Meditation 

Am6ngst the claims made for Transcendental Meditation by its proponents 

is that its regular practise leads to innumerable benefits - the most 

frequently reported being increased self-actualisation, increased peace 

within oneself, increased energy levels, loss of anxiety, relief from 

psychomotor symptoms, increased happiness, greater utilisation of creative 

potential (Otis, 1972), and an improved perception of natural phenomena 

(Brown, Stewart & Blodgett, 1971) due to lower perceptual thresholds 

(Graham, 1971). Until quite recently, none of these claims had received 

scientific validation and even now the number of published research 

articles in the area is small. Consequently, many of the studies reviewed 

here are unpublished papers and personal communications. 

3.2.1 Perceptual/ ••••••••••••• 
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J.2.1 Perceptual-Motor Changes: Blasdell (1971) performed a pilot stud~ . 

to examine the effects of Trartscend~ntal Meditation on a perceptual-motor 

task - the Mirror Star Tracing Task. He hypothesised that meditators 

would perform better at the task in terms of speed and accuracy than would 

non-meditators. The subjects consisted of 15 randomly selected meditators 

and 16 randomly selected non-meditators who were planning to learn meditation. 

The experimental procedure consisted of the subjects sitting for 20 minutes 

in a dimly lit room - the meditators were requested to meditate whilst the 

non-meditators were asked to relax with their eyes closed - after which 

they performed the task. Each subject was given 5 trials on the task and 

his performance was scored in terms o£ speed and accuracy. The results 

indicated that not only did the meditators generally complete the task 

sooner but that they also made 11 prettier11 pictures. The meditators also 

claimed to be less frustrated by the task than the non-meditators. 

Blasdell suggested 11 ••• that meditators are more field-independent, relying 

on their kinesthetic cues rather than being dependent upon the visual field • . 
This would result in their greater ability to resolve the visual motor 

conflict quickly and without getting bog.ged down with abstract thinking 

about what to do. 11 Blasdell concluded that the 11 ••• evidence at this 

point supports the hypothesis that people practising the technique of 

Transcendental Meditation will perform more efficiently on a perceptual-

motor task than those who do not. The results are inconclusive, however, 

as they have. been evaluated subjectively and are susceptible to experimenter's 

bias.n His findings are rendered inconclusive by yet another experimental 

inadequacy. The design does not permit one to establish whether the 

obtained differences between the two groups on the perceptual-motor task 

were not simple due to pre-existing differences between the two groups 

rather than to ~heir practising their respective techniques. That is, no 

pre-meditation and pre-relaxation measures were obtained. Finally, the 

statistical significance of the reported findings was not stated. 

Shaw and Kolb ("1971) tested the hypothesis that Transcendental Meditation 

improves coordination between ttmind arid body11 by means of an experiment 

designed to measure subjects' speed of reaction to stimuli. The exper-

imental task consisted of having subjects respond to a light-flash by moving 

their hands from a resting position to press a button 20 em away. The 

subjects comprised an experimental group of 9 meditators and a control group 

of 9/ ..•.•••••••••••••• 
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of 9 non-meditators. Each experimental session consisted of (1) a few 

learning t~ials, (2) a block of 100 trials with the reaction-time device, 

(J) a 2o~minute interval during which the experimental subjects meditated 

and t~e controls rested with their eyes closed, and (4) another block of 

100 reaction-time trials. The results indicated that not only were the 

reaction-times of tbe meditators initially faste~ than those of the non

meditators (by about 300/J) but also that their reaction-times improved 

further by about 12% after meditation whereas those of the non-meditators 

became slov,'er (by about 10%) after rest. Although the author failed to 

give the statistical significance of these findings, Kanellakos and Lukas 

( 1973) performed a non-parametric (the Sign Test) statistical analysis on 

the data and found it to be highly significant (P<,004). Shaw and Kolb 

(1971) concluded that: "It therefore seems that by practising Transcen-

77 

dental Meditation, the senses of the human body are sharpened and the body 

can react more efficiently to sensory stimulation. The individual is also 

brighter in mood and wit, and he is also more responsive in conversation. 11 

Les;s impressive were the findings of Brown, Stewart and Blodgett ( 1971) 

who e,xamined both the physiological (see section J.2) and psychological 

effects of Transcendental Meditation. They hypothesised that performance 

Dn 4 perceptual and perceptual-motor tasks would be enhanced following 

meditation. The 4 tasks consisted of; (a) a two-point threshold deter-

ruination of skin sensitivity, (b) visual brightness discrimination, 

(c) ~imple, and (d) complex or four-choice visual reaction-time deter-

ruination (Kling & Riggs, 1971). (The results of tasks (a) and (b), being 

more 11 perceptual 11 in nature, are more fully described in section }.2.2.) 

The subject.s consisted of 11 meditators and 11 non-meditators. The 

experimental procedure consisted of testing subjects on the tasks prior to 

and after either the meditation or the control conditions. Physiological 

data were also monitored. Brown~ Stewart and Blodgett (197~) repbrted 

that: "Statistical analysis of the results of the differences in each of 

the perceptual performance measures indicated no apparent significance 

between or within the 2 groups. Both groups improved, in general, with 

the post-test.n This post-test improvement may be interpreted as a 

possible 11 learning effect 11 since the study failed to control for this 

variable by counterbalancing the ordering of the pre- and post-meditation 

tasks. These findings are, notwithstanding the above criticism, directly 

contradictory to those of Shaw and Kolb (1971) who reported that meditation 

resulted in/ ········A····· 
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resulted in enhanced perceptual-motor ability and specifically in increased 

reaction-time performance. 

Brown, Stewart and Blodgett (1971) then post-hoc re-analysed their data 

using a procedure of questionable validity. They somewhat arbitrarily 

selected changes in 3 physiological variables - decreased heart-rate, 

decreased respiratory-rate and increased frontal 8-12 Hz EEG activity - as 

being characteristic of 11 criterion meditation". Only J of the 11 meditators 

and 1 of the 11 controls demonstrated the changes that corresponded to this 

strict criterion. They reported that all 3 of the "criterion meditators" 

increased in efficiency on the 4 tasks after meditation whereas the non

meditating control who fulfilled the physiological criterion decreased in 

performance on J of the 4 tasks after rest. This data was used to support 

their conclusion that "criterion meditationlf leads to heightened perceptual 

performance. Howeve~, in view of the questionable status of the concept 

11 criterion meditation", as well as of the unacceptably small number of 

!!criterion meditators!! employed (J) and the lack of statistical backing, 

their conclusion appears to be founded upon questionable and inadequate data. 

In summary, although all J of the studies reviewed concluded that their 

findings supported the notion of Transcendental Meditation being associated 

with enhanced perceptual-motor performance, 2 of the studies (Blasdell, 

1971; Brown, Stewart & Blodgett, 1971) are totally lacking in conventi~nal 

scientific rigour. Furthermore, in view of the fact that Shaw and Kolb 1 s 

(1971) positive finding-s are directly contradicted by the findings of a 

comparable aspect of Brown, Stewart and Blodgett's (1971) study (a portion 

that appears to be methodologically sound), the hypothesis that Transcendental 

Meditation leads to heightened perceptual-motor performance may be seen to 

be still without acceptable scientific support. 

J.2.2 Sensory-Perceptual Changes: Graham (1971) conducted a pilot study 

to evaluate the frequently reported subjective claim of meditation 

practitioners that meditation results in improved percep~ion. The working 

hypothesis vias n that the regular practise of Transcendeni:al Hedi tat ion 

will tend to progressively lo\\'er perceptual thresholds." The experiment 

employed 8 subjects in a within-subjects design. The dependent variable 

"'as the subjects 1 acoustical frequency and amplitude· discrimination 

thresholds. The balanced experimental design required 4 subjects to be 

,; 

tested before/ ••••••.•••••• 
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tested before and after 20 minutes meditation and then later to be tested 

before and after reading a book for 20 minutes (control condition). 

Another 4 subjects had the· order of the e~perimental and control conditions 

reversed. It was found that 11 there was a great improvement (i.e., a drop 

in threshold) after meditating for 20 minutes and the differences were 

significant ••• u In a personal communication to Kanellakos (1972), 

Graham speculated that: 11 It is possible that psychological factors such 

as attention could account £or significant changes at threshold levels. 

Another possibility is that neural changes are occurring in the auditory· 

nerves or the auditory cortex ••• Another possibility is the lowering 

of neural noise (random firing of neurons in the brain) and subsequent 

modification of l~feber 1 s Law. 11 This elegant study appears to provide 

convincing evidence in support of the hypothesis that the regular practise 

of Transcendental Meditation may lower perceptual thresholds. 

Brown 1 Stewart and Blodgett (1971) examined the effects of Transcendental 

Meditation on a number of perceptual-motor and sensory-perceptual parameters. 

The sensory-perceptual tasks consisted of a two-point threshold determinat-

iou of skin sensitivity and visual brightness discrimination~ The 

experimental method and results have already been discussed in section 

J.2.L Briefly, no significant differences were obtained between a 

meditating and a non-meditating group on any of the dependent variables. 

However, "criterion meditators 11 were found to show improvement on these 

tasks following meditation. The questionable val.idi.:ty of this latter 

finding is discussed in section 3~2.1. 

There~ore, although Brown, Stewart and Blodgett's (1971) findings regard

ing impvroved perceptual performance resulting from Transcendental 

Meditation are somewhat questionable, Graham (1971) appears to have provided 

convincing evidence for a possible relationship between the practice and 

lowered perceptual thresholds. 

3.2.3 Learning Ability and Intelligence Changes: Abrams (1972) conducted 

a pilot study to examine the effects of Transcendental Meditation on such 

learriing functions as aquisition rate, toleration of interference and 

retention. The subjects consisted of 30 undergraduates with either no 

meditation experience (13 subjects), 6 months' experience (11 subjects) or 

less than one months' experience (6 subjects). The first experimental 

session involved/ •••.••••• 
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session involved the subjects learning two paired-associate lists during 

the presence of a 11 Von Restorff producing interference variable". In 
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a second session a week later, the subjects were given a third paired

associate list to learn to criterion after which they were randomly 

assigned to one of JX25-minute "interval" conditions - free recall 

learning, rest, or meditation (except for the non-meditators who were not 

assigned to the latter condition) - and finally tested afterwards for their 

retention of this third list. Using non-parametric statistics, Abrams 

found no significant relationship beb.,reen the 11 interval" activity and retent-

ion or acquisition of paired-associates. On the other hand, a direct 

relationship between amount of meditation experience and acquisition rate 

.and recall performance was found. nGenerally speaking, Transcendental 

Meditation subjects acquired paired-associated faster than both non

meditators and beginning meditators, and recalled a higher number of 

paired-associates over a 25-minute and week interval." The author concluded 

that his data supported the contention that the benefits of Transcendental 

Meditation are cumulative in nature. This conclusion is, however, open 

to at least one important criticism. Abrams' design failed to exclude the 

possibility that the differences he found between meditators, beginning 

meditators and non-meditators were simply a function of pre-existing 

differences between the~e groups rather than a function of the cumulative 

effects of meditation. Since both of the meditator groups were somewhat 

11 self-selectedll or predisposed, it seems possible that these groups m;i_gh-t 

have differed on at least some variables from the control subjects who 

n selected!! not to become medi:ta·tors. In other words, Abrams (1972) 

confounded the effects of cumulative meditation practice with subjects' 

predisposition to meditation. 

Tjoa (1972) performed a pilot study to investigate the effects of Trans

cendental Meditation on measures of nneuroticismn and 11 intelligencen. 

His hypothesis was that regular practise would result in lowered neuroticism 

(as measured on the nNeorotische Labiliteit gemetem volgends de Vragen

lystmetlode11 - Wilde, 1963) and increased intelligence (as measured on the 

11 Didderent iele Aanlegtests 1 Figurexrecksenn - Fokkema. & Dinkzwager, 1960). 

A high school class of 20 subjects were tested on these two psychological 

instruments prior to 14 of them starting meditation and again exactly one 

year later. On the basis of a questionnaire, an experimental group of the 

7 most regular meditators was formed and compared with a control grour 

\.: comprising/ •••••••••..•. 
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comprising 6 non-meditating subjects in the class. The results indicated 

that the experimental group, but not the control group, changed significant-

lyon both "intelligence!! and ilneuroticism" (P<,05). The experimental 

group, although starting on a sor'ewhat higher level of 11 neuroticism11 than 

the control group, ended-up after a year on a lower level. Similarly, 

the experimental group, although originally lower on !!intelligence", ended

tip on a slightly higher level than the control group. Extreme caution 

is urged, however, in interpreting Tjoa's (1972) data. Firstly~ his report 

failed to mention whether he attempted to "equate" his experimental and 

control subjects with respect to the "Hawthorn Effect 11 , and secondly, the 

number of subjects employed was too small to have permitted him to general

ise his findings reliably to the general population. Possibly in recog

nition of this latter shortcoming, Tjoa (1972) is currently attempting to 

replicate and extend the findings of his pilot study on a "much bigger 

scale". 

Although the findings of these two pilot studies (Abrams, 1972; Tjoa, 

:1.972) tend to ·indicate a relationship between long-term regular Transcen

dental :Meditation practise and changes in learning ability/intelligence, 

methodological inadequacies necessitate e~treme caution in making anything 

but the most tentative of conclusions - that there appears to be some 

evidence to suggest that long-term medi tat io·n practise might be accompanied 

by (and therefore, no direct causative relationship is implied) enhanced 

learning ability/intelligence. 

3.2.4 Pencil-and-Paper Psychological Test Changes: Psychological 

research into Transcendental Meditation has frequently confounded the effects 

of one or more of the following factors: 

(1) Predisposed persons, that is, those who voluntarily choose to learn 

meditation, are invariably used as experimental subjects. This gives 

·rise to doubts concerning the generalisability of the findings 

obtained. on these predisposed subjects to non-predisposed populations. 

More specifically, would the reported 11 positive11 psychological 

correlates of Transcendental Meditation accrue also to non~predisposed 

persons who practised the techniqueZ 

(2) A related problem is that of comparing predisposed experimental 

subjects (i.e., meditators) with control subjects who are not (i.e., 

non-meditators)./ 
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non-meditators). This strategy confounds "predisposition toward 

meditation" with other meditation-associated factors. 

(3) Since the acttial practice of meditation is intimately associated 

with the attending of lectures and discussions provided by the 

International Meditation Society (especially during the earlier stages 

of learning the technique), practitioners are exposed to the norms 

and social pressures of the meditation society. A meditator thus 

comes under considerable pressure to behave and respond in ways 

corresponding to what he perceives to be acceptable to the social 

group. This may even include his behaviour and responses as measured 

on many psychological instruments. More specifically, since a 

meditator is under social pressure to display 11 positiven psychological 

characteristics, he may describe himself as such on psychological 

tests. 

(4) Since it appears possible that in many instances, simply taking the 

decision to begin meditation could be a contributory factor under

lying changes in measurable psychological dimensions, its influence 

may frequently be confounded with that of other meditation-associated 

factors - particularly, the regular practise of meditatiori itself. 

This iS simply the well-known clinical phenomenon of patients reporting 

''therapeutic benefits" to accompany their decision to consult a 

clinician or the frequently reported "cures" after only one 

t.herapeut ic session (Otis, 1973). 

(5) Closely related to the above is the possible psychological effects 

of the meditation initiation ceremony. Once again, like "the 

decision to learn meditatio~', this ceremony could contribute toward 

measurable psychological changes and be confounded with the effects 

of other meditation-associated factors. 

The first published report on the more 11 molar 11 psychological influences 

of Transcendental Meditation was that of Seeman, Nidich and Banta (1972). 

They tested the hypothesis that meditation influences, in a 11 positive" 

direction, measures derived from a widely-used inventory of 11 self

actualisation11 - the Personal Orientation Inventory (POI) developed by 

Shostrom (1966). The experimental procedure consisted of· administering 

the POI/ ••••••••.••.•..••• 
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the POI to an experimental group of 15 subjects prior to their beginning a 

programme of meditation and also to a control group of 20 subjec·ts who did 

not intend to be~in the practice. The experimental and control groups were 

found not to differ significantly on any of the 12 sub-scales of the POI on 

this first administration. After the experimental subjects had had two 

months regular meditation experience, the POI was re-administered to both 

groups. ·On this occasion it was found that the experimental and control 

groups differed tt significantly" on 6 of the 12. sub-scale.s of the POI -

Inner/Outer Directed (P<01), Self-Regard (P<,02), Spontaneity (P<,001), 

Acceptance of Aggression (P~02), Acceptance (P<,01) and Self-Actualising 

Value (P<,10). In all instances, the meditation group had moved in the 

predicted direction of enhanced 11 self-actualisationu. The psychological 

import of these findings and implications for further study '>~ere also dis-

cussed. 

Nidich, Seeman and Dreskin (in press) performed a study to. replicate the aboye 

study of Seeman, Nidich and Banta (1972). Using the same experimental de-

sign, they reported that although no significant differences on the POI were 

found between the experimental and control groups on the first administra

tion, after the experimental group had had two months' meditation experience, 

significant differences on 10 of the 12 sub-scales of the POI emerged - Inner 

Directedness ( P<, 01), Time Competent ( P<, 05), Sel f-Ac:tual.ising Value (P<, 01), 

Spontaneity (P<,01), Feeling Reactivity (P<,05), Self-Acceptance (P<,05), 

Capacity for Intimate Contact (P<,05), Acceptance of Aggression (P<,10) 1 

Existentiality (P<,10) and Self-Regard (P<,10). Once again, it was found 

that the experimental, but not the control group, had mbved in the expected 

direction of increased 11 self-actualisation11 • They concluded that they had 

replicated the findings of the previous study (Seeman, Nidich & Banta, 1972). 

\{hilst the reliability of the findings reported by the above two studies 

(Seeman, Nidich & Banta, 1972; Nidich, Seeman & Dreskin, in press) appear 

to be acceptably high, methodological inadequacies appear to give rise to 

interpretation difficulties. Both of the studies concluded that: 11 The 

practise of Transcendental Meditation for a t\vo-month period had a salutary 

influence on a subject's psychological state as measured by the POI11 • 

However, since the possible 11 salutary influences 11 of 11 the decision to 

learn medi t.at ion11 , 11 the initiation into medi tation11 and 11 medi ta·t ion-associ

ated social pre ssures11 are confounded '"i th the 11 two-month period of medi ta-

t · · · s uj ~on prac~~ e •••••• 
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tion pre.ctiseu, it is unclear v.rhich variable or combi_nation of variables 

were responsible for the measured changes. The experimental design, in 

fact, does not even permit one to establish whether meditation practise per 

se has any measurable psychological influence at all. That is, the study 

provides no acceptable evidence to suggest that Transcendental Meditation 

has a cumulative (or time-dependent) 11 positive 11 psychological effect. 

Finally, even though the studies did ensure that the predisposed experimental 

group and the non-predisposed control group were originally equated on the 

relevant dependent variables (thus avoiding one of the 5 ways of confounding 

the data, as described earlier in this section), the fact that the experi

mental subjects were predisposed introduces doubt as to the generalisability 

of their findings to the general population (which is presumably composed 

largely o£ non-predisposed individuals). 

Nidich, Seeman and Seibert (in press) investigated the influence of Transcen

dental Meditation on a measure of "State Anxiety" (STAI A-State Anxiety Scale). 

The scale was administered to a control group of non-meditators and an 

experimental group of meditators. Six weeks later, the subjects were sub-

jected to a de~andtng task followed by instructions for the controls to 

11 sit with eyes closedn and the experimental subjects to 11 begin meditation11 • 

After 15 minutes, the "State Anxiety" scale was re-administered to both 

groups and it was reported that meditation influenced the scale in a 11 posi-

tive 11 direction. for the meditators (P<j05). Since no further details "'ere 

provided in this pre-publication report, an adequate evaluation of their 

claim of having demonstrated a 11 State-Anxiety 11 reducing influence of 

Transcendental Meditation cannot be made. Nevertheless, the information 

provided is adequq.i:e to permit criticism on at least one count. Since the 

experimental subjects were predisposed practitioners, the generalisability 

of their findings to other populations is suspect. 

Hjelle (in press) conducted an experiment to investigate the relationship 

between 11 Transcendental. Meditation and psychological health11 • · Employing a 

short-term experimental design, a group of 15 "experienced meditators'' (with 

a mean experience of 22 months) and a group of 21 11 novice meditators 11 (who 

intended starting meditation four days later) were compared on the Bendig's 

Anxiety Scale, Rotter's Locus of Control Scale and Shostrom's POI of ''self-

actualisationH. The author reported finding that the 11 experienced medi-

tators" were significantly less 11 anxious 11 (P<,001) and more 11 internally 

coi1.trolled11 / ••••••••••• 
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controlledtl (P<,001) than the llnovice meditators 11 • Furthermore, the 11 ex

perienced meditators 11 scored significantly higher (and hence were more 

11 self-actualise~ 1 ) on 7 of the 12 POI sub-scales - Inner/Outer Directed 

(P<,01), Feeling Reactivity (P<,05), Spontaneity (P<,001), Self-Regard 

(P<,001), Nature of Man Constructive (P<,1o), Synergy (P<,10), Capacity 

for Intimate Contact (P<,05), Time Competence (P<,001) and Self-Actualis-

ing Value (P<,01)~ Hjelle concluded that these ttimpressiven results hold 

potential therapeutic implications for Transcendental Heditation. The 

study is subject, however, to a number of criticisms. Firstly, it is 

hardly correct for Hjelle to term the subjects who had not yet even learned 

the technique of meditation nnovice medi tators 11 • They were, more correctly, 

simply a non-meditating control group comprised of somewhat predisposed sub

jects. Secondly, since no pre-training data on the two groups were avai

lables the differences found between them might conceivably have existed prior 

to the "experienced meditators!! learning meditation. These differences 

might be associated with differences in predisposition toward meditation be

tween the "experienced meditators!! and the nnovice meditators!!. It appears 

probably that the 11 experienced meditators 0 were initially somewhat higher on 

average with respect to predisposition than the 11 novice meditators!!, many of 

whom "'ere likely to abandon meditation within 22 months of learning the 

practicee The influence, therefore, of the variables - predisposition to 

meditation and the practise of meditation - are hopelessly confounded. In 

addition, the variables, "the decision to learn meditation!!, nthe initiation 

into meditation!! and ffthe meditation-associated social pressures 11 are also 

confounded with 11 the practise of meditation1! and 11 predisposition toward 

meditation". It is hence somewhat unclear as to just which factor or group 

of factors to attribute the psychological differences found between the two 

groups. Finally, the study's employment of predisposed subjects casts some 

rloubt on the generalisability of the findings to non-prediposed populations. 

Ferguson and Gowan (in press) investigated the effects of Transcendental Medi

tation on. the Cattell Anxiety Scale, the Spielberger Anxiety Inventory and 

the Northridge Developmental Scale, a measure of rt self-actual isationn '''ith 

sub-scales for !!aggression!!, 11 depressionn and rtneurotici.srnn. In the first 

part of the study, these scales were administered to an experimental group 

of 31 subjects 3 days prior to their beginning a programme of meditation 

and to a control group of 19 subjects who did not intend to learn the 

practice. The scales were re-administered to both groups 6! "'eeks later. 

The results/ •• ~ •••• 
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The results indicated that the experimental, but not the control group, 

decreased significantly on the Spielberger Anxiety Inventory (P<,0005), 

the Cattell Anxiety Scale (P<,025) and on 11 depressionn (P<,005) and 

Hneuroticismn (P<,O:l.). Furthermore, the meditators increased signifi

cantly on 11 self-actualisation11 (P<,025) whereas the controls did not. 

In the second part of the study, the same psychological instruments were 

administered to a third group of 16 11 long-term 11 meditators and their 

scores "'ere compared '"i th those of the 11 short-term" meditators. It was 

found that the 11 long-term meditators 11 were significantly lower than the 

11 short-term meditators" on "anxiety11 as measured by both the Spielberger 

Inventory (P<,025) and the Cattell Scale (P<,0005) and on "depression" 

(P<,01) and 11 neuroticism" (P<,005). 

on "self-actualisation" (P<,0005). 

They were also significantly higher 

The authors concluded that: "These 

results indicate increased psychological health with length of time medi

tating. • •• the present study replicates the findings of other investi-

gators. Meditators are found not only to decrease negative personality 

characteristics, suggesting useful clinical applications, but they also 

grow in the ~ualities of self-actualisation found in the healthiest, most 

creative members of society .tt 
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This study (Ferguson & Gowan, in press) underlines again the reliability of 

the measurable psychological concomitants of Transcendental Meditation, but 

once more methodological inadequacies result in the data being open to a 

number of alternative interpretations. The experimental design of the 

first part of this study mirrors those of Seeman, Nidich and Banta (1972) 

and Nidich, Seeman and Dreskin (in press) and consequently shares the same 

methodological weaknesses and interpretation difficulties. That is, the 

influence of the factors, }~'level of predisposition to meditation 11 , 

ttdecision to learn meditation", "ini~iation into meditation" and 11 medita

tion-associated social pressures" are confounded with "meditation practise". 

The second part of the study mi~rors in design that of Hjelle (in press) 

and consequently shares its methodological weaknesses and interpretation 

problems. That is 1 it is unclear whether the differences found between 

the ttlong-term 11 and the 11 short-termtt meditators are functionally related 

to their "length of time meditating11 or simply to differences in pre

disposition to meditation of t6e two groups prior to their learning medi-

tat ion. It may be assumed that the "long-term meditators 11 -v.·ere initially 

more .predisposed to medi tat i'on than the "short-term meditators", many of 

whom are/ ·····~··· 
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whom are:likely to cease meditating before they become "long-term medita-

tors". "Length of time m.editation 11 and "level of predisposition to medi-

tation11 are thus confounded in the second part of this study. Finally, 

the generalisability of the findings from both parts of this study (Fergu

son & Gowan, in press) are questionable in view of the fact that the data 

were obtained from predisposed samples. 

Tjoa's (1972) study, in which he reported finding that high school children 

who had practised Transcendental Meditation for a year increased signifi

cantly on "intelligence" and decreased significantly on "neuroticism!! 

whe~eas those who did not, practise the technique showed no such changes, 

has been reviewed in section 3.2.3. Caution was urged regarding his inter

pretation of his results due to (1) his failure to equate his meditators 

and non-meditators on the "Hawthorn Effect 11 , and (2) in vie'"' of the small 

number of subjects employBd. His conclusions may, in addition, be criti-

cised since his reported finding of a decrease in 11 neuroticism 11 and an in

crease in "intelligence" might also be attributed to a number of factors 

other than 11 the regular practise of meditationtr. The experimental design 

hopelessly confounded the possiblecontributing influence of such factors 

as 11 the decision to learn meditationn, "initiation into meditation11 , 11 level 

of predisposition to meditation 11 and "meditation-associated social pres-

sures11 with the "regular practise of meditation". Finally, the generali-

sability of the findings are also somewhat suspect in view of the employ

ment of predisposed children in the experimental group. 

Fehr, Nerstheimer and Tarber (1972) investigated the effects .of Transcendental 

Meditation on 49 teachers of meditation in Germany by means of the Frei

burger Personality Inventory (FPI) - a test reported to be similar to the 

MMPI. The FPI, whose statistical distribution is well established in the 

Berman population, comprises 9 separate indices of "nervousness", "aggres

sion11, 11 depression", "irritability", "sociability", 11 calmness 11 , "inconsider-

ateness 11 , "tension" and "openness 11 (a form of lie scale). In addition, three 

other indices- "extraversion", "neuroticism" and 11 masculinity11 -were 

developed by item analysis techniques. The subjects were divided into a 

-~roup of 20 consisting of those with less than 4 years' experience at medi

tation (with a mean of 2,75 years) and a group of 29 consisting of those 

with from 4 to 11,2 years' experience (with a mean of 7,8 years). Each 

group/ ••••••••••••• 
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group was compared to a "syntheti9 control group" constructed from the 

weighted mean scores and standard deviations of the population norms match

ed with respect to sex and age. It was found that the first meditation 

group differed significantly from its "synthetic control" on only "irri

tability" (P<,OS) and "inconsiderateness 11 (P<,001). In both instances, 

the meditators had significantly lower scores. The second meditation 

group on the other hand, obtained significantly lower scores (P<,001) than 

its 11 synthetic controi11 on "nervousness", "depression", "irritability", 

11 inconsiderateness 11 , 11 tension11 and 11 neu.roticism 11 and significantly higher 

scores on "sociability11 (P<,02), "calmness" (P<,01) and 11 masculinity11 

(P<,001). The authors conc.luded that: "The results suggest that the 

changes observed may be related to the practise of Transcendental Meditation. 

It also appears that the .longer that meditation is practised, the ~reater are 

the expected differences between meditators and non-meditators"• 

This short-term study, somewhat similar in design to those of Hjelle (in 

press) and Ferguson and Gowan's (in press) second experiment, once again 

demonstrates the reliability of the finding of "positive" psychological 

concomitants of Transcendental Meditation. However, limitations with · 

respect to ex~erimental design result in the data being open to a number of 

alternative interpretations. Possibly the most serious weakness of Fehr, 

et alts (1972) study lies in their confounding of the effects of the vari

ables, "regular practise of meditationH and 11 predisposition to meditation". 

That is, the fact that the experimental groups consisted of teachers of 

Transcendental Hedi tat ion, an obviously hi_ghly predisposed sample, whereas 

the 11 synthetic control 11 groups consisted of norms drawn from a largely 

non-predisposed population, it follows that differences found between the 

groups could be attributed, wholly or in part, to differences in predis

po~ition to meditation. The finding that the-more experienced meditators 

demonstrated more significant differences from their non-meditating "syn

thetic control" -group than did the less experienced meditators, may also 

be accounted for in terms of possible predisposition differences between 

the 2 meditation groups. (It may be assumed that the more experienced 

meditators were initially, prior to their learning meditation, more pre

disposed on average than t:he less experienced meditators, many of "'hom are 

1 ikely to cease meditating before 11 qual ifying11 as experienced meditators.) 

The study has therefore failed to eliminate the possibility that the obtained 

differences were simply a function of differences in predisposition across 

\.' 

the groups/ ••••••••• 
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the groupso Addi tiona! factors confounded with 11 medi tat ion practise'' 

are 11 the decision to learn meditation" and 11 meditation-associated social 

pressures". The auth6rs (Fehr, Nerstheimer and Tarber, 1972) have thus 

failed to establish whether the psychological differences they found be-

tween the experimental and control groups were related to: (1) differ-

ences in predisposition to meditation across the groups; (2) the deci-

sion of the experimental groups to learn meditation; ( 3) the initia-

tion of the experimental groups into meditation; (4) the exposure of 

the experimental groups to meditation-associated social pressures; (5) 

the actual amount of meditation experience of the experimental groups or 

(6) an interaction of some or all of these factors. 

Landrith (1972) administered a modified version of the questionnaire used 

by Shelly (in press) to "assess and understand" the perceived rrhappinessn 

claimed by practitioners of Transcendental Meditation. Approximately 
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160 Transcendental Meditators and 145 non-meditating controls, matched for 

age and background, were compar~d on this questionnaire. On the basis of 

his findings 1 he concluded that: "Compared "'i th non-meditators, medi ta-

tors: (1) are happier and more relaxed; (2) experienced the feeling 

of enjo)~ent oftener; 

spend more time alone; 

(3) seek social contact just as often, yet tend to 

( 4) develop deeper personal relationships and de-

pend less on their external surroundings for happiness; (5) seek emo-

tional arousal just as often - for example, by engaging in new activities -

but tend to avoid extremes of .arousal." He maintained furthermore that 

this evidence support~ the position that meditators exhibit characteris

tics of self-actualised persons. 

This study is open to criticism on many counts. Besides failing to offer 

statistical support for his conclusions, he compared predisposed experi

mental subjects with non-predisposed controls, hence hopelessly confounding 

the possible effects of "regular meditation _practise" and "predisposition 

to meditation11 • Also confounded are the factors, 11 the decision to learn 

meditation11 , "initiation into meditation" and 11 meditation-associated social 

pressures 11 • Finally, the employment of a prediposed experimental group 

casts some doubt upon the generalisability of the reported findings. 

Orme-Johnson, Kiehlbaven, Moore and Bristol (in press) conducted a study 
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to e:xamine the effects of regularity of.meditation on "frequency of spon

taneous GSRs 11 (see section 3.1.5) and on scores of the Minnesota Multi-

phasic Personality Inventory (MMPI). Twelve narcotic addict prisoners 

were tested on "spontaneous GSRstt and on the MMPI prior to and again t"'O 

months after beginning a programme of Transcendental Meditation. A con

trol group of 7 non-meditators were tested at the same times. For analy

sis purposes, the meditators were divided into a group of 5 regular medi

tators {who meditated at least half the prescribed times) and a group of 

7 irregular meditators. It was found that although all 3 groups decreas-

ed in spontaneous GSR frequency from the first testing (a laboratory adap

tation effect), the decrease was significantly greater for the 11 regular 

meditators 11 than for the "irregular meditators" (P<,0005) or the controls 

(P<,05). Furthermore, the correlation between "regularity of meditation" 

and spontaneous GSR decrease was r~,738 (P<,01). Although there were ini-

tially no significant differences between the 3 groups on any of the MMPI 

sub-scales, it was found that the ttregular meditators" decreased signifi

cantly more than the controls on "psychasthenia" ( P<, 025) and "social intro

version" {P<,05) and significantly more than the 11 irregular meditators 11 on 

"psychasthenia" (P<,05). Orme-Johnson, et al (in press) interpreted these 

results to indicate that the more subjects meditate, the more they simultan~ 

eously gained in "psychophysiological stability" (as indicated by the de

creased spontaneous GSR lability) and "behavioural flexibility" (as indi

cated by the decreased "psychasthenia"), accompanied by increased "social 

outgoingnessn (as indicated by decreased 11 social introversion"}. He con-

eluded that "meditation provides a very profound physiological and psycho

logical basis for the rehabilitation of prisoners and that the regularity 

of meditation is crucial to its effectiveness." 

However, in view of the fact that differences in predisposition to meditation 

undoubtedly influenced subjects 1 eventual classification as 11 controls 11 ( w·ho 

were presumably not predisposed), 11 irregular meditators" or "regular medi

tators" (who were, presumably, initially on average more predisposed than 

the "irregular meditator" group), the "level of predisposition to meditation" 

and "regularity of practise of meditation" are hopelessly confounded. Also 

confounded with these 2 sets of factors across the groups are the possible 

effects of 11 the decision to learn medit.ationli, 11 the initiation into meditation" 

and 11 meditation-associated social pressures". Further confounded factors 

include the interaction effect on 11 the decision to learn meditation", on 

"the/ ................ . 
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"the initiation into meditation" and on "meditation-associated social 

pressures11 of the di±'ferent levels of 11 predisposition to meditation!! of 
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the 2 meditation groups. In view of these serious criticisms, Orme

Johnson.!,s contention, that 11 regularity of meditation" is the crucial factor 

responsible for the "positiven psychological and physiological concomi-· 

tants of Transcendental Meditation, appears to lack adequate experimental 

support. An alternative interpretation of the data may be that the psy

chological changes are simply a function of predisposed subjects being 

exposed to 11 the decision to learn meditation, "the initiation into medita

tion11, and 11 meditation-associated social pressuresn. This .interpretation, 

which is total~consistent with Orme-Johnson's (in press) data, rejects, or 

at least de-emphasises, the ttcrucial 11 role of 11 regular meditation practise11 

in precipi tat·ing 11 posit i ve 11 changes on measurable psychological functions. 

Finally, in view of the studies' employme.nt of predisposed prisoners as 

experimental subjects, the generalisability of the findings to non-predis

posed populations is brought into doubt. 

Five Thematic Apperception Test (TAT) pictures, Mooney Problem Check LiBts 

and a semantic differential type questionnaire, were administered by Boese 

and .Berger (1972) to a group of 15 subjects one week prior to their learn

ing Transcendental Meditation and again, to 13 of them, 7 weeks later. 

A n.umber of physiological parameters were also measured but due to technical 

difficulties these data were not analysed. The analysis of the psycholo

gical data indicated that after 6weeks' meditation practise, the subjects 

had decreased signiiicantly on the number of ll problems that concerned them'' 

(P<,05) and on the number of'problems that pressed them 11 (P<,01) as measured 

by the College Mooney Problem Check List and had decreased significantly 

on the TAT "hostility scale11 (P<,05) and 11 anxiety scale" (P<, 133). Signi-

ficant 11 positive11 changes on the semantic differential questionnaire were 

also obtained (P<,05) •. No significant changes on the Adult Mooney Problem 

Check List or on the TAT 11 human relations scale"·were found. Boese and 

Berger concluded that even more "profound" psychological changes were likely 

to have been obtained had the time between the first and second psy~holo-

gical test ings been longer than 7 weeks. They suggested that the 11 positiven 

effects of Transcendental Meditation were cumulative or "progressive". 

This study, however, like most of those reviewed in this section, has con-

founded the/ •&•••• 
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founded the effects of 11 the practise of meditation" over a period of six 

weeks \vith the factors - 11 the decision to learn meditation", lithe initia-

tion into meditation11 and !!meditation-associated social pressuresn. In 

view of this confounding, there appears to be inadequate support for their 

contention that the effects of meditation are 11 progressive". It would 

appear quite possible, and not inconsistent with the data that some or even 

all of the meditation-associated psychological changes may have been 

effected within the short period of time just before and after the subjects 

first learned the technique. Finally, the use of a predisposed experi-

mental group may impose restrictions on the generalisability of the find

ings to non-predisposed populations. 

In addition to the "positive" psychological correlates of Transcendental 

Meditation overwhelmingly reported by the studies thus far reviewed, pre-

liminary studies by Doucette (1971), Graham, et al, (1971} and Mac Intosh 

(1972) also indicate. that it may be associated with salutary psychological 

changes. Unfortunately, the lack of information provided by these pre-

liminary studies negates the possibility of reviewing them critically; 

their reported findings are therefore simply to be presented without com-

ment. 

Doucette (1971) maintained that the results of his study suggested that 

Transcendental Meditation had "a.marked influence in.lowering tension and 

anxiety levels in thos~ students who had been in~tructed'' in the proper 

practice of the technique. He had compared three groups; (1) naive sub

jects; (2) those who were trained in meditation; and (J) those allowed 

to practise rrmedi tation11 but not the Transcendental Meditation technique. 

Four~hundred and fifty-one subjects, consisting of both long-term and newly

initiated meditators, were tested in a questionnaire-interview type study 

by Graham, Peterman and Scarff (1971) to examine the effects of Transcen

dental Meditation on personality, illegal drug use and physical and mental 

They concluded from their findings that the practitioners: 

"(1) found the technique easy and effortless to practise; (2) noticed 

increased clarity of mind; (3) noticed improvements in relationships with 

others; ( 4) noticed increased efficiency in action; 

stopped abusing soft, hard and hallucinogenic drugs; 

stopped the use of cigarettes and hard liquor; 

(5) 

(6) 

decreased or 

decreased or 

attributed the above 

benefits to the practise of Transcendental Heditation." 
\/ 

Finally,/ ••••••••• 
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Finally, Mac Intosch (1971) concluded from his study, that compared student 

meditators with nOQ-meditators, that the former group 1' ••• felt signif

icantly more optimistic about (their) ability to deal with stress, manage 

problems, and live a·more meaningful life." 

In addition to the above three studies, two somewhat anecdotal reports 

stressing the psychotherapeutic implications of Transcendental Meditation 

have been published by Boudreau (1972) and by Bowers (in preparation). 

The last two studies to be presented here, those of Ballou .(1973) and Otis 

(1973), are reviewed in some depth. Due to methodological superiority 

over most of the other reviewed studies, they give rise to an alternative 

interpretation for the consistently reported finding of 11 positive 11 psycho-

logical correlates of Transcendental Meditation. Whilst neither their 

data nor their interpretations are incongruent with the data of the other 

studies, the interpretations of the other studies are inconsistent with 

their data. 

The first study is that of Ballou (1973) who investigated the influence of 

Transcendental Heditation on na measure of momentary and general anxiety" -

Spielberger's Anxiety Inventory (see also Ferguson & Gowan, in press). 

The subjects, comprising groups at the Stillwater State Prison, were 

administered the scale at weekly intervals over a period of 10 weeks. 

After 2 "'eeks, they were formed into an e:x:per imental group who desired to 

learn meditation and receive~ instruction, a control group who desired to 

learn meditation but did not receive instruction, and a second control group 

who were not interested in learning meditation. Ballou (1973) reported 

that after 8 weeks meditation, the preliminary results indicated that: 

11(1) Initially, there was no significant difference in anxiety levels 

between those who wanted to be instructed in Transcendental Meditation and 

those who were not interested in learning the practice. (2) Within a 

~ew days of practise, the meditating group showed significantly reduced 

levels of both momentary and general anxiety below those of the control 

groups; (3) Anxiety in the meditators does not show a gfadual decline, 

but is reduced quickly and remains at a low level." 

This study, which has employed a number of elegant controls neglected by 

most other studies in the area, has reported findings that suggest an 

... 
alternative/ •••••••••••••••. 
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alternative interpretation for the reported "positive" psychological 

concomitants of Transcendental Meditation. Ballou (1973) employed both a 

non-predisposed and a predisposed control grouo as well as measuring psycho

logical changes at regular intervals prior to and after the manipulation 

of the crucial independent variables- "the decision to learn meditation", 

11 the initiation into meditation", "the meditation-associated social pressures" 

and "the regular practise of meditation". His results supported the 

conclusion that it was largely factors that converged around the time the 

subjects first learned the practice that were instrumental in bringing 

about the changes in 11 anxiety levels". Continued "regular meditation 

practise11 did not appear to be a crucial .factor. Although the precise 

statistical significance of his findings was not reported in this prelimi

nary report, the experimental design appears adequate to limit the 

interpretation to the conclusion that Transcendental Meditation appears 

to have no cumulative effect an "anxiety", but rather that it exerts its 

effect around the time a subject decides to learn the practice and is first 

initiated into the technique. This tentative finding, although not 

inconsistent with the data of the previous~y reviewed studies, points 

toward an alternative interpretation for the 11 positive11 psychological changes 

reported to follow from the practice of Transcendental Meditation. 

Possibly the most el~gant study in the field is that of Otis (1973). It 

was conducted in two phases. The first phase involved the administration 

of 2 psychological tests to a sample of 1095 subjects, all of whom had at 

one time been initiated into Transcendental Me6itation, whether or not they 

were still meditating. The tests consisted of the self-constructed 

Physical and Behavioural Inventor~ (PBI) which quantified perceived changes 

in "behaviour11 , 11 physical health11 , or both, and the Descriptive Personality 

List (DPL) which measured perceived changes in ''stable aspects of the 

.personality''· For analysis purposes, the subjects were divided into J 

groups for comparison: (1) those who had stopped meditation (after an 

average of 7,4 months); (2) 

or less (average 4,2 months); 

those who had been practising for 6 months 

and (J) those who had been practising for 

18 months or more (average 22,7 months). The results on the PBI indicated 

that the groups differed significantly on the 11 degree of changes 11 claimed 

for both physical and behavioural problems, with the "experienced 

practitioners" demonstrating most Hpositive 11 changes and the group that 

stopped meditating the least change. An item analysis of the PBI indicated, 

however/ ••••••••••••••• 
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however, that many items, almost all of them relating to "classical 

psychosomatic symptomsn, were scored as equally improved by both the group 

that had been practising meditation for 6 months or less and the group 

that had been practising for more than 18 months. On the basis of this 

PBI data, Otis (1973) concluded that since 11 ••• a number of the changes 

reported by the 2 TranscendentalMeditation groups were not time-

dependent - that is, they did not depend on the length o£ time that the 

respondents had been practising meditation - we might hypothesise that 

these changes relate to something other than the practise of meditation11. 

The DPL d~ta indicated that 79 of its 250 items discriminated significantly 

between two or more of the groups. The apparent profile of the "experienced 

meditator 11 was that of a 11 kind, self-assured and easy-going human beingrt, 

whilst the "novice meditators 11 , who shared characteristics of both the 

11 e~perienced meditators" and the group that stopped meditation, were 

"somewhat anxious, edgy persons who seek to please and try hard to succeed. 11 

The overall picture of the persons who stopped meditation was, however, 

more 11 negative 11 - 11 withdrawn, irritable and anxiety.-,ridden11 • Otis 

.suggested that the 3 groups may have differed from each other on these 

particular attributes before starting meditation. 11 The implication is 

that those who start Transcendental Heditation and drop-out have (or claim) 

particular personality characteristics which differ markedly from those who 

star~ meditation and continue its practice indefinitely (i.e., 18 months or 

more ••• ) • Our current working hypothesis is that longevity in the practise 

of meditation is not the crucial variable in accounting for this differ-

ence. 11 A weakness inherent in the first phase of Otis 1 (1973) study is 

the fact that his data were derived, not from a longitudinal study, but 

from a single administration of the psychological tests. From the data, 

therefore, it is impossible to establish the validity of his suggestion that 

the groups were already diff~rentiated on the PBI prior to learning 

meditation. In addition, longitudinal data might considerably strengthen 

his content ion that 11 longevi ty 11 at meditation is not the crucial factor 

responsible for the 11 posi ti vett psychological cha~ges as soc ia ted "'i th 

Transcendental Meditation~ These criticisms were avoided, however, in 

the second phase o£ the study. 

One of the major aims of the second phase of Otis' (1973) study was to 

determine whether the benefits attributed to the practice of Transcendental 

Meditation by predisposed proponents would also be derived by non-predisposed 

subjects who/ •••••••••••••. 



subjects who practised the technique. The 62 subjects in this experiment 

were randomly drawn from the Stanford Research Institute population and 

randomly assigned to-either a meditation group (32 subjects) or to one of 

3 control groups: ( 1) 11 passive controls" who did nothing except. return 

occasionally for testing; (2) an "active control 11 who, in addition, sat 

quietly for 15-20 minutes twice daily, and (3) an rractive control" who, 

besides sitting quietly also repeated a non-meditation phrase (i.e., 11 I am 

a witness only. 11 ). All subjects were tested for 3 months on physiological 

and psychological baselines before the meditation group was instructed in 

Transcendental Meditation. From this time, the meditation group and active 

control grotips started their respective techniques and were met on an equal 

number of occasions. After J months, the PBI and DPL were administered to 

all subjects by_mail and shortly thereafter the remaining subjects (27 

medJtators and 26 controls) were interviewed. For analysis purposes, 

the data from the 3 control groups were combined for comparison with the 

meditation group. The results of the PB I indicated that the med i tat i·:)n 

and control groups did not differ significantly from each other on "the 

number of problems claimed" nor on 11 the degree of changes noted11 • Item 

analysis, however, showed the meditation group to rank significantly higher 

on "enjoyment of life, restfulness of sleep, happiness, energy level, 

sexual adjustment and creativity II They also decreased significantly 

more on "fatigue". Otis (1973) posed the question that these differences 

might haveoccurred simply 11 as a function of time and/or the expectation 

that changes would occur (meditation group} or not occur (control group)? 

However, in view of the fact that the PBI was designed to measure changes 

after taking medit~tion, no pre-training baseline data were available on 

these items to provide further insight into this problem. But the DPL, 

which was administered at baseline, 3 months and 12 months, provided some 

indirect evidence. Ap item analysis of the DPL indicated that there were 

no 11 compell in gil differences bet"•een the meditation and control groups during 

the 3 and 12 month test-periods that were not already present at baseline. 

Otis concluded that this supported the notion ''that Transcendental Meditation 

does no:t alter basic personality characteristics." The results showed that 

those who had few serious problems (as indicated by the DPL) tended to 

continue with meditation whereas those who had more serious problems 

discontinued the practice. However, "the degree to ,,,hich people \<!ho stay 

in Transcendental Meditation derive benefits from its practice appears to 

remain an open question. Transcendental Meditation had ·no discernible 

effect on/ •• ~ •••••..•• _ •.••• · · 
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effect on changing self-image over the year's test-period for those people 

who continued its practise in the SRI eiperiment. 11 Finally, the data 

from the structured interview 3 months after the subjects had started their 

respective techniques indicated that the meditators had significantly great

er expectations of benefits from the procedures they were following than 

did the active or passive control groups from their procedures. In view 

of the fact that 11 expectancy11 is known to generate a 11 placebo 1;effect 11 , the 

importance of this finding is paramount. It was also found that the 

meditators and the active controls did not differ significantly in the 

benefits each group claimed, indicating according to Otis, that the procedure 

of simply sitting quietly - with or without a simulated mantra - had apparent-

ly beneficial effects. He concluded that 11 the results of the interview 

suggest that expectancy plays a critical role in whatever benefits accrue 

to an individual from practising Transcendental Meditation and that an 

important contributor may also be the mere practice of sitting quietly in 

a relaxed posture. 11 

The second phase of the study (Otis, 1973) is methodologically superior to 

the majority of other reviewed studies. For example, it is the only study 

that, by employing only non-predisposed subjects, did not confound 

predisposition variables with other meditation-associated variables. This 

also had the effect of making the findings more readily generalisable to 

11 normal" populations. At the same time, however, it may have resulted in 

the study being not directly comparable to the other studies reviewed here -

studies which were all directed toward predisposed samples. Furthermore, 

by his strategy of administering the DPL before the subjects learned 

meditation, after 3 months' experience and again after 12 months' experience 7 

Otis (1973), unlike every other researcher except Ballou (1973), was able 

to independently assess the role of "cumulative meditation practise 11 on 

personality change. His findings, like those of Ballou, support the 

hypothesis that it was not cumulative regular meditation practise that was 

crucially responsible for the "positive" psychological changes~ but rather 

factors that cbnverge around the time that the subjects first start to 

meditate. The importance of nexpectancyn in this context has been stressed. 

It may be seen therefore that such factors as 11 the decision to learn 

medi tat iontr, "initiation into med i tat iontt and 11 medi tat ion-associated social 

pressurestt (which function to systematically enhance 11 expectancy11 ) appear 

to be crucial with respect to the psychological changes associated with 

the practice of Transcendental Meditation. 

3.3 Hechanistns/ • ~ •• , .••.•••••.. 
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3~3 Mechanisms Proposed to kccount for Transcendental Meditation-Associated 

Ysvchophysiological Change 

.3 .J. :1. 11 Stress-Releasen :t-Ie chan ism: "Stress-Release" or ttunstress ing" are 

descriptive terms used for a wide range of phenomena that are reported to 

accompany the practice of meditation (Kanellakos & Lukas, 1973). The 

phenomena are of a spontaneous and completely involuntary nature and include 

muscular moveme.nts, proprioceptive sensations and emotional changes. 

Furthermore, they may range in intensity from being hardly discernable to 

being extremely powerful and may be experienced with either positive or 

negative affect. 

Maharishi Mahesh Yogi (1966) has theorised that they are indicative of a 

process during meditation whereby 11 stresses and strainsl! accumulated 

throughout a lifetime and stored at 11 deep levels11 of the nervous system 

(equivalent to Freud 1 s unconscious?) ar·e 11 releasedll to the psychological 

and physiological benefit of the practitioner. A similar view is held by 

Goleman (1971) who wrote that:. lfThe fundamental assumption in understand

ing the function of unstressing is, as in psychoanalytic thought, that all 

past experience leaves its mark on present behaviour. • •• The nervous 

system is the repository of all experiences of emotional strain, pleasure, 

fatigue, tensions, stresses, etc., whether of 'physical' or 'mental' origin. 

In meditation ••• (the) process of liberating the nervous system from past 

stiesses is undergone without effort, volition, or intention. As the 

meditator reaches a level of profound relaxation and pure awareness with no 

thoughts, a wide ra~ga of kinesthetic sensations, vague feelings, or any 

of an array· of psychic events can be triggered at random. 11 It is contended, 

therefore, that via the process of 11 unstressing11 , Transcendental Meditation 

accomplishes a 11 purification1l and 11 rejuvination11 of the mind and body 

which permits increased physiological and mental efficiency (Hartman,1967). 

A number of the phenomena of 11 unstressing 11 may be seen to resemble the 

"abreaction" phenomena of psychoanalysis. According to Yogi (1966), 

however, Transcendental Meditation goes beyond the aims of psychoanalysis 

of releasing llrepressedn and nblockedtt experience, by simultaneously 

11 strengthening 11 the 11 mind11 itself by means of the deep rest provided by 

the practice. In a private communication to Kanellakos (Kanellakos & 

Lukas, 1973), Yogi stated: "In psychoanalysis, the aim is to relive the 

experience/ ••••••••••• 
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experience in order to become free of the symptoms produced by its 

exclusion from awareness and to allow repressed areas of the personality to 

once again participate in the conscious life of the individual. Psycho-

analysis and related techniques are severely limited in their effectiveness 

by the fact that they do not include any means of simultaneously strengthen

ing the mind and nervous system. These experimental attempts at improved 

integration are laudable in intent; however, they are preceding on the basis 

o£ pres.ent weakness o£ the system and the results are therefore 1 im i ted 

at best and can be undesirable. 11 .Within this context, Goleman ( 1971) 

considers 7ranscendental Meditation to be a much deeper process than 

psychoanalysis. 

The 11 stress-release11 theory generates a number of scientifically testable 

hypotheses. To the extent that they are confirmed, the theory is strength

ened; to the extent that they are disconfirmed, the theory is discredited. 

Two of the more central hypotheses are the following: (1) Physiological 

and psychological changes in a 11 positive11 direction should be functionally 

related to the number of years of meditation experience; (2) Highly 

experienced meditators who (should) experience meditation with "minima]_H 

11 unstressing11 should exhibit exceptionally 11 positive11 psychophysiological 

characteristics. Both the hypotheses stress the cumulative nature of 

the psychophysiological benefits of meditation. Although the majority of 

researchers in the field have concluded that the "positive" psychological 

and physiological concomitants of Transcendental Meditation appear to be 

related to cumulative or time-dependent factors, the data from which they 

derived their conclusions are open to an alternative interpretation. It 

was concluded in section J.2.4, in fact, that factors related to cumulative 

meditation practise failed to account for some of the more recent 

experimental findings (Otis, 1973; Ballou, 1973). Should subsequent 

research establish the reliability of these findings, then the ''stress~ 

release 11 theory to account for Transcendental Meditation-associated 

11 posi t i ve11 psychological changes 'dll be seriously discredited~ 

11 Desensi t isat ion'' Mechanism: Goleman (1971) hypothesised that 

"meditation can accomplish the same type of behaviour change as does 

systematic desensitisation, and (a) change will be less immediate with 

meditation than with desensitisation, and (b) change will be more global 

with meditation thart with desensitisation. 11 

The behaviour/ ~~······••~·-·"····· 
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The behaviour therapy technique of "systematic desensitisation" as practised 

by Wolpe and Lazarus (1966) is based upon the principle that relaxation is 

the direct physiological opposite of "tension" and it involves 3 principle 

operations: (:t) training in progressive relaxation; (2) the construction 

of a gratJ.ed hierachy of increasing anxiety-evoking stimuli, and ( 3) the 

systematic pairing of anxiety-evoking stimuli with the state of relaxation. 

The hierachy is ascended from the weakest stimuli up, until even the strong

est stimuli no longer elicit anxiety. 

Goleman ( 197:1.) noted a number of similarities between medit.ation and 

"systematic desensitisation". First, experimental data indicated that 

Transcendental Meditation is ~ccompanied by a relaxed hypometabolic state. 

Second, meditati6n is invariably reported to be accompanied by a flow of 

psychic events - 11 plannings, paranoias, hopes, fantasies, yearnings, memories, 

desires, indecisions, observations, fears, scheming, guilt, calculations 

and on and on and on11 (Goleman, :1.97:1.). He hypothesised that these psychic 

events, drawn from the "stored pool!! of the subject's total experience, 

comprise the meditator's 11 desensitisation hierachy 11 - but in this instance, 

it is a self-regulating hierachy. HAs in the desensitisation paradigm, 

the hierachy is presented coupled with the deep relaxation of deep meditation. 

Unlike the therapy, desensitisation is not limited to those items which the 

therapist and patient have identified as problematic, though these are 

certainly included, but extends to all phases of experience.n 

This theory also generates a number of experimentally testable hypotheses. 

Like those derived from the 11 stress-release 11 theory, however, they also 

stress the crucial role of the cumulative effects of regular meditation 

practise as being responsible for the production of "positive" psychological 

changes. Consequently, this theory is also incapable of adequately ~ccount

ing for the experimental data of Otis (1973) and Ballou (1973) and would be 

further discredited to the extent that these findings receive additional 

support. 

!!Lactate Decrease" Hecbanism: It has been experimentally~established 

that Transcendental Meditation is accompanied by reliable and significant 

changes in blood lactate concentration (Wallace, 1970b; Wallace, Benson, 

et al, 1971). The blood lactate level drops signifibantly at the onset of 

meditation and continues to decrease throughout meditation and even for 

some time afterwardsJ(see section 3.1.7). 

Wallace (1970b)/ •••••••• 
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Wallace (:l970b), Wallace, Benson, et al (1971) and Goleman (1971) have 

suggested that this decrease in blood lactate concentration might be a factor 

underlying the reported "positive" psychological effects of Transcendental 

Meditation, particularly the reported decrease in "anxiety" (see section 

).2.4). Wallace and Benson (1972) wrote: "Whatever the explanation of 

the fall in blood-lactate level, it is clear that this could have a bene

ficial psychological effect.'' This suggestion is based largely on the 

theory of Pitts and McClure (1967) which maintains that raised blood or 

body-fluid lactate levels can account for all the symptoms of anxiety. 

They performed a study in which they infused lactate ions into subjects 

and found that it sometimes produced anxiety symptoms in "normal" subjects 

and regularly produced anxiety attacks in patients with anxiety neurosis. 

Pitts and McClure (1967) and Pitts (1969) hypothesised that the excess 

lactate complexes with, and reduces, the ionized calcium concentration at 

the surfac~ of excitable membranes to an extent that causes a disturbed 

nerve activity to manifest itself in the form of anxiety symptoms. 

Pitts and McClure's interpretation has .been severely criticised, however, 

by Grosz and Farmer (1969, 1972). They partially replicated Pitts and 

McClure's (1967) experiment using "normal11 subjects (i.e., not anxiety 

neurotics) and additional controls. Their results indicated that the 

increase in "anxiety symptoms" found to accompany lactate infusion \vas 

simply a function of the alkalinising effect of the lactate and not a 

function of lactate per se. They found that other alkalinising agents, 

such as sodium bicarbonate, had the same 11 anxiety symptom" producing effect., 

They hypothesised that alkalinising agents influence "anxiety symptom 11 

reports via their property of reducing the active ionized calcium levels on 

the surface of excitable membranes. On the basis of these findings and 

additional data, Grosz and Farmer (1972) concluded that,neither the study 

nor the theory of Pitts and McClure (1967) "is soundly based." 

When the findings of Grosz and Farmer (1972) are considered in addition 

to another importan~ and relevant empirical finding - that Transcendental 

Meditation is accompanied by a slight, yet significant, acidosis (\¥allace, 

Benson & Wilson, :1971) - the theory that meditation accomplishes "anxiety" 

reduction by way of ~educed blood lactate concentrations, may be seen to be 

without acceptable empirical justification. The significance of the 

Transcendental Meditation-associated blood lactate decrease remains thus 

at?- open/ 6 • ~ "'J .. €• •• "' .... ,;.. • "" oo • ".l • • 
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an open empirical question~ 

11 Hypometabolic State" Mechanism~ On ~he basis of the findings 

of their physiological research into medita~ion, Wallace, Benson and Wilson 

(1971) and Wallace and Benson (1972) concluded that the Transcendental 

Meditathre state is a "wakeful hypometabolic state". This notion has 

received strong support :from the present research revie,., (see section 3 .. 1). 

Wallace and Benson (1972) suggested that the pattern of physiological change 

accompanying Transcendental Meditation (see section 3.4.1) might be indicat

ive of ''an integrative response, or reflex, that is mediated by the central 

nervous system'', a response very much like the counterpart of Cannon~s 

(1927) 11 fight or flight 11 or 11 defence-alarm 11 reaction. They contended 

further that the stress of modern society has the capacity to stimulate 

the sympathetic nervous system into hyperactivity which can lead to 

numerous physical and psychological ailments. This contention of a relat-

ionship between psychophysiological problems and relative sympathetic/ 

parasympathetic balance has received considerable support, particularly 

from Harion A .. Wenger. Rese~rch studies emanating from he and his 

associates have linked su.ch categories as "psy::honeuros is 11 (Wenger, 1948; 

Holt, 1956), and many 11 schizophreniasH (Gunderson, 1953; Sherry, 1959; 

Wenger, Clemens & Cullen, 1965), as well as numerous psychosomatic disorders 

(Wenger, 1948, 1962) and even "phasic anxiety" (Smith & Wenger, 1965) to 

relative sympathetic dominance (see review in Wenger, 1966) .. vJalJ.ace and 

Bensen (1972) suggested that Transcendental Meditation might afford a method 

of aleviating these relatively "sympathetic" ailments via its capacity to 

bring about a hypdmetabolic shift. "In these circumstances the hypometa-

bolic state, representing quiescence rather than hyperactivation of the 

sympathetic nervous system, may indicate a guidepost to better healthll 

(Wallace & Benson, 1972). 

It is suggest~d by the author that these proposed hypometabolism-related 

benefits would only materialise to the ext~nt that the meditation-associated 

parasympathetic shift actually generalised to the non-meditative periods 

of the practitioner~s livesM Unfortunately, the current weight of 

experimental evidence points to the conclusion that the relative para

sympa.thetic shifts of most physiological functions during meditation are of 

sh6rt duration and do not persist after the termination of meditation. 

This empirical/ •••••••••••. 
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This empirical finding would suggest, at least, that Wallace, Bensen and 

\Hlson (1971) and \vallace and BensonWs (1972) proposed 11 hypo:netabolic state11 

mechanism for 11 positive11 psychological change as a function of Transcendental 

Meditation is considerably less important than they have maintained. 

An Alternative Mechanism: Recent research (Otis, 1973; Ballou, 

1973) has produced evidence in support of an alternative explanatory 

mechanism for the Transcendental Meditation-associated "positive" psycholog-

ical changes. As ~lready mentioned, this alternative interpretation, 

which is totally consistent with the data of all the reviewed studies, 

stresses the crucial role of a number of factors that are hypothesised to 

converge around the time that subjects first learn the practice of 

meditation. The notion of the central importance of time-dependent factors 

is rejected on empirical grounds (Otis, 1973; Ballou, 1973) and as a 

consequence, the present mechanism is incompatible with those described in 

sections 3.3.1 to J.J.~. The present psychological research review 

(see section ) .. 2) concluded that the currently available experimental data 

fa,roured the hypothesis that the 11 positive11 psychological concomitants are 

effected within the first few weeks - shortly before and after learning 

meditation - and that continued regular practise of the techniqu~ thereafter 

has little further effect. 

It is hypothesised that the following .. are amongst the more important factors 

instrumental inproducing the reported 11 positive11 psychological concomitants 

of Transcendental Meditation. 

( 1) The predisposition ~f the person toward meditation. It is contended, 

for.example, that such experiences as "initiation into meditation11 

or exposure to "meditation-associated social pressures11 would exert 

different psychological effects on persons differing with respect to 

their predisposition to meditation. It is further contended that 

the effect of this kind of experience is likely to be stronger on 

a highly predisposed subject than on one who is disinterested in or 

sceptical of the practice. 

(2) The actual decision to learn meditation (see section 3.2.4). 

{J) The initiation into meditation and its accompanying ceremony (see 

'section 3.2.4)/ ••••···~······ 
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section 3.2 .. 4). The '~-.'hole ceremony appears to be geared to"Y~rard the 

elicitation of the 11 standard11 Transcendental t-1editation 11 e,x:pectan.cies 11 

or Hmental setu. The extent to which these practices achieve their 

objective would depend, of course, on the level of predisposition 

o.f the subject. 

The meditation-associated social pressures. The norms and "expectan-

cies11 of teachers of meditat~6n and other meditation practiti¢ners 

are communicated to potential new meditators both explicitly and 

implicitly via literature, pre- and post-initiation lectures, nchecks 11 , 

and via personal communication .. Furthermore, it is contended that 

those who voluntarily seek to learn the technique (i.,e., those who 

are predisposed) have 11 expectanciesn concerning the effects of Trans-

cendental Meditation before they are initiated into the technique. 

This view is suppo~ted by the finding of Otis (1973) that even non

predisposed subjects have strong 11 expectancies 11 concerning benefits 

to be derived from meditation. 

Further research is required in ~rhich each of these variables (and possibly 

others) are varied both individually and in interaction in order to assess 

their influence on psychological parameters. Finally, although positive 

results would not discredit the mechanism for psychological change being 

proposed here, further research is needed in order to establish whether 

the long-term practise of Transcendental Meditation has any cumulative 

and measurable effects. 

J .. 4. Summary 

Physiologi_cal Correlates of Heditation: It has been proposed that 

the practice of Transcendental Meditation brings about a fourth major state 

of consciousness, one that is physi~logically dist{nguishable from the 

accepted trio of waking, sleeping and dreaming (Wallace, 1970b). Tl~e 

physiological activity that has been reported by researchers to index the 

Transcendental Meditative state has prompted Wallace, Benson and \vilson 

{1971) into terming it a 11 wakeful hypometabolic state11 characterised by 

a paras·ympathetic shift in autonomic balance. 

The Transcendental Meditative state appears to be accompanied by a series 

of consistent/ ... ~···~~ ....... . 
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of consistent and progressive EEG changes. As the meditative state deepens~ 

alpha abundance increases, the average alpha frequency decreases and finally 

theta or even beta (with characteristics distinguishing it from waking 

beta) may be seen in the deepest stages of meditation. In addition, the 

focus of these EEG changes appears to migrate from the posterior toward 

the frontal cerebral regions during the course of meditation. Although 

there is less consensus concerning possible occipital EEG changes during 

meditation, what evidence there is points tentatively toward there being 

either no significant EEG chang~s or toward there being a decrease in oc

cipital alpha accompanied by an increase in occipital beta activity (see 

section 3.1.:1.). 

The Transcendental Meditative state, in comparis6n to the waking state, 

appears also to be accompanied by a decreased respiratory rate (see section 

Joi~J), decreased frequency of spontaneous GSRs and a marked increase in 

skiri resistance (s~e se6tions 3.1a5), decreased cardiac output, oxygen 

consumption and carbon dioxide elimination, decreased arterial blood pH 

levels (see section J.,:l.o6) and markedly diminished blood lactate concen

trations {see section 3.1 .. 7). In addition, small increases in forehead 

~nd arm skin temperature (see section J.1.8) as well as slight decrease 

in EMG activity (section 3~1.10) are frequently described. On the other 

hand, no consistent or significant changes in blood pressure (see section 

J.1~2), respiratory gas exchange quotient, arterial p02 , arterial pC02 

(see section J.1 .. 6) or EOG activity (see section J .. 1 .. 9)·appear to be asso-

ciated with the practice. The position with regard to possible changes 

in heart-rate durina Transcendental Meditation is contradictory (see 

section J.1.4). 

Psychological Correlates of Transcendental Meditation: Proponents 

of Transcendental Meditation contend.that the regular practice of the 

technique leads to innumerable psychological and b~havioural benefits. 

Only recently, however, have some of these claims received scientific 

attention. 

On the basis of the present literature review, it would appear that the 

contention that Transcendehtal Meditation is associated with enhanced 

perceptual-motor performance (section 3.2.1) and increased learning abi-

lity and/ ········•·••c 



lity and intelligence·(see section 3.2~3) is still without methodological

ly adequate scientific support. The scientific evidence in favour of 

Transcendental Meditation being related to heightened perceptual performance 

is similarly extremely tentative (see section 3c2.2) • 

. The relationship, on the other hand, between Transcendental Meditation and 

psychological changes of the type measured by pencil-and-paper tests is 

oven:helmingly reliable (see section 3.2 .. 1±). Without exception, the 

studies reviewed implicated Transcendental Meditation with "positive" psy

chological characteristics. Amongst the most frequently reported psycholo

gical concomitants are increased 11 self-actualisation'' (Seeman, Nidich & 

Banta, 1972; Nidich, Seeman & Dreskin, in press; Hjelle, in press; Fer

guson & Gowan, in press), increased 11 happiness 11 (Fehr, Nerstheimer& Tarber, 

1972; Otis, 1973), improved "interpersonal relationships" (Landriths 

1972; Graham, Peterman & Scarff., 1971) and decreased "amdety" ( Nidich, 

Seeman & Seibert, in press; Hjelle, in press; 

Boese & Berger, 1972; Doucette, 1972; Ballou, 

ticism" (Ferguson & Gowan, in press, Tjoa, 1972; 

Ferguson & Gowan, in press; 

1973)~ decreased 11 neuro

Fehr, Nerstheimer & 

Tarber, 1972), decreased li aggression'' (Ferguson & Gowan, in press; Fehr, 

Nerstheimer & Tarber, 1972) and decreased 11 tension" (Fehr, Nerstheimer & 

Tarber, 1972; Doucette, 1972).. Since these "positive" psychological 

correlates have been established by different investigators, using differ

ent psychological instruments and different experimental designs, their 

reliability appears to be acceptably high. 

The interpretation offered by the majority of writers in the field for these 

11 positive11 psychological concomitants is questioned in the present revievt., 

With the exception of Otis (1973) and Ballou (1973), the writers have main

tained that it is nthe regular cumulative practise of Transcendental Hedi

tation11 that is the crucial factor responsible for the obtained 11 positive11 

psychological concomitants.. Otis and Ballou, on the other hand, have 

suggested alternative factors to be crucial in bringing about this eff~ct. 

Their alternative interpretation, which implicates factors that converge 

around the time that subjects are first initiated into Transcendental Hedi-

tation, is consistent with all the data reviewed. The interpretations 

implicating 11 the regular cumulative practise of 1'ranscendental Meditation" 

as the crucial variable on the other hand, are at a disadvanta.ge in 

accounting for/ • .,.~····~~ 
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accounting for the additional data generated by Otis (1973) and Ballou~s 

(1973) more elegant research strategies. 
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It is suggested in the present review that such factors as "predisposition 

toward meditation", "the decision to learn meditation", "the initiation 

int.o meditation" and "meditation-associated social pressures11 (all of 

which systematically effect 11 e:x:pectancy11 concerning the psychological 

effects of meditation) converge around the time people first start to 

meditate and contribute significantly toward measurable 11 positive11 psycho-

logical changes. Actual continued regular meditation practise appears 

to exert a far less significant effect on most measurable psychological 

parameters .. In addition, it is suggested that when psychological charac-

ter is tics are found that differentiate rr ex per ienc.edtt meditators from less 

11 experienced11 meditators or even from non-meditators, these differences 

are likely to be largely a function of differences that existed prior to 

the learning of meditation rather than a function of the cumulative effects 

of meditation. There appears also to be a tendency for those subjects 

who lack "positive" psychological characteristics to terminate meditationo 

Mechanisms Proposed to Account for Meditation-Associated Psycho-

J2hysio1ogi;?.al Changeg Four of the more ~idely accepted mechanisms proposed 

to account for apparent meditation-associated "positive" psychological 

changes are presented in the review~ The first hypothesis that 

Transcendental Meditation brings about these changes via its tendency to 

11 release stress from the nervous system 11 (Mahesh Yogi, 1966; Goleman, 

1971; Kanellakos & Lukas, 1973). A second maintains that Transcendental 

Meditation has the characteristics of a self-regulating and global form 

of systematic desensitisation (Goleman, 1971). The meditation-associated 

fall in blood lactate level is also suggested by writers to have beneficial 

psychological effects (Wallace, 197Gb; Wallace, Benson, Wilson & Garrett, 

1971; Goleman, 1971). Finally~ the hypothesised meditation-associated 

hypometabolic physiological state is thought by some to underly much of 

Transcendental Meditationqs apparent therapeutic effects (Wallace, Benson 

& Wilson, 197~; Wallace & Benson, 1972). 

The above mechanisms all stress the crucial role of factors related to 

the cumulative .effects of regular practise as being .responsible for the 

production of the 11 positive11 psychological changes. They are consequent-

ly discredited/ ~0~"• 
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ly discredited to the extent that they fail to account adequately for 

Otis (t973) and BallouVs (1973) more recent experimental findings. 

An alternative mechanism, stressi::1g ~ the crucial role o:f non-time-

108 

· dependent factors- such as "the predisposition of the subject toward 

meditation!!, 11 the decision to learn meditation11 , 11 the actual initiation into 

meditation" and 11 meditation-associated social pressures11 (all of "''hich 

influence 11 expectancy11 ) - is proposed in the present review. These 

factors are thought to exert their major psychological effect around the 

time that subjects first start to meditate8 This meckanism does not ex-

elude the possibility of Transcendental Meditation also having a weaker 

cumulative psychological influence. 
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4:~0 SURVEY OF THE LITERATURE PERTAINING TO THE RELATIONSHIP 
BETWEEN THE FEEDBACK-ASSOCIATED ALPHA STATE .AND THE 

TRANSCENDENTAL MEDITATIVE STATE 

The present chapter examines the widely held assumption that the state of 

consciousness associated with .EEG alpha feedback is similar to or identi-:

cal with that accompanying meditative techniques. It is argued that this 

prosthetically-induced high alpha state/meditative state identity postulate 

is over-simplistic and due, \vholly or in part, to the use of restrictive 

research strategies. Too frequently, researchers have restricted them-

selves to doing research within a single discipline and to the employment 

of a minimal number of methodological operations. The research strategies 

that are used in the area are, of course, highly dependent upon the defi

nitions and assumptions held, either explicitly or implicitly, by·researchers 

concerning the nature of altered states of consciousness. These defini-

tions and assumptions, and some.of the consequences of holding them, are 

critically evaluated in the light of experimental findings. It is finally 

suggested that altered states of consciousness may, perhaps, best be 

defined by the use of converging operations, with data drawn from co-'ordina

ted multidisciplinary research in which as many relevant conceptual and 

methodological operations as possible are concurrently employed. 

4:.1 The Validity of Subjective Data in Indexing Altered Stat~of Conscious-

ness 

(1969) defined an altered itate of consciousness for a given indi-

vidual as 11 ••• one in which he clearly feels a qualitative shift in his 

pattern of mental functioning~ that is, he feels not just a quantitative 

shift (more or less alert, more or less visual imagery, sharper or duller, 

etc.) but also that some quality or qualities of his mental processes are 

different. 11 This definition may be seen to be clearly unidisciplinary and 

admits only subjective data as necessary and sufficient for understanding and 

defining altered states. It implies that they are wholly mentalistic 

entities which are to be fully understood in these terms alone and that nothing 

is to be gained (on the psychological level) by examining the phenomena i'rom 

any other disciplinary level or point of view. 

The implications/ 
1 This is but one of a number o.f deini tions offered by Charles 
Tart and is, in fact, inconsistent with his usual methodolo
gic'l approach- one that places.strong emphasis on co-ordi
nated multidisciplinary research strategies. 
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The implications of this kind of view are similar to those of Malcolm 

(1959) and Hall (1966) concerning the scientific status of dream research. 

Malcolm (1959) considers electrophysiological studies of dreaming to be 

lclrgely irrelevant to the study of the dream as a psychological experience 

and advocated 11 .... holding firmly to waking testimony as the sole criterion 

of dreaming. 11 Hall {1966) expressed similar views, feeling that we are in 

danger of physiologising the dream out of existence, and warned that "the 

night dream has .been lest sight of in laboratories filled with complicated 

and expensive equipment." 

Whilst such.extreme (unidisciplinary) views do not seem characteristic of 

those working in the £ield o£ alpha feedback .and meditation, many of these 

researchers have nevertheless implied a relationship to exist between the 

feedback-associated alpha state and the meditative states on the basis of 

evidence derived at least primarily from the subjective level of analysis. 

Rarely has the veracity of this subjective data been questioned. Opi-

nions concerning the relationship between these states range from those 

suggesting them to be identical to more cautious and tentative suggestions 

o£ similarity between the feedback-associated alpha state and the earlier 

stages of meditation., Nideffer ( 197.3), for example~ \\Tote that "the 

descriptions of what subjects said they felt like in the alpha state resembled 

the feelings which are said to accompany meditative statesQ The relaxed 

v non-critical v attitudes of Kamiya and Brown v s subjects correspond quit.e 

closely to the ego loss and relaxed, non-critical mergence of mind and 

body described by Zen and Yogic meditators." Stoyva (1970) similarly 

reported that the subjects Kamiya (1969) recruited with considerable 

meditation experience 11 not only learned the alpha task very readily 

but reported .that the alpha state was very similar to certain mystical 

states .. " Swami Rama, an Indian Yogi~ after having been given a number of 

alpha feedback sessions at the Menninger Foundation, offered a more caut

ious statement on the relationship between these states on the basis of his 

subjective experience. "His attitude about biofeedback was that it would 

accelerate the training of young yogis up to the point where machines could 

no longer folio~' (Greenf 1971). He appeared ther~fore to have subjective-

ly identified a relationship between the feedback state and the earlier 

stages of meditation. 

A number of theoretically-based arguments as well as experimental evidence 
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follow to support the conclusion that data from the subjective level of 

analysis alone are of questionable validity in defining altered states 

of consciousness. 

111 

Although many of the people who have experienced both meditation and a;J.pha 

feedback have reported their experiences to be similar or even identical, 

it is contended that their testimony to thiseffect may be explained so as 

to de .. emphasize this evidence. For most people, any deviation from the 

11 norrnal" states of consciousness is such an intensely unique experience 

that not only do they lack the necessary language skills to communicate 

about their experiences, but also the necessary perceptual and discrimi

natory (or conceptual) skills to differentiate between what might be, for 

persons familiar with these experiences (and thus possessing the necessary 

conceptual skills), completely distinct phenomenal states (Doxey 1972a). 

Both Kamiya (1969), in describing the subjective reports of his alpha 

feedback subjects, and LtJtdwig (1966), in writing about altered states of 

consciousness in general, stressed the ineffability of these experiences. 

The difficulty encountered in verbalising and describing altered states may 

also be understood within the framework of Deikman~s (1966) lldeautomatiza-

tio~' theory of mystical experiences. He hypothesized that mystical phe-

nomena are a consequence, .••• of a deautomatisation of (the) psycholcgical 

structures that ~organise, limit, select and interpret perceptual stimuli,w 11 

and that 11 ••• one would expect deautomatisation to result in a shift 

tDward a perceptual and cognitive brganisation ••• preceding the analytic, 

abstract, intellectual mode typical of present-day adult thought.'' The 

occurrence of altered states of consciousness against a background of an 

aconceptual mode of cognition might contribute toward their reported in

effability .. 

Ornstein (1972) proposed a theory that goes beyond that of Deikman (1966) 

by transposing much of what Deikman conceptualised in terms of 11 deautoma

tisatio~' to another level of explanation in terms of a shift toward a 

mode of cogni-tion that is characteristic of right cerebral hemisphere 

function. Right hemisphere psychological functions have been described 

by Bakan (1969) to be 11 preverbal, pre-logical, subjective, intuitive, 

global, synthetic and diffuse". .~-·I,t._is_hef!ce hardly surprising that sub

jects experience such difficulty in attempting to verbalise or even think 

~-

about/ 
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about phenomena that they experience in states that are hypothesised to 

be preverbal and pre-conceptual. 

112 

A further problem encountered when assessing subjective reports of altered 

states is the frequent tendency for people to develop varying 4egrees of 

amnesia for ±heir experiences. The memory of altered state material 

appears to have a very short half-life. This finding may be understood 

within Fischer and Landon~s (1972) theory of 11 stateboundnessll. They 

hypothesise that the retrieval of a particular experience is optimal only 

at that 11 level of arousal" (or state of consciousness) which corresponds 

to the level of arousal prevailing during the initial experience. It 

follows that after a subject has shifted from an altered state back to his 

11 normal 11 waking state of consciousness, his ability to retrieve altered 

state material will be diminished. Referring specifically to the 

susceptibility of the subjective experiences of the alpha feedback state 

to this effect, Fischer and Landon wrote that 11 the most technically 

advanced device for establishing statebound experience is the learned 

induction and control of a particular level of arousal through bio-feedback. 11 

Even \#dthin the area ofhypnosis, there is considerable doubt as to the 

validity of subjectsV testimony concerning their hypnotic experiences. 

Tart and Hilgard ( 1966) appear to assume that a close relationship e:>cists 

between subjectsV testimony concerning their experiences in the hypnotic 

state and their actual experiences. They state in fact that a "subjectqs 

report that he feels hypnotised to some degree are primary data about the 

presence or absence of hypnosis, if not a criterion of hypnosis .. " Orne 

(1966, 1967), however, although also an adherent of the traditional trance 

hypnosis paradigm, does not support this view. He suggests instead that 

~ subjectv~ testimony about a hypnotic experience is a function of, not 

only "the essential characteristics of the hypnotic trance state", but also 

of the perceived 11 demand characteristics" of the whole situation. Changes 

in these demand characteristics~can therefore bring about alterations in 

a subject's ve~bal testimony concerning his hypnotic experiences in the 

absence of any actual change in these experiences per se. "Barber (1969), 

the main spokesman for the alternative non-trance 11 hypnosisll paradigm? 

appears to hold similar views, in this context, to those of Orne (1966, 1967)., 

He has been able ~o denote objective antecedent vari~bles (corresponding 

roughly to Orne~s "demand characteristics 11 ) which can be shown to relate 

empir.ically/ ..... d ~ ••••••• - •• 



I 

• 

113 

empirically to the subjectsV testimony concerning their 11 hypnotic11 

experiences .. It follows therefore that the manipulation of these 

antecedent variables might result in changes in testimony about 11 hypnotic11 

phenomena in the absence of actual changes in the intervening 11 hypnotic 11 

phenomena. 

Perceived demand characteristics and/or a large number of antecedent 

1rariables undoubtedly also influence subjects v testimony concerning their 

alpha feedback or meditation experiences. For example, a difference in 

"attitude" (one of BarberVs antecedent variables) may result in the same 

altered state phenomenon being described in "negative" terms as 11 losing 

contact with reality11 or in more "positive" terms as 11 an inward shift of 

awareness". The strength of the argument against the validity of using 

subjective data, and especially of using it alone, in evaluating altered 

state phenomena, is further enhanced ";hen it is realised that the subjective 

data are invariably hopelessly confounded with these factors. 

An additional complication arises out of the fact that whereas the various 

meditative techniques are usually taught within the frame'l\'ork of a particular 

philosophy, alpha feedback researchers have generally endeavoured to employ 

naive subjects .. The net result of this is that in the meditation situation 

the antecedent variables are at least to some extent known, manipulated 

and common to all practitioners. In the alpha feedback situation on the 

other hand, the antecedent variables are usually unknown, not manipulated 

and consequently highly variable across subjects. In the light of this 

argument, comparisons between the meditative states and the alpha feedback 

state on the basis of subjective reports, particularly if used alone, may 

be seen to assume even less validity. 

The majority of writers on meditation and alpha feedback have suggested a 

close reLationship to exist between these two hypothetical altered states, 

not simply on the basis of data obtained at the subjective level, but also 

on the strength of additional evidence derived from the electrophysiological 

(particularly the EEG) level of analysis (Kamiya, 1968, 1969i Mulholland, 

Maslow, 1969; Hilgard, 1969; Stoyva, 1970; Hart, 1067-, ' Lynch & 

Paskewitz, 1971; Davidson & Krippner, 1971; Gaarder, 1971; Black, 1971, 

1972; Ornstein, 1972; Shapiro & Schwartz, 1972; Nfdeffer, 1973) .. These 
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suggested relationships, based as they are on evidence from at least two 

levels of analysis, are a conseqdence of a methodological approach more 

consistent with TartVs (1969) behaviouristically worded alteied state of con

sciousness definition as a "hypothetical construct invoked when a subject 9 s 

behaviour (including the behaviour of the verbal report) is radically 

different from his ordinary behaviour." 

Once again, opinions concerning the relationship between these states range 

from those suggesting near-identity to those tentatively suggesting the 

possibility of a far more limited relationship. Hilgard (i969), for 

example, in suggesting that a fourth state of consciousness be added to 

the accepted trio of waking, REM sleep and Non-REH sleep, described this 

state as one which people 11 ••• can learn to control in the laboratory, or 

in certain kinds of exercises, as under a Zen master. 11 Maslow (1969) 

similarly '\1\Tote that 1'Kamiya discovered quite fortuitously that bringing 

the alpha waves to a particular level could produce in the subject a state 

of serenity, meditativeness, even happiness. Some folloK-up studies with 

meditators show that they emit EEGs that are like the serene ones to which 

Kamiya was able to educate his subjects. That is to say, that it is already 

possible to teach people how to feel happy and serene." 

Davidson and Krippner (1971) suggested that feedback. instrumentation could 

help people attain meditative states but cautioned that it should never be 

thought of as 11 instant Zen11 but rather that it should be conceived a.s 11 ...... 

a crude attempt to enable Western man to place his physiology in a receptive 

state that will more easily allow his psychology to be altered.u Ornstein 

(1972) equally cautiously "'arned that 11 although some writers have given the 

impression that electric Zen is just around the corner for all, this prophecy 

will be fulfilled (if at all) after years of research. The current 

developments in feedback training are hardly in the same league with the 

procedures of the esoteric traditions." 

Possibly the most important reason for wanting to compare alpha feedback 

training and meditation is to determine whether the psychotherapeutic~ 

physiological and other benefits that have been reported to accompany 

meditation (see section J), also accompany the regular practise of feedback 

for alpha enhancementa This would follow, of course, were the alpha 

feedback state/meditative state postulate true. Nideffer (1973) wrote that 

11 since 



II since the meditative states are associated with a high production 

of alpha and since normal subjects report some of the subjective feelings 

of the meditators, it has been automatically assumed that control over 

alpha leads to ••• l 1 the same beneficial effects that are said to accrue 

from meditation. 

The practitioners of Yoga, Zen and Transcendental Meditation (and even 

Autogenic Training), as well as a number of recent scientific reports 

~ee section 3), have suggested that these practices have intrinsic value. 

Due to the purported similarity between the feedback~associated alpha states 

and these meditative states, individuals and private enterprises are offering 

courses in alpha training, promising such benefits as an 11 instant Zen 

experience''~ more rapid learning, increased interpersonal happiness, 

development of ESP, and control over body phys~ology and disease processes 

to accrue from this training (Nideffer, 1973). However, as has already 

been indicated, these claims are being made not on the basis of research 

into alpha feedback training, but rather on the strength of the somewhat 

questionable assumption of high alpha/meditative state identity., A study 

in l'.'hich Gannon and Sternbach ( 1971) attempted to attenuate pain by providing 

alpha feedback was based upon this kind of reasoning. They reasoned that 

since Anand, Chhina and Singh (1961b) had reported raised pain thresholds 

in some yogis, a similar effect may also accompany feedback-associated 

alpha. enhancement.. (Their findings were largely negative.) 

It is clearly a matter of some urgency that the question of the relationship 

between these states be directly examined. Gaarder (1971), Black (1979) 

and others have advocated the need for research into this problem. 

~.2 The Validitx of Physiological Data in Indexing Altered States of 

Consciousness: 

The questionable validity of employing subjective data for the indexing of 

altered states of consciousness has already been discussed. A critical 

evaluation of the validity of using EEG and other physiological parameters 

for the purpose follows. 

The similarities between the EEG changes accompanying Yoga, Zen and 

Transcendental Meditation have frequently been described as quite striking. 

All three meditative practices are reported to be accompanied by increases 

in the/ •R•••··············· 
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in the abundance and amplitude of alpha activity. In addition, a slowing 

of the average alpha frequency and the appearance of theta have frequently 

been reported to characterise the deeper stages of Zen and Transcendental 

Meditation (For a more detained survey of the EEG Correlates of_meditation, 

see section 3.1.1). 

Since the apparently similar EEG changes that accompany these three 

differently-named meditative states are supported also by similar subjective 

reports, it should follow logically that those writers who have been prepared 

to .suggest a relationship between the feedback-associated alpha state and 

11the meditative state", should also be equally prepared to suggest a 

relationship between these meditative states. That they have not made 

this suggestion is due not to EEG or subjective evidence, but rather to 

data obtained from the application of additional methodological operations. 

These additional research strategies have revealed important differences 

to underly the apparently similar EEG concomitants and subjective reports. 

The application of the additional methodological operation of determining 

the response characteristics of the EEG has revealed clear differences 

between the three meditative states. Zen monks, it was found, fail to 

demonstrate the usual alpha blocking response to stimulation; that is, 

unlike 11 normal11 subjects, their EEG blocking response to click stimulation 

fails to show habituati-on, even to the repeated presentation of this 

stimulation (Kasamatsu & Hirai, 1966). The yogis too, show a response 

that is unlike that of a "normal" waking subject~ During their Somadhi 

meditation, they fail to show any EEG response at all to stimulation~ 

Nevertheless, when not meditating, these same yogis not only demonstrate 

alpha blocking, but, like the Zen "''hen they are meditating, fail to show 

any habituation of the alpha blocking response to repeated stimulation 

(
1
Anand, Chhina & Singh, 1961b). Wallace (1970b) examined the EEG response 

characteristics of meditating Transcendental Meditators and reported 

finding no habituation of the alpha blocking reeponse to repeated stimuli, 

a finding similar to that reported for Zen by Kasamatsu and Hirai (:!.966). 

Banquet (1973) on the other hand, repo~ted finding not an absence of habitu

ation during T~anscendenta.l Meditation, but instead, an absence of alpha 

blocking itself - a finding more in line with that of Anand, Chhina and 

Singh (1961b) on yogis. The findings therefore with regard to the EEG 

resp.onse characteristics of Transcendental Heditation are still contradictory 

(see section 3.181). 

It appears/ ·~············ 



-1 

4.2 117 

It appears therefore that on the evidence of the EEG response character

istics, a clear distinction may be made between the Zen meditators on the 

one hand, who respond to stimuli during their meditation but fail to 

demonstrate habituation to repeated stimulation, and the Yoga meditators on 

the other, who simply show no blocking response at all to stimuli presented 

during their meditation. On the application of yet another methodological 

strategy (at a di££erent level of analysis), even more differences are 

found to emerge. \~hilst the yogis 11 generally claimed to be oblivious to 

their external and internal enviroment11 during their Somadhi meditation 

(Anand, Chhina & Singh, 1961b), the Zen reported that they had 11 more clearly 

perceived each stimulus than in their ordinary waking stagen (Kasamatsu & 

Hirai, 1966). Transcendental Meditators similarly reported perceiving 

both internal and external stimuli during their meditation (Banquet, 1973)a 

In summary therefore, the apparent superficial similarity between the EEGs 

and the subjective testimony of the practitioners of these J differently

named meditative states were shown to be accompanied by marked differences 

~ith respect to response characteristics a (methodological operation) at 

both the EEG and the verbal report (or subjective) levels of analysis. 

The Zen were reported to demonstrate alpha blocking to stimuli without 

habituation whilst maintaining enhanced awareness of stimuli; the yogis 

were reported to demonstrate neither alpha blocking to stimuli nor 

subjective awareness of stimuli during their meditation, whilst the data 

"''i th respect to Transcendental Meditation were contradictory. As more 

methodological operations were introduced, differences between the 

meditative states became increasingly evident. It seems re~sonable to 

expect that the application of similar methodological str~tegies might 

succeed also in breaking the apparent relationship between the feedback

associated alpha state and "the (themselves different) medi~ative states. 

It is of interest to note that the differences described above are consistent 

with differences between these states at a philosophical level. Tart (1969) 

suggested that the "Zen monks are striving to exist in the here-and-now, 

in the immediacy of the phenomenal world; thus if one interprets the 

adaption to stimuli seen in ordinary subjects as the substitution of 

abstract cognitive patterns for raw sensory experience, the Zen are 

apparently managing to stay in the h~re-and-now of immediate sensory 

experience. Yoga philosophy, on the other hand, has a strong world 

denying quality/ • ., ........ ~·~·~·· 
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denying quality, a belief that the phenomenal worl~ is all illusion and 

ensnarement (maya), which the yogin must learn to transcend. Thus it makes 

sense that they show no EEG response to stimulation and also report being 

unaware of the sti&uulation after the meditative state :i.s terminated." 

Comparisons between Hthe meditative state11 and the feedback-associated alpha 

state at levels of analysis other than those of the EEG and verbal report, 

appear to hold the possibility of distinguishing between the states. 

For example, vlallace (1970b) found the practi·ce of Transcendental Heditation 

to be unaccompanied by changes in eye-movements (see section .3.1.9)., On 

the other hand, according to MulhollandQs (1968, 1969a, b, c) "efferent 

oculomotor theory11 of alpha, quiescence of the oculomotor system is a 

necessary, although not sufficient, condition for the presence of alpha. 

Feedback directed toward the enhancement of alpha would therefore be expected 

to be accompanied by decreased EOG activity} This theoretical prediction 

has been confirmed~ in fact, by Honorton, Davidson and Bindler~s (1972) 

finding that feedback for alpha enhancement was accompanied by significantly 

less REH (Rapid Eye Hovement) activity than was feedback for alpha suppression 

(see section 2.2). An earlier preliminary observation by Kamiya (1962) 

failed to find a relationship between eye-movement activity and alpha 

changes (see section 2.1). It may thus be tentatively concluded that 

although no ev~dence appears to exist for a relationship between EOG changes 

and Transcendental Meditation, both theoretical and experimental evidence 

suggest that feedback-associated alpha enhancement may be accompanied by 

diminished EOG activity. 

It seems thus reasonable to expect that the extension of the comparative 

examination to additional levels of analysis may prove fruitful in break

ing the apparent relationship between the ·feedback-associated alpha state 

and 11 the meditative state"~ 

Further arguments in support of the conclusion that physiological data 

(alone) are o:f questionable validity in defining altered states of 

consciousness follow-

The "psychophysiological/ ··~······· 

I A notable exception is provided by Dewan v s ( 1967) ·study in v.Thich subjects 
lear.ned to enhance their alpha by means of 11 active11 eye-elevation.. This 
strategy should be distinguished from the 11 passive11 techniques employed 
by the other studies reviewed in section 2. 
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The 11 psychophysiological principle!! {Green, et al, 1970) states that~ 

11 Every change in the physiol~gical state is accompanied by an appropriate 

change in the menta1-emotional state, and conversel~ every change in the 

mental-emotional state, consciously or unconsciously, is accompanied by an 

appropriate change in the physiological state. 11 A naive application of 

this principle to the psychophysiological study of consciousness has led 

to many fallacious assumptions concerning the relationship between 

psychological and physiological function during different states of 

consciousness. It has, for example, been suggested that the presence of 

particular altered states may be indexed by the presence of relevant 

physiological changes. Fischer (1971) has mapped states of consciousness, 

ranging from the ecstatic to Yoga Somadhi, on a perceptual-hallucination 

continuum of increasing ergotrophi-c arousal from "normal" to ecstatic and 

increasing trophotropic arousal from "normal" to Yoga Somadhi. 

Whilst Cannon (1927) many years ago asserted that the same visceral changes 

can occur in very different emotional and even non-emotional states, only 

recently has the question been posed: 11 Can the same visceral changes 

occur in very different states of consciousness? 11 (Johnson, 1970). 

Johnson, on the basis of his survey of EEG and autonomic activity found 

across different states of consciousness, concluded that the same visceral 

changes can, indeed, occur in different states of consciousness. For 

example, the EEG alpha activity which is accepted as being indicative of 

a relaxed waking state is found also during the REM stage of sleep. In 

terms of response characteristics, however, this REM alpha activity is 

clearly distinguishable from waking alpha. A further example is provided 

by the difficult problem encountered in trying to distinguish between the . 
waking, drowsy and REN sleep patterns of subjects who have low voltage EEGs,. 

Lubin, Johnson and Austin (1969) reported that this situation can confuse, 

not only humans, but-even computerso The theta and beta activity that 

Banquet (1973) reported finding in the deepest stages of Transcendental 

Heditat:i.on "'•as described as being different from these rhythms "''hen seen 

in the sleep (or drowsy) and waking states respectively. He wrote of the 

theta rhythm of meditation that, in response to click stimulation, it 11 

changed into the alpha rhythm of an arousal reaction, therefore the 

rhythmic theta train of meditation has a reactivity similar to the '\\Taking 

alpha rhythm .. 11 The low voltage fast activity of th~ deepest stages of 

meditation was found to be distinguishable from waking beta by appearing 
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against a background of slow frequencies. These findings may be seen to 

be consistent with Blackus (1972) contention that 11 ••• a given pattern 

of ne~ral electrical activity could function in different neural systems, 

and different patterns could play the same role in a given neural system." 

On the basis of his evaluation of a wealth of evidence of a similar nature, 

Johnson (1970) concluded that EEG and autonomic activity cannot alone be 

used to define states of consciousness. 

Although the psychophysiological principle is probably quite valid 

axiomatically, its validity, in application to altered states of 

consciousness, appears to be undermined by practical problems. The major 

problem is that the presently available technology does not enable one to 

assess really "appropriate physiological changes 11 .. Even the EEG, our 

primary physiological index of consciousness, is a "somewhat poor instrument 

for studying the most complex organ in the '\<torld11 (Ornstein, 1972) .. · 

It appears possible (should one assume a 11 cerebral-origin11 approach to the 

EEG) that the same EEG activity seen during different states of consciousness 

could arise from different 11 brain wave generators." Computer studies 

conducted by Johnson (1970) of the EEG coherence during different sleep 

stages suggest that the 8 to 12 Hz alpha waves seen during these differerit 

sleep stages might not necessarily originate from a single 11 alpha generatorli., 

So perhaps there may be more than one source for similar waves (as recorded 

from the surface of the scalp). Could perhaps the source determine the 

EEG response pattern? I~ see~s possible that the apparently similar alpha 

waveg found in different meditative states might originate from different 

alpha generators, that is, from functionally and anatomically distinct 

parts of the brain (Doxey, 1972a). In comparing Transcendental Meditation 

and feedback-enhanced alpha states, this possibility becomes even more 

plausible.. During the course of meditation, there is a forward shift in 

the focus of alpha activity from the occipital to the central and frontal 

regions of the brain (Wallace, 1970a, b; Banquet, 1973). During alpha 

feedback on the other hand, the feedback has invariably involved either 

the occipital or the parietal regions and there have been no reports of 

alpha intensity shifts away from these regions (see section 2). 

4.3 An Al ternati vist-Mul tidisci;e,l inary Approach to· the Study o£ A 1 tered 

States of Consciousness 

Evidence has been/ ..... A ••• c .• ••• ~ •• 
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Evidence has been presented thus far in support of the conclusion that not 

only are subjective data ~f questionable validity in defining altered states 

of consciousness, but also that the best a~ailable physiological evidence 

falls far short of being an adequate criterion. These conclusions are con-

sis tent vli th the view that 11 consci.ousness 11 may be neither fully understood 

within the frameworks of physiology nor psychology; that the essence of 

what consciousness is transcends the limiting conceptual constraints of 

either of these disciplines. .Nevertheless, even though the essence of 

the phenomenon of consciousness may forever elude us, it is felt that 

simultaneous data derived from different levels of analysis and from 

different theoretical frameworks might converge to provide a more 

valid partial knowl-edge of the phenomenon~ William James (1971), in 1901, 

expressed not only similar views concerning the nature of consciousness~ 

but also advocated a similar approach to its understanding. He :wrote~ 

"And why, after all, may not the world be so complex as to .consist of many 

interpenetrating spheres of reality, which we can thus approach in alter

nation by using different conceptions and assuming different attitudes, just 

as mathematicians handle the same numerical and spacial facts by geometry, 

by analytical geometry, by algebra, by the calculus, or by quaternions, and 

each time come out right?11 

This kind of assumption as to the essential nature of consciousness demands 

a very specific kind of methodological approach to the scientific study of 

the phenomenon. The approach adopted in the present study may perhaps 

best be described as 11alternativist 11 and "multidisciplinary"., Meta-

theoretically, it has its origin in the writings of physicist P,K. Feyera

bend (1967) whilst its translation into a viable scientific research 

strategy is a result of the writings of Garner, et al (1956), Stoyva and 

Kam iya ( 1968) and Stoyva ( 1970) e In terms of this approach, an altered 

state of consciousness is seen as a hypothetical construct which can be 

best understood by the simultaneous use of converging operations from many 

relevant levels of analysis as well as from many relevant methodological 

strategies within these disciplinary levels (see section 1.J). Both 

Hilgard (1969) and Johnson (1970) h~ve e~pressed views consistent with 

this approach whilst Mason~s (1970) suggested approach to the study of 

psychosomatic problems, in terms of a multidisciplinary research effort in 

which as many conceptual and methodological approaches as possible be con

currently employed, see~s ~qually applicable to the scientific study of 
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consciousness. 

The methodological strategy of. converging operations has been described 

by Garner et al (19~6) as 11 
••• any set of two or more experimental opera

tions which allow the selection or elimination of alternative hypotheses 

for concepts which could explain a given 'experimental result. They are 

called converging operatioris because they are not perfectly corr~lated and 

thus can converge on a single concept .. " Stoyva and Kamiya (1968) and Stoy

va (1970) have shown both the REM indicator and verbal reports to be far 

from perfect indices of the hypothetical internal state of dreaming. 

However, by using converging and ?verlapping observations from the verbal 

and physiological levels simultaneously, they have been able to enhance 

the construct validity of the hypothetical _dreaming state. They advo

cate the application of this approach to the scientific study of other 

altered states of consciousness - including the feedback-associated alpha 

state and the meditative states. 

In the present study, the method of converging operations was adopted in 

order to obtain decisive evidence on the question of the relationship be

tween the hypothetical feedback-associated alpha and Transcendent~! Medita

tion states., The two practices were thus examined and compared across a 

number of different disciplinary levels and across a number of different 

methodological strategies situated at these levels. 

In addition, unlike previous '"ri ters who have tended to base their conclusions 

concerning the relationship between the two states upon data derived by 

different researchers using different experimental procedures, an attempt 

was made in the present study to compare the practices across constant 

experimental techniques.. An example that possibly best illustrates the 

questionable validity of these previous attempts is the following. Without 

exception, the alpha feedback studies reviewed in section 2 were concerned 

with the manipulation of occipital EEG activity. More specifically, none 

of the studies that were accepted as having successfully demonstrated the 

pljenomenon of operant alpha enhancement (see section 2.4~1) employed frontal 

EEG channels. It would appear extremely unlikely that feedback-associated 

changes in occipital abundance would produce the kind of for\<rard migration. 

of slow wave EEG activity that is reported to accompany Transcendental 

Meditation (see section ).1.1). This view has received some support from 
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studies by Hord, Naitoh and Johnson (1972) and Naitoh, Johnson and Tracey 

( 1972) "'ho investigated the phase-angle relationship between occipital, 

temporal and frontal EEG leads in 6 subjects who had demonstrated 11 an 

ability to self-regulate (their occipital) alpha in an opera~t conditioning 

experiment." They reported finding that although there was some degree 

of coherence between the occipital and the frontal EEG leads (with the 

frontal lagging the occipital b)'" about 42 msecs.), there was l.ittle evidence 

for an increase in the intensity of frequency ranges other than the speci

fically reinforced alpha range. Thus, although feedback-associated changes 

in occipital EEG rhythms did exert an influence (later) on frontal rhythms, 

this influence was limited to the alpha frequency range and in no way re

sembled the typical Transcendental Meditation EEG pattern - low frequency 

alpha and sometimes theta activity concentrated largely over the frontal 

regions with possible decreases in alpha and increases in beta over the 

occipital areas. It would appear essential that when comparing the EEG 

changes associated with the two practices, more attention be directed 

to"'rard the topographical distribution of these changes. Thus, although 

both Transcendental Meditation and occipital alpha feedback are usually 

associated with increased alpha abundance, the former technique appear 

to bring about chan~es largely over the frontal regions whilst the latter 

technique seems to be associate with largely posteriorally located and more 

,limited EEG changes. 

In order to avoid many of the indicated problems associated with previous 

attempts to compare the two states, the present study examined their 

relationship by means of a systematic comparative examination of some of 

their supposed concomitants {using constant experimental techniques). 



5.0 HETHODOLOGY 

5" 1 Subjects 

The subjects in the present .study comprised 72.volunteers drawn from 

approximately the same socioeconomic and educational background (i,e., 

the majority were students or for~er students of the University of Cape 

Town),. They were all English speaking Caucasians and ranged in age from 

16 - 36 years .. 

lityu observed. 

groups:-

In no instance .was obvious physical or mental "abnorma

The subjects were distributed across the following 3 

Alpha Feedback G£oup: This group consisted originally of 21 

subjects - 11 females and 10 males. One male subject, however, was forced 

to withdraw from the study after 4 weeks as a result of hospitalisation. 

His data were thus excluded from the analysis. The remaining 20 subjects, 

with a mean age of 24,8 years and an age range of from 19 - 36 years~ par-

ticipated in the longitudinal study on a volunteer basis. 

however, to a limited extent, aware of some o£ the broader aims of the 

study. That is, they were told that the study was directed toward the 

investigation of possible physiological and psychological concomitants of 

6 weBks regular alpha feedback practise. Furthermore, largely as a result 

of the extensive press coverage given to the phenomenon, they were not naive 

as to the nature o£ alpha feedback training. However, lest this be con-
• 

sidered a weakness in the present study, it should be mentioned that even 

after they had had a week's exposure to the experimental situation for the 

establishment of 11 pre-training or baseline11 data prior to receiving feed

back training, they ~rere clearly incapable of demonstrating 11 differential 

alpha control" (see sections 2.2 & 5.3 .. 1). In fact, when the subjects 

were instructed to either' 11 enhance11 or 11 suppress 11 their aipha levels, their 

efforts invariably gave rise to responses opposite to that requested (see 

Appendix J) .. The subjectsv limited prior knowledge_concerning the pheno-

menon of alpha feedback had, therefore, no appreciable effect upon their 

ability to control the rhythm. 

Fbr the purpose of statistical analysis, the alpha feedback group was sub

divided into 11 successfuln and 11 unsuccessful 11 sub-fgroups according to a 

number/ 

(;· 



number of different criteria of 11 success11 at alpha feedback training. 

This procedure is described in section 5.6.1. 

5o '1 . .,2 1!Advanced11 Tr""'nscendental Meditation Group: This group comprised 

10 subjects- 6 males and 4~emales- with a mean age of 23,3 years and an 

age range of from 19 - 34 years. They were all teachers of Transcendental 

Meditation who had received instruction in the technique under the person

al supervision of theMaharishi Mahesh Yogi. At the time of testing, they 

were attached to the Transcendental Meditation Centre in Cape Town. Their 

experience at meditation ranged from 2 - 6 years with a mean of 2,75 years 

(i.e.~ S1.- 6, S2- 3, SJ - 2,5, S4- 2,5, S6- 2, S7- 2, S8- 2, S9- 2,5 

and S10 - 2,5 years respective!~~,;). 

5_ .1 .. 3 , 11 Novice" Transcendental Meditation Group: This group cons is ted 

originally of 38 subjects - 23 males and 15 females - with a mean age of 

19,8 years and an age range of from 16 - 28 years. They were volunt•ers 

recruited from an audience attending their first introductory lecture on 

Transcendental Meditation. Psychological tests "~ere administered to 

these subjects prior to their learning the technique. Six weeks after 

having learned Transcendental Meditation, 28 subjects who were still prac

tising the technique were re-tested. The statistical analysis was 

restiicted to this reduced group of 28 subjects - 15 males and 13 females 

with a mean age of 19,9 years arid an age range of from 16 - 28 years. 

The 10 subjects who were not re-tested were excluded from the study for 

a variety of reasons (see Appendix H) e.g., for failing to meditate at 

least 4 times per wee.k, for repeatedly :failing to keep 11 re-test11 · appoin.t

m~nts, as a result of hospitalisation and as a ~esult of being forbidden 

€by parents) to start meditating. 

For analysis purposes~ this group of 28 subjects was sub-divided into 

a 11 regular11 and an "irregular" sub-group on the basis of their meditation 

regularity. This procedure is de~cribed in section 5.6.2. 

5.2 Apparatus 

Electrophysiological Apparatus~ A Beckman Type R .Dynograph 

mul~i-purpose laboratory recorder equipped to record four channels of 

information was employed.. It included'-± Type 481B Preamplifiers, 2 Type. 

482 M8 Amplifiers/ ••• 
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4:82 M8 Amplifiers, J Type 9806A AC/DC Couplers and one Type 984:2 GSR 

Coupler. In addition, it incorporated a vertical (paper) chart-drive 

with 8 chart speeds from 0,1 to 25 em/sec. The writeout medium consisted 

of ink on prefolded rectilinear paper. 

A Beckman Type RP Dynograph table-top recorder equipped to monitor 2 

channels of information was also employed. It incorporated 2 Type 4:81B 

Preamplifiers, one Type 482 :H8 Amplifier, one Type 9806A AC/DC Coupler 

and one Type 9842 GSR Coupler. The (paper) chart-drive provided 8 chart 

speeds from 1 to 250 mm/sec. The ~Titeout medium was ink on prefolded 

rectilinear paper. 

The EEG electrodes consisted of silver/silver chloride pad electrodes con

structed and supplied by the EEG Department at Groote Schuur Hospital, 

Cape Town. They were attached to the scalp by means of a system of 

headstraps. This system was_chosen as it permit~ed the quick application of the 

electrodes (i~e., about 20 seconds per electrode), it provided nearly arti

fact-free recordings and because the headstraps (even after 45 minutes) 

caused no discomfort~ The ECG electrodes and the skin resistance electrodes 

consisted of 2 em square silver disc electrodes which were attached by means 

of adjustable rubber straps. 

The electrode paste used for the EEG and the ECG recordings was DB electrode 

paste manufactured by Day-Baldwin, Inc., Hillside, New Jersey, whilst that 

employed for the skin resistance recordings was a non-abrasive paste pre

pared by the Department of Bio-Engineering at Groote Schuur Hospitali 

Cape Town. It consisted of an agar jelly prepared according to the 

instructions of Wenger and Cullen (in Greenfield and Sternbach, 1972)* 

A Philips PM 3200 single beam oscilloscope with a frequency range of 0 - 10 

M Hz was used. 

An EEG Spectrum Analysis Unit with numerical readout was used. This 

apparatus was specially designed and constructed by electrical engineer 

Richard Decker of the Department of Electrical Engineering, UniYersity 

of Cape Towne The requirement of the EEG Spectrum A.nalysis unit v,ras a 

numerical readout in terms of percentage time occurrence of. 4 predetermined 

EEG spectrum/ ~p~~~·· 



EEG spectrum bandsc 

Beta 

These were~ 

1.2,2 

Alpha 8,0 

High (frequency} Alpha: 1o,o 
Low (frequency) Alpha : 7,9 
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- 22,5 Hz 

- 12,2 Hz 

- 12,2 Hz 

- 10,2 Hz 

Data pertaining to the validity and stability of the Spectrum Analysis Unit 

are contained in Appendix M. Briefly, the EEGs of 10 subjects were scored 

in. t·erms of percentage time occurrence of the above four frequency bands 

by the unit and (blind) by the visual examination of the EEG. paper records. 

A comparison between the two techniques revealed a correlation of 0,98 for 

alpha, 0,96 frir beta, 0,86 for high alpha and 0,83 for low alpha. The 

stability or reliability of the instrument was determined by means of 

periodical checks against a Hewlett-Packard Wave Generator. No adjust-

ments were required during the time that unit was in use. 

The core of the unit comprised 4 !!Consumer Hicrocircuits 11 FX 10:1 frequency

sensitive switches (i~e., one for each predetermined EEG spectrum band) 

acting in an in-band mode. The upper and lower frequency limits of the 

bands \lrere determined by means of external high quality R.,Ce components. 

The FX 101 "'as essentially a M .. O .. S. (metal oxide silicon) digital filter, 

the in-band state of "'Thich activated an external device that closed a 

relay .. The closure of this relay fed a 1 Hz pulse (supplied by a pulse-

generator) t~ the relevant electro-mechanical counter .. The cumulative 

numerical display thus represented the cumulative time in seconds that a 

particular EEG frequency band was present in the record. The numerical 

display included, in addition to the four predetermined spectrum band 

cumulative time displays, a total time_elapsed readout which was contin

uously fed by the pulse-generator (i.eo, it bypassed the FX 101s). 

(see Figure I). 

Two aspects of the circuit details require elaboration. First, the 

signal recognition time of the FX 101 was approximately .3 cycles of in

band input. By means of an e'~ternal hy~:t;_.:,e~sis- control, the out-band 

hysteresis time was ·preset. to compensate for this switch-on dela.y (of 

about 0,4 seconds in the alpha frequency ~ange). Second, as the FX 

101s required a fairly stable baseline~ a high-pass filter was included 

to eliminate this undesirable and unavoidable aspect of the EEG trace. 

This/ ••••••••••• 
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This filter consisted of a 4-stage unity-gain Butterworth filter (with 

maximally flat frequency reponse) with a low frequency attenuation of 

approximately 48 dB per octave. The high-pass filter was, in addition, 

buffered at both input and output stages by adjustable high-gain ampli

fiers (Type 741 Integrated Circuits), thus permitting one to adjust the 

output voltage amplitude to the FX 101s. 

-
Beckman High-Pass Frequency Numerical 

Dynograph Filter Sensitive 
Counters Switches 

\I / 

Pulse 
Generator 

Figure I. Diagram of the EEG Spectrum Analysis Unit 
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An auditory feedback apparatus was used to provide feedback for the presence 

of alpha .. Closure of the alpha relay in the EEG spectrum Analysis Unit 

completed a 12 volt power circuit which activated a 1000 Hz audio-oscilla-

tor, the output of which "'as amplified to drive a loudspeaker .. The am-

plitude of the feedback signal was approximately 50 dB (A) (Stevens, 1956). 

Autonomic Balance Apparatus: For a full description of the appa-

ratus employed in the Autonomic Balance determination see section 5.3.2. 

The apparatus included a dermographia stimulator (see Figure 2), a stop 

watch, an apparatus for measuring salivary output similar to that illus-

trated in Figure 3, a sphyg momanometer and a stethascope. In addition, 

a Beckman Type RP Dynograph t"'o-cha.nnel recorder incorporating 2 Type 4. 81B 

Pre-Amplifiers, one Type 4.-82 H8 Amplifier, one Type 9806A AC/DC Coupler 

and one Type 984.2 GSR Coupler was employed to record the ECG (from \\'hich 

heart period was calculated) and palmar and volar skin conductance • 

•••-•&e'l'te411e 
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Reaction-Time Apparatus: This instrument was developed and built 

by Mr Humphris, senior technician of the Department of Psychology at the 

University of Cape To~n, in 1972. Essentially, with this instrument one of 

3 possible light stimuli could be presented randomly to a subject whose 

task it was to move his preferred hand through a distance of 10 em to 

extinguish the light (as quickly as possible) by pressing one of 3 col

oured buttons co~responding to the illuminated coloured light. The 

apparatus had the capacity to measure to within one-hundredth of a second 

the time elapsed between the presentation of a light stimulus and its 

extinction., This time interval constituted the reaction-time. The 

apparatus· may be seen therefore to have provided a 11 three-choice dis-

criminative reaction-time task11 (Slabler & Dyal, 1963). 

Short-Term Memory/Perceptual Speed Apparatus: This apparatus 

consisted of ( 1) a Cambridge Tachistoscope, Unity 1'ype' CT 2 No. 548 model 

which "'as manufactured by Behavioural Research and Development Limited e.nd 

is obtainable from Day-Baldwin, Inc., Hillside, New Jersey, and (2) four 

sets of/ ~···~~~~ 



sets of 5 tachistoscope cards. Each card contained 3 typed nonsense 

syllables of 40o/o association value (after Glaze, 1928)_ In addition, 

there was one set of three tachistoscope cards which was simply used to 

familiarise the subjects to the demands of the task. 
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5.2.5 Psychological Test Apparatus: The Stanford Hypnotic Suscepti

bility Scale (Weitzenhoffer & Hilgard, 1959) consists of two parallel forms -

A and B - which permit subjects to be tested on different occasions on 

somewhat different test-suggestions with little loss of reliability. 

Whereas these two forms of the scale tend to stress overt responses to 

hypnotic suggestions, a form C (\o!ei tzenhoffer & Hilgard, 1962) tends to tap 

more cognitive aspects of hypnotic susceptibility. Forms A and B are reported 

by the authors to be strictly comparable with test-retest correlations in 

the region of Oj83 having been obtained on 124 subjects tested on one form 

and then tested two days later on the other. The test-retest reliability 

of the same forms over two days is reported to be as high as 0,91., The 

basic assumption underlying the Stanford Hypnotic Susceptibility Scale is 

that a hypnotic trance is necessary for the elicitation of positive responses 

to the test-suggestions included in the test. A standardised hypnotic 

induction procedure is thus included, and is, in fact, intertwined with 

the standardised administration of the test-suggestions,. Since the two 

sets of variables - hypnotic induction procedure and test-suggestions - are 

intertwined in this way, the instrument is not conducive to s.tudies where 

the independent assessment of the effects of antecedent va~iables are to be 

determined. It is a fairly inflexible test of hypnotic suggestibility 

and has to be modified in order to assess the effects of waking suggesti-

bility or of hypnotic induction per se. It is nevertheless the most widely 

used instrument in the field today, employed by investigators of many 

theoretical persuasions. 

The Barber Suggestibility Scale (Barber, 1965a)is constructed so as to permit 

being preceded by a wide variety of antecedent variables - hypnotic induction 

procedures, task motivational instructions, placebo instructions, etc .. 

The instrument thus permits the independent manipulation of the many 

antecedent variables held by adh~rents of the 11 alternative non-trance hypnosis 

pa.radigmn to influence suggestibility. The scale places equal emphasis 

on both objective and subjective aspects af suggestibility. The test-

retest reliability of the scale administered under a direct suggestions 
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condition (as was done in the present study) was examined by Barber and 

Glass (1962) and by.Barber and Calverley (1963). Sixty female college 
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students were tested and retested_within one week on their responses to the 

scale by Barber and Glass (1962) and a product-moment test-retest correlati~n 

of 0 1 88 (P<1 001) was obtained (for the 11 objective11 scores - "subjective" 

scores were not recnrded). Barber and Calverley (1963) obtained. test-retest 

correlations of o., 82 ( P<, 001) for both the 11 objecti ve11 and the 11 subjective" 

scores on 29 student nurses.over ~n interval of 6 weeks. The split-half 

reliability of the scale administered under a direct suggestions condition 

has been reported by Barber (1965a) to be in the region of 0,79 for the 

11 objective11 scores and 0, 8"'= for the 11 subjective 11 scores. 

The Taylor Manifest Anxiety Scale (Taylor, 1953) consists of 50 items selected 

by .5 clinicians from the MMPI to be.indicative of 11 manifest anxietyH 

supplimented by 175 11 buffer items 11 • The normative data on the test, "''hich 

is prese.nted under the innocuous title of 11 Biographical Inventory11 , were 

obtained on a sample of 229 students of psychology. The mean score was 

approximately 14. The author r~ported that the test-retest reliability 

of the test over 4 weeks on a group of 179 subjects was 0,88. With regard 

to its validity 1 Anastasi (1961) "-'Tote that favourable evidence had been 

obtained from studies that compared ne~rotic and psychotic patients with 

normal·groups. For example, a group of 103 neurotic patients drawn from 

both an in- and out-patient population demonstrated a median score of 34 

on the MA scale - a score equivalent to the 98,8 percentile of the 

normalised sample (Taylor, 195)). Correlation studies between scores on 

this instrument and physiological indicants of arousal have produced 

inconsistent results. For example, positive correlations between physio

logical indicants of arousal and MA scores have been qbtained by Ra~paport 

and Katkin (1967) and by Kelly', Brown and Shaffer (1970) but negative results 

have been reported by Katkin and McCubbin (1969), Katkin (1965), Sorason 

(1960) and Silverman (1957). Katkin (1966) offered a plausible explanation 

.for this reported failu~e to relate MA scores to physiological indicants of 

arousal - particularly to GSR response~ - ~s being a function of the fact 

that whereas physiological indicants of anxiety are indicative of transitory 

·anxiety - that is, anxiety actually present at the time of testing, the MA 

scale measures a more generalised form of anxiety • 

The Marlowe-Crowne Social Desirability Scale (Crowne & Marlo,·:e, 1964:) 

consists of/ ~······-"··-~···· 



consists of 33 items selected from a number of current personality 

inventories by 10 judges to meet the criterion of "cultural approval and 

yet be untrue of virtually all people, and have minimal pathological or 

1)2 

abnormal implications • 11 In order to control for 11 acquiescence", 18 of the 

items were keyed 11 true 11 and 15 11 false". Using a standardisation sample 

of introductory psychology students, the authors obtained a mean of 11,65 

for 100 male subjects and a mean of 13,51 for 86 female subjects. The 

reliability of the scale was also determined by the authors. The test-

retest reliability of a sample of 57 subjects over a period of a month .was 

0,88. Using the Kuder-Richardson formula 20, they also found the internal 

consistency of the test to be 0 1 88. Crowne and Marlowe (1964) consider 

the scale to be an indirect measure of "need for approval". They further 

contend that people differ with respect to the strength of this ~eed, with 

high-need persons tending more to engage in culturally sanctioned behaviour 

ind avoiding those that are not. Their formulation appears to account 

well for the empirical findings with respect to the re~ationship between 

the M-C SD Scale scores and scores on other tests. It has generally been 

found that subjects who score high on the M-C SD Scale achieve lower scores 

on the MMPI clinical and derived scales (including the Taylor Manifest 

Anxiety Scale, the correlation being -0,25) .. They contend that this is 

simply due to the fact 'that high M-C SD. s.ca:le subjects tend more to avoid 

responses considered uridesirable in the present social milieu - including 

those of admitting to anxiety, frustrations, unhappiness, etc. It must 

be stres~ed 1 however, that the correlations between these clinical dimensions 

and the M-·C SD Scale scores were low to moderate, 11 indicating that the 

1'1-C SD Scale is accounting for some, but not all, of the variance." 

The Eysenck Personality Inventory (Eysenck & Eysenck, 196/r) is purported 

by its authors to measure two major dimensions of personality - extraversion 

and neuroticism. The EPI furthermore exists in two equivalent forms - A 

and B .. The means of the combined forms of the EPI obtained on a normal 

standardisation sample of 2000 subjects are as follows~ approximately 

27,5 for the 11 E11 dimension and 91 1 for the 11 N11 dimension~ The authors 

report a test-retest reli.ability._in the region of 0~8/r (for 11 N11 ) and 0,9/,r 

(for 11 E") for the combined forms of the test ov·er a period of a year o 

The split-half reliability of the combined scales is reported to run from 

o,85 to 0,95. The validity of the EPI has been reported to be exceptionally 

high. E~idence in favour of this conclusion has come from a number of 

different sotirces.j ••••••••••• 
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different sources. For example, using the method of nominated groups, 

S.B.G. Eysenck (1962} and Eysenck and Eysenck (1963) have shown that when 

independent judges are asked to rate subjects in terms of 11 extraversionlf 

and "introversio~', or stability or lability, their ratings correspond .., 

predictably with the subjectsV EPI scores. Additional validation data 

has been provided by the authorsv finding that many groups categorised as 

"abnormal", particularly neurotics, have much higher than 11 normal 11 N scoresQ 

The Repertory Grid which incorporates 14 psychological dimensions is 

deseribed in section 5.3.5 (see also Appendix K). 

The Phenomenological Repertory Grid, which incerporates 35 dimensions related 

to subjective experience, is described in section 5.3.5 (see also Appendix K). 

5 .. 3 Procedure 

5.3.1 Electrophysiological Recording Procedure (including the Feedback 

Procedure): The alpha feedback group and the 11 advanced11 meditator group 

under\\'ent electrophysiological testinge The alpha feedback group was test-

ed longitudinally and was consequently subjected to two series of examinat-

ions. The first v.ras to establish pre-tra.ining rest 11 baseline11 data and 

the second, after they bad had 6 weeks regular alpha feedback training, 

was to obtain post-training alph~ feedback data (see section 5.3.6). 

The nadvanced11 meditator group on the other hand, was only &X.amined ..over. 

the sbort~term and'as a consequence, was onli subjected to a single series 

of electrophysiological tests (see section 5.3.8). 

During a ~ubjectVs first one-hour experimental session, the workings of all 

the equipment he would encounter during the course of his participation 

in the study was explained to him. In addition, an attempt was made to 

allay any apparent fears and misconceptions he may have had concerning the 

expe.rim.ent. The subject then underwent a typical electrophysiological 

recording session (during \\•hich EEG, ECG and GSR1 were monitored) of about 

30 minutes duration. The data from this first session - the 11 e.daptation11 

or 11 h&bituatio~1 session - were excluded from the analysis. It served 

therefore simply to p~rmit subjects to adapt to the experimental situation 

prior to/ lit oP. "'> 8 "". _, ft D t'll G.~"' e • C 0 

t ,_. 
These GSR data are excluded from the present study. 



prior to the determination of experimental data. 

The procedure followed for each recording session was much the same. The 

subject was first allowed a few minutes in which to adapt to the experimental 

situation (during "'rhich time he was administered other non-physiological 

tests), after which he was directed to the experimental room for the 

attachment of electrophysiological transducers .. He was comfortably seated 

and the appropriate electrode placement areas were thoroughly cleaned with 

disposable 70% isopropyl alcohol medical swabs. The silver/silver chloride 

EEG pad electrodes (which were regularly re-chlorided) were attached by 

means o£ the system of headstraps to occipital placements 01 and 02 as 

out.lined by the 11 Ten Twenty System11 (Jasper, 1958).. A ground electrode, 

which was common to all transducers, was placed over the frontal region. 

The silver disc ECG electrodes were attached by means of adj~stable rubber 

straps to the outer aspect of the upper arms. In view of the fact that 

only heart-rate estimations \\•ere required, electrode placements were not 

critical so long as the QRS complexes could be clearly discerned. 

Both the EEG and the ECG electrodes were attached via electrically-shielded 

Beckman input leads to Type 9806A AC/DC Couplers of the Beckman Type R 

four-chahnel recorder situated in an adjacent sound-attenuated and 

electrically-shielded recording-room. 

For all subjects, the EEG and ECG settings on the Beckman Dynograph were 

kept constant. The time constant of the Type 9806A AC/DC Couplers were 

set at 0,3 and the high frequency filters at 3,0. For the EEG recording, 

the Type 481B Preamplifier setting was at 0,5 millivolts per centimeter 

whilst the setting for the Type 482 M8 Amplifier was at x q,1(i.e., 0,1 X 

0,5 millivolts per centimeter), giving a net resultant amplification of 

50 microvolts per em on the recording paper. For the ECG recordings, the 

amplification was usually set at oneo..tenth of that for the EEG. This v.•as 

accomplished by. setting the Type 482 H8 Amplifier at x :1., 0 (instead of at 

x 0~1). The usual gain for the ECG was therefore 5 microvolts per em on 

the recording paper. 

A continuous record on folded rectilin_ear paper was tttade at a paper speed 

of 1 em per second fer both the EEG and ECG channels.. In addition, the 

2,13 volt peak-to~peak output of the Beckman Type 482 H8 Amplifiervs 

auxilliary output powered both the Philips PH 3200 single beam oscilloscope 

and the/ ••••••••••••••• 
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and the EEG Spectrum Analysis Unit .. The oscilloscope provided a second 

monitor of the cont~nuous EEG activity. As a result of the negligible 

mass of the electron beam, this monitor had the distinct advantage over 

the paper record of being a more dynamic and sensitive index of EEG activity .. 

(It was particularly valuable for detecting low voltage interference that 

was not observable on the paper record.) The EEG Spectrum Analysis Unit 

automatically reduced the information contained in the EEG trace to numer-

ical form. The cumulative times that each of the 4 pre-determined EEG 

spectrum bands were present in the EEG record were numerically displayed. 

This constituted the primary form of EEG data in the present study. 

After the subject was appropriately attached to the required transducers 

and was comfortably seated in the recording-room, the experimenter checked, 

and if necessary, made adjustments to the monitoring and analysis apparatus. 

Once it had been established that everything was functioning adequately, 

the experimenter provided the subject with instructions appropriate to the 

particular experimental condition and retired to the recording-room~ No 

further verbal communication passed between the experimenter and subject 

until the termination of the recording condition. 
' ' 

The experimenter was able, 

however, to view the subjec<; by. way of a curtained windo'\'r situated behind 

the subjectRs chair6 The cessation of any condition was signalled by the 

experimenter knocking quietly on the door of the experimental-room. After 

waiting for 3 minutes for the subject to adjust, he entered the room and 

either provided further instructions for another experimental condition or 

disconnected the subject as required by the experimental design. 

For the alpha feedback subjects, there was an additional requirement. 

That is, that during their post-training test-sessions, they needed also to 

be provided with feedback for alphaoccurrence~ This was accomplished by 

the Auditory EEG Feedback Apparatus which, on detecting alpha in the EEG, 

signalled the subject by way of a 50 dB (A) 1000 Hz tone (via a loudspeak.er) 

in the experimental-room .. In operant terms, the feedback provided 

corresponded to a continuous schedule of reinforcementt--

During the 6-week alpha feedback training period interspaced between the 

pre- and post-training series of test-sessions, the subjects were simply 

attached to the EEG and provided with feedback. Although data were recorded 

during this/ •••••••••••••••• 
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during this training period, they are 'excluded from the present analysis. 

Conversion of the 11 Raw11 Physiological Data to Numerical Form 

The EEG data were converted to numerical form as follows: A subjectVs 

EEG data were determined for each 5-minute period of any recording session. 

Consequently, lr EEG data determinations were made across the 20-minute 

pre-training rest conditions, 2 across the 10-minute pre-experimental rest 

conditions, lr across the 20-minute experimental conditions and 2 across 

the 10-minute post-experimental rest conditions .. In addition, however, 

since a subject was exposed to each of these conditions on lr seperate 

occasions, for analysis purposes the EEG data for any 5-minute period of 

any condition comprised the mean of the 4 corresponding time periods (see 

Appendix A) • 

For any single 5 ... minute period, the EEG data were derived from the numerical 

readout of the EEG Spectrum Analysis Unit. Whenever the 11 total time 

elapsed11 readout had incremented to JOO seconds, the cumulative time scores 

on each of the lr predetermined EEG spectrum band numerical displays were 

recorded and converted to percentage time occu~rence of the particular EEG 

frequencies., For example, should the beta and alpha cumulative displays 

have registered 48 and 126 seconds respectively at the end of a 5-minute 

period, this would have constituted a percentage time beta of 16 and a 

percentage time alpha of 42. These scores were simply derived by dividing 

the cumulative t-ime in seconds o:f a particular EEG spectrum band by the 

total time elapsed and multiplying by 100. At the end of each 5-minute 

period, after the EEG data had been determined, the 5 numerical displays 

were reset to zero. 

For the purpose of statistical analysis, the percentage time occurrence of 

each of the lr predetermined EEG :frequency bands were normalised by being 

converted to z-scores .. This procedure is described in section 5.5e 

The heart-rate data were converted to numerical form as follows: A subject's 

heart-rate data, like his EEG data, were determined for each 5-minute period 

of any recording session. Consequently, the same number of heart-rate 

determinations as EEG data determinations were made (see Appendix D). 

As for the EEG data, the heart-rates were based upon the mean of ~ heart

rate determinations since each subject was exposed to each experimental 

condition on lr seperate occasions. 



For any single 5-minute period, the heart-rate constituted the mean of 

t'l>:o one-minute QSR comple:x: counts~ The counts were obtained from 2 

artifact-free one-minute segments of the Beckman Dynograph paper recordn 

Procedure for measuring Differential Alpha Control 

The subjects in the alpha feedback group underwent a pre-training and a 

post-training test for dif:ferential alpha control. 

two test-sessions were held constant. 

Procedures over the 
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The subject was wired for the monitoring of occipital EEG ~ctivity (as 

described above) and seated comfortably in the experimental-room. He was 

then provided with the following instructions: "Close your eyes and do 

not open them again until you are told that the test is finished. The test 

will be of 8 minutes durati~n and it will be your task, with the aid of 

tonal alpha feedback, to attempt to either ~enhance 1 your alpha - that is, 

to try to keep the tone Vonu for as much of the time as possible - or to 

1 suppress~ your alpha - that is, to try to keep the tone VoffV for as much 

of the time as possible. There will be a total of 8 of these venhance 9 

and 1 suppress 0 alpha trials, each of one minute duration. The ordering 

of the •enhancev and •suppressv trials will be randomised so that you may, 

for e:x:ample, receive two 9 suppression 1 trials consecutively. At.the start 

of each one-minute trial, I will inform you as to the nature of your task 

for the following 60 seconds by calling either •enhance 0 or 0 suppress 1 • 

After being given an instruction, you will be permitted 10 seconds in which 

to adapt to the demands of the instruction before any data pertaining to 

your performance will be recorded. I will now leave you for 3 minutes 

and during this time you may practise·freely at controlling the feedback 

tone. Thirty seconds before the start of the first trial, I will alert 

you.by calling ireadyV 11 o 

The 8 X 1-minute 11 enhance 11 and 11 suppress11 alpha trials were presented in a 

systematically randomised order .. Specifically, an ABBA~BAAB design was 

employed wherein A represented a 11 suppression11 trial and B an 11 enhance11 

trialo A subject's performance over the test in terms of percentage time 

alpha, beta~ high alpha and low alpha, was derived from the numerical 

readouts of the Spectrum Analysis Unit. No data v.·ere recorded for the 

first 10 seconds of any trial (to permit the subject to adjust to the 

demands of the trial). Therefore, for each of the 8 trials, 50 seconds 

of EEG data/ • .,· •••••• n •• 



of EEG data were obtained; a to·tal of 200 seconds for the lx "enhance" 

alpha trials and 200 seconds for the 4 11 suppress 11 alpha trials. A subjectVs 

differential alpha control, over either of the two test-sessions, consti

tuted therefore his percentage time occurrence of alpha over the (200 seconds 

of) 11 enhance 11 alpha trials and the (200 seconds of) 11 suppress11 alpha trials 

(see Appendix J)., The procedure by which subjects were rated with regard 

to their relative increase in differential alpha control from pre-training 

to post-training is described in section 5.6. 

Procedure for Measuring Autonomid Balance (i): The autonomic 

balance scores of the alpha feedback group were derived from physiological 

tests administered before and after a pre-training rest condition and 

before and after a post-training experimental (or alpha feedback) condition. 

For the 11 advanced11 meditator group, similar determinations of autonomic 

balance were made before and after a rest condition and before and after 

an experimental (or meditation) condition. Therefore, for all subjects, 

4 autonomic balance determinations were made (see Appendix E). 

Autonomic Balance, that is, the relative sympathetic/parasympathetic balance, 

was determined by way of a procedure that was in principle compatible ,dth 

that of Wenger and Cullen (in Greenfield & Sternbach, 1972). A number 

of minor proc~dural modifications were introduced to permit the tests to meet 

the specific requirements of the present study. 

Wenger (1941) defined autonomic balance as follows: 11 The differential 

chemical reactivity and the physical antagonism of the adrenergic and 

cholinergic branches of the autonomic nervous system permit of a situation 

in which the action of one branch may predominate over that of the other. 

This predominance, ·Or autonomic balance may be phasic or chronic and may 

obtain for either the adrenergic or the. cholinergic system. Autonomic 

l:mbala.nce, when measured in an unselected population,· w.il·l be distriouted 

continuously about a central tendency which shall be defined as autonomic 

balance. 11 Wenger (Wenger & Cullen, in Greenfield & Sternbach, 1972) 

estimates ,scores of autonomic balance" or X from the weighted s.cores of a 

battery of 7 physiological testsft He considers A to be more reliable 

than any of the individual tests from which it was derived. High A scores 

are considered to represent a functional dominance 'o·f the parasympathetic 

branch of the ANS whereas low A scores are considered representative of 

sympathetic/ .... ft··~~.~~··· .... 
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sympathetic functional dominance. 

A considerable amount of data has accumulated concerning the reliability 

and validity of Wengervs A since he first started working on the phenomenon 

in the early 19~0s (Wenger, 19~1 19~8, 19~9, 1966). Wengerus A is derived 

from the scores on a number of physiological tests and although reliability 

and validity data are available for all of these contributory measures, 

space ~onsideration :n.eces.sitates a limitation here to that pertaining only 

to A. -· 
Wenger (1966) wrote of A that, like other measures of physiological 

functions, it is subject to high variability and as a consequence its 

reliability is frequently rather low. Test-retest coefficients have ranged 

.from as lo1v as o, 28 to as high as 0, 83 for adults. Wenger (1966) maintains, 

however, that "if the tests are carefully administered", the reliability 

of A may be considerably enhanced as evidenced by a study which obtained 

a test-retest coefficient of 0,66 over a period of 3 years with children 

(Wenger, 1943). 

The validity of A appears to have received considerable support. For 

example, it has been shown that such drugs as epinephrine, amphetamine 

and atrophine lower A scores (i.e., result in a relative ·shift toward 

sympathetic dominance) whilst such drugs as prostigmine raise A scores 

(Wenger, Clemens, Darsie, Engel, Estess & Sonnenschein, 1960; Wenger~ 1949). 

In addition, research lias shown a number of psychiatric disorders to be 

reliably associated with lowered A scores (Wenger, 19~8; Holt, 1956; 

Gunderson, 1956; Sherry, 1959; Wenger, Clemens & Cullen, 1965). Further 

validation evidence has been provided by a study by Smith and Wenger (1965) 

into the effects on A of the "phasic anxiety" of students confronted "'i th 

oral examinations. The results indicated that all subjects displayed 

marked and significantly lower A scores on the day of examination than on 

non-examination control days. These studies represent but a small segment 

of the "'eal th of empirical and experimental evidence that supports Wengere s 

(1966) claim that~ t 1 In~general~ good physical health and psychological 

adjustment will be associated with higher scores; while a deterioration 

in psychological adjustment; or some physical disorders, will result in 

lower scores." 

In the present study, the 7 physiological measurements were always obtained 

at the same time of the day for a particular subject in the sound-attenuated 

recording-room in which an attempt was made to hold constant the temperature 

and b~midity (at 7~°F-76°F and 4o%). All of the measurements were taken 

during the/ ~·················· 



during the winter months (May to July) and only after the subjects had been 

allo"•ed some time to adjust to the room temperature. Precautions were 

taken to ensure that they were only tested when they were adequately 

rested and when they had not indulged in prior physical exer~ise. Finally, 

only after the apparatus had been explained and demonstrated to the ~ubjects -

that is, after they had adapted themselves to some extent to the experimental 

situation - were measurements actually made. The tests were administered 

in the following order~ Salivary Output, Red Dermographia Persistence 

and Pulse Pressure. Finally, Heart Period, Palmar and Volar Skin 

Conductance and Respiration Period measurements were simultaneously 

re-corded. 

Persistence of Red Dermographia: (23) (DP) 

The red dermographia response was elicited by the application of 2 firm 

slow strokes over the left bicepts with the stimulator (see Figure 2) 

calibrated to deliver approximately 250 grams pressure., ·The rounded tip 

of the instrument "ras 2 mm in diameter. The persistence of the red 

dermographia response was more easily observed when'two strokes were made 

in the form of an X. Each stroke was about 3 inches in length and was 

timed to require approximately 1 second, the stop-watch being started at 

the incidence of the first stroke. The persistence time was recorded 

to the nearest minute at which the location of the crossing was no longer 

a matter of certainty. The normal range of persistence times in the present 

study ranged from 1-5 minutes. 

Salivary.Output: (25) (SO) 

Saliva was co.llected in a calibrated centrifuge tube by means of a negative-

pressure pump and apparatus similar to that illustrated in Figure ., 
~ .. A 

rubber mouthpiece was attached to the plastic tubing. After the subject 

was comfort~bly seated, he was required to hold the bottle and was given 

the following instructions: -"We want to find out how much saliva you have. 

First swallow all that you have in your mouth now .. 11 After swallowing had 

been observedg 11 Now put the rubber mouth-piece just inside your lips 

and bring to the front of your mouth all the saliva you can. It will be 

sucked out of your mouth into the tube. Work hard and see how much you 

can nroduce• ·- ' don~t actually spit into the tube~ simply get the saliva 

ready to spit and let the suction draw it out of your mouth. II The stop-

watch was/ ., fl) • ...... n e "'.oil>"" • .,. ....... 



watch was started at the first observed salivary flow and after 3 minutes 

the test was terminated. Approximately 10 minutes were provided for the 

saliva sample to settle in the centrifuge tube before its volume to the 

nearest 0,1 cc was recorded. 

Pulse Pressure: ( 80) (PP) 

All blood pressure readings - systolic and diastolic - were obtained by 

means of a s·phygnomanometer and a stethoscope.. The mean of 3 blood 

pressure readings from the brachial artery of the right arm taken over a 

15-minute period provided the data for this test. 

Heart Period~ ( 28) (HP) 

Three 1-minute duration ECG samples of the seated subject "''ere recorded. 

(For the ECG recording procedure, see section 5.3.1). From the ECG paper 

record samples, heart-rate 'l•ras determined fro:n \'ihich the Heart Pe1~iod \11as 

derived. 

Palmar Skin Conductance: (37) (PSC) 

A constant 10 pamp current circuit was employed and the readings to the 

nearest KQ were converted to flmhos. The Beckman Type 9842 GSR Coupler 

set at 10 ,uamps in the constant current mode, in conjunction with the Beckman 

Type RP two-channel recorder, 2 Type 481B Preamplifiers and a Type 482 M8 

Amplifier, were used to provide the circuit described. 

The electrodes (2 em square silver discs) were attached by means of 

adjustable rubber straps to the centre of the palms of the han~s after a 

thin layer of non-abrasive ~lectrolyte ~aste had· been applied to the skin 

area in contact with the electrodeso Approximately 3 minutes after the 

electrode application~ 3 measurements at 1-minute intervals were recorded 

and the mean of the 3 was regarded as the final measure. 

It should be pointed out that Wenger (Wenger & Cullen, in Greenfield & 

Sternbach, 1972) recorded the standing palmar conductance whereas in the · 

present study, the subjects were required to remain seated. This deviation 

we.s prompted by at least tv10 important demands s.pecific to the present 

study - that the other electrophysiological transducers attached to the 

subject not be disturbed and that the subject himself be as little disturbed 



as possible. 

Yolar Skin Conductance: (.39) (VSC) 

This measurement was obtained in the same manner as for Palmar Skin 

Conductance with the exception that the electrodes were placed over the 

volar surfaces of the forearms, app~o:x:imately 10 em below the cubitil 
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fossa. Once again, the mean of .3 measurements to the nearest K!J, converted 

to ,f.lmhos, served as the final measure. 

Respiration Period: (57) (RP) 

During the time that the electrophysiological measurements were being 

recorded, the respiration of ~he subjects over .3 X 1-minute periods was 

observed and counted. The seated subject was totally unaware that he was 

being observed through the windo'"'" of the recording-room .. The respiration 

period was derived from the mean of the .3 respiration rate 'measures. 

In view of the nature of these physiological tests, it was not pos~ible to 

take measurements during the actual 11 rest11 and 11 e:x:perimental 11 conditions 

(as some of the tests had the capacity to interfere seriously with the 

demands of the conditions)., Consequently, for the two groups tested on 

this battery, the measurements were obtained simply· before and after the 

conditions. 

Furthermore, the recording of these measures in the present study was made 

possible only by the presence of 2 experimenters - one who was primarily 

concerned with the polygraphic monitoring in the recording-.room and another 

"'ho was more concerned with the administration of tests and the recording 

of relevant times in the experimental-room$ This division of labour 

permitted the battery of 7 tests to be administered within a 15-minute 

period. Since each subjectVs experimental session consisted. of only one 

hour· (during "Thich, in addition to the A tests, a 20-minute experimental 

or rest condition, a 5-minute period to attach transducers and a .fe'"" minutes 

to allow subjects to adapt to the situation , had also to be completed), 

it \\TBS essential that the tests were qui.ckly and efficiently administered. 

Procedure for Calculating Autonomic Balance (i) 

This procedure may be conveniently divided into 4 main stages~ 

(1) Conversion/ $·······~·~··-··· 



( :l) Conversion of the expe:d.mental data to numerical values: 
~~----------------~~------~------------~--~~~----~~~ 

The required numerical values for both Dermographia Persistence (in 

minutes) and fvr Salivary Output (in ccus) were directly recorded. 

The Pulse Pressure was obtained by subtracting the systolic from the 

diastolic readings. The Respiration Period was calculated by divi-

ding the mean number of inspirations per minute (over J minutes) into 

60 seconds to obtain th~ Respiration Period in seconds. The Heart 

Period was derived by dividing the mean number of heart beats per 

minute (over J minutes) into 100 000 to obtain Heart Period in mmins. 

Finally, for the Palmar and Volar Skin Conductance, the means of J 

measures in resistance units were converted to conductance units 

(,umhos) • 

(2) Calculation of the population means and standard deviations of each 

of the seven test variables: 

Although Wengervs method of analysis was followed in principle~ it was 

deemed unjustifiable in the present study to use the means and standard 

deviations derived from his normative sample for the following reasons: 

(i) There was a number of minor procedural differences between the 

present study and those of Wenger (Wenger & Cullen, in Green

field & Sternbach, 1972) on a number of the tests • .. 
(ii) There was undoubtedly important differences between the popu-

lationsM Wengervs (1948) normative sample consisted of 488 

male military personnel - a group already highly preselected 

in terms of physical fitness. No.such standard was required 

for the male and female subjects in the present study. 

(iii) Differences in terms of altitude, temperature, etc .. between 

WengerRs studies conducted in Ohio, u.s.A. and those of the 

present study conducted at Cape Town, South Africa. Wenger 

(1972) has demonstrated the importance of seasonal and envi

ronmental factors in influencing autonomic balance. 

A decision was therefore made to derive population means and standard 

deviations from the present study's experimental subjects (plus from 4. 

subjects who participated in a related study). ·The post-rest condi-

tion data of 34 subjects, that is, after they had rested for 20 

. .. I m1nu,es •••••••••••• 



minutes, was selected. This ensured that the population means and 

standard deviations were derived from subjects who had not only 

rested under the same environmental conditions but also from subjects 

"'ho were familiar with the testing procedure (having been previously 

exposed to the pre-rest condition testing). 

In this manner, a normalised sample was constructed (for the test vari

able at resting levels) against which each individualvs score could be 

compared (see Table 1 for the Normative Data - population means and 

standard deviations)~ 
TABLE 1 

Heans and Standard Deviations for the Test Variables 
calculated from the present Experimental Population 

Test Variable He an SD 

DP (min) 3.497 6$595 
so (cc) 3.109 1a732 
HP ( ' \ mrrlJ..nj 141 .. 282 15.003 
PC Cumho) 17.991 12 .. 361 
vc Cumho) 7.429 10.,J27 
RP (sec) 4.., 159 Oo 9 J6 
PP (mm Hg) 35.868 9.)4.6 

(.3) Conversion', ·.of the ra'v numerical data of each subject to T-Scores: 

To obtain the T-Scores (or Standard scores) the following formula 

was used: 

z = 
X -:X 

SD 

Where X = an individual subject us score on a test variable 

X == the population mean for that test variable, and 

SD = the population standard deviation for that test variable .. 

In order to eliminate minus signs and decimal points, each z-score was 

multiplied by 10 and added to 50. Each distribution (T-Scores) then 

had a mean of 50 and a standard deviation of 10 (Wenger & Cullen, in 

Greenfield & Sternbach~ 1972) .. 

Wenger considers T-Scores which fall below the mean (of 50) to be in

dicative of relative sympathetic dominance and T-Scores 'llrhich fall 

a,bove the mean to be indicative of relative parasympathetic dominance 

(see Table 2)/ ••••• 



(see Table 2) .. Therefore, for test variables so, DP~ PP, HP and RP, 

the following formula was used to calculate T-Scores: 

Z
1 1 1 = X + Z.SD 

However, for the test variables PSC and VSC, this formula was used: 

Z
1 1 1 = X Z.SD 

Reference to Table 2 clarifies why these two slightly different for-

mulae were employed for different test variables. For example, where-

as a long DP or .a high PP are indicative of relative parasympathetic 

dominance and hence of a T-Score above 50, a high PSC or VSC is in

dicative of relative S)~pathetic dominance and hence of a T-Score lower 

than 50. 
TABLE 2 

Relationship bet1.:reen Raw Numerical Data and '1'-S cores 

TEST 

Dermographia persistence 

Salivary output 

Heart period 

Palmar conductance 

Volar conductance 

Respiration period 

Pulse pressure 

SYMPATHETIC PARAS.Y11PATHETIC 

Short ••••••••••• Long 

Low ••••••••••••• High 

Short ••••••••••• Long 

High 

High 

• • • • • c e • • • • • Low 

Low 

Sh.ort ........... e Long 

Low ••••••••••••• High 

(4) Calculation of A using Wenger 9 s regression equation: 

A = , 1(T23) + ,2(T25) + ~4(T28) + ,.3(T37) + '1(T39) + , 1(T57) + ,2(T80) 

where A is the estimate score for 11 autonomic factor 11 and the T foll0\1"

ing each beta weight represents ~he T-Score for the physiological test 

designated by the subscripts: 

1'23 = DP, T25 = SO, T28 = HP, T37 = PSC, T39 = VSC, T57 = RP & T80 = PP 

Should a subject achieve mean scores on each of the 7 physiological 

tests, he would obtain 7 T-Scores of 50 and thus a mean score for A 

of 70. According to Wenger (Wenger & Cullen, in Greenfield & Stern-

bach, 1972), the standard deviation of X is 7, and since he views the 

autonomic balance distribution to approach the normal curve, he con

tends that approximately 68% of the population demonstrate an auto-
+ 

nomic balance score of 70 - 7~ 11 Of those individuals '"ho have 

scores higher than 77, it may be said that they demonstrate an 

apparent/ ••••••••• 



apparent functional dominance of the parasympathetic system. 

Likewise, those scores below 63 may be regarded as an apparent 

dominance of sympathetic function. It should be noted that such 

scores indicate nothing concerning the cause of the deviations. A 

high score might result from weak sympathetic function, strong para

sympathic function, or both~ A low score might indicate a hypo

a·cti ve parasympathetic system, a hyperactive sympathetic system, 

or both. All that can be said from this test battery is that a 
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high score is indicative of apparent dominance of parasympathetic fun~ 

ction and a low score suggests apparent dominance of sympathetic func-

Reaction-Time Procedure: The alpha feedback group and the "ad-

vance~' meditation group were tested on a three-choice discriminative re

action•time task before and after their participation in a 20-minute rest 

condition and before and after their participation in a 20-minute experi

mental condition {during which time the groups practised their respecti v·e 

techniques). In order to control for positional effects, the pre- and 

post-condition test-sessions were systematically randomised for each e:x-

perimental group. For example, whilst 10 of the 20 alpha feedback sub-

jects received their pre-experimental condition.reaction-time tests before 

their post-experimental condition tests, the other 10 subjects received 

their post-experimental condition tests first. (The pre-experimental con-

dition reaction-time tests of these latter subjects were given the follow-

ing day). This strategy controlled for the possibility of obtained dif-

ferences between pre- and post-condition scores being simply a function of 

increased skill., 

The procedure for each of the 4 reaction-time test-sessions that a subject 

underwent was held constanta The subject was seated comfortably in front 

of the reaction-time apparatus with his preferred hand on the table 

e:pproximately 10 cm from the three coloured buttons of the apparatus (see 

section 5.2.3). He was given 5 practice trials with the instruction that 

he attempt to strike e.s quickly as possible the button corresponding to the 

colour of the illuminated light. Approximately J se<.,Ql'l.ds before a light 

was illuminated, the subject was alerted to the impending trial by the experi-· 

mel'}ter saying, 11readyrt. "The 5 practice trial-s' were· followed- by·:"10 experimental 

,;· 



trials. The Experimenter 'recorded the duration of time to within a 100th 

of a second taken by the subject to respond to the randomly presented light 

stimuli with the appropriate button press ( "'hich both extinguished the light 

and stopped a stop-clock). The clock was started at· the illumination of 

the light and stopped at its extinction. The mean response-time of a sub

ject over the 10 experimental trials constituted his reaction-time score 

for that particular condition (see'Appendix F). The statistical ana!lysis 

in the present study has been limited, however, to an investigation of the 

pre- and post-experimental condition data. The pre- and post-rest condi

tion data were extluded from the analysiso 

5 •. 3.4: Short-Term Hemory/Perceptual Speed Procedure~ The alpha feedback 

group and the 11 advanced11 meditator group were tested on the short-term 

memory/perceptual speed task before and after a 20-minute re'st condition 

and again before and after a 20-minute experimental conditioti. As for the 

reaction-time procedure (see section 5.3~3), the ordering of the pre- and 

post-condition test-s was systematically randomised. In addition, the 4: sets 

of 5 nonsense syllables were systematically randomised~ For example, 5 of 

the 10 11 advanced11 meditators received list A before the rest condition and 

list B afterwards whilst the other 5 subjects received list B before their 

rest condition and list A afterwards. This control served to avoid the 

admittedly.slightipossibility of the lists of standardised nonsense sylla

bles not being equivalent in the present context and consequently contri

buting toward obtained differences between test-sessions. 

The procedure for each of the 4: short-term memory/perceptual speed test

sessions that a subject underwent was held constant., He. was seated com

fortably in front of the Cambridge Tachistoscope and given 3 non-·e>:.,Peri

mental trials using a set of J non-experimental syllable cards in order that 

he might become familiarised to the demands of the task. The task required 

that he spell as quickly as possible the 3 nonsense syllables contained on 

a card 11 flashed 11 by the tachistoscopeo The flash duration of each card 

started at 0,2 secnnds and was incremented by 0,1 second every 2 trials. 

To successfully meet the task requirement, he was expected to repeat all 

9 letters after a particular flash.. (i .. e., he was not permitted to spell 

2 syllables after one flash and the third after another flash). A subjectes 

score on any of the 5 cards presented over a test-session consisted of the 

number of flashes required for him to satisfy the task requirement. The 

mean/ ,., ....... <tl ••• .,:.. .. ...,. 



mean number of flashes over the 5 experimental trials constituted his 

short-term memory/perceptual speed score for that particular test-session 

14:8 

{see Appendix G). As in the case of the reaction-time data, the statistic-

al analysis was limited to t~e pre- and post-experimental condition data. 

The pre- and post-rest condition data were not analysed. 

Procedure for the Administration and Scoring of the Repertory Grids: 

Two repertory grids were employed in the present study - the Repertory Grid 

and the Phenomenological Repertory Grid (see Appendix K)e The Repertory 

Grid was administered to both the alpha feedback and the 11 novice11 meditator 

groups before and again 6 weeks after they had learned their respective 

techniques. Their scores over these 2 test-sessions constituted their pre-

and post-training scores on the 14: repertory grid constructs. The Pheno-

menological Repertory Grid on the other hand was administered only once to 

the alpha feedback (i.e., post-training) and "advanced" meditator groups. 

Since these instruments were both of a pencil-and-paper nature, they were 

simply administered to the subjects at the specified times with the request 

that they complete them at home within a stated time period. 

Both of the repertory grid$ to be described here wa·e constructed according 

to Bannisterqs (Bannister & Mair, 1968) modification of Kellyas (1955) ori-

ginal technique.e That is, they w61re constructed so as to permit subjects 

to rank-order elements against supplied constructs. This modification~ as 

opposed to that wher~ the constructs are elicited individually from each 

subject, permitted the grids to be used in comparing groups of individuals 

and in comparing the same group at different times. · These were, of course, 

central requirements in the present study. Slateris. (1969) point ~s 

accepted, however, that attempts to modify grids for nomothetic use by 

~hoosing elements or. constructs, or both$ for theLr general acceptability 

instead of their personal relevance, 11 ••• tends to diminish their idiogra-

phic sensitivity II .... 
The Repertory Grid comprised 15 assigned constructs against which 8 ele-

ments were rank-ordered (see Appendix K). The constructs were derived on 

the. basis of a unanimous selection of 3 judges (all psychologists with 

e1perietice at Transcendental Meditation) from a list of about 50 constructs 

obtained from a number of psychological publications .. ·. The judges were 

separately asked to select those cobstructs that they hypothesized would 

most reflect change as a function of Transcendental Meditation. Thirteen 



constructs were unanimously selec·ted and added to the constructs "most 

like I am/least like I am" and 11 most like I would like to be/least like I 

>'~'auld 1.ike to be 11 • This method of selecting constructs was resorted to 

since, at the time of test construction (i.e., early 1972), no data per

taining to the psychological effects of Transcendental Meditation had yet 

been published. The J/x constructs of the Phenomenological Repertory Grid 

were derived on the basis of the e:x:perimenterus hypotheses concerning pheno

mena that might be experienced by subjects practising Transcendental Hedi-

tation and alpha feedback. Once again, these constructs were added to the 

constructs, 11 most like I am/least like I am" and 11 most like I would like to 

be/least like I would like to be11 and had 8 elements rank-ordered against 

them (see Appendix K). 

The 8 elements o:f both repertory grids were elicited, following Kelly (1955), 

:from each subject and comprised persons presumed to play an important role 

in the li:fe histories of the subjects (see 11 Role Title List 11 -Appendix K). 

After the 8 elements had been rank-ordered against each o:f the constructs, 

one had a grid with the following essential properties: II ..... notably that 

the variation it recorded was due to construct/element interactions; that 

it defined by column a dispersion of constructs in element space, and by 

row a dispersion of elements in .. construct space; .... In terms of these 

properties a systematic, exhaustive analysis could be made of the grid" 

(Slater, 1969)., 

In the present study, the following technique of scoring the repertory grids 

was employed. Firstly, the subjectVs rank-ordering of elements against 

constructs was re-recorded so that the elements '\\rere listed down the side 

and the constructs along the top. The rank position of each element on 

each construct was ent~red into the body of the Table. 

following rank-ordering of elements~ 

For e:x:ample, the 

( 1) TENSE -~- 6 3 
~ .... 8 2 1 RELAXED 

would be re...;ordered to give (where construct 1 is 11 Tense/Relaxed11 ) ~-

CONSTRUCTS ./ o ·@ • • •• • • ·c .. • .. 
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CONSTRUCTS 1 2 3 4 5 6 .... 
ELE:~·iENTS 1 8 5 

2 7 1 

3 4 2 

4 3 4 

5 1 8 
6 2 7 
7 6 6 
8 5 3 

It may thus be seen that element 5 is ranked first against construct 1 .. 

Secondly, the rank-order corr~lation of each column with the column r~p

resenting the construct 11most like I am/least like I am" was calculated • 

. That is, the score was obtained by the relationship between the ordering 

of elements against ~ach of the constructs and the ordering of elements 
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a.gainst the construct nmost like I am/least like I am 11 • If, for example, 

construct ~ represented this construct - the central construct - the rank

order correlation of the elements of construct 1 against the elements of 

construct ~ would yield a difference squared of 128 and hence a rho of 

-0,52. 

This negative correlation between construct 1 (Tense/Relaxed) and construct 

~ (Most like I am/Least like I am) is indicative of· the subject construing 

himself as a relatively relaxed person. Were the correlation strongly 

positive, it would have indicated that the subject construed himself to be 

relatively tense. One could therefore, on the basis of this relationship 

between the constructs and the central construct, determine how a subject 

construed himself with respect to the given construct dimensions. 

For the purpose of statistical analysis, the rank-order coefficients rep

resenting the relationship between the central construct and the other 14: 

constructs were not treated as corretation coefficients. They "'ere 

treated simply a~ a subjectVs score on that particular construct dimension. 

For the Repertory Grid Test, therefore, each s-ubject obtained pre-training 

and post-training scores on the 14 constructs (see Appendix I). 

The 35/ ••••.•••••••• 
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The 35 rank-order correlations between the constructs of the Phenomenolo

gical Repertnry Grid and its central construct were similarly not treated 

as correl~tion coefficients in the statistical analysis. They were treated 

simplyas ~subjectVs test score on that particular construct. The scores of. 

the alpha feedback and the "advanced" meditator groups on these constructs 

are presented in Appendix I. 

Some comment concerning the reliability of the repertory grid test when 

employed as was done in the present study is in order. Caine and Smail 

(1969) obtained a test-retest correlation of 0,58 (P<,01) over a period of 

3 months with a group of 22 subjects given repertory grid tests with 

supplied constructs. 

Procedure for the Alpha Feedback Group: The alpha. feedback sub-

jects were tested in 2 groups - the first having consisted qf 10 subjects 

and the second of 11 (one of whom withdrew as a result of hospitalisation) -

over consecutive periods of appro~imately 7 weeks each. In view of the 

fact, however, that the individually tested subjects were subjected to 

identical experimental procedures, they will be treated here as one group. 

Each subject was individually tested at the same time of the day for each 

of their daily hour-long sessions over their 7-week participation in the 

study. All testing was undertaken between the hours of 9 a.m. and 8 p.m. 

Unlike the 11 advanced11 meditator group which underwent only short-term testing 

(see section 5.3.8), the alpha feedback group was also examined over the 

long-term. This longitudinal study incorporated short-term experimental 

design aspects, however, that corresponded to that of the 11 advanced11 medi-

tater group. The alpha feedback and 11 advanced11 meditator groups could 

thus be compared over the short-term (with respect to their physiological 

and behavioural correlates). The longitudinal experimental design of the 

alpha feedback group corresponded to that of the 11 novice11 Transcendental 

Meditation group (see section 5-3~7)G This permitted a valid comparison 

between the two groups over the.long-term (with respect to psychological 

correlates) .. 

The alpha feedbac~ study may be conveniently divided longitudinally into 

three stages (see Figure 4). The first stage comprised a period of 5 days 

(and/ e .. e .......... . 
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(and therefore 5 sessions) over which the pre-alpha feedback training 

11 baselineu data were established. This was follow~d by a 5-week non-

test pPriod during "'hich subjects· simply received daily alpha feedback 

practicec Finally, over the 8 sessions of the post-alpha feedback train-

ing period, the subjects were re-tested on the measures examined at base-

line. For this stage of the study, the stibjects were provided with feed-

back (during 11 experimental condition"). It is this latter stage of the 

study that is compatible in terms of short-term design with that of the 
11 ad\ranced11 meditator group. 

' . . . i 

Pre-Training . . . . Post-Training . . . . 
Rest :Alpha Feed: back Pract:ice Session:s ~peri mental 

Sessions . . . . . Sessions . . 

Figure 4:. Longitudinal Design of the Alpha Feedback Group 

(1) Pre-Training Period: 

The first test-session for each subject served to permit him to adapt 

or habituate to the unfamiliar experimental situation .. The experi-

mental apparatus was explained and an attempt "'as made to allay any 

fears he might have had concerning the experiment. He was then 

placed in the sound-attenuated, electrically-shielded experimental 

room, seated comfortably and wired for the monitoring and recording.of 

occipital EEG, heart-rate and palmar skin conductance. The experimenter 

instructed the subject to simply sit quietly and to relax with his eyes 

closed until he was signalled about 20-minutes later by a soft knock on 

the inter.leading door (between the recording and experimental-rooms) 

that the recording session had ended. The experimenter retired to the 

adj6ining recording-room and monitored and recorded the electrophysio-

logical data over the 20-minute (eyes-closed) rest condition. After 

signalling the end of the session, the experimenter waited for 3 minutes 

(to allow the subject to adjust fro~ the demands of the experimental 

task) before entering the experimental-room and disconnecting the s~b-

ject from the transducers. Although the experimental procedure follow-

ed during this first session was similar to that of subsequent sessions, 

the data obtained were excluded from the analysis since it was consider

ed to be simply an "adaptation" session. 

Over the remaining sessions (i.e., 4:) of the pre-training period, the 
'-' 
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subject was subjected to the same recorqing procedure. The means of 

the electrophysiological measurements (i.e., occipital EEG data and 

heart--rate) obtained ever these 4 sessions constituted the pre-training 

rest condition data of the alpha feedback group (see Appendices A & D). 

The third session of the pre-training period was directed toward the 

determinationof pre- and post-rest condition autonomic balance mea-

sures. Consequently, the 7 contributory (toward A) physiological 

tests were administere!i during a 1$-minute test-session prior to the 

20-minute rest condition (which was conducted as above) and again during 

a 15-minute test-session thereafter. Care was taken to ensure that the 

post-rest condition testing did not arouse the subject. It should be 

noted that the post~rest condition autonomic balance measurements contri

buted toward the normalisation data of the present study (see section 

5.).2). The data obtained over this test-session con~tituted the pre-

and post-rest condition autonomic balance measures of the alpha feedback 

group (see Appendix E). 

Pre- and post-rest condition scores on short-term memory/perceptual speed 

and on reaction-time (in this order) were determined over sessions 4 

and 5. The requirement that the order of presentation of the pre-

and post-rest condition tests be systematically randomised (for both 

tests) was met by giving half of the subjects their pre-rest condition 

tests on the 4th day. The other half of the subjects receive-d their 

post-rest condition tests on the 4th day before their pre-rest condi

.tion tests on the 5th day. These data constituted therefore the pre

and post-rest condition scores on .short-term memory/perceptual speed 

and on reaction-time for the alpha feedback group (see Appendices 

G & F respectively)., 

On completion of the 5th session, the subject was tested for differ-

ential alpha control. This was the subjectQs first exposure to the 

feedback apparatus and the data obtained represented his pre-training 

diffe~ential alpha control score (see Appendix J)o 
' 

During the course of these 5 days, the following psychological in.strtl-

ments were administered to the subjects~ the Barber Suggestibility 

Scale, the Stanford Hypnotic Susceptibility Scale, the Marlowe-Crowne 

Social Desirability Seale, the Taylor Manifest Anxiety Scale, the 



EPI and the Repertory Grid. The BSS and SHSS ~·ere administered orally 

by experimenter and scored immediately. Since the remainder of the 

tests were of a pencil-and-paper nature and contained standardised 

printed inst~uctions, they were simply administered to the subjects 

with the request that they complete them athome prior to the end of 

the pre-training period. The subjectsVscores on these psychological 

instruments constituted their pre-training psychological test data (see 

Appendix H). 

(2) Five-week Alpha Feedback Training Period: 

A subject was requested to attend at least 5 feedback practice sessions 

per week.. During each session, he was expected to practise the task 

of alpha enhancement for from 30 - 50 minutese 

The subject was wired only for the monitoring and recording of occipital 

EEG data and received toval feedback for the presence of alpha. In 

addition, at the end of each session, the experimenter provided him 

with verbal feedback concerning the percentage time alpha that he had 

produced during the session. This information was obtained from the 

numerical displays of the EEG Spectrum Analysis Unit. 

(J) Post-Training Period: 

The post-alpha feedback training data were obtained over 6 sessions. 

Essentially the same reco~ding procedure as for the pre-training period 

was followed but with 2 important additions. 

First, instead of consisting simply of a 20-minute rest condition, these 

sessions incorporated recording over a 10-minute (eyes-closed) pre

experimental rest condition, a 20-minute experimental (or alpha feedback) 

condition and a 10-minute (eyes-closed) post-experimental rest condition. 

And second, alpha feedback was provided during the experimental conditions. 

Sessions 3, ~' 5 and 6 includ~d electrophysiological monitoring and 

recording over a 10-minute (eyes-closed) pre-experimental rest condition, 

a 20-minute experimental (or alpha feedback) condition and a 10-minute 

(eyes-closed) post-experimental rest condition. .For these sessions the 

subject was seated comfortably in the experimental-room and wired 

for the monitoring and recording of occipital EEGs, heart-rate and GSRs. 
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The subject, for the pre-experimental rest condition, was instructed 

to simply sit quietly and to ielax until he received a signal (in the 

form of a soft knock on th~ interleading door) to start enhancing his 

alpha by means of tonal feedback (which was then provided)., The end 

of the 20-minute alpha feedback (or experimental) condition was again 

communicated in the same manner (and the feedback was terminated) and 

he was instructed to simply rest and relax once more with his eyes 

closed until signalled that the recording session had ended. Three 

minutes were allowed between the signal that indicated a change in 

condition and the actual recording of data (to permit him to re-

adjust to the demands of the new condition)o The means of the electro-

physiological measurements {i.e., occipital EEG data and heart-rate) 

obtained over these ~ sessions constituted the pre-experimental rest 

condition, the experimental condition and tre post-experimental rest 

condition data of the alpha feedback group (see Appendicies A & D). 

The first post-training experimental session was directed toward the 

determination of pre- and post-experimental condition autonomic ba.lance 

measu.res8 Consequentlyj the 7 physiological tests were administered 

during a 15-minute test-session prior to the 20-minute experimental 

condition (which was conducted as above but without the pre- and post

experimental rest conditions)arid again during a 15-minute test-session 

thereafter .. Care was taken to ensure that the post-experimental 

testing did not arouse the subject. These data constituted, therefore, 

the pre- and post-experimental condition autonomic balance measures 

of the.alpha feedback group (see Ap~endix E). 

The pre- and post-experimental condition scores on short-term memory/ 

perceptual speed and on reaction..;time (in this order) were determined. 

over sessions 2 and J. During session 2, the subject underwent only a 

20-minute experimental conditi~n. That is, there were no pre- and 

post-experimental rest conditions. The requirement that the order 

of presentat~on of the pre~ and post-experimental condition tests be 

systematically randomised (for both tests) was met by giving half of 

the subjects their pre-experimental . conditiontests before their post-

experimental condition tests on day 2. The remaining subjects 

received their post-experimental condition tests on the 2nd day before 



receiving their pre-experimental condition tests on the 3rd~day. 

These data constituted, therefore, the pre- and post-experimental con

dition scores on short-term memoryjpercept•1al speed and on reaction

time for the alpha feedback group (see Appendices G & F). 

On completion of' the 6th (and final) session, the subject was tested for 

differential alpha control. Feedback was provided during the test 

and the data obtained constituted the subjectVs post-training differ

ential alpha control score (see Appendix J). 

' During the course of these 6 days, the subjects were re-tested on the 

psychological instruments they were given prior to traininge The same 

procedure was followed and their scores constituted their post-training 

psychological test data (see Appendix H). The Phenomenological Reper-

tory Grid was also administered (see Appendix I). 

Procedure for the l1Novice0 Transcendental Meditation Group: This 

group participated in a longitudinal psychological study into the effects of 

regular Transcendental M.editation practice .. In terms of experiment~! de-

sl.gn, this study is directly comparable to the longitudinal psychological 

component of the alpha feedback experiment (~ee section 5 • .3.6). Both 

groups '1-.rere tested on the same battery of psychological .tests before and 

after their exposure to 6 weeksV regular practise of their respective tech-

niques. 

Thirty-eight subjects who had indicated their intention to learn T ranscen-· 

dental H edi tation were individually tested on the following battery of psych

logical tests in the "'reek prior to their initiation into the practice: 

the Barber Suggestibility Scale, the Marlowe-Crowne Social Desirability Scale, 

the Taylor Manifest Anxiety Scale, the EPI and the Repertory Grid. The Barber 

Su!!Jgest.·ibil i ty Scale was a.dministered orally and scored immediately. In 

view of the remainder of the tests being of a paper-and-pencil nature with 

standardised printed instructions, they were simply administered to the 

subjects lvith the requ:eEt that they complete them at home and return them 

before they were initiated. The subjectsVs scores on this f~rst testing 

constituted their pre-training psychological test scores (see Appendix H). 

They "''ere then taught the technique of Transcendental Hedi tat ion (by teachers 
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at the Cape Town Transcendental Meditation Centre) and attended the required 

follow-up lectures. Six weeks after having learned meditation they were 

again contacted and those who reported a meditation regularity of 4 or more 

times a week were re-tested on the above ~sychological tests (except for 

the EPI where the alternative form was given. The administration of the 

2 forms were counterbalanced across the pre- and post-training test-sessions). 

;In addition, the regularity of meditation of all subjects was established 

{see Appendix H). Their scores on this second testing constituted the 

post-training psychological test scores of the 11 novice 11 meditator 

(see Appendix H). 

group 

Procedure for the 11 Advancedu Transcendental Heditation Group~ The 

subjects in this group participated in a short-term experiment that includ

ed both physiological and behavioural testing over 9 one-ho~r sessions. 

Each subject was individually tested at the same time of the'day for each 

of the sessions. All testing was undertaken between the hours of 9 aem. 

and 8 p.m .. In terms of experimental design 1 the electrophysiologica.l test-

sessions of this group correspond to the post-training experimental·sessions 

of the alpha f~edback groupo 

The first test-session of each subject served to permit him to adapt or 

habituate to the unfamiliar experimental situation. Since the procedure 

for tnis 11 adaptation11 session was identical to that of the alpha feedback 

group (see section 5.3.6), it shall not be repeat~d here. 

The second and third test-sessions, like the first, were concerned with rest 

condition data. 

Th~ second session was devoted to the determination of pre- and post-

rest condition autonomic balance measures. Consequently, the 7 physiolo-

gical tests were administered during a 15-minute test-session prior to the 

20-minute rest condition (which was conducted as above) and again during a 

15-minute test-session thereafter. Care was taken to ensure that the post-

rest condition testing did not arouse the ~ubject. It should be noted that 

the post-rest condition autonomic balance measurements contributed toward 

the normalisation data of the present study (see section ~.).2).. The data 

obtained over this test-session constituted the pre- arid post-rest condi

tion autonomic balance measures of the "advanced" meditator group (see 

Appendix E)./ ······•~··· 
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Appendix E). 

The pre- and post-rest condition scores on short-term memory/perceptual 

speed and on reaction-time (in this order) were determined over sessions J 

and 4. The third session included another 20-minute rest condition. The 

requirement that the order of presentation of the pre- and post-rest condi

tion tests be systematically randomised (for both tests) was met by giving 

half of the subjects their pre-rest condition tests before their post-rest 

condition tests on the Jrd day. The other half received the post-rest 

condition tests on the Jrd day before the pre-rest condition tests on the 

4th day. These data constituted the pre- and post-rest condition scores 

on short-term memory/perceptual speed and on reaction-time for the 11 advanced11 

meditator group (see Appendices G & F respectively). 

Sessions 4, 5, 7 and 9 included electrophysiological monitor~ng and record

ing over a 10-minute (eyes-closed) pre-experimental rest condition, a 20-

minute experimental (or meditation) condition and a 10-minute (eyes-closed) 

post-experimental rest condition. For these sessions, the subject was 

seated comfortably in the experimental-room and wired for occipital EEG, 

heart-rate and GSR measurement. The subject, for the pre-experimental 

rest condition, was instructed to simply sit quietly and to relax with his 

eyes closed until he received a signal (in the form of a soft. knock on the 

interleading door) to start meditating. The end of the 20-minute medita

tion condition was again communicated in the same manner and he was instructed 

to stop meditating and to simply rest and-relax once more with his eyes 

closed until the experimenter signalled the end of the recording session. 

Three minutes were allm~"ed bet"\l.reen the signal that indicated a change in 

condition and the actual recording of data (to permit the subject to adjust. 

to the demands of the ~ew condition). The means of the measurements (i.ea, 

occipital EEG data ~nd heart-rate) obtained over these 4 sessions consti

tuted the pre-expe.rimental rest. condition, the experimental condition and 

the post-experimental rest condition electrophysiological. data of the 

11 advancedn meditator group (see Appendices A & D). 

Session 6 ~as directed toward ~he determin~tion of pre- apd post-experimental 

condition autonomic balance measures. Consequently, the 7 physiological 

tests were administered during a 15-minute test-session prior to the 20-

minute experimental condition (which was conducted as above but "dthout 



the pre- and post-experimental rest conditions) and again during a 15-minute 

test-session thereafter. Car~ was tak~n to enstire that the post-experiment-

al testing did not arouse the subject. These data constituted the pre- and 

post-experimental condition autonomic balance measures of the 11 advanced" 

meditator group (see Appendix E). 

The pre- and post-experimental condition scores on short-term memory/percep

tual speed and on reaction-time (in this order) were determined over sessions 

8 and 9. During these two sessions, the subject was monitored over only the 

20-minute experimental condition. That is~ the pre- and post-experimental 

rest conditions were excluded. The r~qui~ement that the order of presenta

tion of the pre- and post-experimental condition tests be systematically ran

demised (for both tests) was met by giving half of the subjects their pre

experimental condition tests before their post-experimental condition tests 

on day 8. The other half received the post-experimental condition tests on 

the 8th day before receiving the pre-experimental condition tests on the 9th 

day. These data constituted the pre- and post-experimental condition scores 

on short-term memory/perceptual speed and on reaction-time for the 11 advanced11 

meditator group (see Appendices G & F)~ 

5,4 Statistical Analysis Employed 

The statistical analysis of the data was carried out in accordance with the 

· R .(19·69) •. uiner (10/62) and K;rk (1~68 5 • principles outlined in .oscoe , w_ ~- ~ ) Correla-

tion matrices were calculated by the Pearson Product-Moment formula, as given 

in Roscoe (1969, p& 71). 

Certain .of the experimental designs involved the comparison of 2 groups on 

"before11 and 11 after11 measures (or in some cases, on "before", 11 during" and 

"after" measures) on a given variable., Since these are thus two factor 

designs where the subjects are measured repeatedly, the appropriate statistical 

analyses are two-way analys·es of variance with repeated measures on one factor 

{Winerrs 1962 terminology). (In terms of KirkUs 1968 1 Po 24:8 terminclogy~ 

this corresponds to two-way split-plot analyses of varianceo) 

Where the variance analyses indicated significant effects, whether main or 

interaction, simple main effects were carried out. These were essential, of 

course, in the case of Eignificant interaction effects but were employed as 

a follow up to significant main effects before comparisons between means were 

undertaken/ ~ ;N ~ • •• • 
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undertaken in order to isolate those levels of the factors where such com-

parisons would prove fruitful~ The simple main effects were· carried out as 

described in Kirk (1968, p. 263). Finally, significance in the simple main 

effects analyses were examined by comparison between cell means. These 

comparisons were carried out using the Tukey HSD procedure, as outlined in 

Kirk (1968, p. 292). It must be noted that the Tukey HSD statistics reported 

in the results section should be referred to tables of the Studentised Range 

Statistic for significance. 

To evaluate the differences between two groups simultaneously on more than one 

variable, Hotellingvs T-Square was employed (Winer, 1962, section 1.13). In 

order to determine the relative importance of various measures in distinguish

ing between t"''o groups, Stepwise Multiple Linear Regress ions were employed 

(Darlington, 1968). 

The conventions that are used to indicate the level of significance of the 

various statistics in the following sections are as follows~ 

* P<,05 

*"' P<,01 

5 .. 5 Transformation of the EEG Data to Normalised Form 

It was decided to normalise the EEG data in order that each subject's EEG data 

should receive more equal statistical weight. Vassiliadisu (1972) .adoption 

of a similar strategy was sjmilarly motivated (see section 3.1.1). In view 

of the enormous variability shown by subjects in terms of percentage time 

occurrence of specific EEG frequency bands, ranging from o% to 100%, 11 ab

solute EEG data11 and 11 relative EEG changes 11 afford many subjects dispropor-

tion~te weight in statistical analyses. For example, should two subjects 

s1 and s
2 

have pre-training alpha levels of '-±o/o a:nd '-±Oo/o respectively, and post

training alpha levels of 10o/o and 6oo/o respectively, it must be clear that s 2 is 

going to exert a far stronger influence in statistical analyses that employ 

"absolute EEG datal!., The fact that s 2 ws relative alpha increase (50%) is 

less than that of s 1 (150o/o), raises doubt concerning the validity of stat:i.s-

tical analyses directed towa.rd. 11 absolute EEG data". The application of 

statistics to 11 relative EEG changes" rather than to the "absolute EEG data11 

is also a questionable strategy. Fer example, should a subject who in-

creases from 196 to 2o/o alpha be afforded the same statistical weight as 

another who increases from 40% to 80o/o (since both increase by 100~1> in rela-
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tive terms)? The transformation of the absolute EEG data of each subject 

to normalised form achieves to a large degree a more equal weighting of the 

EEG data of individual subjects in"the statistical analysis. 

All the EEG data in the present study were transformed from percentage time 

occurrence of specifl.c .EEG frequency bands (see Appendix A) to percentage 

time occurrence of these EEG frequency bands in z-scores. For the longi

tudin.al examination of -the alpha feedback group, the base for the calcula

ti~n was the 20~minute pre-training rest conditions (see Appendix C), whilst 

for the short-term examinations and comparison of the alpha feedback group 

and the 11 advanced11 meditator gr9up~ the base iLor the calculation was the 10-

minute pre-experimental rest conditions (see Appendix B). For the longi-

_!udinal transformations, there were 4 pre-training rest condition values 

(corresponding to each 5-minute period of the 20-minute condition} 9 each of 

these being the mean of 4 experimental sessions (see section 5.3.1). The 

mean and standard deviations used for the z-scores were based on these 4 

values~ For the short-term transformations, there were 2 pre-experimental 

rest condition values (corresponding to each 5-minute. period- of the 10-

minute condition), each of these being the mean of 4 experimental sessions 

The means and standard deviations used for the z-scores 

were based on these 2-· values. Given this mean (i) and standard deviation 

(SD) for each subject on each variable, the subsequent data for a given sub

ject (X 1 ) was transformed as follows for each variable (i.e., for each of 

the 4 pre-determined EEG spectrum bands)~ 
X v 

z
1 

:::: 1 - .A 

SD 

In some cases, the standard deviation computed on the -4: values (for the 

longitudinal transf.ormations) or on the 2 values (for the short-term trans

formations) was "obviously" too small; for example, the values may have 

been equal, leading to a 11 false11 . SD = 0. In these instances, the standard 

deviation was altered to a. minimum value o£ 0, 35., This procedure was 

followed in order to avoid excessively large ~-scores and was thus a conser

vative procedure in the sense that the object was to minimise the o9currence 

of a type 1 error in the statistical analyses (Kirk, 1968, p.31)o 

5R6 The Within-Subjects Division of the Alpha Feedback and 11 Novice11 

Meditator Groups 

·-·~4!)41ii).«'JC •• 



162 

The Alpha Feedback Group: The alpha feedback experiment incorpor-

ated not only within-subjects design aspects - permitting each subject to 

act as a self-control - but also between-subjects design aspectso The 

between-subjects co~trol procedure involved the subdivision of the alpha 

feedback group into a "successful" and an "unsuccessful" sub-group, thus 

providing groups that differed with respect to their loading on the crucial 

independent variable - level of "success" at feedback-associated alpha en-

hancement. This section is concerned with (1) the reasons for the selection 

of this particular form of between~subjects control procedure; and (2) 

the reasons for the selection of the present criterion of ''success" at feed

back-associated alpha enhancement. 

The present between-subjects control procedure was adopted in preference to 

that of comparing of the alpha feedback group with a non-alpha feedback 

group - whether simply a non-reinforced control group or a yoked control 

g~~up. This decision was prompted by the desire to avoid the following 

prhblems associated with these alternative~. 

(1) It confounds the influence of feedback-associated alpha enhancement with 

that of all the other variables in the alpha feedback situation. Any 

differences found could thus simply be attributed to the gross introduc

tion of alpha feedback training to the experimental but not to the con-

trol group. (This criterion is, of course, not applicable should a 

yoked control group be employed.) 

(2) There are serious practical problems involved in matching the experimental 

and control groups. They would have to be equated, for examph~, with 

respect to their predisposition toward undergoing alpha feedback training. 

(J) An ethical problem arises when one uses a subject as a yoked control 

(i.e., he has to be deceived)'.; over an experiment of such long duration. 

The criterion of "success" at feedback-associated alpha enhancement used 

throughout this study was selected from the following six alternative criteria: 

1. The absolute change in percentage time alpha shown by a subject from the 

pre-training rest conditions to the post~training experimental (or feed

back) conditions. 

2. The relative change in percentage time alpha shown by a subject from the 

pre-training rest conditions to the post-training experimental conditions. 

3. The absolute percentage time alpha change shown :bY a subject· from the pre-

training/ •••••••• 
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training rest conditions to the post-training experimental conditions 

divided by the subject 0 s post-training experimental condition percen

tage time alpha levels. 

4. The percentage time alpha in z-scores change shown by a subject from 

the pre-training rest conditions to the post-training experiment*! 

conditions. 

The relative "strength" of the subjective phenomenal concomitants of 

alpha feedback training as reported by the subject and rated by the 

experimenter. 

6. The relative change in differential alpha control shown by a subject 

from a pre-training to a post-training test-session. 

The methods for scoring the 20 alpha feedback subjects with respect to the 

first .3 criteria of 11 success11 are self-explanatory. For all 3 criteria, 

they were assigned a rating of from 1 to 4 (with 5 subjects per rating) on 

the basis of the magnitude of their scores. Lower ratings corresponded to 

higher positive scores. Thus, for example 9 a subject who showed a very 

large increase in absolute alpha abundance would be assigned a low rating. 

The ratings of the 20 subjects according to these criteria are shown in 

Table. 4. 

The rating of the subjects according to the fifth criterion was accomplished 

by assigning to each subject a rating - from 1 to 5 - corresponding to the 

"strength" of that subject(s reported subjective phenomenal experiences 

associated with feedback. On completion of each of a subjectVs 30 feedback 

sessions, a verbal report concerning these feedback-associated subjective 

experiences was elicited and recorded~ In some instances it proved necessary 

for the subjects to transcribe their own descriptions. At the end of the 

experiment, the subjects were rated with respect to the 11 strength11 of these 

subjective.associations by the experimenter. The ratings were ranged along 

a continuum from 1 - which indicated that a subject had reported marked 

qualitative shifts in consciousness during most sessions - to 5 - which sig

nified that a subject had reported no discernable alteration in conscious 

awareness at any stage. The ratings were made independently of the ratings 

the subjects received on the other criteria. The subjects ratings accord-

ing to this criterion of 11 success11 are shown in Table 4. 

The rating of the subjects according to the sixth criterion was based upon 

their/ • 0. ·- •••. • ••••• 
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their relative increase in differential alpha control from a pre-training 

to a post-training test-session (see section 5~3.1). These data are pre-

sented in Appendix J. A subjectVs differential alpha control nver either 

test-session was obtained by dividing his 11 enhance11 alpha time (in seconds) 

by his 11 suppress11 alpha time. For example, s
7 

produced 50 seconds of alpha 

during the 200-second 11 enhance11 alpha trials as opposed to 75 seconds of 

alpha during the 200-second "suppress11 alpha t~ials in the pre-training . .. 
test-session. This constituted a pre-training differential alpha control 

score of 0,66 (i.e., the enhance/suppress alpha ratio). Similarly, s
7

vs 

post-training differential alpha control score was 1,63 (52/32). The rela

tive increase in differential alpha control is expressed in terms of tre 

post-training differential alpha control score divided by the pre-training 

differential alpha control score. For s
7

, therefore, this would be 1,63/ 

0,66 = 2,43. The magnitude of this last figure is directly related to the 

relative increase in differential alpha control with positive values being 

indicative of enhanced control and negative values of diminished control. 

Table 3 presents the results of the subjects on this index. The·2o subjects 

were assinged a rating of from 1 to 4 (with 5 subjects being assigned to each 

rating) on the basis of the magnitude of their scores on this index. The 

higher the score, the lower the assigned rating. The ratings of the subjects 

according to this criterion are displayed in Table 4. 

The rating of the subjects according to the fourth criterion was accomplished 

by assigning to each of the 20 subjects a rating - from 1 to 4, with 5 subjects 

per rating - on the basis of their increase in percentage time alpha in 

z-scores from the pre-training rest conditions to the post-training experi-

mental (or alpharfeedback) conditions. Table 4 shows the ratings of the 

subjects according to this criterion of 11 success11 at alpha feedback training. 

It was according to this criterion that the alpha feedback group was divided 

into 11 successful11 and 11 unsuccessful 11 sub:-groups. Those subjects who achieved 

ratings of 1 or 2 were assigned to the "successful11 alpha feedback group 

whilst those who achieved.ratings of 3 or 4 were assigned to the "unsuccess

ful" alpha feedback group. 

The decision to select the above criterion of "success" at alpha feedback 

training was based upon the following two sets of reasons. Firstly, it 

was chosen ahead of the other 3 criteria that were based.upon change in alpha 

abundance (i.e., criteria 1 to J) for motives similar to those underlying 

the decisiori/ •••••••••• 
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the decision to normalise the EEG data (see section 5.5). Secondly, 

because it was found that the ratings of the subjects according to this 

criterion were the most highly correlated with the ratings of the subjects 

according to the 5 alternative formulations for 11 success" (see Table 5) • 

It constituted therefore the most representative of the six forms in which 

to express Nsuccess" at alpha feedback training. 

5.6.2 The Novice Meditator Group: For analysis purposes, the novice medi-

tator group was divided into a "regular" and an "irregular" meditator group 

on the basis of the subjects_v self-ratings concerning their meditation regu

larity (see Appendix H). Subjects who .received ratings of 1 or 2 were 

assigned to the "regularu group whilst those who received ratings of J,4 or 

5 were assigned to the "irregular" group. Ratings of 6 or 7 resulted in the 

data of the subjects being excluded from the analysis. The two groups thus 

represented relatively high and low loadings on the crucial independent 

variable - regularity of meditation practice. 

This form of control procedure was adopted in preference to t.hat of comparing 

the "novice" meditators(longitudinally) with a non-meditating control group. 

This latter control procedure leads invariably to the confounding of the 

many meditation-associated factors (see section J.2.4). The present control 

procedure was aimed at ind~pendently determining the efficacy of factors 

related to (cumulative) regular meditation practice. 

TABLE 3 

Scores of the alpha feedback subjects with respect to "differ
ential· alpha control increase" from a pre-training to a post
training test-session 

Supject 'Alpha Control Increase Score 

1 11.76 
2 1.58 
3 34.65 
4 3.89 
5 -0.67 
6 -oo 
7 2.43 
8 -0.04 
9 3.48 

10 1.07 
11 0.76 
12 -0.31 
13 1.52 
14 1. 76 
15 4.28 
16 00 

17 00 

18 -0.69 
19 4.12 
20 2.87 
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TABLE 4 

Ratings of the alpha feedback subjects on the following criteria 
of "success" at alpha feed!Jack: "the experimenter's rating" 
(Xi), "the alpha z-Score change rating" (X2), "the alpha control 
rating" (X3), "the absolute alpha change rating" (X4), "the 
relative alpha change rating" (X5) and "the absolute alpha change/ 
post-training alpha level rating" (X6) 

Criteria Xi X2 X3 X4 X5 X6 

Subjects 

1 5 4 i 4 4 4 
2 5 4 3 4 4 4 
3 2 2 i 2 3 3 
4 i 2 2 i i 2 
5 4 2 4 3 2 i 
6 3 i 4 3 2 i 
7 4 3 2 3 4 4 
8 5 4 4 4 4 4 
9 i i 2 i 2 i 

iO 2 i 3 i 2 i 
ii 5 4 3 4 4 4 
i2 i 3 4 2 i 2 
i3 3 2 3 i i 2 
i4 4 3 3 3 3 3 
i5 2 3 2 2 3 3 
i6 i i i 3 2 i 
i7 5 4 i 4 3 3 
i8 4 3 4 2 i 2 
i9 3 i i 2 i 2 
20 i 2 2 i 3 3 

I TABLE 5 

Pearson correlation matrix for the rankings of the alpha feedback 
subjects according to the following variables: ''the experiment
er's rating" (Xi), "the alpha z-Score change rating" (X2), "the 
alpha control rating" (X3), "the absolute alpha change rating" 
(X4), "the relative alpha change rating" (X5) and "the absolute 
alpha change/post-training alpha level rating" (X6) 

Xi X2 X3 X4 X5 X6 

Xi - • 7i5i .i897 .80,27 .5692 -5984 
X2 - .i2 .68 .64 .84 
X3 - .04 - .i6 -.i6 
X4 - .68 .56 
X5 - .8 
X6 -



6.0 THE ALPHA FEEDBACK INVESTIGATION 

6.1 Results 

6.1.1 EEG Results: As previously described (see section 5.5), the EEG 

data used in the statistical analyses are in the form of transformed norma

tive EEG data - i.e., in terms of percentage time occurrence of predeter

mined EEG spectrum bands. 

Table 6 presents the results of the "successful" and "unsuccessful" alpha 

feedback groups over the pre-experimental rest condition, the experimental 

(or alpha feedback) condition and the post-experimental rest condition on 

Percentage Time Alpha,in z-scores. (The base for the z-score conversion 

was the pre-training rest conditions.) The analysis of variance indicated 

a significant difference between the two groups (P<,05), a significant differ

ence between the three conditions (P<,o1) and a significant interaction effect 

(P<,05). Closer examination of the data through simple main effects revealed 

significant differences between the two groups for the experimental condition 

(P<;o1) and the post-experimental rest condition (P<,o1) and a signifi~nt 

difference between the three conditions for the "successful" alpha feedback 

group (P<,01). Specifically, the Tukey HSD comparisons showed a significant 

difference between the mean of the pre-experimental rest condition and the 

means of the experimental condition (P<,01) and the post-experimental rest 

condi t.ion ( P<, o~n for the "successful" alpha feedback group., In addition, 

the mean of the base (ioe., the pre-training rest condition) was shown to be 

significantly different to the means of the pre-experimental rest condition 

(P<,05), the experimental condition {P<,o1) and the post-experimental rest 

condition (P<,o1) for the "successful" alpha feedback group. 

The results of the 11 successful11 and "unsuccessful" alpha feedback groups 

over the pre-experimental rest condition, the experimental condition and the 

post-experimental rest condition on Percentage Time Beta, High Alpha and Low 

Alpha were similarly examined by tw·o-way analyses of variance. With the 

exception of one significant"o~ndition'~ffect, no significant effects were 

obtained. F Ratios for 

Beta: A(groups) = 0,9156; B(conditions) = 1,371; A x B (interaction) = 1,84 

High Alpha: A = 0,7474; B = 2,411; A x B = 0,9328 

Low A~pha: A = 0,9455; B = 5,387*; A x B = 0,8385. 

6.1.2 Heart-Rate/ ••••••• 
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6.1.2 Heart-Rate Results: Table 7 presents the results of the 11 success-

ful" and 11 unsuccessful11 ·alpha feedback groups over the pre-experimental rest 

condition, the experimental condition and the post-experimental rest condi

tion on Heart-Rate. The analysis of variance_indicated a significant differ

ence between the three conditions for the two groups (P<1 01). Closer exam

ination through simple main effects revealed a significant difference between 

the three conditions for the 11 successful" alpha feedback group (P<1 05). 

Specifically, the Tukey HSD comparisons showed a significant difference 

between the mean of the pre-experimental rest condition and the mean of the 

post-experimental rest condition for the 11 successful'' alpha feedback group 

(P<1 01). 

Autonomic Balance Results~ Table 8 deals with the results of the 

"successful" and 11 unsuccessful" alpha feedback group over the pre- and post-

-experimental condition tests for Autonomic Balance (A). The analysis of 

variance indicated a significant difference between the two test-sessions for 

the two groups (P<,01). Closer examination through simple main effects 

revealed a significant difference ~etween the two test-sessions for both the 

''successful" (P<,01) and the "unsuccessful" (P<,05) alpha feedback groups. 

Table 9 shows the results of the two groups over the pre- and post-experi

mental condition test-sessions on Heart Period. The analysis of variance 

indicated a significant interaction e.ffect (P<,05). Closer examination 

through simple main effects revealed a significant difference between the 

two test-sessions for the 11 successful11 alpha feedback group (P<,01). 

Table 10 presents the results of the two groups over the two test-sessions on · 

Respiration Period. The analysis of variance showed a significant difference 

between the two test-sessions for the two groups (P<,01). Closer examination 

through simple main.-effects indicated a significant difference between the two 

test-sessions for the "successful" alpha feedback group (P<,01). 

The results of the two groups over the two test-sessions on Dermographia 

Persistence, Salivary Output, Palmar Conductance, Pulse Pressure and Volar 

Conductance were similarly examined by two-way analyses of variance. With 

the exception of one significant 11 condition11 effect, no significant effects 

were obtained. F Ratios for 

Dermographia Persistenceg A = 0 1 0213; B(test-sessions) = 2,731; 

A x B = 0,2737 

Salivary Output/ •••••• 
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Salivary Output: A = o, 0438; B = 4,710*; A X B = 0,1217 

Palmar Conductance: A = o,o423; B = 0,9746; A X B = 1,642 

Pulse Pressure: A = o, 7583; B = o,oo43; A X B = 1,657 

Volar Conductance: A = o,oo49; B = 0,2513; A X B = 0,4015 

Closer examination of the significant effect - a significant difference 

between the two test-sessions for the groups on Salivary Output - through 

simple main effects indicated no significant effects. 
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6.1.4 Reaction-Time Results: An examination of the results of the "success-

ful 11 and "unsuccessful" alpha feedback groups over the pre- and post-experi

mental condition tests on Reaction-Time through two-way analysis of variance 

revealed no significant effects (F Ratios: A = 0,1387; B = 2,900; Ax B = 

o,1359). 

Short-Term Memory/Perceptual Speed Results: An examination of the 

results of the 11 successful" and "unsuccessful" alpha feedback groups over the 

pre- and post-experimental condition tests on Short-Term Memory/Perceptual 

Speed through two-way analysis of variance revealed no significant effects 

(F Ratios: A = 2,006; B = 0,1948; Ax B = 0,0095). 

6.1.6 Psxchological Test Resultsg Table 11 presents the results of the 

"successful" and "unsuccessful" alpha feedback groups over the pre- and post-

training test-sessions on the Barber Suggestibility Scale. The analysis of 

variance indicated a significant difference between the two test-sessions for 

the two groups (P<,05). Closer examination through simple main effects 

revealed no significant effects although the difference between the two test

sessions fell marginally short of significance for the "successful'' alpha 
·, 

feedback group (P<,o6). 

Table 12 pvesentstheresults of the two groups over the pre- and post-training 

·test-sessions on the Stanford Hypnotic Susceptibility Scale. The analysis 

of variance showed a significant difference between the two test-sessions 

for the two groups (P<,o5). Closer examination through simple main effects 

indicated a significant difference between the two test-sessions for the 

"successful" alpha feedback group (P<,05). 

Table 13 deals with the results of the two groups over the two test-sessions 

on the Marlowe-Crowne Social Desirability Scale. The analysis of variance 

indicated/ ............ 
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indicated a significant interaction effect (P<,05). The simple main effects 

analysis revealed a significant difference between the two test-sessions for 

the 11 successful11 alpha feedback group (P<,01). 

Table 14 shows the results of the two groups over the two test-sessions on the 

EPI (N). The analysis of variance revealed a significant difference between 

the two test-sessions for the two groups (P<,05). Closer examination through 

simple main effects indicated a significant difference between the two test

sessions for the 11 successful11 alpha feedback group (P<,05). 

Table 15 deals with the results of the two groups over the two test-sessions ,, 
on Construct Six of the ~epertory Grid (Involved/Apathetic). The analysis 

of variance indicated a significant difference between the two test-sessions 

for the two groups (P<1 05). The simple main effects analysis revealed a sig-

·nificant difference between the two test-sessions for the 11 successful11 alpha 

feedback group (P<,05)~ 

Table 16 presents the results of the two groups over the two test-sessions on 

Construct Ten of the Repertory Grid (Active/Passive). The analysis of variance 

showed a significant difference between the two·test-sessions for the two 

groups (P<,o1). The simple main effects analysis revealed a significant 

difference between the two test-sessions for the 11 successfu111 alpha feedback 

group (P<,05). 

The results of the two groups over the two test-sessions on the Taylor Mani-

fest Anxiety Scale, the EPI (E) and on Repertory Grid Constructs One, Two, 

Three, Four, Five, Seven, Nine, Eleven; Twelve, Thirteen, Fourteen and Fif-

teen were also examined by two-way analyses of variance. In all but two 

instances, no significant effects were obtained. F Ratios. for 

Taylor Manifest Anxiety Scale: A = o,o890; B = 1,085; A X B = 2,441. 

EPI (E): A = 0,0418; B = 0,0.351; A X B = 0,.3162 

Construct 1: A ~ 5,2.34*; B = 0,5866; A X B = 0,7576 

Construct 2i A = 1,414; B = 0,4,368; A X B = 0,1525 

Construct )·: A = o,6386; B = 0,0291; A X B = 0,0200 

Construct 4: A = 0,330; B = 0,9460; A X B = 0,8.381 

Construct 5: A = 0,0055; B = .3,145; A X B = 1,061 

Construct 7: A = 2,579; B = .3,574; A X B = 0,5117 

Construct 9: A = 5,766*; B = 0,0054; A X B = o,1357 

Construct 11/ •.......• 
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Construct 11: A = 2,385 B = 2,864 ; A X B = 0,054 

Construct 12: A -. 1,442 ; B = 0,2388; A X B = 0,0017 

Construct 13g A = 3,358 B = 1,553 ; A X B = 0,0010 

Construct 14: A = o,oo47; B = 0,0055; A X B = 0,9251 

Construct 15: A = 1,769 B = 0,2675; A X B = 0,0930 

The two significant effects (for· Constructs One and Nine) both involved dif-

ferences between the two groups that existed prior to training. 

6.1.7 Phenomenological Repertory Grid Results: Table 40 (see section 

8.1) presents the results of an analysis of the scores of the "successful" 

alpha feedback group (as definedby "the experimenter's rating" criterion 

of "success~ - see section 5.6.1) on the constructs of the Phenomenological 

Repertory Grid. A Tukey HSD statistical analysis was carried out in prder . 

to determine the level of significance at which the group's mea11 scores on the 

constructs were different from zero. The Tukey HSD comparisons indicated 

that the group's mean scores on the following constructs were significantly 

different from 0: 

(Has most breath-slowing/Has least breath slowing) 

(Finds it most harmful/Finds is least harmful) 

(P<,05) 

(P<,05) 

1 

4 

5 
6 

(Experiences most time-slowing/Experiences least time-slowing) (P<,01) 

(Finds it most anxiety-evoking/Finds it least anxiety-

evoking) ( P<, 01) 

7 tExperiences and Behaves most like I would wish to/ 

Experiences and Behaves least like I would wish to) (P<,01) 

10 (Finds it least physically-relaxing/Finds it most physically-

11 

16 

19 

21 

24 

relaxing) 

(Experiences most breath-slowing/Experiences least breath

slowing) 

(Finds it most pleasant/Finds it least pleasant) 

(Finds it most anxiety-reducing/Finds it least anxiety

reducing) 

(Experiences least heart-rate-slowing/Experiences most 

heart-rate-slowing) 

(Finds it most beneficial/Finds it least beneficial) 

25 (Experiences most time-speeding/Experiences least time

speeding) 

26 (Finds it least physically-tensing/Finds it most physically

tensing) 

28 (Has least physical-movement/Has most physicial-movement) 

( P<, 01) 

( P<, 05) 

(P<1 05) 

(P<,05) 

( P<, 05) 

(P<,01) 

(P<,01) 

(P<,05) 

(P<,05) 

.30/ ••••••••••••••••••••• 
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30 

32 

34. 

.(Finds it least unpleasant/Finds it most unpleasant) 

(Has lowest alpha levels/Has highest.alpha lev~ls) 

(Has least floating-experiences/Has most floating-

experiences). 
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(P<,01) 

( P<, 05) 

(P<,01) 
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TABLE 6(a) 

Means and standard deviations for the pre-experimental cond~tion, 
the experimental condition and-the post-experimental condition 
measures on Percentage Time Alpha in z-Scores for the "successful" 
alpha feedback groUp and the 11 UilSUCCeSSlU.l II alpha feedback group 

"Successful" "Unsuccessful" 
Alpha Feedback Group Alpha Feedback Group 

Pre-E .. Exp .. Post-E. I Pre-E~ Exp. Pos t--E ~ 

He an 14.62 38,,1±2 31e 16 -.938 1. 92 3.028 
Standard 13~65 37-57 37o76 6.235 3 .. 724 6 .. 447 

·Deviation 

Number in 10 

~ 
10 10 10 10 10 

Sample 
~ 

TABLE 6(b) 

t 
Analysis of variance summary table for the pre-experimental 
condition, the experimental condition and the post-experimental 
condition measures on Percentage Time Alpha in z-Scores for the 
11 successful" alpha feedback group and the 11unsuccessful 11 alpha 
feedba.ck group 

Source ~--s-s· MS 
: 
F Raful 

Between Subjects ' 

A (Experimental Group) 1 10718 10718 8e752** 
Error 18 22042 1225 

Within Subjects 
' 

B (Pre-Exp c , Exp. and ~ 2 1948 974.1 5.824*"' 
Post-Exp. Condj_ tions) • ~ 

A B 2 I 1111 555 .. 5 3-321* : 
X 

Error 36 6021 
: 

167.2 i -... 
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TABLE 6(e) 

Simple main effects summary table for the pre-experimental condi
tion (Bi), the experimental condition (B2) and the post-experi
mental condition (B3) measures on Percentage Time Alpha in 
z-Scores for the "successful" al.ph~·a feedback &roup (A1) and the 
uu.nsuccessful 11 alpha feedbaclc group (A2) 

; Source DF ss HS F Ratio 

A at B1 1. ~ 1.210 1210 2~329 

'A at B2 1 6660 6660 12.82* * 
'A at B3 1 3958 3958 7.616** 

' 

. Error 54 23063 519.7 

I B at A1 2 2975 1488 8.895** 

B at A2 2 83.75 l± 1. 88 "2504 
. Error 36 6021 16762 
' r 

TABLE 6 (d) 

Tukey HSD comparisons* for the means of the pre-experimental condi
tion (B1), the experimental condition (B2) and the post-experimental 
condition (BJ) measures on Percentage Time Alpha in z-Scores fo~ the 
"successful" alpha feedback group (A2) 

fi A1B1 A1B2 I A1B3 Base 

Mean i 14.62 38. 42 31. 1-6 0 

,A1B1 ' - 5.819*~' 4.045* 3. 5 75 * 

A1B2 - 1. 774 I 9~394** 
A1B3 - 7 e 620 * * 

! Base -

* DF = 4,36 for comparisons with base; 

DF = 3~36 for all other comparisons. 

A2B1 A2B2 A2B3 i Base -, 
t 

< . I ' 
He an --938 j_ 0 9 2 3 ~028 0 

'Base I ns ns . 740'-± -
t ~ I 

* DF - 4,36 for all comparisons with base. 
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TABLE ?(a) 

Heans an.d standard deviations for the pre-experimental condition, 
the experimental condition and the post-experimental condition 
measures on Heart-Rate for the 11 successful 11 alpha feedback group 
and the 11unsuccess ful 11 alpha feedback group 

11Success ful 11 11 Unsuccess ful 11 

Alpha Feedback Group Alpha Feedback Group 

Pre-E. Exp. Post-E. Pre-Eo Exp. Post-E. 

·Mean 73-75 72.61 I 70.57 78o 92 76.49 76.69 
' Standard 6 .. 365 6.936 5.784 8 .. 715 8.764 9.093 
f Deviation ! 

. Number in 10 10 10 10 10 10 
·Sample 

TABLE ?(b) 

Analysis of variance smnmary table for the pre-experimental condition, 
the experimental condition and the post-experimental cond~tion 
measures on Heart-Rate for the "successful" alpha feedback group 
and the nunsuccess i'ul 11 alpha feedback g;roup 

Source 

B~tween Subjects 

A (Experimental Group) 

Error 

DF 

1 

18 I 
I 

2 

ss MS 

75.63 37.81 

F Ratio 

2.274 
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TABLE ?(c) 

Simple main effects summary table for the pre-experimental 
condition (Bi), the experimental condition (B2) and the post
experimental condition (B3) me&.sures on Heart-Rate for the 
11 successful 11 alpha feedback .~!:roup (A1) and the 11 unsuccessful 11 

alpha feedback group (A2) 

Source Dt1J:~; 
MS F Ratio 

A at B1 133.7 2.243 

·. A at B2 1 75.26 75.26 1 .. 26 3 

A at B3 1 187.3 187.3 3.143 
: 

54 3218 59.58 Error 

B at At 2 51.88 25.94 5 .. 145* 
r 

B at A2 2 36.41 18.20 3.611 

Error 36 181.5 5.042 
' 

'l'ABLE 7 (d) 

Tuke~· ~SD comparisons* t·or the means of the pre-experimental 
cond1t1on (B1), the experimental condition (B2) and the post
experimental condition ( BJ) measures on Heart-Rate for the . 
"successful" alpha feedback .~roup (Ai) and the 11 unsuccessfulH 
alpha feedback group (A2) 

! A1B1 A1B2 A1B3 

Mean 73.74 72.61 70.57 

I • 
A1B:1. - 1.606 4.479** 

.. 
A1B2 - 2.873 
A1B3 -

A2B1 l A2B3 A2B2 I 
He an 78.92 76.69 

76'<9 i 
A2B1 - I 3e 141 
A2B3 - 1_·2~17 _I A2B2 

*DF = 3~36 for all comparisons 0 
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TABLE 8(a) 

Means and standard deviations for the pre-experimental condition 
test-session and the post-experimental condition test-session 
measures on Autonomic Balance (A) for the 11 successful 11 alpha 
feedback group and the "unsuccessful" alpha feedback group 

"Successful" 11Unsuccessful 11 

Alpha Feedback Group Alpha Feedback Group . 
Pre-E. Post-E. Pre-E. Post-E. 

Nean 71.63 75-77 70.06 72-73 

Standard Deviations 6.262 6. 251 8.837 7-728 

Number in Sample 10 10 10 10 

TABLE 8 (b) 
Analysis of variance summary table for the pre-experim~ntal condi
tion test-session and the post-experimental condition test-session 
measures on Autonomic Balance (A) for the "successful" alpha 
feedback group and the "unsuccessful" alpha feedback group 

I 
., -

IF 
, 

Source DF ss HS Ratio 

Beb.,reen Subjects 

A (Experimental Group) 1 53. 13 53.13 • 5196 

Error 18 1840 102.2 

vli thin Subjects 

B (Pre- and Pos t-Exp. 1 115.9 1t5.9 19.97** 
Test-Session) 

A X B 1 5-375 5.375 .9258 

Error 18 104.5 5.806 

TABLE 8 (c) 
Simple main effects swnmary table for the pre-experimental condi-

177 

tion test-session (B1) and the post-experimental condition test
session (B2) measures on Autonomic Balance (A) for the 11 successful 11 

alpha feedback group (A 1) and the "unsuccessful 11 alpha feedback 
group lA2) 

Source DF i ss :HS F Ratio i 

A at B1 1 12.31 12.31 ~2279 

A at B2 1 46.20 46.20 .8552 

. Error 36 1945 54.03 

B at A1 1 85.69 85.69 14.76** 

~at A2 1 I 35.64 35.64 .6. 139* 
rror ,, 18 104-.5 5.806 



6.1~3 

TABLE 9 (a) 

Heans and standard deviations for the pre-experimental condition 
test-Pession and the post-experimental condition test-se$sion 
measures on Heart Feriod t'or the "successful" alpha feedback group 
and the "unsuccessful" alpha feedback group 

"Successful 11 11Unsuccessful 11 

Alpha Feedback Group Alpha Feedback Group 

Pre-E. Post-E. Pre-E .. Post-E. 

:He an 45.67 54.76 48.81 50 .. 96 
Standard Deviation 13.03 14.26 11.97 12.71 
Number i·n Sample tO 10 10 10 

TABLE 9 (b) 

Analysis of variance sumn1ary table for the pre-experimental 
condition test-session and the post-experimental cond,ition test
session measres on Heart Period for the 11 successful 11 alpha feed
back group and the 11 unsuccess ful 11 alpha_.~ feedback group 

r Source I DF' ss MS F Ratio i 

r ~:;tween SubJects I i • 
! 

. I 
~A (Experimental Group) 1 1.094 1. 094 .0034 

Error 18 5746 3"19. 2 

Within Subjects 

' B (Pre- and Past- Exp. 
Test-Sessions) 

1 315.8 315.8 15. 87* * 

A X B 1 120.4 120.4 6.049* 
Error 18 358.3 19.90 

TABLE 9(c) 

Simple main effects summary table for the pre-experimental 
condition test-session (81) and the post-experimental condition 
test-session (B2) measures on Heart Period for the 11 successful 11 

alpha feedback group (A1) and the 11 unsuccessfultt alpha feedback 
group tA2) 

I Source DF ss MS F Ratio 

A at B1 t 49.30 49.30 • 2907 
A at B2 1 72.20 I 72.20 .4258 
Error 36 6105 169.6 
B at A1 1 413.1 413.1 20.76 * * 

.B at'; A2 1 23.11 23.11 1.161 

f Error 18 358.3 19.90 I 
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TABLE 10(a) 

Means and standard deviations for the pre-experimental condition 
test-session and the post-experimental condition test-session 
measures on Respiration Period for the "successful" alpha feed
back group and the "unsuccessful" alpha feedback group 

"Successful" 11 Unsucces s ful 1 ~ 
Alpha Feedback Group Alpha Feedback Group 

Pre-E. I Post-E. Pre-E. Post-E. 

Mean 58.62 

I 
67.98 49.56 54.13 

Standard Deviations 29. 1'± 27.27 15.72 18.7? 
Number in Sample 10 10 10 10 

TABLE 10(b) 

Analysis of variance sununary table for the pre-experimental col,lqi
tion test-session and the post-experimental condition test-session 
measures on Respiration Period for the ':successful" alpha feed
back group and the 11 unsuccess ful 11 alpha feedback group 

r . 
Source DF ss HS F Ratio 

! 
Between Subjects I -~ 

I 

A (Experimental Group )I ... 1312 13:1.2 

I 
1. 251 .l 

Error 18 18877 1049 

Within Subjects I B (Pre- and Post-Exp. 1 485.1 I 485.1 10e45** 
•Test-Sessions) I I A X B 1 57-31 ~ 57.31 1. 235 

f Error 18 835.6 I 46.42 

TABLE 10 (c) 

179 

Simple main effects summary table for the pre-experimental condition 
test-session (B1) and the post-experimental condition test-sessi6n 
(B2) measures on Respiration Period for the "successful" alpha feed
back group (A1) and the "unsuccessf'ul 11 alpha feedback group (A2) 

Source DF ss HS F Ratio 
I 
lA at B1 1 410.4 410.4 .7495 
.A at B2 1 959.1 959.1 1. 752 
:Error 36 19712 I 547.6 

B at A1 1 438.0 438.0 9.4}7** 
B at A2 1 104. lJ: 104 .ll: 2. 250 

t 
>.-' 

Error 18 835.6 46.42 
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6.1.6 TABLE ll(a) 

Heans and standard deviations for the pre-training and the post
tra~ning scores on the Darber Suggestibility Scale for the 
H suce;e::::s ful tt alpha feedback group and the 11 unsuccess ful 11 aJ ph a 
feedback group 

"Sue cess ful 11 "Unsucc ess fu 1 11 

Alpha Feedback Group Alpha Feedback Group 

Pre- ! Post- Pre- Post-
Training Training T:r·aining Training 

• 
He an 5.450 4.050 4.450 3.8oo 
St.andard Deviation 5-398 4.657 4.431 6. 161 

' 

I Kumber in Sample 10 10 10 10 ~ I ___ :.:...._j 

TABLE 11 (b) 

180 

Analysis of variance sununary table for tne pre-training and the post
training scores on the Barber Suggestibi.lity Scale fo'r the 
11 succes:;:fu1 11 alpha feedback group and the 11 unsu.ccess fn.l 11 a] phd 
f'e.edba.ck group 

r· ---~~-r-· · -- ... -. 8

,. ·---· 1 I Source J DF! SS I HS fF Ratio J 

i Bebeen Subie~ts r_T-···-· ,_ -I . l I A ( Experimen ta1 Group) I J . 3. 906 3. 906 · • 075 3 

B (Pre- and Post-
~ Training Testings) 

I A X B 

{Error 

Error f 18 f 9-343 51.91 
! l 

\•hthin Subjects ! r 
I ~ i 

1 f to. s 1 I , I 
18

1 ' 1. 406 ! 
41.46 i 

l;.,56:t* 

1.406 .6105 l 2.303 

TABLE ll(c) 

Simple main effects summary table for the pre-training (Bl) and the 
post-training (B2) scores on the Barber Suggestibility Scale i'or the 
11 Successful 11 alpha feedback group (A1) and the "unsuccessf'ul" alpha 
:feedback group ( A2) 

r· Source ---1 DF ' ss J 1'1.5 fF Ratio I ~-. - . i 
1 . 1845 I A at Bi 1 I 5 5 I 

A at B2 1 I "3 125 . 3125 
1

. 0115 
Error 36 975.8 2"?.10 

! ! t ~at A1 
1 9.800 9.800 l± < 2.5 '-l: • ' at ,;...\2 1 I 2 .. 112 i 2.112 .. 917:!. i I -rror 5.8 ! 4L4G i 2.303 ~ _....,_.,. _ __J 
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TABLE 12(a) 

Means and standard deviations for the pre-training and the post
training scores on the Stanf'ord Hypnotic Susceptibility Scale 
for the 11 success:ful 11 alpha feedback group an.d the "unsuccessful" 
alpha feedback group 

11 Successfulti "Uns u.c cess ful 11 

Alpha Feedback Group Alpha Feedback Group 

Pre- I Post- I Pre-. Post-
i Trainj_ng 1 Training Training Training 

Mean 4.100 I 5.Boo 3.500 3-900 l Standard Deviation 3. 315 I 4.6B6 3.B66 1±.533 

[ •. N~:_be~ -~n Sample I 10 10 10 10 . - i "-

TABLE 12 (b) 

Ana]_ysis of variance summary table for the pre-training and the post
training scores on the Stanford Hypnotic Susceptibility Scale for 
the 11 success ful 11 alpha f~:edback group and the 1'unsucces s ful 11 

alpha feedback group 

Source t 

Between Subjects ! '· i 
A (Experimental Group)! 

·Error 

I Within Subjects 

j B (Pre- and Post-
( Training Testings) 

I A X B . . 

[Error · I 
! 

DF f · 

1 f 
i 
I 
1 

l ' I 18 I 

ss 

15.63 

574.7 

11.03 

4.225 

Lj 1. 25 

TABLE l2(c) 

I 

IF: Ratio:~ 

11.03 

4.225 

2.292 

Simple main effects summary table for the pre-training (B1) and th.e 
post-training (82) scores on the Stanford Hypnotic Susceptibility 
Scale for the 11 success:f'uln alpha feedback group (A1) and the 
"unsuccessful" alpha :feedback group (A2) 

r . j" 

·=Source 

'A at B1 

~A at B2 

Error 

B at A1 

·.B at A2 

I Error " 
• 

~l JJF ~~ 
1. ! 
1 I 

I· 36 

1 I 
f 

1 I 
18 

ss .HS 'F Ratio 

1. Boo 1. Boo • 105 2 

t8..05 tB. 0 5 1.055 I 
I 

615.9 '17.11 I 
14.lJ5 1L1.Lj5 6.305* 

.Booo .8000 • 349 'l 

L11. 2 r:: 2. 20 2 
• Q 
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TABLE 13(a) 

Heans ;;md standard deviations for the pre-training and the post
training scores on the Marlowe-Crowne Social Desirability Scale 
for the 11 successful 11 alnha feedback groun and the 11 unsuccessfu1 11 

alpha feedback group 

i 

"Successfultt 11 Unsuccessful 11 t 
Alpha Feedback Group Alpha Feedback Group; 

-~ 

j Pre- Post- Pre- i Post- ! 
Training Training Training Training 

He an 13.60 11.40 9.800 9.900 

Standard Deviation 4.?66 5-232 5.653 5.934 I Number in Sample l 10 10 10 1_0 1 _J 

TABLE 13(b) 

182 

Analysis of variance summary table for the pre-training and the post
training scores on the Marlowe-Crowne Social Desirability Scale £or 
the "successf'uln alpha :feedback s:;roup and the nunsuccessfuJ 11 alpha 
feedback group 

r----------S-o-u--r--c-e----------r~~~;-·J-F-r---·SS 

r--_-B-:-t~-::-::·; Sub,i ects_ i .. i-· 
1 A (E . t 1- G ~~ "1 "17 0 •. 23 _ xperJ.men a _ .roup, 

·Error 18' 1005 

\'l!ithin Subjects 

1 13 .. 22 

B (Pre- and Past-

I
l Training Testings) 

A x B -

Error 

11.03 

18 so. 25 

TABLE l3(c) 

HS 

70~23 

55.84: 

1L03 

13.22 

2~792 

4.737* 

Simple main effects summary table for the pre-training (B1) and the 
post-training (B2) scores on the Marlowe-Crowne Social Desirability 
Scale for the "successFu1 11 alpha feedback group (A1) and the 
nunsuccessful 11 alpha feedback g::t_~oup (A2) · 

'A at B1 

A at B2 
Error 

I B at A1 

Error 

Source 

I 

DF 

1 

j_ 

36 
1 

1 

18 

i 
-l 

I 
I 

sc: ' ~ :Hs b~ 
i Ratio 

72.20 ?2.20 2.4:63 

11.25 I 11. 25 • 3838 I 
1055 29.3.1 

8. 669 .•.• 1 2l.t~20 21-t. 20 
- --

.0179 .I 
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TABLE 14(a) 

Heans and standard deviations for the pre-training and the post
training scores on the EPI (N) for the "successful" alpha feedback 
group a.nd the 11 unsucces s ru 1 11 alpha feedback group 

r ~ "Successful" HUnsu.cces s ful" 
J._Alp~a Feedback Group Alpha Feedback Group 

P1~ Post- Pre- Post-I 

l 

· Training Training 
I 

Training Training 
' 

Mean 10.50 8.200 11.30 10.70 
S tru1.dard Deviation lt.J78 3. 8 2[.1: 6G378 6.413 
Number in Sample I 10 I 10 I 10 10 .. .,;,._,., 

·~- --
TABLE 14(b) 

Analysis of variance summary table for the pre-training and the post
training scores on the EPI (N) i'or the "successful" alpha feedback 
group and the 11 unsuccessful 11 alpha feedback group 

t Source 

~i.· .. ------·-.. ·-------·---1 Between Subjects 

A (Experimental Gro 

Error 

' 
up) l 

Within Subject~ 

B (Pre- and Post
Training Testings) 

A :x B 

Error 
' 

... --
DF ss 

I 
I 1. ' 27 .. 23 • I 

18 962.1 i 

I I 
1 21.03 

1 7-225 
18 78.25 -

TABLE 14(c) 

HS H' 
~ Ratio 

' 

27.23 ' .5094 

53.45 

I 
21..03 1±.837* 

7. 225 1.662 

4~347 

Simple main effects swnrnary table for the pre-training (B1) and the 
post-training ( B2) scores on the EPI (N) for the n successful 11 <.:~lpha 
feedback group (A 1) and the nunsuccess ful 11 alpha feedback group 
(A2) 

~---------s __ o,_u_r_c_e _____ ~- --~ 
A at B1 

A at B2 

Error 

t~ 

DF I 
1 I 1 

36 

> 

ss MS F Ratio 

3.200 3.200 . t 107 

31.25 31.25 1.081 
10L10 28 o90 

B at At I B at A2 
.. Errol~ 

1 

~ I .L . 

18 . 
~ 

26. 1±5 

1.800 

78. 25 

26.45 6. 08!± * 
1. Boo • ll139 

: 4.347 
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TABLE 15 (a) 

Heans and standard deviations for the pre-training and the post
training scores on the Repertory Grid - .Construct Six (Involved/ 
Apathetic) for the "successfuln alpha feedback group and the 
11unsuccessful 11 alpha feedback group 

---· ----------~----~--------------~~~:_ 

11 Success ful 11 

Alpha Feedback Group 

Pre-· 
Training 

Post
Training 

11Unsuccessfu1 11 

Alpha Feedback Group 

Pre- Post-
Training Training 

,_ ___________ '------·--t--------+-------+-------...f 
Hean I 
Standard Deviation t 

Number in Sample I 
• 3'±50 

.,4638 

10 

.6640 

.2268 

10 

TABLE 15 (b) 

e4130 

.4052 

.10 

I .4:5"20 

I • 11: 16 3 i I 10 t 

Analysis of variance summary table for the pre-training and the post
trainirig scores on the Hepertory Grid - Construct Six (Involved/ 
Apatb etie) :for the 1 ~ success fuln alpb a feedback group and the 
11 unsuccess ful '' alpha :feedback. group 

c:__~sourc~ : : .:=~ l 
I Between Subiect"- I 
I A (Experimental Group) 

Error 

Hithin Subj~~ 

B (Pre- and Post
' Training Testings) 

Ax B 

l:rror 

DF T 
f 

1 

18 

1 

1 

18 

.0518 

LJ .• 12'7 

.J20l± 

~ 1960 

1..309 

TABLE l5(c) 

o0518 .2261 

G2293 

I 
• 32o4f 1:~. 1Jo5 *I 

• 1960 2. 694 

.0727 

f 
I. 

Simple main effects summary table :for the pre-training (B1) and the 
post-training (B2) scores on the Repertory Grid - Construct Six 
(Involved/Apathetic) for the _;'Successi'ul 11 alpha feedback group (A1) 
and '·the 11 unsucces s :fu1 11 alpha feedback group ( A.2) 

~----S-ou_rc_e ____ .~· ni;l~=--ss~::·: __ =-~-~~[_F_R_at_-i-_o"~ 
t .. 

A at B1 I l .. 0231 ·I .0231 o1531 I 
· A at B 2 1 • 2 ?)± 7 • 2 2 4 7 1. 48 8 j 

:r::ru I 3~ ~;~~: :;~~~ 6.991<* I 
B at A'2 1·.· 1 e 00'?6 ~ 0076 • 1045 I· 

Error :18 1. 309 .. 0727 
~------------------------~~--~~------~--------~---·~ 
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TABLE 16 (a) 

Means and standard deviations for the pre-training and the post
tra~ning scores on the Repertory Grid - Construct Ten (A~tive/ 
Passive) for the 11 successful 11 alpha feedback group and the 
11w1success ful 11 alpha feedback. group 

nsuccessful" 11 Unsuc cess ful 11 

Alpha Feedback Group Alpha Feedback Group 

Pre- Post- Pre- f Post-
Training Training Training Training 

He an • 301.8 -5709 . 1556 .JJEJ 
Standard Deviation 0 4266 .2749 .4783 • 3941 

1\Twnber in Sample 11 11 9 9 

TABLE 16(b) 

Analysis of variance summary table :for the pre-traini~g and the 
post-training scores on the Repertory Grid - Construct Ten (Active/ 
Passiv.~) f'or the ttsuccessfu1 11 alpha feedback group and the 
llunsuccessf'ul!! alpha :feedback group 

r-·~---·--------------------~-L. Source 

i_,. ____ 

I DF f ss 

Between Subjects 

·A (Experimental Group) 

I Error 

Within .Subject~ 

B (Pre- and Post
Training Testings) 

Ax B 

Error 

1 I -3563 

18 4.543 

I 
1 I . 5290 

1 .0187 

I 18 L105 

TABLE 16(c) 

~F Ratio 1 HS 
! ·' 

I 
I 

• 3563 1.411 

• 2524 

• 5290 8.614**' 

e0187 .3042 

.061ll: 

Simple main effects summary table for the pre-train.in.g ( B1) and the 
post-training (B2) scores on tl~ Repertory Grid - Construct Ten 
(Active/Passive) for the "successful" alpha feedback group (A1) 
and the "unsuccessful" alpha feedback group (A2) 

Source i DF ss :Hs F R~tio 1 fl • - r 
,A at Bi l • 1059 . 1059 .67lJ:9 

'A at B2 1 • 2690 . 2690 I 1.715 ! 
Er:t~or 36 5.649 • 1569 I 

-3983 .3983 6 .Lt85 * 
! 

B at A1 1 
! 

B at 'A.2 1 I • 1494 I • 1494 2.ll:33 

Error 18 1 .. 10'" .0614 I 



6.2/6.2.1/6.2.2 186 

6.2 Summary of Results 

6.2.1 Summary of EEG Results: The results indicated that the 11 successful11 

alpha feedback group demonstrated an operantly conditioned alpha enhancement 

that was significantly in excess of free-operant alpha levels. This was 

shown employing both between-subjects and within-subjects control procedures. 

In terms of the between-subjects control procedure, it was found that although 

there were no significant differences between the "successful" and "unsuc

cessful" alpha groups over the pre-experimental rest condition (or over the 

pre-training rest condition on which they were, by convention, equal), the 

"successful" group produced significantly more alpha than the 11 unsuccessful11 

group over both the experimental condition (P<,01) and the post-experimental 

rest condition (P<,o1). Using a within-subjects control procedure, the 

"successful" (but not the "unsuccessful11 }group 1 was found to have increased 

significantly in terms of alpha from their pre-experimental rest condition 

(a free-operant condition) to their experimental condition (an operant condi~ 

tion) (P<,01) and post-experimental rest condition (also a free-operant con

dition) (P<,05). 

Another notable finding was that the 11 successful11 alpha feedback group's 

significant increase in alpha from the pre-experimental rest condition to the 

experimental condition (P<,o1) was maintained to a slightly attenuated, yet 

still significant extent into the post-experimental rest condition (P<,05). 

Although tonal feedback for alpha enhancement was found to be significantly 

associated with alterations in alpha abundance, it was not found to be 

associated with significant changes within any of the other three EEG frequency 

bands examined. It should be noted, however, that the above statistical 

analysis was conducted on EEG data that were normalised using the longitudinal 

base (i.e., the pre-training rest Condition data- see section 5.5). An 

analysis that employed EEGdata that were normalised using the short-term 

base (i.e., the pre-experimental rest condition data) revealed significant 

changes in beta activity to accompany to the significant alpha changes (see 

section 8.1.1- Table 25). Specifically~ i~ was found that the 11 successful" 

alpha feedback group produced significantly less beta during the experimental 

condition than during either the pre-experimental rest (P<,o1) or the post

experimental rest conditions (P<,05). 

6.2.2 Summary· of Heart-Rate Results: Although both the 11 successfull1 and 

the/ ••••••••••••••••••• 
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the "unsuccessful" alpha feedback groups decreased progressively in terms 

of heart-rate over the pre-experimental rest, the experimental and the 

post-experimental rest conditions, only the decrease (from the pre- to the 

post-experimental rest condition) of the ''successful" group actually reached 

significance (P<,o1). No heart-rate changes related specifically to the 

experimental condition were obtained. 

Summary of Autonomic Balance Results: The interspacing of a 20-

minute alpha feedback condition between testings for autonomic balance was 

found to be associated with a significant shift toward parasympathetic domi

nance (P<,01). Although this shift from the pre- to the post-experimental 

condition test-session was found for both "successful" and "unsuccessful" 

groups, it was more obvious in the former group (P<,005 as opposed to P<,05). 

The influence of alpha feedback practice on each of the 7 physiological tests 

that contributed toward A was also examined. The "successful" and 11 unsuc-

cessful" alpha feedback groups produced significantly different changes with 

respect to Heart Period (P<,05). The Heart Period of the "successful", 

but not the 11 unsuccessful11 ,alpha feedback group lengthened significantly 

when measured in the post-experimental as opposed to the pre-experimental 

condition test-session (P<,01). The interspacing of the experimental condi

tion was.also accompanied by a significant lengthening of Respiration Period 

(P<.01). This significant effect was due largely to the contribution of a 

significant increase in Respiration Period on the part of the "successful" 

(P<,01),but not the 11 unsucces~ful 11 , alpha feedback group. 

Feedback for alpha enhancement was not found to be associated with any sig

nificant changes in Dermographia Persistence, Salivary Output, Palmar Conduc

tance, Pulse Pressure or Volar Conductance. 

Thus, the "successful" alpha feedback group was found to have produced a more 

marked parasympathetic shift in autonomic balance from the pre- to the post

experimental condition tests ·.than the "unsuccessful" group. In addition, 

the interspacing of the experimental condition was significantly associated 

with a lengthening of both Heart and Respiration Periods for the "successful", 

but not the "unsuccessful", alpha feedback group. 

6.2.4 Summary of Reaction-Time Results: Feedback for alpha enhancement '~as 

found/ ••••••••••••• 
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found to have no significant effect upon subjectsV subsequent reaction-time 

performance. 

6.2.5 Summary of Short-Term Memory/Perceptual Speed Results: Alpha feed-

back practise was found to have no significant effect upon subjectsV sub

sequent performance on a short-term memory/perceptual speed task. 

6.2.6 Summary of Psychological Test Results: The alpha feedback group as 

a whole decreased significantly with respect to "direct suggestibility" (see 

section 5.2.5) (P<,05). However, it was largely the change in the scores 

of the "successful", rather than the "unsuccessful", group that accounted 

for this overall effect (P<,o6 for the "successful" group). 

The alpha feedback group as a whole increased significantly from pre- to post-

training with respect to "hypnotic susceptibility" (P<,05). Once again, this 

significant effect was largely the result of a significant increase in 

"hypnotic susceptibility" on the part of the "successful" (P<,05), but not the 

"unsuccessful", alpha feedback group. 

The two groups were found to have produced significantly different changes with 

respect to their 11 need for approval" ( P<, 05) with the 11 successful", but not 

the "unsuccessful", group showing a significant decrease from pre- to post

tr-aining (P<,o1). 

The alpha feedback-group decreased significantly with respect to "neuroticism11 

(P<,05). This significant effect obtained for the group. as a whole was due 

largely to the. influence of a significant decrease on the part of the "succes

sful" .. (P<,05), but not the 11 unsuccessful11 , sub-group. 

the alpha feedback group construed themselves to be significantly more ''in

volved" (as opposed to "apathetic") and more "active" (as opposed to "passive") 

by _the ·post-training test-session (P<,05 and P<,o1 respectively). In both 

instances, however, these significant effects obtained for the group as a 

whole were due largely to the influence of significant changes on the part of 

the "successful", but not the "unsuccessful", sub-group (P<,05 in both 

instances). 

Thus, the "successful", but not the "unsuccessful", alpha feedback group 

produced the following significant changes from pre- to post-training 

decreased/ ••••••• 
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decreased !'suggestibility", "neuroticism" and "need for approval", increased 

"hypnotic susceptibility11 and a change toward construing themselves as more 

"inyol vedn and 11 act i ve11 • 

6.2.7 Summary of Phenomenological Repertory Grid Results: The "successful" 

alpha feedback group (as defined by "the experimenterVs rating" criterion) 

construed their feedback practices to have been significantly accompanied by 

a decrease in respiration rate (P<,05), a decrease in heart-rate (P<,05), a 

decrease in physical-motility (P<,05), a decrease in physical "tenseness" 

(P<,05) and an increase in physical relaxation (P<,o1). They also construed 

their practices to have .been "pleasant" (P<,05), ''anxiety-reducing" (P<,05), 

11 beneficial11 (P<,01) and "much as they would have wished them to have been11 

(P<,01). They were not construed to have been "harmful" (P<,05), nor 

"anxiety-evoking" (P<,01), nor "unpleasant" (P<,o1). Finally, the group 

construed their practices to have been accompanied by an apparent 11 time

slowing11 (P<,o1 for two constructs), by "the experience of floating sensations" 

(P<,o1) and by enhanced alpha levels (P<,05). 

6 • .3 Discussion 

One of the aims of the present~study was to attempt to demonstrate the 

phenomenon of operant alpha enhancement. It was assumed that the phenomenon 

would be demonstrated to the extent that the data of the present study were 

shown to have met Katkin and Murrayvs (1968) three minimal criteria for the 

acceptability of evidence for operant conditioning (see section 2.1). The 

three criteria will be applied systematically to the present data and 

experimental design. 

Katkin and Murrayvs first criterion demands "some demonstration that the 

response being reinforced shows an increase in frequency, or amplitude, or 

probability over the level shown in the free-operant period.u The criterion 

was clearly met by the present data (see section 6.2.1). From a within

subjects point of view, it was shown that the alpha (i.e., percentage time 

alpha in z-scores),level of the 11 successful 11 alpha feedback group was sig

nificantly higher in their operant condition (i.e., experimental condition) 

than in their free-operant condition (i.e., pre-experimental rest condition). 

From a between-subjects point of view, it.~as shown that the experimental 

condition alpha level of the ttsuccessful11 alpha feedback group (i.e., a high 

operant group) significantly exceeded that of the 11 unsuccessful11 alpha 

feedback group (i.e., a low operant group). (The groups were no different 

over/ ••••••••••••• 
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over the pre-experimental rest condition.) 

The finding, from a within-subjects point·of view, that the post-experimental 

rest condition (i.e., apparently a free-operant condition) alpha level failed 

to drop significantly below that of the experimental condition (or operant 

condition) may appear to be contradictory to the requirements of this 

criterion. It might similarly have been expected, from the between-subjects 

viewpoint, that the significant difference between 11 high and low operant 

groups" during the experimental condition should have dissipated by the 

post-experimental rest condition. That this was not found was due to the 

fact that the 11 successful11 alpha feedback group's significant increase in 

alpha from the pre-experimental rest condition to the experimental condition 

was maintained to a slightly attenuated, yet still significant, extent 

into the post-experimental rest condition. This finding may be seen to 

correspond to what Kamiya (1969) termed the "preferred mode of waiting" 

(see section 2.1). He maintained that since thealphamode was pleasant, 

subjects preferred to rest in a high alpha state ev.en when not receiving 

feedback (assuming, of course, that they had previously learned to enhance 

their alpha levels). But he also observed that subjects had a tendency to 

continue producing whatever EEG response they had previous'ly learned in 

operant conditions in subsequent free-operant conditions. In terms of the 

operant paradigm, these findings are not unexpected. What seems to have 

occurred is that on the withdrawal of the reinforcement, the subjects 

still continued to respond at a high level (on the previously reinforced 

response) for some time until, under the influence of extinction, response 

levels started to be depressed. In the present study, there were trends 

to indicate that the post-experimental rest condition alpha level may have 

been lower than that of the experimental condition (see section 6.1.1 - Table 

6). In the light of the above interpretation, the post.;...alpha feedback rest 

condition should not be considered to bea free~operant condition in the ... 
same sense as the ~-alpha feedback rest condition. It seems rather to 

be a free-operant condition that is contaminated by the preceding operant 

condition and .,is thus not compatible with what Katkin and Murray ( 1968) term 

a free-operant condition. 

Katkin and Murray 's second criterion - namely, that "the experimental design 

should allow comparisons between experimental groups and· appropriate control 

groups" - was also clearly satisfied by the present experimental design. 

Not only did the design.include an experimental and control group but it also 

permitted/ ••••••• •• 
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permitted each experimental subject to act as a self-control (see section 

5.6.1). The experimental and control groups comprised subjects differing 

with respect to their loading on the crucial independent variable - level 

of 11 success11 .at feed~ack-associated alpha enhancement. The criterion of 

"success" was related to the subjects 9 ability to enhance their alpha abun

dance over the long-term. This should be distinguished from the focus of 

the present study where the subjectsV ability to enhance their alpha levels 

(or demonstrate operant alpha enhancement) over the short-term is being 

evaluated. The within-subjects control procedure permitted each subject 9 s 

experimental data (i.e., op~rant EEG data) to be related to his own control 

or baseline data (i.e., free-operant EEG data). 

The third of Katkin and Murrayvs criteria- namely, that 11 ••• the data should 

be, within reasonable limits, free of obvious alternative explanations11 - is 

probably the most difficult to clearly satisfy. One alternative explanation 

for the phenomenon of feedback-associated alpha enhancement is that alpha 

abundance increases, not as a function of reinforcement, but instead as a 

function of the subjects 9 increasing adaptation to the experimental situation 

(see section 2.4.J). Subjectsv fears and apprehensions concerning the forth

coming experiment appear to have the capacity to artificially depress alpha 

levels during the earlier stages of an experiment (Lynch & Paskewitz, 1971). 
' 

The alpha enhancement subsequently observed might simply be a reflection of 

the dissipation of these alpha-inhibitory factors. In the present experi-

ment, a number of controls were adopted to minimise the potentially contami

nating influence of these factors. First, subjects were subjected to an 

hour-long adaptation-session prior to their being exposed to any experimental 

sessions. Second, the short-term data presently being evaluated were 

obtained after the subjects had already undergone at least JO previous hour

long expe~i~ental sessions. Finally, prior to any given experimental session, 

subjects were allowed a few minutes to adapt to the laboratory situation. 

It would thus appear that considerable care was taken to ensure the 11 adequate11 

adaptation of subjects prior to the recording of experimental data. 

Another alternative explanation for the phenomenon is that the apparent 

operant alpha increase is mediated by the operant conditioning of some other 

voluntary response or responses (Skinner, 1938) (see section 2.4.J). Lynch 

and Paskewitz (1971), in their review of the mechanisms of alpha control, 

concluded that it 11 ••• does seem apparent, however, (that) alpha activity 

is mediated by a whole host of factors, and thelikelihoodof ever controlling 
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or eliminating all these factors to observe only simple alpha conditioning 

is extremely small." As previously discussed in section 2.4.), at least 

three sets of voluntary responses are thought to have the capacity to med

iate changes in alpha - alterations in cogniti~e mode (Green, Green & 

Walters, 1971), changes in affective arousal (Nideffer, 1973) and changes 

in oculomotor efferent activity (Mulholland, 1968, 1969a, b, 1972; Mul

holland & Peper, 1971; Peper, 1971, 1972; Pepe~ & Mulholland, 1970; 

Dewan, 1967). It has been convincingly demonstrated that the abolition 

of oculomotor efferent activity and its associated relaxation of the accommo

dation triad is a necessary, although not sufficient, condition for the 

presence of alpha activity. It furthermore seems quite likely that all 

instances of apparent operant alpha control are mediated via (possibly 

unconscious) control over this oculomotor efferent activity. Even altera-

tions in cognitive mode and changes in affective arousal may exert their 

influence on alpha via this common mediational pathway. 

Most of the phenomena in the field of alpha feedback appear to be compatible 

with the above interpretation. The phenomenon of apparent operant alpha 

suppression, which is both comparatively quick and easy to demonstrate (see 

section 2.49 1 & 2.4.2), may be interpreted as subjects having simply to learn 

to produce an already overlearned response - that of orienting - in the 

appropriate 11 suppress-alpha11 experimental situations. It is the visual

motor component of the orienting response that is hypothesised to mediate 

the decrease in alpha. Apparent operant alpha enhancement, on·the other 

hand, appears to be a far.more difficult phenomenon to demonstrate as 

subjects have first to learn to produce the response that mediates alpha 

enhancement, and this reponse - non-orienting - is not within the normal 

behavioural repertoire of most subjects. Most instances of apparent 

differential alpha control were hypothesised to be a function, wholly or 

in part, of the learned alpha su~pression component of the phenomenon (see 

section 2.4.J). Learned alpha enhancement is thought only to contribute, 

if at all, to the differential alpha control effect after a considerable 

amount of feedback training. The present study has provided, in fact, 

convincing evidence for the notion that differential alpha control is 

achieved largely by way of control over the m·echanisms for alpha suppression. 

The correlation obtained between the ratings of. the subjects according to 

"the alpha z-score change rating" criterion and "the alpha control rating11 

criterion was a low 0,12 (see section 5.6.1 - Table 5). This indicated 

that there/ •••••••••••••. 
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that there was little or no relationship between a subject 9 s ability to 

demonstrate "differential alpha control" and his ability to demonstrate 
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operant alpha enhancement. Anecdotal evidence was provided hy the verbal 

reports of a number of the subjects. One subject, for example, who failed 

almost totally to raise her alpha levels over the course of the study -

neither over the short- or the long-term - reported that she found it a 

relatively simple task to control her alpha; she simply visualised during 

11 suppression11 trials and ceased to visualise during "enhance" trials. The 

opposite was also reported with a subject, who was highly successful with 

respect to raising his alpha levels, having claimed to have had no idea at 

all how to "turn alpha off". The evidence points therefore toward the 

conclusion that differential alpha control may be largely a function of 

learned alpha ~uppression. 

On the basis of the above discussion, it would appear that although the 

phenomenon of operant alpha enhancement was satisfactorily demonstrated, 

the effect seems almost certainly to have been a mediated one (possibly in 

the manner tentatively proposed above and in section 2.4.J). Only four 

previous studies appear to have adequately demonstrated the phenomenon of 

operant (-ly mediated) alpha enhancement - those of Brown (1970), Engstrom, 

London and Hart (1970a, b), Hord and Barber (1971) and Travis, Kondo and 

Knott (1972a). Many other studies that claimed to have demonstrated the 

phenomenon failed to meet Katkin and Murrayvs (1968) three minimal criteria 

for the ac.cept.ability of evidence for operant conditioning. For example, 

studies by Kamiya (1969}, Hart (1967), Sach, Fenwick, et al,(1972), Honorton, 

Davidson and Bindler (1972), Walsh \1972) and Peper and Mulholland (1970) 

failed to show an operantly conditioned alpha enhancement that significantly 

exceeded free~operant alpha levels. Studies by Nowlis and Kamiya (1970) 

and by Green,,Green and Walters (1969,.1970) were unacceptable in·view 

of their failure to employ appropriate control procedures. 

A second major aim of the present study was to determine the physiological, 

behavioural and psychological correlates of feedback training for alpha 

enhancement (see section 1.1). Over the short-term, the influence of 

feedback-associated alpha enhancement on occipital EEG alpha, beta, high 

(frequency) alpha and low alpha and on heart-rate was examined. In addition, 

the practicevs effect upon subsequent resting autonomic balance measures 

and upon/ ••.............••. 



and upon performance on reaction-time and short-term memory/perceptual 

speed tasks was investigated. 

In addition to the previously discussed signif~cant changes in alpha, the 

short-term practice of feedback for alpha enhancement was found also to be 

accompanied by significant changes within the beta frequency band (see sections 

6.2.1 & 8.1.1 - Table 25). The "successful" alpha feedback group was found 

to produce significantly less beta during their experimental condition than 

during either their pre- or post-experimental rest conditions. No such 

significant changes were found within the high and low alpha frequency 

bands. An important impli6ation of th~ above findings seems to be that 

the feedback-associated alpha enhancement was achieved largely at the 

expense of higher rather than lower EEG frequencies. 

The present study failed to obtain any evidence for a relationship between 

operant alpha enhancement and chan~es in heart-rate. The heart-rates of 

all subjects appeared simply to decrease progressively as a function of the 

time they spent resting in the experimental situation. These findings 

seem to be consistent not only with the early observations of Kamiya (1962) 

but also with the more recent experimental work of Schwartz, Shaw and Shapiro 

(1971) who found that they could alter both alpha abundance and heart-rate 

independently. A difference emerged, however, with respect to the rates 

of heart-rate reduction shown by the "successful" and "unsuccessful" alpha 

feedback groups. The "successful" group was found to have produced a 

stronger time-dependent decrease in heart-rate than the 11 unsuccessful" group. 

A difference in ability to relax in the experimental situation may underly 

this apparent difference between the two groups. The finding may even 

reflect a difference between the two groups with respect to their ability 

to relax and cease orienting in the experimental situation - a finding 

supportive of Mulholland;s oculomotor efferent theory of alpha (Mulholland, 

1968, 1969a, b, 1972). It would have been valuable to know whether this 

difference between the two groups also manifested itself prior to the subjectsw 

exposure to alpha feedback training. The_additional data might have permitt

ed a choice between two alternative explanations: (1) That pre-existing 

differences with respect to ability to relax ·in the experimental situation 

determined subjects; subsequent performance at feedback-associated alpha 

enhancement and consequently also determined the composition of the two 

groups; (2) That differences in performance at feedback-associated alpha 

enhancement (i.e., in "success" at alpha feedback) determined subjectsW 

subsequent ability/ ........... 
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subsequent ability to relax in the experimental situation. 

With regard to the effect on autonomic balance of feedback for alpha enhance

ment, it was found that although both groups tended to shift significantly 

toward parasympathetic dominance following feedback, this parasympathetic 

shift was more marked for the "successful" alpha feedback group. This trend 

also manifested itself on the contributory physiological tests for Heart and 

Respiration Period. The present analysis failed, however,to establish 

whether the obtained positive relationship between "success" at alpha feed

back and the magnitude of the parasympathetic shift was·a function of 

(1) the "success" of the subjects at alpha enhancement; (2) a possible 

relationship between subJects' predisposition to 11 do well" at alpha feedback 

training and their ability to relax in the experimental situation; or (:}) 

a combination of these.two sets of factors. The problem might have been 

avoided had pre-training pre- ·and post-rest condition data as well as the 

post-training pre- and post .. experimental condition data been examined by 

means of a 3 x 2 factoral analysis (i.e., a three-way analysis of variance). 

Although these data were, in fact, obtained, it was decided not to 'include 

them in the st~tistical analysis for it was felt that the pre-training pre-

rest condition autonomic balance measures were contaminated. Since this was 

the subjectst·first exposure to the tests, it seems probable that fears 

and apprehensions (concerning the tes.ts) might have contributed toward 

artificially enhancing sympathetic levels. 

A resolution of the above problem is of considerable importance since should 

the technique of feedback for alpha enhancement be shown to be associated 

with a subsequent significant parasympathetic shift in autonomic balance, 

it may possi~ly indicate a potential psychotherapeutic use for the technique -

especially as a method of aleviating ailments with a strong "sympathetic" 

component. 

Finally, feedback for alpha enhancement was found to have no significanteffect 

over the short-term upon subjects' performance on a "three-choice discrimina

tive reaction-time" task nor on a short-term memory/perceptual speed task. 

Over the. long-term, the psychological. correlates of the regular practice of 

feedback for alpha enhancement were examined. The results indicated that 

the 6-weeks alpha feedback training was accompanied by decreases in "negative" 

psychological/ •••••••• 



psychological characteristics and increases in "positive" psychological 

characteristics. More specifically, it was found to be significantly 

accompanied by reductions in 11 sugges.tibility", "need for approval" and 

"neuroticism" and by increases in "hypnotic susceptibility" and in the tendency 

for subjects to construe themselves as "involved" (as opposed to "apathetic") 

and "active" (as opposed to 11 passive11 ). Each of these six.longitudinal 

psychological changes were obtained for the alpha feedback group as a whole. 

It is of considerable importance to note, however, that in each instance it 

was a·significant change on the part of the "successful" alpha feedback 

group, rather than the "unsuccessful" alpha feedback group, that contributed 

toward and was largely responsible for the overall significant effect (see 

section 6.1.6). This fact strongly suggests that the abovementioned sig

nificant correlates are closely related to the "success" exhibited by the 

subjects. (The "unsuccessful" alpha feedback group, it must be remembered, 

was not necessarily zero with respect to "success" but merely relatively 

lower than the "successful" group.) It is therefore concluded that the 

longitudinal psychological correlates of regular feedback for alpha enhance

ment were largely functionally related to the "success" achieved by the 

subjects at the task of enhancing their alpha levels over the long-term. 

There was no evidence to suggest that the above effects were due to factors 

confounded with "success" at feedback-associated alpha enhancement. The 

significant decrease found with respect to "need for approval" undermines an 

alternative explanation for the data in terms of which it might simply be seen 

as a function of the subjectsi· increased need to respond in a manner thought 

desired by the experimenter. The role of the pl"\rcei ved" demand character is

tics" (Orne, 1966, 1967) of the experimental situation appear thus to be 

minimal. That this was found was probably due to the fact that the ex-

perimenter had no prior expectations concerning the longitudinal psycholo

gical e~fects of alpha feedback training (except for ''hypnotic susceptibi

lity"), thus undoubtedly reducing the likelihood of covert communication of 

expectation to subjects. Some subjects probably had expectations but they 

were not subjected to any known form of systematic manipulation. 

Some of the above findings - particularly the changes in ''neuroticism" a~d in 

construed "involvement" and "activeness" - may indicate possible psycho

therapeutic implications for the technique. This is, .of course, c~nsistent 

with the previously expressed view that alpha feedback training may prove 

useful for/ ••.•••••• 
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useful for aleviating ailments with strong "sympathetic" components. 

The significant decrease with respect to "need for approval" shown by the 

"successful", but not the "unsuccessful", group appears to be associated 

with a decreased need on the part of these subjects "to please the experi-

menter11 • In having 11 done well" at the alpha feedback task, these subjects 

may have felt that they had fulfilled their committment' to the experimenter 

and had thus less of a need to attempt to please him in other ways. 

The obtained positive relationship between "success" at feedback-associated 

alpha enhancement and magnitude of increase in "hypnotic susceptibility" is 

congruent with the previously reported findings of Engstrom, London and Har~; . $> 
(1970a,b) (see section 2.3). They contend that this. finding indicates a 

direct functional relationship to ex~st between hypriotic susceptibility and 

EEG alpha abundance and that it furthermore provides evidence for the 

hypothesis that hypnosis is a physiologically indexed altered state of con

~ciousness. This hypothesis was criticised by the author (see section 2.3) 

.who alternatively suggested that the findings might be the result of the 

enhancing influence of alpha feedback training on factors common to both 

high alpha levels and high "hypnotic susceptibility" (as measured on "re

laxation-based" scales of hypnotisability such as the Stanford Susceptibi~ 

lity Seal•- see section 5.2.5). Alpha feedback training for alpha enhance-

ment was hypothesised to teach subjects "passive attentional 11 strategies -

strategies that thereafter become available for generalisation to relaxation

hypnotic situations, thus enhancing "hypnotic susceptibility'' in these sit

uations. The present findings are consistent with this alternative explana

tion. Although alpha feedback training was found to be associated with 

significantly raised "hypnotic susceptibility", no increase in "direct 

suggestibility11 (or waking suggestibility) (as measured by the Barber 

Suggestibility Scale - see section 5.2.5)was obtained~ This is convincing 

evidence (in addition to that previously discussed in section 2.3) for the 

contention that feedback training for alpha enhancement raises "hypnotic 

susceptibility", not by its influence upon "suggestibility" per se, bu:t rather 

via its influence on the subjects' ability to. adopt passive attentional 

states.during conditions necessitating relaxation. 

A finding more difficult to explain was the fact that "direct suggestibility" 

did not appear to simply remain unchanged over the longitudinal period but, 

in fact,/ .~ ••••••• 



in fact, seemed to show a strong trend toward decreasing. The signifi-

cant decrease in "need for approval" may have contributed toward this 

effect. The fact, however, that this'decrease in "need for approval" 

was not found to be capable of nullifying or reversing the increase in 

"hypnotic susceptibility" raises some doubt concerning the completeness 

of this explanation. 

The short-term subjective concomitants of feedback-associated alpha enhance-

ment were also investigated. This was accomplished by means of a statis-

tical analysis of the post-training scores of a "successful" alpha feedback 

group on the constructs of the Phenomenological Repertory Grid (see Appendix 

K). It should be noted that this "successful" group was constituted 

according to a different criterion of "success" to that employed throughout 

the rest of the study (i.e., according to "the experimenter's rating" cri

terion- see section 5.6.1). It was selected because it was directly 

related to the "strength" of the subjects' feedback-associated subjective 

experiences. The correlation between the ranking of the subjects according 

to this criterion and according to the other criterion (i.e., "the alpha 

z-score change rating" criterion) was found, in any case,to be acceptably 

high (r = 0,7158). 

The group's significant subjective data may be considered conveniently in 

three parts. First, they were found to have construed their alpha feedback 

practices to be accompanied by decreased respiration-rate, decreased heart

rate, decreased physical motility, decreased physical "tenseness'' and increased 

physical relaxation. These subjective data may be seen to be consistent 

with those obtained from the short-term physiological investigation. That 

is, that "successful" feedback-associated alpha enhancement appeared to be 

significantly accompanied by a subsequent parasympathetic shift in autonomic 

balance. Second, they were found to have construed their practices to be 

"pleasant", "anxiety-reducing", "beneficial" and "much as they would have 

wished them to have been". They were not construed to be 11 harmful 11 , nor 

"anxiety-evoking", nor "unpleasant". These data may be seen to be com

patible with the findings of the longitudinal psychological investigation. 

That is, that the "successful" long-term practice of feedback for alpha 

enhancement appeared to be significantly associated with an enhancement in 

"positive" psychological characteristics and with a reduction in "negative" 

psychological characteristics. Finally, the groups were found to have 

construed their practice to be accompanied by an apparent "time-slowing" 

. and by "the experience of floating sensations" •. These "private stimulus 

concomitants/ ••••••••• 
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concomitants" of feedback-associated alpha enhancement constitute con

vincing converging evidence from the subjective level of analysis for the 

contention that the practice is accompanied by a hypothetical altered 

state of consciousness. 

199 

The Phenomenological Repertory Grid analysis appears to have provided data 

that are remarkably consistent with those obtained at other levels of 

analysis. That is, the data obtained at this subjective level appears to 

converge with the data from the other levels toward similar conclusions ·(or 

hypotheses), thus enhancing the reliability of these conclusions. 

Notwithstanding the problems associated with indexing states of consciousness 

using subjective data (see section 4.1), the present instrument appears to 

possess a number of advantages over the more conventional methods for 

assessing subjective materialo The repertory grid is particularlyunsuscep-

tible to conscious faking on the part of subjects. It is thus largely free · 

from the otherwise contaminating influence of subjects' responding in a 

socially-sanctioned manne~ (in the present context - responding in accordance 

with their "perceived demand characteristics" of the experimental situation). 

The only method avai1able to a naive subject to purposely invalidate the 

data of this instrument is for him to·respond randomly- a tactic easily 

detected. The employment of repertory grid techniques for the measurement 

of subjective data is recommended. 

To summarise: "Successful" feedback-associated alpha enhancement· was found 

to be associated over the short-term with significantly increased occipital 

alpha abundance, significantly decreased occipital beta abundance and with a 

subsequent\parasympathetic shift in autonomic balance. There was also some 

evidence to suggest that it might be associated with a greater ability to 

relax in an experimental situation as reflected by faster rates of heart-

rate reduction. Over the long-term, the "successful" practice of feedback-

associated alpha enhancement was .found to be significantly accompanied by 

decreased "suggestibility", decreased "need for approval", decreased hneuro

ticism", increased "hypnotic susceptibility" and by an increased tendency to 

construe oneself ··as "involved" and "active". Much of the findings of both 

the short-term and the long-term investigations were supported by data of 

a short-term subjective investigation. 



7.0 THE TRANSCENDENTAL MEDITATION INVESTIGATION 

7.1 Results 

The results of the examination of the "advanced" meditator group over the 

short-term on EEG variables, heart-rate, autonomic balance, reaction-time 

and on short-term memory/perceptual speed are dealt with in sections 8.1.1 

to 8.1.5. Although an examination limited to the 11 advanced 11 meditator 

group may have been conducted by employing one-way analyses of variance and 

t-tests, it was decided instead to utilise corresponding aspects f.rom the 

statistical examination of the "successful" alpha feedback group and the 

"advanced" meditator group. 

analysis of data~ 

This strategy avoided much replication in 

EEG Results: Refer to section 8.1.1. Table 24 deals with the 

significant changes in Percentage Time Alpha in z-scores shown by the 

"advanced" meditator group. 

?.1.2 Heart-Rate Results: Refer to section 8.1.2. Table 26 deals with 

the significant changes in Heart-Rate shown by the "advanced" meditator 

group. 

Autonomic Balance Results: Refer to section 8.1.3.· A significant 

change by the "advance~• meditator group on Pulse Pressure is dealt with in 

Table 29. 

jl: 

Reaction-Time Results: Refer to section 8.1.4. 

Short-Term Memory/Perceptual Speed Results: Refer to section 8.1.5. 

Psychological Test Results: Table 17 presents the results of the 

"regular" and 11 irregular" ~ovi.ce meditator groups over the pre- and post

training test-sessions on the Marlowe-Crowne Social Desirability Scale. 

The analysis of variance indicated no significant effects. 

effect, however, fell marginally short of significance. 

The interaction 

Table 18 presents the results of the "regular" and "irregular" novice 

meditator groups over the pre- and post-training test-sessions on the 

Taylor Manifest Anxiety Scale. The analysis of variance indicated a sig

nificant difference between the two test-sessions for the two groups (P<05) 

and a near-/ •••••••••••• 
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and a trend indicative .of an interaction' effect (P<,o6). Closer examination of 

the data through simple main effects revealed a significant difference 

between the two groups over the post-training test-session (P<,05) and a 

significant difference between the two test-sessions for the "regular" 

novice meditator group (P<,01). 

Table 19 deals with the results of the two groups over the two test-sessions 

on the EPI (N). The analysis of variance showed a significant difference 

between the two test-sessions for the two groups (P<,01). Closer examina-

tion through simple main effects indicated a significant difference between 

the two test-sessions for the "regular'' novice meditator group (P<,01). 

Table 20 presents the results of the two groups over the two test-sessions on 

the EPI (E). The analysis of variance indicated a significant interaction 

effect (P<,05). Closer examination through simple main effects revealed a· 

significant difference between the two test-sessions for the "regular" novice 

meditator group (P<,05). 

Table 21 deals with the results of the two groups over the two test-sessions 

on Construct Four of the Repertory Grid (Empathic/Non-Empathic). The 

analysis of variance revealed a significant difference between the two ·test-

sessions for the two groups (P<,05). Closer examination through simple main 

effects showed a significant difference between the two test-sessions for 

the "regular" novice meditator group (P<,01). 

Table 22 presents the results of the two groups over the two test-sessions on 

Construct Five of the Repertory Grid (Least able to Concentrate/Most able to 

Concentrate). The analysis of variance indicated a significant difference ., 

between the two. test-sessions for the two groups (P<,05). Closer examina-

tion through simple main effects revealed a significant difference between 

the two test-sessions for the "regular" novice meditator group (P<,05). 

The results of the two groups over the two test-sessions on the Barber 

Suggestibility Scale and on Repertory Grid Constructs One to Three and Six 

to Fifteen were also examined by two-way analyses of variance. \¥ith the 

exception of some significant "group" effects (i.e., A), no significant 

effects were found. F Ratios for 

Barber Suggestibility Scale: A= 0,3~0; B = 2,193; Ax B 1,911 

Construct 1/ •• ~ ••••• 

( 



Construct 1: ·. 

Construct 2: 

Construct 3: 

Construct 6: 

Construct 7: 
Construct 9: 

Construct 10: 

Construct 11: 

Construct 12: 

Construct 13: 

Construct 14: 

Construct 15: 

A = 0,194 

A = 0,024 

A = 4,472*; 

A = 0,265 

A = o,023. 

A = 0,0003; 

A = 1,2.3.3 ; 

A = 5,691*; 

A = 0,178 

A = 0,110 

A = 1,196 

A = 0,576 

B = 0,189 

B = 0,.306 

B = 0,007 

B = 0,087 

B = 2,447 

B = 0,085 

B = 1,.o88 

B = 0,749 

B = 1,284 

B = 0,729 

B = 0,019 

B = 0,818 

A x B = 0,499 

A X B = 0,140 

Ax B = 0,180 

A X B = 0,056 

'A x B = 1,25.3 

A X B = 0,197 

Ax B = 0,140 

A x B = 0,401 

A x B = O,J16 

A x B = 0,6.32 

A x B = 2,698 

A X B = 0,822 
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Table 2.3 presents a correlation matrix showing the results of Pearson 

correlations between changes on psychological test scores and the subjects' 

"meditation regularity.rating" and changes on the Marlowe-Crowne Social 

Desirability Scale for the novice meditator group. A significant correla

tion was obtained between the regularity rating and the subjects' changes on 

the EPI (E) (P<,01). Strong relationship.s were obtained between the 

regularity rating and the changes on the Marlowe-Crowne Social Desirability 

Scale (r = -0,.356), the Taylor Manifest Anxiety Scale (r = 0,.342) and on 

Construct Fourteen of the Repertory Grid (Most confident/Least confident) 

(r = -0,345). In addition, a significant correlation was found between 

changes on the Marlowe-Crowne Social Desirability Scale and changes on 

Construct Four of the Repertory Grid (Empathic/Non-Empathic) (P<;05). 

7.1.7 Phenomenological Repertory Grid Results: Table 40 (see section 

8.1.9) presents:.the results of an. analysis of the scores of the "advanced" 

meditator group on the constructs of the Phenomenological Repertory Grid. 

A Tukey HSD statistical analysis was carried out in order to determine 

the level of significance at which the group's mean scores on the constructs 

were different from zero (see Table 40). The Tukey HSD comparisons indi

cated that the group's mean scores on the following constructs were signi

ficantly different from 0: 

Construct 10: 

Construct 25: 

(Finds it least physically relaxing/Finds it 

most physically relaxing) 

(Experiences most time-speeding/ 

Experiences least time-speeding) 

Construct .30/ ••• ~ ••••• 



('· 
I 

~. 

I. 

t ' 

Construct JO: 

Construct J4: 

,, 

(Finds it least unpleasant/Finds it most 

unpleasant) 

(Has least floating experiences/Has most 

floating experiences) 
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(P<, 01) 
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TABLE 17 (a) 

Means and standard deviations for the pre-training and the post
training scores on the Marlowe-Crowne Desirability Scale for the 
11regular 11 novice TM group and the "irregular" novice TM group 

"Regular" "Irregular" 
Novice TM Group Novice TM Group 

Pre- Post- Pre- Post-
Training Training Training Training 

Mean 14.33 16.00 14.)1 13.00 
Standard Deviation 5-394: 6.176 5.186 3-873 
Number in Sample 15 15 13 13 

TABLE 17(b) 
Analysis of variance summary table for the pre-training and the 
post-training scores on the Marlowe-Crowne Desirability Scale ror 
the "regular" novice TM group and the "irregular" novice TM group 

Source DF ss MS F Ratio 

Between Subjects 

A (Experimental Group) 1 31.88 31.88 .6947 
Error 26 1193 45.88 

Within Subjects 

B (Pre- and Post- 1 1.14:3 1.143 .1183 
Training Testings) 

A X B 1 30.81 30.81 3.109 
Error 26 251.1 9.656 

''. 
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TABLE 18(a) 

Means and standard deviations for the pre-training and the post
training scores on the Taylor Manifest Anxiety Scale for the 
"regular" novice TM group and the "irregular" novice TM group 

"Regular" "Irregular" 
Novice TM Group Novice TM Group 

Pre- Post- Pre- Post-
Training Training Training Training 

Mean 18.73 12.87 20.54 20.08 

Standard Deviations 9.4 7-15 10.45 9-305 
Number in Sample 15 15 13 13 

TABLE 18(b) · 
Analysis of variance summary table for the pre-training the the 
post-training scores on the Taylor Manifest Anxiety Scale for the 
"regular 11 novice TM group and the "irregular 11 novice TM group 

Source DF ss MS F Ratio 

Between Subjects 

A (Experimental Group) 1 283 283 2.009 

Error 26 3663 140.9 

Within Subjects . 

B (Pre- and Post- 1 157.8 . 15 7. 8 6. 415 * 
Training Testing~) 

A x B 1 101.7 101.7 4.136 

Error 26 639.5 24.60 

TABLE 1.8 (c) 

Simple main effects summary table for the pre-training ( B1) and 
the post-training (B2) scores on the Taylor Manifest Anxiety Scale 
for the 11 regular 11 novice TH group (A1) and the "irregular" novice 
TM group (A2) 

Source DF ss HS F Ratio 

A at B1 1 22.69 22.69 • 2743 

A at B2 1 362.1 362.1 4.375* 

Error 52 4303 8'2.75 

B at A1 1 258.1 258.1 10.49 ** 

B at A2 1 1. 387 1. 387 .0564 

Error 26 639-5 24.60 



TABLE 19 (a) 

Means and standard deviations for the pre-training and the post
training scores on the EPI (N) for the "regular" novice TM group 
and the 11 irregula~" novice TM group 

"Regular" 11 Irregular 11 

Novice TM Group Novice TM Group 

Pre- Post- Pre- Post-
Training Training Training Training 

Mean 12.07 8.933 13.23 11.62 

Standard Deviations 5.483 4.217 4.711 5-501 
Number in Sample 15 15 13 13 

TABLE ·19(b) 
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Analysis of variance summary table for the pre-training and the post
training scores on the EPI (N) for the "regular" novice TM.group 
and the·· ''irregular" novice TH group 

Source DF ss MS F Ratio 

Betv.reen Subjects 

A (Experimental Group) 1 51.51 51.51 1.253 

Error 26 1069 41.11 

Within Subjects 

B (Pre- and Post- 1 82.57 82.57 9.318** 
Training Testings) 

A X B 1 8.023 8.023 .9054 

Error 26 230.4 8.862 

TABLE 19 (c) 

Simple main effects summary table for the pre-training (B1) and 
the post-training (B2) scores on the EPI (N) for the "regular" 
novice TM group (A1) and the "irregular" novice TH group {A2) 

Source DF ss - MS F Ratio 

A at B1 1 9.437 9.437 o3777 

A at B2 1 50.10 50.10 2.005 

Error 52 1299 24.99 

B at A1 1 73.63 73.63 8.309** 

B at A2 1 16.96 16.96 1. 914 

Error 26 230.4 8.862 
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TABLE 20{a) 

Means and standard deviations for the pre-training and the post
training scores on the EPI (E) .for the "regular" novice TM group 
and the "irregular" novice TH group 

"Regular" "Irregular". 
Novice TM Group Novice TM Group 

Pre- Post- Pre- Post-
Training Training Training Training 

Mean 11.73 14.00 12.46 11.54 

Standard Deviation 3.788 3.863 4.576 3-733 
Number in Sample 15 15 13 13 

TABLE 20{b) 
.Analysis of variance summary table for the pre-training and the 
post-training scores on the EPI (E) for the "regular" novice 
TM group and the "irregular" novice TM group 

Source DF ss MS F Ratio 

Between Subjects 

A (Experimental Group) 1 10.46 10.46 .4112 

Error 26 661.5 25.44 

Within Subjects 

B (Pre- and Post- 1 8.643 8.643 1-371 
Training Testings) 

A·x B 1 35.43 35.43 5. 169 * 

Error 26 163.9 6.305 

TABLE 20(c) 

Simple main effects summary table for the pre-training (B1) and 
the post-training (B2) scores on the EPI (E) for the "regular" 
novice TM group (A1) and the "irregular" novice TM group (A2) 

Source DF ss HS F Ratio 

A at B1 1 3.691 3.691 • 2326 

A at B2 1 42.20 42.20 2.658 

Error 52 825.4 15.87 

B at A1 1 38.53 38;.52 6.112* 

B at A2 1 5-538 5-538 .8783 

Error 26 163.9 6.305 
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TABLE 2l(a) 

Means and standard deviations for the pre-training and the post
training scores 0::1. the Repertory Grid - Construct Four (Empathic/ 
Non-Empathic) for the "regular" novice TM group and the 11 irregular 11 

novice TM group 

11Regul ar" "Irregular" 
Novice TM Group Novice TM Group 

Pre- Post- Pre- Post-
Training Training Training Training 

Mean • 616 • 238 -3569 • 2823 

Standard Deviation • 3859 .4577 -3739 .5492 

Number in Sample 15 15 13 13 

TABLE 2l(b) 

Analysis of variance summary table for the pre-training and the post
training scores on the Repertory Grid - Construct Four (Empathic/ 
Non-Empathic) for the "regular" novice TM group and the "irregular" 
novice TM group 

Source DF ss MS F Ratio 

Between Subjects 

A (Experimental Group) 1 .1606 • 1606 .6530 

Error 26 6.395 .2460 

'vi thin Subjects 

B (Pre- and Post- 1 .7873 .7873 5.222* 
Training Testings) 

A X B 1 .3205 -3205 2.126 

Error 26 3-920 .1508 

TABLE 21 (c) 

Simple main effects summary table for the pre-training (B1) and 
the post-training (B2) scores on the Repertory Grid - Construct Four 
(Empathic/Non-Empathic) for the "regular" novice TM group (A1) and 
the "irregular" novice TM group (A2) 

Source DF ss MS F Ratio 

A at B1 1 .4674 .4674 2-356 
A at B2 1 .0137 .0137 .0689 
Error 52 10.32 .1984 

B at A1 1 1.072 1.072 7.107*~ 

B at A2 1 .0362 .0362 .2400 

Error 26 3-920 .1508 
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TABLE 22(a} 

Means and standard deviations for the pre-training and the post
training scores on the Repertory Grid - Construct Five (Least able 
to concentrate/Most able to concentrate) for the "regular" novice 
TM group and the "irregular" novice TM group 

"Regular" "Irregular" 
Novice TM Group Novice TM Group 

Pre- Post- Pre- Post-
Training Training Training Training 

Mean .0180 -.273 -.035 -.198 

Standard Deviation .4804 .4347 .5039 • 2995 

Number in Sample 15 15 13 13 

TABLE 22(b} 
Analysis of variance sununary table for the pre-training and the post
training scores on the Repertory Grid - Construct Five (Least able 
to concentrate/Most able to concentrate) for the "regular" novice 
TM group and the "irregular" novice TM group 

Source DF ss HS F Ratio 

Between Subjects 

A ( Exp er imen tal Group) 1 .0015 .0015 .oo64 

Error 26 6.168 .2372 

Within Subjects 

B (Pre- and Post- 1 .7498 .7498 5.,088* 
Training Testings) .' 

A x B 1 .0567 .0567 .3847 

Error 26 3.831 .1474 

TABLE 22(c) 
Simple main effects summary table for the pre-training (B1) and the 
post-training (B2) scores on the Repertory Grid - Construct Five 
(Least able to concentrate/Most able to concentrate) for the 
"regular" novice TM group (At) and the "irregular" novice TM group (A2)1 

Source DF ss HS F Ratio 

A at B1 1 .0198 .0198 .1032 

A at B2 1 .0383 .0383 .1994 

Error 52 9.999 .1923 

B at A1 1 .6337 .6337 4.300* 

B at A2 1 01729 .1729 1.173 

Error 26 3.831 .1474 
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TABLE 23. 

Pearson correlation matrix* for the 11novice 11 TM group on the follow
ing variables: 

Meditation · M-C SD 
Changes on: Regularity Rating Scale Change 

Regularity Rating - -. 356 
Barber SS -.202 o4020 

M-C SD Scale -. 356 -
Taylor MA Scale • 3!!20 -.268 
EPI (N) .0920 -. 264 
EPI (E) --537** .1470 
Rep. Grid - 1 .0230 -. 029 
Rep. Grid - 2 .. .0190 -.097 
Rep. Grid - 3 .0350 -.063 
Rep. Grid - 4 .1010 -.440* 
Rep. Grid - 5 .1320 -.075 
Rep. Grid - 6 .0780 -.131 
Rep. Grid - 7 .1400 -.090 
Rep. Grid - 9 .1130 -. 258 
Rep. Grid -10 .1220 .1580 
Rep. Grid -11 .0980 -.030 
Rep. Grid -12 • 0010 • 2140 
Rep. Grid -13 .1750 -. 135 
Rep. Grid -14 -.345 -.030 
Rep. Grid -15 -.120 -.157 

* DF = 26 for all correlations 
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7.2 Summary of Results 

7.2.1 Summary of EEG Results: Using a within-subjects experimental design, 

the "advancedn meditator group were found to have produced significantly 

less occipital alpha during their experimental condition than during either 

their pre-experimental rest (P<;05) or post-experimental rest conditions 

(P<,Ol) • The corresponding short-term changes with respect to beta, al-

though failing marginally to reach significance, tended to point toward the 

experimental condition being associated with more beta than either the pre

or the post-experimental rest conditions.. No significant changes within 

the high or the low alpha frequency bands were found over these short-term 

experimental sessions (see section 8.1.1). 

To summarise, the practice of Transcendental Meditation over the short-term 

was found to be significantly accompanied by reduced occipital alpha abund

ance and by a trend indicative of enhanced occipital beta activity. 

7.2.2 Summary of Heart-Rate Results: The "advanced' meditator group 

decreased progressively in terms of heart-rate over the pre-experimental 

rest, the experimental and the post-experimental rest conditions. This 

resulted in the finding. of a significantly slower heart-rate during the 

post-experimental rest condition than during the pre-experimental rest 

condition (P<,01). No evidence emerged to suggest that any changes in heart

rate might be related specifically to.the experimental condition (see section 

8.1.2 - Table 26). 

Summary of Autonomic Balance Results: The interspacing of a 20-

minute Transcendental Meditation cond·i tion between tests for Autonomic 

Balance determination was found to be associated with no significant changes 

(see section 8.1.)). 

The short-term influence of the practice on each of the seven ·physiological 

parameters that contributed toward A was also examined. No significant 

changes were found on the measures for Dermographia Persistence, Salivary 

Output, Heart Period, Palmar Conductance,Volar Conductance and Respiration 

Period. Transcendental Meditation was found, however, to be associated 

with a significant subsequent lowering of Pulse Pressure (P<,01) (see 

section 8.1.3 - Table 29). 

7.2.4/ ••.••••.••.. 
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7.2.4 Summary of Reaction-Time Results: Transcendental Meditation was 

found to have no significant effect upon subjects' subsequent reaction

time performance (see section 8.1.4). 

7.2.5 Summary of Short-Term Memory/Perceptual Speed Results: Trans-

cendental Meditation was found to have no significant effect upon subjects' 

subsequent performance on a Short-Term Memory/Perceptual Speed task (see 

section 8.1.5). 

7.2.6 Summary of Psychological Test Results: The novice meditator group 

as a whole decreased significantly with respect to 11 anxiety11 from pre- to 

post-training (P<,05) (see section 7.1.6- Table 18). This significant 

effect was due largely, however, to the influence of a significant decrease 

in "anxiety" on the part of the 11 regular 11 (P<,01), but not the "irregular", 

novice meditator group. In addition, although there was no difference 

between the two groups at pre-training, by post-training the "regular" 

group scored significantly lower with respect to "anxiety" than the 11 irregu

lar11 group (P<,05). These findings were also supported by those of a correl

ation analysis. Regularity of meditation practice was found to be highly 

correlated (although not quite significantly) with the magnitude of decrease 

in 11 anxiety11 shown by the novice meditators (r = 0,342) (see Table 23). 

The novice meditator group as a whole decreased significantly with respect 

to llneuroticismn ( P<, 01) (see Table 19). Once again, however, this 

significant effect was largely the result of a significant decrease in 11 neu

roticism" on the part of the "regular" (P<,01), but not the 11 irregular", 

novice group. 

The novice meditator group construed themselves to be significantly less 

II empathic" (P<, 05) (see Table 21) and better 11 able to concentrate" (P<, 05) 

(see Table 22) by their post-training test-session. In both instances, 

however, these significant effects obtained for the novice group as a whole 

were due largely to the influence of significant changes on the part of the 

"regular", but not the 11 irre~ular11 , sub-group (P<;,01 and P<,05 respectively). 

The two groups were found to have produced significantly different changes 

with respect to "extraversion" (P<,05) with the 11 regular 11 ,but not the 

"irregular", novice group obtaining a significant increase in "extraversion" 

(P<,05) (see Table 20). A correlation analysis similarly revealed regu-

larity/ ••••••••• 
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larity of meditation practice to be significantly related to the magnitude 

of increase in 11 extraversion11 shown by the novice meditator group (P<,01) 

(see Table 23). 

An important trend emerged with respect to the changes obtained by the 

subjects on the Marlowe-Crowne Social Desirability Scale. The two groups 

were found to have produced marked different changes with respect to 

11 need for approval". The "regular" novice meditator group increased in 

terms of this variable and the "irregular" novice group decreased (see 

Table 17). Although not statistically significant, these findings 

received additional support from the correlation analysis which revealed 

a strong tendency for regularity of meditation to be related to the mag

nitude of incr.ease in 11 need for approval 11 obtained by the subject (r = 
-0,356) (see Table 23) •. · 

Thus, the 11 regular11 , but not the 11 irregular11 ,novice meditator group 

produced the following significant changes from pre-··to post-training -

decreased."anxiety11 and 11 neuroticism11 , increased "extraversion" and .a change 

toward construing themselves as less "empathic" and better 11 able to 

concentrate11 • In addition, there was a strong trend associating 11 regular-

i ty of meditation" with the magnitude of increase in 11 need for approva!l'. 

7.2.7 Summary of the Phenomenological Repertory Grid Results: The 

"advanced" meditator group construed their Transcendental Meditation 

practice to be accompanied by an increase in physical-relaxation (P<·,05). 

It was also construed to be not at all "unpleasant" (P<,05) and to be 

accompanied by an apparent 11 time-speeding 11 (P<,05) and by "the experience 

of floating sensations" (P<,01). 

7.3 Discussion/ •••••••••• 
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7.3 Discussion 

The third major aim of the present study was to examine the occipital EEG 

correlates of Transcendental Meditation (see section 1.2). The results 

indicated that the practice of Transcendental Meditation over the short-term 

(by a groupofteachers of the technique) was significantly associated with a 

reduction in occipital alpha abundance and possibly also with an· elevation 

in occipit~l beta abundance. These results may appear to be at variance 

with the reported findings of previous researchers. Transcendental Medita

tion has been widely reported, for example, to be accompanied by reliable 

and progressive EEG changes - most notably, by an increase in alpha abundance 

and by a decrease in the average alpha frequency (Wallace, 1970a,b,; Wallace, 

Benson & Wilson, 1971; Wallace & Benson, 1972; Brown, Stewart & Blodgett, 

1971, 1972; Timmons, Kamiya & Yeager, 1970; Doxey, 1972b - see section J.1.1). 

On closer examination of the EEG data of these researchers, however, it 

emerges that the EEG changes were most prominant and possibly even restricted 

to the frontal scalp regions. In addition, recent studies by Banquet (1973), 

Touyz (1974) and Vassiliadis (1972) have provided tentative evidence for a 

possible beta increase and alpha decrease over the mor~ posterior regions -

particularly during the deeper stages of meditation. The present findings 

appear therefore to be consistent with the hypothesis that Transcendental 

Meditation may be accompanied by a forward migration of slower EEG activity 

toward the frontal channels and by an intensification of the lower voltage 

fast activity over the posterior regions. Alternatively, the present 

findings are also not inconsistent with the recently reported finding of 

Otis ( 1979:) who was unable to /distinguish meditation-associated EEG changes 

from those normally associated with light sleep •· notably stage 1 sleep. 

An additional finding of possible importance was the exceptionally high 

variance of the EEG data during the meditation (or experimental) condition 

(see Tables 24 and 25). This might indicate that not all the subjects were 

producing the same meditation-associated EEG changes. A tentative explana

tion for this lack of homegeneity may be that it reflected differences be-

tween the subjects with respect to their "depth of meditation" • This view 

. appears to receive some support from the within-subjects and anecdotal 

finding that reports of particularly "deep" meditations were found invariably 

to be accompanied by marked alpha suppression and beta intensification. 

More "superficial" meditations on the other hand, tended to be associated 

with less dramatic EEG alterations. 

The major/ •••••••••• 
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The major limitation of the above research was probably the fact that it was 

restricted to occipital EEG data. Potentially valuable EEG data were un-

doubtedly lost as a result of the failure to simultaneously examine frontal 

and central EEG channels. Had the present analysis been extended to include 

these data, it may have proved possible to determine whether the obtained 

intensification of occipital.beta and reduction of alpha were, indeed, 

accompanied by the suspected intensification and slowing of frontal alpha 

activity. This more comprehensive form of EEG examination was not carried 

out due to the limited availability of certain apparatus - particularly 

additional EEG Spectrum Analysis Units·(of which one per channel would have 

been required). 

Notwithstanding the above limitation, the present findings were probably 

both relatively valid and reliable. Unlike the majority of studies reviewed 

in section J.1.~, the present study: (1) employed apparatus that auto

matically analysed the EEG, thus avoiding the subjective bias associated 

with attempts to visually analyse EEG paper records (see Appendix M for 

validity and reliability data on the apparatus); (2) normalised the EEG 

data of each subject so that each subject's data would contribute more equal 

weight to subsequent statistical analyses (see section 5.5); (3) statist

ically analysed the normalised EEG data; (4) attempted to ensure that the 

subjects were 11 adequately11 adapted to the experimental situation before 

obtaining any experimental data; (5) derived each subject's EEG data from 

not a single experimental session but from four sessions; and (6) used 

subjects who, being teachers of Transcendental Meditation, were probably 

particularly competent at the practice under examination. 

The fourth major aim of the present study was to examine a number of the 

short-term physiological and behavioural concomitants of Transcendental 

Meditation (see section 1.2). Not only were the heart-rate correlates of 

Transcendental Meditation examined but, in addition, the subsequent effects 

of the practice ~n waking autonomic balance levels and upon performance on 

a reaction-time task and a short-term memory/perceptual speed task were 

investigated. 

With respect to the heart-rate correlates of meditation, the results indicated 

that heart-rate simply decreased progressively as a function of time spent 

in the experimental situation. The experimental (or meditation) condition 

was not found to exert any influence upon this time-dependent heart-rate 

decrease/ ••••••••••• 
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decrease. These results suggest that Transcendental Meditation (as 

practised by a group of teachers of the technique) was not associated with any 

significant changes in heart rate; that the obtained heart-rate reductions 

were instead simply related to the fact that the subjects were sitting 

quietly and relaxing. These findings add to an already confused situation 

regarding the influence of meditation on heart-rate. Previous researchers 

have reported highly contradictory findings (see section J.1.4). Das and 

Gastaut (1955} and Leggett (1964) found meditation to be associated with 

increases in heart-rate while Bagchi and Wenger (1957), Vassiliadis (1972) 

(for relatively ''inexperierice~' practitioners) and Doxey (1972b) found no 

relationship to exist. Wallace (1970a, b), Wallace and Benson (1972), 

Vassiliadis (1972) (for relatively "more experienced" practitioners}, Timmons, 

Kamiya and Yeager (1970), Walrath (in preparation) and Touyz (1974} on the 

other hand, reported meditation to be accompanied by a reduction in heart

rate. It should be borne in mind, however, that a number of these latter 

studies undoubtedly confounded the influence of meditation with that of 

simply sitting quietly and relaxing. 

The results also indicated that the practice of Transcendental Meditation 

was unaccompanied by subsequent alterations in autonomic balance. This 

finding, that Transcendental Meditation was not followed by a hypometabolic 

physiological condition, does not in any way imply the absence (or the 

presence) of such a condition during actual meditation. As such, the 

present findings are not necessarily incompatible with Wallace, Benson and 

Wilson's (1971) view that Transcendental Meditation is accompanied by a 

hypometabolic state characterised by a parasympathetic shift in autonomic 

balance. In fact, on closer examination of the data of Wallace (1970a, b) 

and Wallace, Benson and Wilson (1971), it becomes apparent that very few 

of the meditation-associated physiological changes actually persisted after 

the termination of meditation {see section J.1). This failure to obtain 

evidence for the persistence of a hypometabolic physiological condition 

after the termination of meditation raises some doubt concerning Wallace 

and Benson's (1972) proposal that Transcendental Meditation may exert a 

psychotherapeutic effect via this mechanism (see section J.J.4). It is 

the author's contention that hypometabolism-related psychotherapeutic benefits 

will only materialise (if at all) to the extent that possible meditation

associated parasympathetic trends actually generalise to the non-meditative 

periods of the practitioners' lives. In the light of the present findings, 

doubt is/ •••••••••••••• 
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doubt is thus cast on the efficacy of this proposed mechanism for accounting 

for some of the reported Transcendental Meditation-associated psychothera

peutic benefits (Seeman, Nidich & Banta, 1972; Nidich, Seeman & Dreskin, 

in press; Nidich, Seeman & Seibert, in press; Hjelle, in press; Ferguson 

& Gowan, in press; Fehr, Nerstheimer & Tarber, 1972; Otis, 1973; Landrith, 

1972; Graham, Peterman & Scarff, 1971; Boesse & Berger, 1972; Doucette, 

1972; Ballou; 1973; Tjoa, 1972). 

Only one of the seven physiological parameters that contributed toward 

the autonomic balance determination was found to have changed significantly 

following Transcendental Meditation •. Pulse Pressure was found to have 

decreased. Unfortunately, since no previous study has reported having 

examined the relationship between meditation and pulse pressure, the present 

significant finding merely adds to the current lack of clarity concerning 

the influence of meditation on (a related variable) blood pressure (see 

section 3.1.2). Other parameters examined that were without ~~ecedent 

j in the reviewed literature were dermographia persistence and salivary output. 

The present failure to obtain a post-meditation lengthening of heart period * and elevation in palmar and volar conductance is partially consistent with 

previous research findings. Wallace (1970a, b) and Wallace and Benson (1972) 

reported, for example, that the meditation-associated heart-rate decrease 

reverted back to pre-meditation levels after the termination of meditation 

(see section 3.1.4). Similarly, meditation-associated increases in palmar 

skin resistance were reported to revert partially to pre-meditation levels 

after the termination of meditation (see section 3.1.5). The present 

findings with respect to respiration period, however, appear to contradict 

the earlier findings of these researchers. They reported that meditation 

was accompanied by a decrease in respiration-rate and that this decrease 

was maintained into the post-meditation rest period. (The present data 

were in this direction but fell short of reaching significance.) 

As in the case of the EEG investigation, the major limitation of the 

autonomic balance examination appears to relate not so much to the obtained 

data but rather to the fact that potentially valuable data were excluded. 

That is, it would have been desirable to have obtained autonomic balance 

measures during, as well as before and after, the practice of meditation. 

These data were knowingly sacrificed, however, in order that Wenger's (1941, 

1948, 1949, 1966) highly standardised method of autonomic balance determin

ation might be employed. (Some of Wenger's physiological tests would 

undoubtedly have disrupted meditation.) It was thought that the benefits 

to be derived/ ••••••••••••••• 



218 

to be derived from employing this very much more reliable form of analysis 

more than compensated for the data foregone (see section 5.3.2). The major 

advantages associated with the present autonomic balance investigation 

were: (1) Seven physiological parameters were employed that had previously 

been shown to be both valid and reliable indices of "autonomic balance"; 

(2) Data on these parameters were combined according to a recognised 

procedure to give an "autonomic balance 11 determinatfon more reliable than 

that obtainable from any one of the parameters from which it was derived 

(see section 5.3.2); (3) Normative data on these parameters were derived 

for the present experimental population; (4) Subjects underwent two 

autonomic balance test-sessions prior ~o their exposure to the experimental 

test-sessions, thus habituating them to the otherwise unfamiliar and arousing 

tests; (5) Care was taken to ensure that the subjects were adequately 

rested before experimental data was obtained; (6) The subjects selected, 

being teachers of Transcendental Meditation, undoubtedly represented a 

particularly competent group of practitioners of the practice under 

investigation. 

Transcendental Meditation has also been reported to be accompanied by an 

enhancement of perceptual-motor performance (Brown, Stewart & Blodgett, 

1971; Blasdell, 1971; Shaw & Kolb, 1971), improved perceptual performance 

(Brown, Stewart & Blodgett, 1971; Graham, 1971) and by enhanced learning 

ability/intelligence (Abrams, 1972; Tjoa, 1972) (see sections 3.2.1 to 

3.2.3). The present study found that the practice of Transcendental 

Meditation over the short-term had no significant effect upon subjects' 

performance on a "three-choice discriminative reaction-time" task (Slabler 

& Dyal, 1963) nor on a short-term memory/perceptual speed task. Since these 

negative findings were obtained using a relatively sophisticated experimental 

design, caution is urged in evaluating the positive findings of the previous 

preliminary and methodologically-suspect studies (see sections 3.2.1 to 3.2.3). 

The fifth major aim of the present study was to explore the psychological 

concomitants of long-term regular Transcendental Meditation practice and to 

attempt to determine the role, if any, of changes in factors related to 

"need for approvalu in bringing about·measurable psychological changes (see 

section 1.2). The results indicated that 6 week's practice at Transcendental 

Meditation by a group of novice meditators was accompanied by decreases in 

"negative" psychological characteristics and increases in "positive" 

psychological characteristics. More specifically, the long-term practice 

was found/ ............... 
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was found to be significantly accompanied by reductions in "anxiety" and 

"neuroticism", increases in 11 extraversio~1 and by an increased tendency 

to construe oneself as less 11 empathic111 and better liable to concentrate". 

Four of these five longitudinal psychological changes were obtained for the 

novice meditator group as a whole. (The change on 11 ext.raversiontt was 

obtained only by the "regular" sub-group.) It is of considerable importance 

to note, however, that in each instance it was a significant change on the 

part of the "regular" novice meditator group, rather than the "irregular" 

novice meditator group, that contributed toward and was largely responsible 

for these overall significant effects (see section 7.2.6}. In the case of 

"extraversion", although there was no significant change for the novice 

meditators as a whole, the "regular" novice group increased significantly. 

These findings strongly suggest that the above-mentioned significant 

correlates are closely related to the "regularity of meditation practice11 

exhibited by the subjects. (The "irregular" novice group, it must be 

remembered, was not zero with respect to "meditation regularity" but merely 

relatively less regular than the "regular" group.) It is therefore concluded 

that the longitudinal psychological correlates of Transcendental Meditation 

were largely functionally related to factors associated with the "regularity 

of meditation practice11 • 

There is evidence to suggest, however, that the above effects might have 

been due not only to "regular meditation practice'' but also to a set of 

factors confounded with "regularity of meditation practice". Two seperate 

statistical analyses pointed toward a strong trend associating "regularity 

of meditation practice" with the magnitude of increase in "need for approval". 

Increases in "need for approval" might have contributed therefore toward 

the obtained "positive'' psychological changes by either (1} indirectly 

influencing subjects 8 meditation regularity, or (2} by its possible direct 

effect on some of the psychological dimensions (particularly "anxiety" and 

"neuroticism" which are highly susceptible to changes in "need for approval" -

see section 5.2.5- Marlowe-Crowne Social Desirability Scale}. The correlat-

ions obtained between the increase in "need for approval" and the increases 

in "anxiety" (r = - 0,268} and "neuroticism" (r = - 0,264} were in the direct

ion and of the magnitude to suggest that increases in 11 need for approval" 

might, indeed, have directly contributed toward the obtained changes on 

these two psychological dimensions. 

A highly/ •••••••••••••••••••••••••• 

1 This apparently inconsistent finding may have arisen out of the frequently 
reported tendency for the subjects to misread "empathic" for "amphatic". 
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A highly tentative interpretation of the above findings follows. The 

relatively highly predisposed {toward Transcendental Meditation) subjects, 

as opposed to the relatively less predisposed subjects, might have been 

more susceptible to the "norms" and "expectancies11 {or the "demand 

characteristics") of the Transcendental Meditation organisation as communi

cated to them via lectures, discussions, literature and the initiation 

ceremony. Their greater tendency to respond to the "Transcendental 

Meditation-associated social pressures" by adopting its "norms" and 

"expectancies" could have been reflected in a rise in their "need for 

approval 11 {as measured by the Marlowe-Crowne Social Desirability Scale) 

and in their more regular meditating. This heightened need for social 

approval (in the Transcendental Meditation context) may have contributed 

therefore toward both the regularity with which an individual practised 

meditation and toward his tendency to respond as less 11 anxious 11 and 11 neurotic11 

on pencil-and-paper psychological tests. 

This interpretation may hold important implications for the teaching of 

Transcendental Meditation. Should it be desired that Transcendental 

Meditation's assumed psychotherapeutic properties be enhanced, then (1) 

only highly predisposed individuals should be initiated into the practice. 

This could be achieved by raising sufficiently the 11 cost 11 {not necessarily 

the economic cost) of learning the technique, and {2) more attention should 

be directed toward the systematic manipulation of factors in the 

Transcendental Meditation social setting that could raise the subjects' 

susceptibility to the Transcendental Meditation-associated 11 values 11 , "norms" 

and "expectancies". 

The present study, along only with those of Ballou (1973) and Otis {1973); 

may have provided evidence for the crucial role of non-time-dependent (or 

non-cumulative) factors, such as those that converge within the ·short period 

around the time that a subject first learns to meditate, in contributing 

toward the meditation-associated psychological changes. At the same time, 

no evidence was obtained to suggest that time-dependent factors were 

unimportant; on the contrary, factors associated with regular meditation 

practice were shown to be of central importance in contributing toward the 

Transcendental Meditation-associated psychological changes. (Changes in 

"need for approval" did not account for all the significant variance 

associated with "regularity of meditation practice".) The present tentative 

findings may therefore be seen to correspond to the alternative mechanism 

proposed to/ ••••••••••••••••••••• 
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proposed to account for Transcendental Meditation-associated "positive" 

psychological changes (see section J.J.5). 
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In v:iew of the present study not having.obtained more conclusive and 

significant data on the relationship between changes in "need for approval" 

and (1) subjects' meditation regularity and (2) changes on certain psycho

logical dimensions, it is recognised that the conclusions arrived at 

concerning the role of changes in "need for approval" in bringing about 

"positive" psychological changes are both highly tentative and contentious. 

The present findings point nevertheless toward an urgent need for further 

research into the problem since alterations in subjects' ''need for approval" 

may be a crucial underlying cause for many of the Transcendental Meditation

associated psychological changes. 

The two most consistently reported psychological concomitants of Transcendental 

Meditation are decreased "anxiety" (Nidich, Seeman & Seibert, in press; 

Hjelle, in press; Ferguson & Gowan, in press; Boesse & Berger, 1972; 

Doucette, ~971; Ballou, 197J) and decreased "neuroticism'' (Ferguson & Gowan, 

in press; Tjoa, 1972; Fehr, Nerstheimer & Tarber, 1972). The similar 

findings of the present study simply underline the already high reliability 

of these phenomena; phenomena that have been established by different 

researchers using different psychological instruments and different 

experimental designs (see section J.2.4). The conclusions of these earlier 

researchers might require reinterpretation, however, in the light of the 

tentative findings discussedlabove. That is, the possible role of changes 

in ''need for approval" in contributing toward the changes on these two 

variables may need to be considered. · 

The obtained increase in "extraversion" on the part of the "regular" novice 

meditators appears to be compatible with Orme-Johnson's (in press) finding 

that regular meditators decreased significantly more than did irregular 

meditators on "social introversion" (see section J.2.4). These findings 

are of importance in view of the claim made by many that meditation leads 

to "social withdrawal". 

The obtained increase with respect to construed "ability to concentrate" 

and.decrease with respect to construed "empathy" are without precedent in 

the reviewed literature (see section J.2.4). 

The. short-term/ ................. 
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The short-term subjective concomitants of Transcendental Meditation were 

also investigated. This was accomplished by means of a statistical 

analysis of the scores of the "advanced" meditator group on the constructs 

of the Phenomenological Repertory Grid (see Appendix K). As in the case 

of the alpha feedback investigation (see section 6.)), the significant 

subjective data may be considered conveniently in three parts. First, 

the subjective data that are compatible with those obtained from the short-

term physiological investigation. The only data of this description was 

that the group was found to construe their practice to be "physically-

relaxing". These data are consistent with the view that although 

Transcendental Meditation may not be followed by a hypometabolic physiological 

condition, its actual practice may be associated with such a condition. 

Second, the subjective data that are congruent with those obtained from 

the longitudinal psychological investigation. The group was found to have 

construed their practice to be not at all 11 unpleasant 11 - data not inconsistent 

with the finding that Transcendental Meditation is a~sociated with enhanced 

"positive" psychological characteristics. Finally, the subjective data 

that are Gompatible with the hypothesis that Transcendental Meditation is 

associated with an altered state of consciousness. The group was found 

to have construed their practice to be accompanied by an apparent "time-

speeding" and by "the experience of floating sensations". The Phenome-. 

nological Repertory Grid appears therefore to have provided data that are 

somewhat consistent with those obtained at other levels of analysis (but 

less consistent than in the case of the alpha feedback investigation -

see section 6.)). 

To summarise: Transcendental Meditation, as practise by an 11 advance~' 

group of teachers of the technique, was found to be associated over the 

short-term with a significant reduction in occipital alpha abundance and 

by a trend indicative of enhanced beta abundance. No significant heart-

rate correlates were observed. In addition, the practice was not found 

to be accompanied by any subsequent t?ig~ificant shift. in autonomic balance 

nor by subsequent changes in performance on tasks for reaction-time and 

short-term memory/perceptual speed. Over the long-term, the regular 

practice of Transcendental Meditation by a group of novice meditators was 

found to be significantly accompanied by decreased 11 anxiety11 and "neuroticism"? 

increased 11 extraversion11 and by an increased tendency to·construe oneself 

as 9etter liable to concentrate" and less "empathic" • There was also 

limited/ ••••••••••••••• 
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limited evidence to suggest that increases in "need for approval" might 

have contributed toward the obtained meditation-associated psychological 

changes either indirectly by its influence on subjects' meditation regularity 

or by a possible direct effect on some psychological dimensions (especially 

"anxiety" and 11 neuroticism11 ). The data of a short-term subjective 

investigation provided limited support for some of the findings of the 

short-term and long-term investigations. 
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. 8.0 THE COMPARATIVE MULTIDISCIPLINARY INVESTIGATION 

8.1 Results 

8.1.1 EEG Results: Table 24 presents the results of the "successful" 

alpha feedback group and the "advanced" meditator group over the experimental 

condition and the post-experimental rest condition on Percentage Time Alpha 

in z-scores. (The base for the z-score conversion was the pre-meditation 

rest condition. The two groups were thus, by convention, equal over this 

condition.) The analysis of variance indicated a significant interaction 

effect(P~05). Closer examination of the data through simple main effects 

revealed a significant difference between the two groups over the experimental 

condition (P<,05) and a significant difference between the two conditions 

for the 11 advanced11 meditator group (P<,01). In addition,.Tukey HSD 

comparisons showed a significant difference between the mean of the base 

and the mean of the experimental condition for the "advanced" meditator 

group ( P<, 05) • 

Table 25 presents the results of the 11 successful11 alpha feedback group and 

the "advanced" meditator group over the experimental condition and the post

experimental rest condition on Percentage Time Beta in z-scores. The 

analysis of variance indicat~d a significant interaction effect. (P<,05). 

Closer examination of the data through simple main effects revealed a 

significant difference betw~en the two groups over the experimental condition 

(P<,05) and a significant difference between the two conditions for the 

"successful" alpha feedback group (P<,05). In addition, Tukey HSD comparisons 

showed a significant difference between the mean of the base and the mean of 

the experimental condition for the "successful" alpha feedback group (P<,01). 

The results of the "successful" alpha feedback group and the "advanced" 

meditator group over the experimental condition and the post-experimental 

rest condition on Percentage Time High Alpha in z-scores and on Percentage 

Time Low Alpha in z-scores were similarly examined by two-way analyses of 

variance. No significant effects were obtained. F Ratios for 

High Alpha: A 1,362 

Low Alpha: A = 0,244 

B = 1,297 

B = 2,129 

A X B = 0,873 

A X B = 1,490 

8.2.1 Heart-Rate/ ••••••••••••••• 
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Table 26 presents the results of the "successful" 

alpha feedback group and the "advanced" meditator group over the pre

experimental rest condition, the experimental condition and the post

experimental rest condition on Heart-Rate. The analysis indicated a 

significant difference between the three conditions for the two groups (P<,01}. 

Closer examination of the data through simple main effects revealed a 

significant difference between the three conditions for both the "successful" 

alpha feedback group (P<,01) and the "advanced" meditator group (P<,.01). 

Specifically, the Tukey HSD comparisons showed significant differences 

between the means of the pre-experimental rest and post-experimental rest 

conditions for both the "successful" alpha feedback group (P<,01} and the 

"advanced" meditator group {P<,.01}. 

8.1.3 Autonomic Balance Results: Table 27 deals with the results of 

the 11 successful11 alpha feedback group and the "advanced" meditator group 

over the pre- and post-experimental condition test-sessions on Autonomic 

Balance. The analysis of variance indicated a significant difference 

between the two test-sessions for the two groups (P<,05) and a significant 

interaction effect (P<,05}. Closer examination of the data through simple 

main effects revealed a significant difference between the two groups over 

the post-experimental condition test-session (P<,05) and a significant 

difference between the two test-sessions for the "successful" alpha feedback 

group (P<,01}. 

Table 28 presents the result~ of the "successful'' alpha feedback group and 

the 11 advanced11 meditator group over the pre- and post-experimental condition 

test-sessions on~- Heart Period. The analysis of variance sh<;~weda significant 

difference between the two test-sessions for the two groups (P<,01} and a 

significant interaction effect (P<,05}. Closer examination through simple 

main effects indicated a significant difference between the two test-sessions 

for the 11 successful11 alpha feedback group (P<,01}. 

Table 29 presents the results of the two groups over the two test-sessions 

on Pulse Pressure. The analysis of variance indicated a significant 

difference between the two groups over the two test-sessions (P<,05) and a 

significant interaction effect (P<,01}. Closer examination through simple 

main effects showed a significant difference between the two groups over 

the post-experimental condition test-session (P<,01} and a significant· 

difference betweenthe two test-sessions for the 11 advanced11 meditator group 

(P<,01.). 

Table JO/ ••.•••.••••••• 
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Table 30 deals with the results of the two groups over the two test-sessions 

on Respiration Period. The analysis of variance showed a significant 

difference between the two test-sessions for the two groups (P<,01). 

Closer examination through simple main effects revealed a significant 

difference between the two test-sessions for the "successful" alpha feedback 

group (P<,05). 

The results of the two groups over the two test-sessions on Dermographia 

Persistence, Salivary Output, Palmar Conductance and Volar Conductance were 

similarly examined by two-way analyses of variance. No significant effects 

were obtained. F Ratios for 

Dermographia Persistence: A ::: 0,158 B :::; 1,932 A X B ::: 1,358 

Salivary Output: A = 0,0003 B = 2,856 A X B = o,457 

Palmar Conductance: A :::; 0,009 B = 1,433 A X B -· 0,007 

Volar Conductance: A = 0 B = 1,628 A X B = 1,979 

8.1.4 Reaction-Time Re~ults: An examination of the results of the 

"successful" alpha feedback group and the "advanced" meditator group over 

the pre- and post-experimental condition test-sessions on Reaction-Time 

through two-way analysis of variance revealed no significant effects 

(F Ratios: A ::: 2,506; B = 0,823; A X B = 1,033). 

8.1.5 Short-Term Memory/Perceptual Speed Results: An examination of 

the results of the "successful" alpha feedback group and the "advanced" 

meditator group over the pre~ and post-experimental condition test-sessions 

on Short-Term Memory/Perceptual Speed through two-way analysis of variance 

indicated no significant effects (F Ratios: A = 1,507; B = 0,002; 

A X B = O, 890). 

8.1.6 Psychological Test Results: Table 31 deals with the results of the 

· 11 successful" alpha feedback group and the "regular" novice medi t.ator group 

over the pre- and post-training test-sessions on the Marlowe-Crowne Social 

Desirability Scale. The analysis of variance yielded a significant 

interaction effect (P<,05). Closer examination of the data through simple 

main effects indicated a significant difference between the two groups 

for the post-training test-session (P<,05). 

Table 32 prese~ts the results of the ''successful" alpha feedback group and 

"regular" novice meditator group over the two test-sessions on the Taylor 

Manifest Anxiety/ •••••••••• 
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Manifest Anxiety Scale. The analysis of variance indicated a significant 

difference between the two test-sessions for the two groups (P<,01). 

Closer examination through simple main effects showed a significant 

difference between the two test-sessions for the "regular" novice meditator 

group (P<,01). 

Table JJ presents the results of the two groups over the two test-sessions 

on the EPI (N}. The analysis of variance yielded a significant difference 

between the two test-sessions for the two groups (P<,01}. Closer examination 

through simple main effects indicated a significant difference between the 

two test-sessions for both the 11 successful11 alpha feedback group (P<,05} 

and the "regular" novice meditator group (P<,01}. 

Table .34: deals with the results of the t'~o groups over the two test-sessions 

on Construct four of the Repertory Grid (Empathic/Non-Empathic}. The 

analysis of variance indicated a significant difference between the two 

test-sessions for the two groups (P<,05} and a significant interaction 

effect (P<,05}. Closer examination through simple main effects yielded a 

significa~t difference between the two test-sessions for the "regular" novice 

meditator group (P<,01). 

The results of the two groups over the two test-sessions on the Barber 

Suggestibility Scale, the EPI (E) and on Repertory Grid Constructs One to 

Three and Five to Fifteen were also examined by two-way analyses of variance. 

With the exception of some significant 11 group11 effects (i.e., A), no 

significant effects were obtained. F Ratios for 

Barber Suggestibility Scale: 

EPI (E): 

Construct One: 

Construct Two: 

Construct Three: 

Construct Five: 

Construct Six: 

Construct Seven: 

Construct Nine: 

Construct Ten: 

Construct Eleven: 

Construct Twelve: 

Construct Thirteen: 

·Construct Fourteen: 

Construct Fifteen: 

A = o,4:4:J 

A = 0,677 

A = 4:,009 

A = .3,064: 

A = 7,899* 

A = 0,966 

A - 2,071 

.A = 6,041* 

A = 4,.329* 

A = 0,087 

A 0,207 

A = 0,778 

A = 1,4:68 

A = o,4:87 

A = 4:,707* 

B = 0,927 

B = 1,4:9.3 

B = 0,101 

B = 1,J14 

B = 0,096 

B = .3,529 

B = 1,404 

B = o,oo4: 

B O, 989 

B = 2,898 

B = 0,91.3 

B = o,4:56 

B = 1,824 

B = 2,095 

B = 0,990 

A X B o,871 

A X B = J,116 

A X B = 0,502 

A X B = 1,252 

A X B = 0,079 

A X B = 4:,0.3.3 

A X B = 1,821 

A X B = 0,967 

A X B = 0,007 

A X B = 1,25.3 

A X B = 0,619 

A x B = o,oo6 
-

A X B = 0,117 

A X B = O, 122 

A X B = 2,190 

8.1.7 Hotelling 1 s/ ......... 
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8.1.7 Hotelling's T-Square Analyses Results: Table 35 presents the results' 

of an analysis of the change-scores (i.e., from the pre-experimental rest 

condition base to the experimental condition for Alpha, Beta, High Alpha 

and J.ow Alpha; from the pre-experimental rest condition to the experimental 

condition for Heart-Rate; from the pre- to the post-experimental condition 

test-session for Autonomic Balance, Reaction-Time and Short-Term Memory/ 

Perceptual·· Speed) of the 11 successful11 alpha feedback group and the 11 advanced11 

meditator group on eight (short-term) variables - Alpha, Beta, High Alpha, 

Low Alpha, Heart-Rate, Autonomic Balance, Reaction-Time and Short-Term Memory/ 

Perceptual Speed. The Hotelling's T-Square Test for significance of overall 

differences between the two groups on the eight variables was signi~icant 

(P<,05). 

Table 36 deals with the results of an analysis of the change-scores (see 

above) of the "successful" alpha feedback group and the "advanced" meditator 

group on three (short-term) variables - Alpha, Beta and Autonomic Balance. 

The Hotelling's T-Square Test for the significance of overall differences 

between the two groups on the three variables was significant (P<,05). 

Table 37 presents the results of an analysis of the change-scores (i.e., 

from the pre- to the post-training test-session) of the 11 su6cessful 11 alpha 

feedback group and the 11 regular11 novice meditator group on nine (long-term} 

psychological variables - 11 suggestibility11 , "need for approval", 11 anxiety11 , 

nneuroticism11 , "extraversion", construed "empathy", construed u ability to 

concentrate", construed "apathy" and construed 11 activity11 • The Hotelling's 

T-Square Test for the significance of overall differences between the two 

groups on these nine variables was insignificant. 

8.1.8 Stepwise Multiple Linear Regression Analyses Results: Table 38 

presents the results of a Stepwise Multiple Linear Regression of the change

scores (see section 8.1.7} of the subjects in the "successful'' alpha feedback 

group and the 11 advanced11 meditator group on the eight (short-term) variables -

Alpha, Beta, High Alpha, Low Alpha, Heart-Rate, Autonomic Balance, Reaction

Time and Short-Term Memory/Perceptual Speed. The analysis indicated that 

the change-scores of the subjects on the autonomic balance variable accounted 

for 21,75% of the variance of the subjects over the two groups (Multiple 

RSQR = 0,2175). The addition of the subjects' change-scores on the Alpha 

variable raised the variance accounted for to 31,19%- On the addition of 

the change-scores on High Alpha, this rose to 40,21%; on the addition of 

the change/ 
•-1:\·,.' 
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the change-scores on Heart-Rate, to 51,31%; on the addition of the change

scores on Low Alpha, to 59,48%; on the addition of the change-scores on 

Reaction-Time, to 62,29%; on·the addition of the change-scores on Beta, 

to 66,91%, and on the addition of the change-scores on Short-Term Memory/ 

Perceptual Speed, to 68,45%. That is, the change-scores of the subjects 

on the eight variables accounted for 68,45% of the variance of the subjects 

over the two groups (Multiple RSQR = o,6845). 

Table 39 deals with the results of a Stepwise Multiple LinearRegression of the 

change-scores (see section 8.1.7) of the subjects in the llsuccessful" alpha 

feedback group and the 11 regularn novice meditator group on nine (long-term) 

psychological variables- 11 suggestibilitytt, ttneed for approval 11 , llanxiety11 , 

11 neuroticism", 11 extraversion11 , construed 11 empathy", construed nability to 

concentrate1~, construed 11 ideal-self11 and construed 11 sensi ti vi ty11 • . The 

analysis indicated that the change-scores of the subjects on the nneed for 

approval 11 variable accounted for 17,23% of the variance of the subjects 

over the two groups. The addition of the subjects' change-scores on the 

11 ability to concentrate11 variable raised the variance accounted for to 

28,16'jb. On the addition of the change-scores on 11 extraversion11 , this rose 

to 40,61%; on the addition of the change-scores on 11 sensitivityn, to 49,51%; 

on the addition of the change-scores on llanxiety11 , to 56,92%; on the 

addition of the change-scores on 11 suggestibility11 , to 57,8?ft,; on the 

addition of the change-scores on 11 ideal-self11 , to 58,95%; on the addition 

of the change-scores on ttneuroticism 11 , to 59,42%, and on the addition of the 

change-scores on 11 empathy11 , to 59,48%. That is, the change-scores of the 

subjects over these nine psychological test variables accounted for 59,48% 

of the variance of the subjects over the two groups (Multiple RSQR = 0,5948). 

8.1.9 Phenomenological Repertory Grid Results: Table 40 presents the 

results of the nsuccessful 11 alpha feedback group (as defined by 11 the 

experimenter's rating criteriontt of 11 successn - see section 5.6.1) and the 

ttadvance~1 meditator group on their scores on the Phenomenological Repertory 

Grid. The analysis of variance indicated significant differences between 

the two groups with respect to their scores on the following constructs: 

Five (Experiences least time-slowing/Experiences most time-slowing) (P<,05); 

Six (Finds it most anxiety-evoking/Finds it least anxiety-evoking) (P<,05); 

Seventeen (Experiences most thoughts/Experiences least thoughts) (P<,05); 

Nineteen (Finds it most anxiety-reducing/Finds it least anxiety-reducing) 

(P<,05); Twenty-Five (Experiences most time-speeding/Experiences least 

'time-speeding/ •••••••••• 
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time-speeding) (P<,05); Thirty (Finds it least unpleasant/Finds it inost 

unpleasant) (P<,05); Thirty-Two (Has lowest alpha levels/Has highest alpha 

levels) (P<,05); Thirty-Four (Has most floating experiences/Has least 

floating experiences) (P<,05) arid Thirty-Six (Experiences least loss of 

consciousness/Experiences most loss of consciousness) (P<,05). 

J 



-~ 

' 

8.1.1 

TABLE 24(a) 

Means and standard deviations for the experimental condition 
and the post-experimental condition measures on Percentage 
Time Alpha in z-Scores for the 11 successful 11 alpha feedback 
group and the ",advanced TM group 11 

"Successful" 11 Advancer=f1' · 
Alpha Feedback Group TM G~oun 

Exp. Post-Exp. Exp. Post-Exp. 

Mean 2.839 .869 -12.34 2.64 . 
Standard Deviation 4.840 6.488 21.76 9 .• 872 
Number in Sample 10 10 10 10 

TABLE 24 (b·) 
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Analysis of variance summary table for the experimental condition 
and the post-experimental condition measures on Percentage Time 
Alpha in z-Scores for the "successful" alpha feedback group and 
the "advanced TM Group" ' ·· . · 

-:,. 
. ' 

Source DF ss · MS F Ratio 

Between Subjects 

A (Experimental Group) 1 449 449 2.648 
Error 18 3053 169.6 

Within Subjects 

B (Exp. Condition/ 1 423.3 423. 3' 2.849 
Post-Exp. Condition) 

A x B 1 718.4' 718.4 4. 836~ 
Error 18 2674' 148.6 



8.1.1 232 

TABLE 24(c) 

Simple main effects summary table for the experimental condition 
(B1) and the post-experimental condition (B2) measures on Percen
tage Time Alpha in z-Scores forthe "successful" alpha feedback 
group (A1) and the 11 advancecl 11 TM.group (A2) 

Source DF ss MS F Ratio 

A at B1 1 1152 1152 7.240* 

A at B2 1 15 ~ 75. 15.75 .0099' 

Error 36 5727 159. i 
B at A1 1 19.40 19.40 .1306. 

B at A2 1 1122 . 1122 7~554** 
Error 36 5348 148.~ 6 

TABLE 24(d) 

Tukey HSP comparisons* for the means of the experimental condition 
(B1) and the post-experimental condition (B2) measures on Percen
tage Time Alpha in z-Scores for the "advanced" TM group· (A2) 

A2B1 A2.B2 

Mean -12.3 2.64 

Base 3-537* ns 

DF = J, 31 for ali comparisons 
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TABLE 25 (a) 

Means and standard deviations for the experimental condition 
and the post-experimental condition measures on Percentage 
Time Beta in z-Scores for the "successful" alpha feedback 
group and the "advanceC\'1 TM ,group 

"Successful" "Advanced" 
Alpha Feedback Group TM Group 

Exp. Post-Exp. Exp. Post-Exp. 

He an -8.86 -4.87 3.023 -. 49. 
Starlard Deviation 20.21 13.71 5.630 2.259 
Number in Sample 10 10 10 10 

TABLE 25 (b) 

Analysis of variance summary table for the experimental condition 
and the post-experimental condition measures on Percentage Time 
Beta in z-Scores for the "successful 11 alpha feedback group and 
the "advanced" .. TM ... group 

Source DF ss NS F Ratio 

Between Subjects 

A (Experimental Group) 1 661.4 66'L4 2.229 

Error 18 5340 296~7 

lHthin Subjects 

B (Exp. Condition/ 1 .5689 .5689 .0029 
Post-Exp. Condition) 

Ax B 1 140.7 140~7 7-095* 
Error 18 357 19.84 
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TABLE 25(c) 

Simple main effects summary table for the experimental condition 
(B1) and the post-experimental condition (B2) measures on Percentage 
Time Beta in z-Scores for the "successful" alpha feedback group (At) 
and the "advanced" TM group (A2) · 

Source DF ss MS F Ratio 

A at B1 1 706.1 706.1 .4. 462* 

A at B2 1 95.97 95-97 .6064 

Error 36 5597 158.3 
B at A1 1 79.60 79.60 4. 013* 
B at A2 1 61.71 61.71 3-111 
Error 36 714.1 19.84 

TABLE 25 (d) 

Tukey HSD comparisons* for the means of the experimental condition 
(B1) and the post-experimental condition (B2) measures on Percen
tage Time Beta in z-Scores for the "successful" alpha feedback 
group (A1) 

A1B1 A1B2 

Mean -8.86 -4.87 

Base 6.290** 3.457* 

DF 3,36 for all comparisons 
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TABLE 26(a) 

Means and standard deviations for the pre-experimental condition, 
the experimental condition and the post-experimental cundition 
measures on Heart-Rate for the "successful" alpha feedback group 
and the "advanced" TM group 

"Successful 11 "Advanced" TM 
Alpha Feedback Group Group -

Pre-E. Exp. Post-E. Pre-E. Exp. Post-E. 

Mean 73:75 72.61 70.57 76.98 74.78 73.81 
Standard 6.365 6.936 5.784 8.378 7-934 7.422 
Deviation 

Number in 10 10 10 10 io 10 
Sample 

TABLE 26 (b) 

Analysis of variance summary table for the pre-experimental 
condition, the experimental condition and the post-experimental 
condition measures on Heart..:.Rate for the 11 successful" alpha 
feedback group and the "advanced" TM grOl~p 

Source DF ss MS F Ratio 

Between Subjects 

A (Experimental Group) 1 :124.3 124.3 .8528 
Error 18 2624 145-.8 

Within Subjects 

B (Pre-Exp., Exp. and 2 100.8 50.41 10.77*' 
Post-Exp. Conditions) 

' 
A X B 2 3.906 1.953 • 4174 
Error . 36 168.4 4.679 
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TABLE 26 (c) 

Simple main effects summary table for the pre-experimental 
condition (B1), the experimental condition (B2) and the post
experimental condition (B3) measures on Heart-Rate for the 
"successful 11 alpha feedback group (A1) and the "advanced" 
TM group (A2) 

Source DF ss MS F Ratio 

A at B1 1 52.14 52.14 1.008 

A at B2 1 23.52 23.52 .4547 

A at B3 .1 52.5 52-5 1.015 

Error 54 2793 51.72 

B at A1 2 5t.88 25.94 5.534"* 

B at A2 2 52.75 26.38 5.637"* 

Error 48 224.6 4.679 

TABLE 26 (d) 

Tukey HSD comparisons* for the means of the pre-experimental 
condition (B1), the experimental condition (B2) and the post
experimental condition (B3) measures on Heart-Rate for the 
"successful" alpha feedback group (A1) and the ·"advanced" · 

TM group (A2) 

A1B1 A1B2 A1B3 

Mean 73-73 72.61 70.57 

A1B1 - 1.667 4.649** 

A1B2 - 2.982 

A1B3 -

* DF = 3, 36 for all comparisons. 

A2B1 A2B2 A2B3 

Mean 76.98 74.78 73.81 

A1B1 - 3.216 4.634** 

A1B2 - 1. 418 

A1B3 -

* DF = ·3,36 for all comparisons. 
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TABLE 27(a) 

Means and standard deviations for the pre-experimental condition 
test-session and the post-experimental condition test-session 
measures on Autonomic Balance (A) for the "successful" alpha 
feedback group and the 11advanced" TM group 

"Success ful 11 "Advanced" TM 
Alpha Feedback Group Group 
Pre-E. Post-E. Pre-E. Post-E. 

Mean 71.63 75-77 68.41 68.85 
Standard Deviation 6.262 6. 251 7.565 5.819 
Number in Sample 10 10 10 . 10 

TABLE 27 (b) 
Analysis of variance summary table for the pre-experimental condi
tion test-session and the post-experimental condition test-session 
measures on Autonomic Balance (A) for the "successful" alpha feed-
back group and the "advanced" TM group _ 

Source DF ss MS F Ratio 

Between Subjects 

A (Experimental Group) 1 257. 1 257.1 3.302 
Error 18 1401 77.85 

Within Subjects 

B (Pre- and Post-Exp. 1 52.46 52.46 7.667* 
Test-Sessions) 

Ax B 1 34. 18 34.18 5.000* 
Error 18 123.2 6.842 

. TABLE 27 (c) 
Simple main effects summary table for the pre-experimental condi
tion test-session (B1) and the post-experimental condition test
session (B2) measures on Autonomic Balance (A) for the "successful" 
alpha feedback group (At) and the "advanced" TM group (A2) 

Source DF ss MS F Ratio 

A at B1 1 51.84 51.84 1.224 
A at B2 1 239.4 239.4 5.655* 
Error 36 1524 42.34 
B at A1 1 85.69 85.69 12.52** 
B at A2 1 -9531 -9531 • 1393 
Error 36 246.3 6.842 
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TABLE 28(a) 

Means and standard deviations for the pre-experimental condition 
test-se3sion and the post-experimental condition test-session 
measures on Heart Period for the "successful" alpha feedback group 
and the 11 advanced11 TM group 

"Successful 11 "Advanced" TM 
Alpha Feedback Group Group 

Pre-E. Post-E. Pre-E. Post-E. 

Mean 45.67 54.76 44.24 47.13 
Standard Deviation 13.03 14.27 11.91 8.767 
Number in Sample 10 10. 10 . 10 
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TABLE 28 (b) 
Analysis of variance. summary table for the pre-experimental condition 
test-session and the post-experi~ental condition test-session 
measures on Heart Period for the "successful" alpha feedback group 
and the ·"advanced" TM group 

Source DF ss MS F Ratio 

Between Subjects 

A (Experimental Group) 1 205.2 205.2 • 7355 
Error 18 5022 279 

\vi thin Subjects 

B ·(Pre- and Post-Exp. 1 358.8 358.8 21.08** 
Test-Session) 

Ax B 1 96.11 96.11 5.648* 
Error 18 306. 3' 17.02 

TABLE 28 (c) 
Simple main effects summary table for the pre-experimental condition 
test-session (B1) and the post-experimental condition test-session 
(B2) measres on Heart Period for the "successful" alpha feedback · 
group (A1) and the "advanced" TM group (A2) 

Source DF ss MS F Ratio 

A at B1 1 10.23 10.23 .0069 
A at B2 • 1 291. 1 291.1 1.967 
Error 36 5328 148.0 
B at A1 1 413.1 413.1 24.28** 
B at A2 1 41.76 41.76 2.454 
Error 36 612.7 17.02 



8.1.J 

TABLE 29(a) 

Means and standard deviations for the pre-experimental condition 
t~st-session and the post-experimental condition test-se~sion 
measures on Pulse Pressure for the "successful'' alph~ feedback 
group and the "advanced" TH group 

"Successful 11 "Advanced" TM. 
Alpha Feedback Group Group -

Pre-E. Post-E. Pre-E. Post-E. 

Mean 54.43 56.51 50.96 44.22 

Standard Deviation 10.31 9.755 7.422 8.248 

Number in Sample 10 10 10 10 
·' 

TABLE .29 (b) 
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Analysis of variance summary table for the pre~experimental condition 
test-session and the post-P.xperimental condition test-session 
measures on rPulse Pressure for the "successful" alpha feedback 
group and the "advanced" T.H group 

Source DF ss MS F Ratio 

Between Subjects 

A ( Experimental Group) 1 620.9 620.9 4.418* 

Error 18 2530 140.5 

Within Subjects 

B (Pre- and Post-Exp. 1 54.28 54.28 2.495 
Test-Sessions) 

Ax B 1 194.5 194.5 8.940** 

Error 18 391.6 21. 75. 

TABLE 29 (c) 
Simple main effects summary table for the pre-experimental condi-
tion test-session (B1) and the post-experimental condition test
session (B2) measures on -Pulse Pressure for the, "successful" alpha 
feedback group (A1) and the "advanced" TH group (A2) 

Source DF ss MS F Ratio 

A at B1 1 60.20 60.20 • 7418 

A at B2 1 755.2 755.2 9.307** 

Error 36 2921 81.15 

B at A1 1 2L63 21.63 .9941 

B at A2 1 _227 .1 227.1 10.44** 

Error 36 783.2 21.75 
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TABLE .30(a) 

Means and standard deviations for the pre-experimental condition 
test-session and the post-experimental condition test-session 
measures on Respiration Period for the "successful" alpha feed
back group and the "advanced" TM group 

"Successful" "Advanced" TM 
Alpha Feedback Group Group 
Pre-E. Post-E. Pre-E. Post-E. 

Mean 58.62 67.98 46.91 ~52~ 45 
Standard Deviation 29. t4 27.27 9.967 21. .37 
Number in Sample 10 10 10 10 
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TABLE .30 (b) 
Analysis of variance summary table for the pre-experimental condition 
test-session and the post-experimental condition test-session 
measures on Respiration Period for the· 11 successful 11 aipha feedback 
group and the "advanced" TM group 

Source - DF ss MS F Ratio 

Between Subjects 

A (Experimental Group) 1 1855 1855 1.845 
Error 18 18097 1005 

Within Subjects 

B (Pre- and Post- Exp. 1 555 555 8.054** 
Test-Sessions) 

A x B 1 .36.48 ,36.48 .5295 
Error 18 1240 68.91 .. 

TABLE ,30(c) 
Simple main effects summary table for the pre-experimental condition(R) 
test-session and the post-experimental condition test-session (B2) 
measures on Respiration Period for the "successful" alpha feedback; 
group (A1) and the "advanced" TM group (A2) 

Source DF ss MS F Ratio 

A at B1 :t 685.6 685.6 1. 276 
A at B2 1 1206 1206 2.245 
Error .36 19.3.37 5.37.1 
B at A1 1 4,38.0 438.0 6 • .35 7* 
B at A2 1 15.3-5 15.3. 5 2.227 
Error. .36 2481 68.91 
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TABLE 31(a) 

Means and standard deviations for the pre-training and the post
trainicg scores on the Marlowe-Crowne Social Desirability Seal~ 
for the 11 snccess f'ul 11 alpha feedback group and the "regular" 
novice TM group 

11 Success f'ul 11 "Regular" 
Alpha Feedback Group Novice TM Group 

Pre- Post- Pre- Post-
Training Training Training Training 

Mean 13.6 11.'* 14.33 16.00 

Standard Deviation 4.766 5.232 5. 394 6.176 

Number in Sample 10 10 15 15 

TABLE 31(b) 

Analysis of' variance summary table for the pre-training and the 
post-training scores on the Marlowe-Crowne Social Desirability 
Scale for the "successful" alpha feedback group and the "regular" 
novice TM group 

Source DF ss MS F Ratio 

Between Subjects 

A ( Exp er imen tal Group) 1 85.33 85.33 1. 668 

Error 23 1177 51.16 

. Within Subjects 

B (Pre- and Post- 1 .1797 .1797 .019 2 
Training Testings) 

A X B 1 44.85 44.85 4.788* 

Error 23 215-5 9.368 

TABLE 31 (c) 

Simple main effects summary table for the pre-training (B1) and 
the post-training (B2) scores on the Harlowe-Crowne Social 
Desirability Scale for the "successful 11 alpha feedback group (A 1) 
and the 11regular 11 novice TM group (A2) 

Source DF ss MS F Ratio 

A at B1 1 3.226 3-226 .1066 
A at B2 1 127 127 4.20* 
Error 46 1392 30.26 
B at A1 1 24.20 24.20 2.583 
B at A2 1 20.83 20.83 2.224 
Error 23 215.5 9.368 
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TABLE· 32 (a) 

Means and standard deviations for the pre-training and the post
training scores on the Taylor Manifest AnAiety Scale for the 
"successful" alpha feedback group and the "regular" novice T.M 
group 

"Successful" "Regular 11 

Alpha Feedback Group Novice TM Group 

Pre- Post- Pre- Post-
Training Training Training Training 

Mean 15.6 13.6 18.73 12.87 

Standard Deviation 5.68 6.077 9 .. 4 7. 15 

Number in Sample 10 10 15 15 

TABLE 32(b) 
Analysis of' variance summary table for the pre-training and the 
post-training scores on the Taylor Manifest Anxiety Scale for the 
"successful" alpha feedback group and the "regular" novice TM 
group 

Source DF ss MS F Ratio 

Between Subjects 

A (Experimental Group) 1 17.28 17.28 .1900 

Error 23 2092 90.94 

\vi thin Subjects 

B (Pre- and Post- 1 233-3 233-3 11.09** 
Training Testings) 

Ax B 1 44.85 44.85 2.132 

Error 23 483.9 21.04 

TABLE 32(c) 

Simple main effects summary table for the pre-training (B1) and 
the post-training (B2) scores on the Taylor Hanif'est Anxiety Scale 
for the "successful" alpha feedback group (A1) and.the "regular" 
novice TM group (A2) 

Source DF ss HS F Ratio 

A at B1 1 58.91 58.91 1.052 

A a~ B2 1 3.227 3.227 .0576 

Error 46 2575 55-99 

B at A1 
·. 1 20 20 .9507 

B at A2 1 258o1 258.1 12.27** 

Error 23 483.9 21.04 
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TABLE 33(a) 

Means and standard deviations for the pre-training and the post
training scores on the EPI (N) for the "successful" alpha feed

. back group and the "regular" novice TM group 

"Successful'' "Regular" 
Alpha Feedback Group Novice TM Group 

Pre- Post- Pre- Post-
Training Training Training Training 

Mean 10.5 8.2 12.07 8.933 

Standard Deviation 4.378 3-824 5.483 4.217 

Number in Sample 10 10 15 15 

TABLE 33(b) 

Analysis of variance summary table for the pre-training and the 
post-training scores on the EPI (N) for the 11 successful" alpha 
feedback group and the "regular" novice TM group 

Source DF ss HS F Ratio 

Between Subjects 

A (Experimental Group) 1 15.87 15.87 .11366 

Error 23 831.1 36.35 

\vi thin Subjects 

(Pr~- ' 98 98 16~34** B and Post- 1 
Training Testings) 

A x B 1 2.084 2.084 .3475 

Error 23 137-9 5.996 

TABLE 33(c) 
Simple main effects summary table for the pre-training (B1) and 
the post-training (B2) scores on the EPI (N) for the "successful" 
alpha feedback group (At) and the "regular" novice TM group (A2) 

Source DF ss HS F Ratio 
/ ·, 

A at B1 1 14.73 14.73 .6955 
A at B2 1 3.227 3.227 .1524 
Error 46 974 21.17 
B at A1 1 26.45 26.45 4.411* 
B at A2 1 73.63 73-63 12.28** 
Error 23 137-9 5-996 
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TABLE 34(a) 

Means and standard deviations for the pre-training and the post
training scores on the Repertory Grid - Construct l''ou· (Empathic/ 
Non-Empathic) for the "success ful 11 alpha feedback group and the 
"regular" novice TM group 

11 SucceSS ful II "Regular 11 

Alpha Feedback Group f.. Novice TH Group 

Pre- Post- Pre- Post-
Training Training Training Training 

Mean -553 -557 .616 • 238 
Standard Deviation • 5148 .5049 .3859 .4577 
Number in Sample 10 10 15 15 

TABLE 34 (b) 
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Analysis of variance surrunary table for the pre-training and the post
training scores on the Repertory Grid - Construct Four (Empathic/ 
Non-Empathic) for the "successful" alpha feedback group and the 
"regular" novice TM group 

Source DF ss MS F Ratio 

Between Subjects 

A (Experimental Group) 1 .1966 • 1966 .5984 
Error 23 7-556 -3285 

\vi thin Subjects 

B (Pre- and Post- 1 .6339 .6339 6~809* 
Training Testings) 

A x B 1 .4378 .4378 4. 702* 
Error 23 2.t4t .0931 

TABLE 34(c) 

Simple main effects summary table for the pre-training ( Bt) m'ld 
the post-training (B2} scores on the Repertory Grid - Construct 
Four (Empathic/Non-Empathic) for the 11 success:ful 11 alpha :feedback 
group (At) and the 11 regular 11 novice TM group (A2) 

Source DF ss MS F Ratio 

A at B1 1 .0238 .0238 .113 
A at B2 1 .6106 .6106 2.896 

Error 46 9.697 • 2108 

B at At t .oooo8 .00008 .0009 

B at A2 1 1.072 1.072 11.51** 

Error 23 2. t4t .0931 



TABLE .35(a) 

Means and standard deviations for the change-scores on alpha, beta, high 
alpha, low alpha, heart-rate, autonomic balance, reaction-time and short
term memory/perceptual speed for the "successful" alpha feedback group and 
the "advanced" meditator group 

11 Successful11 11 Advanced11 

Variables Alpha Feedback Group Meditator Group 

Mean S.D. Mean S.D. 

Alpha 2.839 4:.84:0 -12.,34: 21.76 

:Beta -8.861 20.21 ,3.023 5-6.30 

High Alpha 5.107 9.296 2.267 4:.799 

Low Alpha 1 • .371 2.116 -2.569 10.73 

Heart-Rate -1.14: .3.64:1 -2.2 1.865 

Autonomic Balance 4:.14: 1.986 0.4:4: 4:.839 

Reaction-Time 2.29 5.04:9 -0.1.3 5-586 

S.T.M./P.S. 0 • .32 1.705 -0 • .30 0.598 

/ 

TABLE .35(b) 

Hotelling's T-Square Test for the significance of overall differences 
between the "successful" alpha feedback group and the "advanced" meditator 
group on the change-scores on alpha, beta, high alpha, low alpha, heart
rate, autonomic balance, reaction-time and short-term memory/perceptual 
~peed 

DF TSQ F Ratio 

8, 11 .39,05 2,98.3* 



. TABLE 36{ a) 

Means and standard deviations for the change-scores on alpha, beta and 
autonomic balance for the "successful" alpha feedback group and the 
"advanced" meditator group 

"Successful" 11 Advanced11 

Variables Alpha Feedback Group Meditator Group 

Mean S.D. Mean S.D. 

Alpha 2.839 4.840 -12.34 21.76 

Beta -8.861 20.21 3.023 5-630 

Autonomic Balance 4.14 1.986 0.44 4.839 

TABLE 36{b) 
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Hotelling's T-Square Test for the significance of overall differences 
between the "successful" alpha feedback group and the "advanced" meditator 
group on the change-scores on ~lpha, beta and autonomic balance 

/ 

DF TSQ F Ratio 

3, 16 10,88 3,243* 



TABLE .37(a) 

Means and standard deviations for the change-scores on 11 suggest ibil i ty'l, 
"need for approval11 , 11 anxiety11 , 11 neuroticism11 , 11 extraversionn, construed 
nempathyn, construed 11 ability to concentrate11 ,· construed "apathyn and 
construed 11 activity11 for the 11 successful11 alpha feedback group and the 

11 regular 11 novice meditator group 

11 Successful11 11 Regular11 

Variables Alpha Feedback Group Novice Meditator Group 

Mean S.D. Mean S.D. 

11 Suggestibilityn -1.4 1.4.30 -0.1.3.3 4.10.3 

11 Need for 
, 

-2.2 2.658 1.667 5.122 
Approval II 

11 Anxiety11 -2.0 .3.887 -5.867 7-708 
11 Neuroticism 11 -2 • .3 .3.529 -.3.2 .3.509 

~ 

11Extraversion1\ -0.8 5.514 2.267 ,3.195 

11 Empathy11 .004 0.167 -0 • .378 0.5.37 

liAbility to .048 0.24.3 -0.291 0.492 
concentratell 

11 Apathy11 0 • .319 0 • .395 0.009 0.647 

11Activity11 0.2.39 0 • .342 0.0061 0.416 

\ 

TABLE .37(b) 

Hotelling's T-Square Test for the significance of overall differences 
between the 11 successful11 alpha feedback group and the ''regular11 novice 
meditator group on the change-score on 11 suggestibility11 , ttneed for 
approvaln, llanxiety11 , 11 neuroticism11 , 11 extraversion11 , construed 11 empathy11 , 

construed 11 ability to concentrate11 , construed 11 apathy11 and construed 
11 activity11 for the "successful 11 alpha feedback group and the 11 regular11 

novice meditator group 

DF TSQ F Ratio 

9, 15 26,96 1,95.3 
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TABLE 38 

Stepwise Multiple Linear Regression of the change-scores on alpha, beta, 
high alpha, low alpha, heart-rate, autonomic balance, reaction-time and 
short-term memory/perceptual speed for the "successful" alpha feedback 
group and the 11 advancedtt meditator group 

Variable Added Cumulative Variance of subjects over groups 
accounted for - Multiple RSQR 

Autonomic Balance 21.75% 

Alpha 31.19% • 

. High Alpha 40.21'Yo 

·.Heart-Rate 51.32% 

Low Alpha 59-48% 

Reaction-Time 62.29'Yo 

Beta 66.91% 

S. T .:t-f./P.S. 68.45% 

TABLE 39 
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Stepwise Multiple Linear Regression of the change-scores on "suggestibility", 
"need for approval", nanxiety11 , 11 neuroticism 11 , 11 extraversion11 , construed 
11 empathy", construed ttability'to concentrate", construed llideal-self" and 
construed "sensitivity" for the 11 successful 11 alpha feedback group and the 
"regular11 novice meditator group 

Variable Added 

"Need for ~pprovaln 

"Ability to concentrate11 

IIExtraversionn 

nsensitivity11 

11Anxietyn 

11 Suggestibilityn 

11 Ideal-Self11 

11 Neuroticism11 

11 Empathy11 

Cumulative. Variance o_f ~"b,.j~ct.s. over groups 
accountec;l for·;.-_ Multiple RSQR 

17.23% 

28.16% 

40.61% 

49.511}'o 

56~92% 

57 .8?«yo 

58.95% 

59.42% 

59.48% 



TABLE 40 

Means and standard deviations for the scores on the Phenomeno
logical Repertory Grid Constructs for the 11 successful 11 alpha 
feedback group (as defined by "the experimenter's rating" 
criterion) and the "advanced" TM group 

Alpha Feedback "Advanced" TM 
Construct Group (n=11) Group (n=8) F Ratio 
Number He an SD He an SD (DF = 1,17) 

1 .5455 * .5025 .3488 .3477 .9035 
2 -.364 .6280 • 1600 .4274 4.134 
3 .0436 .6397 .2288 -5186 • 4516 
4 -.588 * • 3823 -.233 .4654 3-346 
5 -. 6 31*. • 3197 -.330 .1642 5.889* 
6 -.662* • 3156 -.120 -5500 7.423* 
7 -. 704* .3811 -.371 .4820 2.825 
8 .4245 -5323 .1600 .4875 1.225 
9 .4055 -5301 .0163 -3566 3-223 

10 -.585*' .3020 -. 438' -3739 • 9118 
11 • 5618 * .4763 • 3725 -3309 .9298 
12 -.243 .6808 .4675 .2197 .7999 
13 -3782 -5511 .4313 • 2980 .0606 
14 -.054 .6072 • 2188 .5677 .9830 
15 -.353 .6685 -.376 .3984 .0078 
16 -5582* .5659 • 4450 .3085 • 2607 
17 '. 1602 • 69 31 -.508 .3079 6. 5 75 * 
18 -.418 .6884 -. 481 • 2514 .0695 
19 • 6227 * • 4294 • 1425 .5575 4.517* 
20 • 3291 -7317 .'±213 • 3195 .1102 
21 -.531 * .5582 -.410 • 2448 .3256 
22 .5282 -5787 -3538 .4214 .5217 
24 • 7236*' • 3lJ:57 .3875 • 3542 4. 291 
25 -7136*' • 3311 ·' • 4163* .1975 5.086* 
26 • 6491 * • 51.5 2 .3063 .3711 2.558 
27 .0718 • 7141 .1888 • 4725 .1616 
28 • 5618 * .4774 .4138 ~ 3819 • 5231 
29 .0773 .8088 -.136 • 35 24 . .4844 
30 • 75 28** • 2525 • 4575* • 3092 5.448* 
31 -.224 .7983 -.214 .3596 .0011 
32 -. 64 3 * .5125 -.035 .5602 6.029* 
33 . -. 345 • 7451 -.525 • 3620 .3963 
34 -. 7 34** • 2116 -. 46o*~ • 2801 5.914* 
35 .3245 -7573 -.039 • 5194 1. 363 
36 -.456 -5932 • 1125 • 539 3 4.587* 

The s;ignificance levels shown within the two "Means" 
columns (i.e, nqt 1vithin the F Ratio column) indicate 
the level of confidence with which it is assumed that 
a given group's means score on a particular construct 
is significantly different from 0. 
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8.2 Summary of Results: 

Feedback-associated alpha enhancement and Transcendental Meditation will 

not be compared in the present section over all the variables examined in 

the study but merely on those variables that were shown in previous sections 

(see sections 6.2 and 7.2) to index one or both of the practices (see 

section 1.J). 

8.2.1 Summary of EEG Results: The 11 successful11 alpha feedback group and 

the "advanced" meditator group produced significantly different changes with 

. respect to occipital alpha abundance (i.e., Percentage Time Alpha in z

scores) over the short-term experimental sessions (P<,05). That is, the 

groups diverged significantly in terms of alpha from the pre-experimental 

rest condition (on which they were, by convention, equal) to the experimental 

condition (P<,05) as a result of a strong trend indicative of an increase 

on the part of the 11 successful11 alpha feedback group and a significant de-· 

crease on the part of the "advanced" meditator group (P<,05). As a result 

of a subsidance of these divergent EEG trends on cessation of the experimental 

condition, no differences were found between the two groups over the post

experimental rest condition. 

A significant difference also emerged between the two groups with respect 

to their changes in occipital beta abundance over the short-term experimental 

sessions (P<,05). Once again, the groups were found to have diverged signi-

ficantly from the pre-experimental rest condition base to the experimental 

condition (P<,05) as a result of a strong trend indicative of an increase 

on the part of the 11 advance~1 meditator group and a significant decrease on 

the part of the 11 successful11 alpha feedback· group (P<,01). On cessation 

of the experimental condition, these divergent EEG trends dissipated and no 

differences were found between the two groups over the post-experimental 

rest.condition. 

Since short-term changes within the High Alpha and Low Alpha frequency bands 

were not found to index either of the two practices (see sections 6.2.1 

and 7.2.1), no attempt will be made here at comparison over these two 

11 non-index 11 variables. 

To summarise: Feedback-associated alpha enhancement, as practised by a 

group of 11 successful11 alpha feedback proponents, was found to be accompanied 

by significantly more occipital EEG alpha and less beta than was the practice 

of Transcendental/ •••• ~ •• 
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of Transcendental Meditation, as performed by a group of teachers of the 

technique •. 
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8.2.2 Summary of Heart-Rate Results: Since neither feedback-associated 

alpha enhancement nor Transcendental Meditation were found to be associated 

with (short-term) changes in heart-rate (see sections 6.2.2 and 7.2.2 

respectively), the two practices were not compared on this "non-index" 

variable (see section 1.3). 

8.2.3 Summary of Autonomic Balance Results: The "successful" alpha feed-

back group and the "advanced" meditator group produced significantly dif

ferent changes in autonomic balance from the pre- to the post-experimental 

condition tests (P<,05). Whilst there was no difference between the two 

groups over the pre-experimental condition test, a significant difference 

was obtained over the post-experimental condition test (P<,05). This was 

due largely to the "successful" alpha feedback group, but not the 11 advanced11 

meditator group, having increased significantly on A across the two test

sessions (P<,01). That is, the "successful" alpha feedback group moved 

significantly in a parasympathetic direction whilst the "advanced" meditator 

group failed to show any change. 

The two .groups were also compared with respect to their short-term changes on 

3 of the 7 physiological parameters that contribute toward A. These were the 

3 physiological variables tha,t had previously been shown to change signi

ficantly as a function of one or both of the practices - Heart Period, 

Respiration Period (see section 6.2.3) and Pulse Pressure (see section 7.2.3). 

The interspacing of the 20-minute experimental condition between autonomic 

balance tests for the 11 succe.ssful 11 alpha feedback group was found to be 

associated with a significant lengthening of both Heart and Respiration 

Periods (P<,o1 and P<,05 respectively). For the "advance~' meditator group 

on the other hand, the interspacing of the experimental condition was found 

only to be accompanied by a significant lowering of Pulse Pressure (P<,01) • 

. The changes obtained by the two groups on the measures for Heart Period and 

Pulse.Pressure were significantly different (P<,05 and P<,01 respectively). 

To summarise: Feedback-associated alpha enhancement and Transcendental 

Meditation were found to be accompanied by significantly different changes 

in autonomic balance; that is, feedback-associated alpha enhancement was 

found to/ •••••••••••··· 
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found to be followed by a significant parasympathetic autonomic balance 

shift whilst no such effect was found to follow Transcendental Meditation. 

8.2.4 Summary of Reaction-Time Results: Since neither feedback-associated 

alpha enhancement nor Transcendental Meditation were found to be associated 

with subsequent (short-term) changes in reaction-time performance (see sections 

6.2.4 and 7.2.4), the two practices were not compared on this "non-index11 

variable. 

8.2.5 Summary of Short-Term Memory/Perceptual Speed Results: Since neither 

of the two practices were found to be associated with subsequent (short

term)changes in short-term memory/perceptual speed performance (see sec

tions 6.2.5 and 7.2.5), they were not compared on this 11 non-index11 variable. 

8.2.6 · Summary of Psychological Test Results: Nine of the psychological 

dimensions examined in the present study were found to have changed signi

ficantly as a function of the longitudinal practice of one or both of the 

. techniques under investigation- 11 suggestibility11 , "need for approval", 

11 anxiety11 , 11 neuroticismt!, "extraversion11 , construed "empathy", construed 

11 ability to concentrate", construed 11 apathy11 and co~strued 11 activity11 • 

("Hypnotic susceptibility11 also changed significantly but this variable 

was limited to the feedback investigation.} The "successful" alpha feed-

back group and the 11 regular11 novice meditator group were thus compared 

with respect to their long-term changes on these 9 psychological variables. 

The llsuccessful11 alpha feedback group and the 11 regular" novice meditator 

group produced significantly different changes with respect to "need for 

approval" (P<,05)~ That is, as a result of a strong trend indicative of 

a decrease on the part of the "successful" alpha feedback group and a 

strong trend indicative of an increase on the part of the 11 regulartt novice 

meditator group, a pre-training insignificant difference between the two 

groups on "need for approvaltt reached significance at post-training (P<,05}. 

The two groups were also found to have produced significantly different 

changes with respect to construed 11 empathy11 (P<,05). That is, whilst the 

11 regular11 novice meditator group decreased significantly in terms of 

construed 11 empathytt from pre- to post-training (P<,o1}, ·the "successful" 

alpha feedback group showed no change. 

The two/ •••••••••••••••• 
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The two groups as a whole decreased significantly with respect to "anxietyn 

(P<,ot). Howe~er, this significant effect was largely the result of a 

significant decrease on the part of the "regular" novice meditator group 

(P<,ot) rather than the insignificant decrease on the part of the "success

ful" alpha feedback group. 

The two groups were found to have produced similar significant changes with 

respect to "neuroticism". That is, both the "successful" alpha feedback 

group and the 11 regular11 novice meditator group decreased significantly with 

respect to "neuroticism" from pre- to post-training (P<,05 and p<,ot 

respectively). 

Finally, no significant differences emerged between the two groups with 

respect to their changes on "suggestibility", "extraversion", construed 

"ability to concentrate", construed "apathy" and construed "activity". 

There was also no evidence for the two groups as a whole having changed 

significantly over these variables. (There were trends indicative of 

differences between the two groups with respect to their changes on "extra

version" and construed "ability to concentrate".) 

Thus, significant differences emerged between the groups practising 

feedback-associated alpha enhancement and Transcendental Meditation on only 

two of the nine psychological variables over which they were compared 

changes in "need for approval 11 and changes in construed 11 empathy11 • 

8.2.7 Summary of Hotelling 1 s T-Square Analyses: The "successful" alpha 

feedback group and the "advanced" meditator group were compared simultaneously 

on all 8 short-term variables - alpha, beta, high alpha, low alpha, heart

rate, autonomic balance, reaction-time and short-term memory/perceptual 

speed - and a significant overall difference was obtained between the two 

groups (P<,os). 

The 11 successful 11 alpha feedback group and the "advanced" meditator group 

were also compared simultaneously on the 3 short-term variables that had 

been previously shown to index one or both of the practices - alpha, beta, 

and autonomic balance. Once again, a significant overall difference emerged 

between the two groups (P<,05). 

The "successful" alpha feedback group and the "regular" novice meditator 

group/ ••••••••••••• 
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group were compared simultaneously on the 9 long-term psychological variables 

that had been previously shown to ~hange as a function of one or both of the 

practices - "suggestibility", "need for approval", "anxiety", "neuroticism", 

"extraversion", construed "empathy", construed "ability to concentrate", 

construed 11 apathy11 and construed "activit~'· No overall significant dif

ferences emerged between the two groups with respect to their long-term 

changes over these 9 psychological variables. 

8.2.8 Summary of Stepwise Multiple Linear Regression Analyses: The order 

of importance of the 8 short-term variables for distinguishing between the 

"successful" alpha feedback.group and the 11 advanced11 meditator group was 

determined by means of a Stepwise Multiple Linear Regression. The order of 

importance that emerged was as follows: autonomic balance, alpha, high alpha, 

heart-rate, low alpha; reaction-time, beta and short-term memory/perceptual 

speed. 

A similar analysis was carried out in order to determine the order of importance 

of the 9 most important lpng-term psychological test variables for disting

uishing between the 11 suc~essful 11 alpha feedback group and the "regular" 

novice meditator group. The order of importance that· emerged was as follows: 

"need for approval", construed "ability to concentrate", "extraversion", 

construed "sensitivity", "anxiety", "suggestibility", construed "ideal-self", 

"neuroticism" and construed "empathy". 

Summary of Phenomenological Repertory Grid Results: The "successful" 

alpha fgedback group (as defined by 11 the experimenter's rating" criterion of 

11 success 11 - see section 5.6.1), as opposed to the 11 advanced11 meditator group, 

construed their practice to be significantly less associated with lltime-slowing 11 

(P<105) 1 more as~ociated with 11 time-speeding 11 (P<,05), more associated with 

"floating experiences11 (P<1 05) 1 more associated with "high alpha_ levels" 

(P<,05), more 11 anxiety-reducing11 (P<,05), less 11 anxiety-evoking11 (P< 1 05) 

and less "unpleasant" (P<1 05). In addition to these quantitative differences 

between the two groups (i.e., although both groups construed changes in the 

same direction, the magnitude of the changes were significantly different), 

significant~qualitative differences were obtained on another two constructs. 

The "successful" alpha feedback group construed their practice to be accompan

ied by more ttthoughts11 whilst the 11 advanced11 meditator group construed their 

practice to be accompanied by less 11 thoughts (P<,05). The alpha feedback 

group construed their practice to be accompanied by a 11 loss of consciousness" 

whilst/ ••••••••••••••••• 
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whilst the meditators construed their practice to be accompanied by a 

change in the opposite direction (P<,05). It should be noted, however, 

that these qualitative differences were obtained on "non-index11 variables; 

that is, on variables that were found not to significantly index either of 

the two practices. 

8.J Discussion 

The sixth and major aim of the present study was to examine the relation

ship between feedback-associated alpha enhancement and Transcendental Medi

tation by means of a systematic comparative examination of some of their 

supposed concomitants. The comparative investigation involved two separate 

studies - a short-term physiological and behavioural study and a longitudinal 

psychological study. 

Over the short-term, feedback-associated alpha enhancement, as practised 

by a group of pre-selected 11 successful" alpha feedback subjects, was compared 

with Transcendental Meditation, as practised by an 11 advanced" group of sub-

jects - all teachers of the technique. The variables over which the two 

practices were compared were restricted to those that had been shown pre

viously (in sections 6 and 7) to index significantly at least one of the 

practices. Consequently, they were not compared across all the short-term 

variables examined in the present study - high alpha, low alpha, heart-rate, 

reaction-time and short-term memory/perceptual speed had all been found to 

be unaffected by either practice. On the.other hand, "successful" feedback-
/ 

associated alpha enhancement had been shown to be significantly accompanied 

by changes in occipital alpha abundance and beta abundance and by a sub

~equent significant shift in autonomic ~alance (see sections 6.2.1 and 6.2.J). 

Transcendental Meditation had similarly been found to be accompanied by a 

significant alteration in alpha abundance and by a strong trend indicative of 

an alteratiQn in beta abundance (see section 7.2.1). The two p~actices 

were thus compared over these three "relevant 11 variables (see section 1.J) -

alpha, beta and autonomic balance. 

The two groups were found to have produced significantly different changes on 

each of the three 11 relevant 11 or. 11 index11 short-term variables. Feedback-

associated alpha enhancement was found to be accompanied by significantly 

more occipital EEG alpha and less beta than was the practice of Transcendental 

Meditation. In addition, it was found to be followed by a significant 

parasympathetic/ ••••••••• 
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parasympathetic shift in autonomic balance whilst no such effect was found 

to follow Transcendental Meditation. It should also be emphasised that 

the alpha and beta EEG differences were only found during the actual 

experimental conditions (i.e., when the groups were practising their 

respective techniques) and not during any of the resting control conditions 

and that the differences with respect to autonomic balance only emerged 

after the groups had pracised their respectiv~ techniques (and not before). 

The two groups were then compared simultaneously with respect to their changes 

on these three "relevant" variables and, once again, a significant overall 

difference emerged between the two groups. 

It was recognised that the procedure of limiting the comparative examination 

to criterion "relevant" variables may have resulted in the exclusion from 

the analysis of 11 irrelevant 11 variables that might nevertheless have 

discriminated between the two practices. An analysis was therefore carried 

out to determine the order of importance of all eight short-term variables 

in discriminating between feedback-associated alpha enhancement and 

Transcendental Meditation. The results, in fact, partially confirmed the 

above suspicion. The order of importance that emerged was - autonomic 

balance, alpha, high alpha, heart~rate, low alpha,. r~action-time, beta and 

short-term memory/perceptual speed. Such "irrelevant" variables as low 

alpha and.heart-rate proved to be far more important discriminating variables 

than the ~relevant" variable, beta. 

The strategy of limiting the comparative examination to variables that had 

been shown to index at least one of the two practices was adopted in order 

to avoid the possibility of significant differences on "relevant" variables 

being swamped by insignificant effects on "irrelevant" variables (see section 

1.3). For example, should sufficient "irrelevant" data be added to "relevant" 

EEG, REM and EMG data in a statistical analysis of the relationship between 

stage four sleep and stage one REM sleep, it would be possible to obtain no 

overall significant difference between the two states. It was nevertheless 

thought to be of interest to determine whether a significant overall difference 

would still emerge between the two practices if they were simultaneously 

compared over all eight short-term variables ·(i.e., both "relevant" and 

11 irrelevant 11 variables). Once again, a significant overall difference 

emerged between the two practices. 

The findings of the short-term comparative study appear to provide convinc

ing support for the conclusion that feedback-associated alpha enhancement 

(as practised/ ••••••••••••••••• 
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(as practised by a group of "successful" subjects) and Transcendental 

Meditatiori (as practised by a group of te~chers of the technique) have 

important and significant distinguishing parameters. These differences 

point toward the practices being accompanied by significantly different 

psychophysiological conditions. As previously stated (see section 1.J), 

it is recognised that the strategy of conceptualising these psychophysiolog

ical conditions in terms of "states of consciousness" is of 'debatable 

usefulness. Nevertheless, in terms of the operational definition for a 

given state of consciousness adopted by the present study (see section 1.J) -

as a hypothetical construct which may be indexed, albeit in an imperfect 

way, by relevant data drawn from many levels of analysis and derived by 

different methodological operations - the data appear to be consist~nt 

with the conclusion that the practices of feedback-associated alpha 

enhancement and Transcendental Meditation are associated with significantly 

different hypothetical altered states of consciousness. That is, the 

simultaneous "relevant" data (and even the "irrelevant" data) obtained from 

a number of different levels of analysis and from a number of different 

methodological operations do not appear to converge upon a single hypothetical 

state (Stoyva & Kamiya, 1968; Stoyva, 1970). The question of whether 

the obtained distinction between the two hypothetical·altered states is of 

a qualitative or merely a quantitative nature depends largely upon meta

theoretical issues relating to one's view of "consciousness". For example, 

should one, like Fischer (1971), conceptualise states of consciousness to 

range along a continuum of arousal from the ergotropic states to the tropho

tropic Yoga Somadhi,· then it would not even be meaningful to speak in terms 

of qualitative distinctions - all distinctions would, by definition, ha~e 

to be quantitative. Since a consideration of these metatheoretical issues 

is beyond the scope of the present study, no conclusions will be offered 

concerning whether the obtained differences between the two hypothetical 

altered states is qualitative or quantitative. 

The present conclusion - that the two practices are accompanied by signif

icantly distinct hypothetical states - may be seen to be at variance with 

the views expressed by the majority of writers in the field (Nideffer, 1973; 

Stoyva, 1970; Kamiya, 1968, 1969; Mulholland, 1968; Maslow, 1969; Hilgard, 

1969; Hart, 1967; Lynch & Paskewitz, 1971; Davidson & Krippner, 1971; 

Gaarder, 1971; Black, 1971~· 1972; Ornstein, 1972; Shapiro & Schwartz, 

1972- see section 4). The conclusion was arrived at not so much on the 

basis of contradictory data (to the previous writers) but rather as a result 

of the· employment of a more sophisticated kind of research methodology (see 

section 4.3/ ••••••••••••• 
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section 4.J). That is, unlike the majority of previous writers, (1) the 

states were not only compared over one or two variables but simultaneously 

on a number of variables in a multidisciplinary comparative experiment, and 

(2) the two states were not compared on data derived by different researchers 

and with different methodologies but on data obtained by the ~ experimenter 

employing constant experimental techniques across the two practices. No 

previously published study had attempted a systematic comparative experimental 

investigation ~nto the relationship between the two practices. 

The second part of the comparative study involved a longitudinal investigation 

into the psychological correl~tes of the two practices ••. The pre- and post

training scores of a group of 11 successfull1 alpha feedback subjects on a 

number of psychological variables were compared with those of a "regular" 

novice meditator group. As in the case of the short-term comparative 

experiment, the two practices were not compared over all the psychological 

variables examined in the study but merely on those that had previously 

been shown to change (or to index) as a function of at least one of the 

two practices (see section 6.~.6 & 7.2.6). Feedback-associated alpha 

enhancement and Transcendental Meditation were consequently not compared on 

the following psychological dimensions: construed . 11tenseness 11 , construed 

"ideal-self", construed "frustration-tolerance", construed "happiness", 

construed 11 warmth11 , construed "withdrawal", construed "creativity", construed 

"optimism", construed "confidence" and construed "sensitivity". On the 

other hand, 11 successful 11 feedback-associated alpha enhancement had been 

found to be accompanied by changes in "suggestibility", (also in "hypnotic 

susceptibility" but this variable was not included in the comparative 

examination), 11 need for approval", "neuroticism", .~onstrued "apathy" and 

construed 11 activeness11 .(see section 6.2.6). "Regular" Transcendental 

Meditation practice had been shown to be associated with changes in "need 

for approval 11 , 11 neuroticism", "anxiety", "extraversion", construed "empathy" 

and construed "ability to concentrate". The longitudinal·practice of the 

two techniques was thus compared on the following nine "relevant" 

psychological variables (i.e., criterion indices - see section 1.J) -

"suggestibility", "need for approval", "anxiety", "neuroticism",<:", 

"extraversion", construed "empathy", construed "ability to concentrate", 

construed "apathy" and construed "activeness". 

The results indicated that the groups produced significantly different 

changes on only two of these nine psychological variables - on "need for 

approval" and on construed "empathyn. However, in view of the previously 

mentioned/ ••••••••••••••• 
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mentioned problem associated with the construct 11 empathic/non-empathic11 

(see section 7.3), the finding with regard to this variable is questionable. 

Generally, the longitudinal practice of both techniques tended to be 

accompanied by similar reductions in 11 negative 11 psychological characterist

ics and increases in "positive" psychological characteristics. The 

''successful" alpha feedback group and the "regular" novice meditator group 

were then compared simultaneously with respect to their long-term changes 

on these nine "relevant" psychological variables. The result - that there 

was no overall difference between the two groups on the variables - strongly 

supported the conclusion that the regular long-term practice of feedback

associated alpha enhancement and Transcendental Meditation are accompanied 

by similar ~easurable psychological changes. 

As in the case of the short-term comparative experiment, it was recognised 

that the procedure of limiting the comparative examination to criterion 

11 relevant 11 variables may have resulted in the exclusion from the analysis 

of "irrelevant" variables that might nevertheless have discriminated between 

the two practices. An analysis was therefore carried out in order to 

determine the order of importance 9f the nine most important (from a 

discrimination point of view) psychological variabl~~ in discriminating 

over the long-term between the two practices. The order of importan6e 

that was obtained was as follows: "need for approval", construed "ability 

to concentrate", "extraversion", construed "sensitivity", "anxiety", 

II SUggestibility!! t construed II ideal-selfll t 11 neuroticismll and Construed 11 empathyl!< 

Changes in "need for approval" turned out to be not only perhaps the onl~ 

psychological variable over which the two groups differed significantly (in 

view of the questionable status of the construed "empathy" variable), but 

also emerged as the most important variable for distinguishing between 

the two groups. 

The above findings seem to indicate that although the practices of feedback

associated alpha enhancement and Transcendental Meditation were found to be 

accompanied by largely similar psychological changes, the role played by 

factors associated with "n~ed for approval'' in contributing toward these 

changes might have been differ~nt for the tw~ practices. The significant 

difference found between the two groups with respect to their changes in 

"need for approval" - with the alpha feedback subjects decreasing and the 

meditators increasing - underlines previously discussed conclusions 

concerning the role of factors associated with "need for approval'' in 

contributing toward psychological changes. That is, whilst it was concluded 

that there/ •••••••••••••••• 
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that there was no evidence to suggest that changes in 11 need for approval" 

might have contributed toward the alpha feedback-associated "positive" 

psychological changes (see section 6.J), it was concluded that limited 

evidence pointed toward increases in "need for approval" as having contributed 

toward the meditation-associated "positive" psychological changes (see 

section 7.3). A possible reason for the apparently .different role played 

by these factors in the two practices is the following. The meditation 

subjects were taught their techniques within a philosophical and social 

framework almost ideally structured for the purposeful manipulation of 

the "attitudes", "expectancies" and "motivations" etc. of suitable (i.e., 

predisposed) subjects. The enhanced "need for approval" shown by these 

subjects may therefore have been a reflection of the influence of these 

"Transcendental Meditation-associated social pressures" (see sections 7.3 & 

J.2.4). The alpha feedback subjects on the other hand were not knowingly 

exposed to any purposefully manipulated social pressures. Those to which 

they might have been exposed were of a covert nature and probably highly 

variable across subjects. Social factors, such as perceived "demand 

characteristics" etc., appeared therefore to have no systematic effect in 

raisi~g these subjects' "need for approval". 

The practices of feedback-associated alpha enhancement and Transcendental 

Meditation were also compared over the short-term on a subjective level. 

The scores of a group of "advanced" meditators on the constructs of the 

Phenomenological Repertory Grid (see Appendix K) were compared with those 

of a "successful" alpha feedback group. This "successful" group, it should 

be noted, were constituted according to a different criterion of ''success" 

to that used throughout the rest of the study (i.e., according to "the 

experimenter's rating criterion" - see section 5.6.1). It was selected 

because it was directly related to the Ustrength" of s~bjeets' alpha-feedback 

associated subjective experiences. The correlation between the ranking 

of the subjects according to this criterion and according to the criterion 

us~d elsewhere (i.e., "the alpha z-score change rating criterion") was 

fortunately acceptably high (r = 0,7158) (see section 5.6.1- Table 5). 

As for the two previous comparative experimerits, the practices were only 

compared on those variables that had been shown previously (see sections 

6.2.7 & 7.2.7) to significantly index at least one of the practices. They 

were consequently compared on 17 of the 35 constructs - constructs one, 

four, five, six, seven, ten, eleven, sixteen, nineteen, twenty-one, twenty

four, _twenty-five, twenty-six, twenty-eight, thirty, thirty-two and thirty-

four/ ................. 
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four. Significant differences were obtained between the two groups on 7 

of these 17 "relevant'' {i.e., criterion index) constructs. In each instance, 

the significant difference was quantitative; that is, both groups construed 

their practices to be accompanied by similar changes but the magnitude 

of these construed changes was significantly different. In each case, 

it was the "successful'' alpha feedbac~ group that construed their practice 

to be accompanied by the more extreme changes. Thus, for example, although 

both groups construed their practices to be accompanied by "time-speeding" 

(i.e., they experienced time to pass very quickly. A 20-minute experimental 

session was frequently perceived to be as short as 5 minutes.), the alpha 

feedback group indicated a significantly stronger awareness of the effect. 

The alpha feedback group also construed their practice to be significantly 

less "anxiety-evoking", more "anxiety-reducing", less "unpleasant" and less 

associated with "time-slowing", more associated with "high alpha levels" 

and more associated with "floating sensations". 

The obtained distinctions between the two groups with respect to the construed 

subjective concomitants of their respective practices are unfortunately open 

to at least two contradictory interpretations. The most obvious is that 

the distinctions reflect differences between the suqj_ective states associated 

with the two practices. Alternatively, the findings are also consistent 

with the view that the two groups might simply have translated essentially 

the same phenomenal experience into somewhat different verbal form. For 

example, what may have been considered a profound effect by the-relatively 

inexperienced alpha feedback subjects, may have been thought of as relatively 

"common-place" by the more experienced "advanced" meditators. A far strong

er phenomenal experience may therefore have been required to have .elicited 

the same verbal response from the meditators. The finding that it was 

the alpha feedback subjects, rather than the meditators, who consistently 

scored more extreme on the constructs, is consistent with this interpretation. 

In view of the interpretation problems associated with the subjective data, 

no conclusions may validly be derived from them concerning the relationship 

between the two hypothetical altered states of consciousness. This finding 

is consistent with the previously expressed view of the author concerning 

the low reliability and validity of subjective data for the indexing of 

altered states of consciousness (see section ~.1). 

To summarise: Feedback-associated alpha enhancement and Transcendental 

Meditation were found to have important and significant distinguishing 

short-term/ •••·••••••••• 
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short-term parameters. It was concluded that these data were consistent 

with the view that the two practices are accompanied by distinct hypothetical 

altered states of consciousness. The psychological correlates of the 

regular long-term practice of th~ two techniques were also compared and 

they were found to be accompanied by laigely similar psychological changes -

"positive" psychological characteristics tended to be enhanced whilst 

"negative" psychological characteristics tended to be reduced. There was 

evidence, however, to suggest that some of the underlying mechanisms 

responsible for these similar psychological changes were not the same. 

Finally, problems of interpretatiori rendered inconclusive subjective data 

on the relationship between the two hypothetical altered states of 

consciousness. 



9.0 CONCLUSION 

9.1 Conclusions bearing on the Alpha Feedback Investigation 

One of the aims of the present study was to attempt to demonstrate the 

·phenomenon of operant alpha enhancement in accordance with the criteria 

for acceptability outlined by Katkin and Murray (1968). Their three criteria 

were thus systematically applied to the experimental design and to the data 

of the study. On the basis of this application, it was concluded that 

although the phenomenon had been satisfactorily demonstrated, it appeared 

to have been operantly-mediated. It was further tentatively suggested 

that possibly all instances of apparent direct alpha control are, in fact, 

mediated (pos~ibly unconsciously) via control over oculomotor efferent 

activity (see section 6.J). 

A second major aim of the study was to determine the physiological, behav

ioural and psychological correlates of feedback training for alpha enhancement. 

A short-t~rm physiological and behavioural experiment revealed 11 successful 11 

feedback-associated alpha enhancement to be significantly accompanied by an 

enhancement in occipital alpha abundance and a reduction in occipital beta 

abundance. In addition, the practice was found to be followed by a signif-

icant parasympathetic shift in autonomic balance. There was also some 

evidence to suggest that 11 successful11 practice might be associated with a 

greater ability to relax in an experimental situation, as reflected by 

faster rates of heart-rate r~~uction. 

A longitudinal psychological experiment revealed that the regular ''successful" 

practice of· feedback-associated alpha enhancement was accompanied by 

reductions in "negative11 psychological characteristics and increases in 

11 positive" psychol~_gical characteristics. Specifically, 11 need_for approval" 

and 11 neuroticism11 were found to have decreased whilst subjects tended to 

construe themselves as more 11 active11 and 11 involved11 • There was no evidence 

to suggest that these 11 positive11 psychological changes may have been due 

to the effects of factors confounded with 11 successful11 alpha feedback 

practice - such as increases in "need for approval 11 or the perceived 11 demand 

characteristics" of the experimental situation. It was thus concluded that 

the regular ''successful" practice of feedback-associated alpha enhancement 

was associated/ •••••••••••••• 
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was associated with "desirable" psychological changes. 

"Successful" long-term alpha feedback practice was also found to be 

accompanied by significantly raised 11 hypnotic susceptibiltiy" - a finding 

congruent with that of Engstrom, London and Hart (1970a, b) (see section 2.3). 

In going beyond this earlier research, it was also found that the enhanced 

"hypnotic susceptibility11 was 2!!accompanied by an increase in 11 direct 11 (or 

waking) "suggestibility". This additional finding (plus ·other evidence) 

suggested an alternative mechanism to that proposed by Engstrom, London and 

Hart for the alpha feedback-associated "hypnotic susceptibility" increase. 

It was concluded that the practice raises 11 hypnotic susceptibility", not 

via its influence upon "suggestibility" per se, but rather via its influence 

upon subjects' ability to adopt "passive" attentional states" during 

conditions necessitating relaxation. The implication of this alternative 

interpretation is that alpha feedback.may only be useful for the raising 

of "hypnotic susceptibility" under conditions of relaxation. 

Finally, a short-term examination of the subjective correlates of "successful" 

feedback-associated alpha enhancement provided data that supported much of 

the findings of the other experiments~i 

9.2 Conclusions bearing on the Transcendental Meditation Investigation 

A third major aim of the study was to examine the occipital EEG ·correlates 

of Transcendental Meditation (see section 1.2). A short-term experiment 

indicated that meditation (as practised by teachers of the technique) was 

accompanied by a significant reduction in occipital alpha abundance and by 

a trend indicative of enhanced occipital beta abundance. These data, it 

was concluded, are consistent with the hypothesis that Transcendental 

Meditation may be accompanied by a forward migration of slower EEG activity 

toward the frontal EEG channels and by an intensification of lower voltage 

fast activity over the posterior regions. They are unfortunate~y also 

not inconsistent with the hypothesis that meditation-associated EEG changes 

might be indistinguishable from those of light sleep (Otis, 1974). It 

was thus additionally concluded that, in order to obtain decisive evidence 

on these two incompatible hypotheses, further similar EEG research into 

meditation is to be recommended wherein simultaneous EEG data from frontal 

and central channels are also examined' (in addition to occipital EEG data). 

A fourth/ ••••••••••••••• 



A fourth major aim of the study was to examine a number of short-term 

physiological and behavioural correlates of meditation. The practice was 

found to be unaccompanied by changes in heart-rate. In addition, it was 

not found to be associated with a subsequent change in autonomic balance 

nor with changes in performance on tasks involving reaction-time and short-

term memory/perceptual speed. It was concluded that the failure to find 

a hypometabolic condition after meditation (which does not imply the absence 

or presence of such a condition during actual meditation) raises some doubt 

concerning the efficacy of meditation-associated hypometabolism as a 

mechanism underlying the assumed meditation-associated psychotherapeutic 

benefits (see section 3.3.4). 

A fifth major aim of the study was to explore the psychological concomitants 

of regular meditation practice and to attempt to determine the role, if any, 

of factors related to changes in 11 need for approval" in bringing about 

measurable psychological changes. "Regular" long-term meditation practice 

was found to be accompanied by reductions in "negative" psychological 

characteristics and by increases in 11 positive11 psychological characteristics. 

Specifically, 11 anxiety11 and "neuroticism" were found to be reduced whilst 

11 extraversion11 was found to be increased and subjec~s tended to construe 

themselves as better "able to concentrate". These findings were largely 

in line with those of previous researchers (see section 3.2.4). However, 

a strong trend indicative of an increase in 11 need for approval" provided 

some tentative evidence to suggest that these "positive" psychological changes 

might not simply have been due to the cumulative effects of regular meditation 

practice. The increase in "need for approval 11 may have contributed -

either directly by its possible effect on some psychological variables or 

indirectly via its influence upon a subject's meditation regularity - toward 

the meditation-associated psychological changes. It was tentatively 

suggested that the enhanced 11 need for approval" may have been a reflection 

of the effects of "Transcendental Meditation-associated social pressures" 

upon suitably predisposed subjects (see section 3.3.5). On the basis off 

this suggestion, it was tentatively concluded that should it be desired to 

raise Transcendental Meditation's assumed psychotherapeutic properties, 

then more attention should be directed toward the manipulation of these 

non-time-dependent (or non-cumulative) social factors which appear to 

contribute crucially (along with the possible cumulative effects of meditation 

per se) toward the meditation-associated beneficial psychological changes. 

9.3 Conclusions/ •••••••••••••• 
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9.3 Conclusions bearing on the Comparative Multidisciplinary Investigation 

The sixth and major aim of the present study was to investigate the relat

ionship between the hypothetical altered states of consciousness associated 

with feedback-associated alpha enhancement and Transcendental Meditation 

by means of a systematic comparative examination of some of their supposed 

concomitants (see section 1.3). 

The two practices were compared in a short-term physiological and behav

ioural experiment on three variables - alpha and beta abundance and autonomic 

balance - that had previously been shown to significant!~ index one or both 

of the practices. Significant differences emerged between the two practices 

on each of these three "relevant" variables. 11 Success fuln feedback-ass oc ia ted• 

alpha enhancement was found to be accompanied by more occipital alpha and 

less occipital beta. In addition, it was found to be followed by a 

parasympathetic autonomic balance shift whilst no such effect was found to 

follow Transcendental Meditation. The ~ractices were then compared 

simultaneouily on these three "relevant'' variables and a significant overall 

difference was found. A similar simultaneous comparison on all short-term 

variables (i.e., also on the "non-indices") ·also produced a significant 

overall difference between the two practices. On the basis of these 

findifigs, it was concluded that feedback-associated alpha enhancement and 

Transcendental Meditation have important and significant distinguishing 

parameters, and that, in terms of the present definition of hypothetical 

states of consciousness (see section 1.3), the data were consistent with 

the view that the practices are accompanied by distinct hypothetical al'tered 

states of consciousness. 

The practices were also compared over the long-term on psychological variables 

that had been shown previously to alter significantly as a function of at 

least one of the practices. Groups who pract,ise_d the two techniques were 

found to produce very similar psychological changes - "negative" psychological 

characteristics tended to be reduced whilst 11 positive11 psychological 

characteristics tended to be enhanced. The only definite significant 

difference that emerged between the two groups was with respect to their 

changes in "need for approval" - with the alpha feedback group decreasing 

and the meditators increasing. This also turned out to be the variable 

that discriminated best between the two practices. On the basis of this 

data, it was concluded that although the two practices seemed to be 

accompanied by/ ••••••••••••• 
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accompanied by highly similar measurable psychological changes, some of 

the mechanisms underlying these changes appeared to be different. In the 

case of Transcendental Meditation, social factors appeared to play an 

import"lnt role inraising "need for approval" which, in turn, may have 

contributed crucially toward the obtained psychological changes. For 

feedback-associated alpha enhancement on the other hand, there was no evidence 

for social factors having exerted any systematic or measurable effect. 

Finally, an attempt was made to compare the short-term subjective concomitants 

of the two practices. Although some significant differences were obtained, 

the data were open to contradictory interpretations. As a result, no 

c9nclusions could validly be derived from these data concerning the 

relationship between the two hypothetical altered states of consciousness. 
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t2 2.6 4.J .., - ).7 0.7 6.7 ).7 6.J 5.9 7.6 19.- ~ 16.7 

__ , 
13 1:i.o ::!2.0 .15 •. 4 6.1t !!8.2 19. 1 ~:;·.·6· )0.5 27.7. J'l.c 16.1 8.lt 
111 o.o o.o 0.2 o.t1 o.o 0.2 0.2 o.o · o.o· 0.7 0.7 1. 2". 
15 0.6 o. J 'o. 7 1.5 1.2 0.7 1.6 1.0 .O.J 1-9 0.5 ).0 

. 16 o.o o.o o.o o.o 0.0 o.o o.o o.t, o.o 0.6 0.0 0.2 
17 o.o o.o 0.0 o.o· o.o o.o o.o o.c o.o o.o 0.0 o.o 
t8 o.o o.o 0.1 0.1 o.o o.o· O.J o.B 0.1 o.G 1.::! 0.) 
19 0.1 0.1 o •. a 1.7 2.0 1. 7· 2.0 1. 2 _r, • :! 

''· 1 J.7 6.2 
20 M.2 ..,. ., 5-5 12.0 62.3 36.0 53.7 ,, :! • .2 4-;.-; J(l. 8 50.0 40.0 .. -



.I 
1 

A. 

Time 

subject 

Time 

Subject 

•. 
: l 

Time· 

Subject 

Time 

Subject 

1 
2 
3 ., .. 
5 
(j 

i 
8 
9. 

10 

1 
2 
J 
4 
5 
6 
7 
8 
9 

10 

.. 

1 
2 

·'> 
-'· q 
5 
G 
7 
8 
9 

10 

1 
2 
) 
4 
5 
6 
7 
8 
9 

10 

AO\'A~CEO ~EDITA'ro·R GROUP -. PERCEXTAG£ TVIE ALPHA . 

.. 
·Pre-: 

Rest Exp er ,i.men tal 
Rest 

.Experimental 

5 10 15 2Q ::> 10 u 20 25 30 

2).0 18.0 4.0 B.o 17. :! t'J-7 14.J 11.8 11.8 8.9 
J/.0 53-3 ItO.) 47~0 118,9 lt3.6 lt.J .II )0.0 5(.8 /10.6 
JJ.J 4').) )8.) !t!L7 :!0. 5 21.7 20.0 15.5 20.::; 22.3 

. 80 •. 3 83.0 8G.o 88.c 56.2 )2.3 :;6.3 51.2 5').0 51.0 
83.7 87.3 90.{ (J 3 ~{} 79.3 83.8 70.7 119.7 29. 1 2'f .8 
86.7 95.0 9 f. J '):!.) B7. 3 88.2 76.6 73-3 67.0 6o.t) 
{6.7 76.7 83.7 79.Q 11) •. 3 5it.0 71-7 G.6.J 58.0 59 .• 0 
97~0 91! .o 'J''· 7 96.0 93.0 93-2 ~)2~ 4 88.J 87.7 61!. 8 
58.7 45-7 48.7 :s8.o 43 .tl t,o. J ·;6. J 32. 1f 32-7· 30.11 
39 .o. 32.0 41.7 52.) 63.11 .G''· 1 61.1 6/'.8 73-1 67.2 

.. AD\'ANCED !-1EDITATOR GROUP - PERCEXTAGE TD!E BET.\ 

Pre-
Rest EXperimenta £:\.-perimental 

Best 
'/ ~, 

,_. 

' 
5 10 15· ::!0 5 10 15 20 ... --.:> JO 

2ft.J 21.0 26.7 tto.o 1';1. 9. 22.6 21.9 19.3 23.0 16.6 
1.7 2.3 J-3 5.0 2.6 3;.;3 z.B 5.6 2.3 0.7 
9.7 9-7 5.0 .., ·~ 4.8 4.0 5-2 8.3 6.2 7.2 ._. I 

0.7 o.o ., --· ( 
., --·I 5.0 4 .,. 6.5 6.2 5-7 5.7 

1.0 1.0 2.3 o. 3 3-7 2.3· 3-7 .9 .9 13.0 9.0 
1.7 O.J 1.3 O.J 0.4 0.7 b.8 0.9 ft.4 ., -

-~ ( 

0.3 0.7 o.o O.J 3-3 1.3 1.7 1.3 1.7 2.0 
.1.0 o.o 0.3 o.o o.lt 0.4 o.o 0.3 0.2 2.0 
4.0 J-7 10.7 n - - ., 7 .·9 8.6 5.7 lt. !t 4 .t, o.,. I •-

7.0 6.0 !.t.O 6.0 .1. 4 1 .. .., .., 
-• I 2.0 2.3 2.1 

AD1tAXCED :-tEDITAT.OR GROCP .:. PERCE:\TAGE TINE HIGII. ,\LPIIA 

Pre-
Rest Experimental Experimentnl 

Hcst 

5 10 1:) 20 5 10 13 20 ..,-
-:> JO 

1.0 o.o o.o 0.) 0.0 0~0 0.6 0.6 0.1 0.7 
19 .• 3 22.7 t8.o 22.0 26.0 211.8 21.6 2).1 J0.2 25.3 
0.0 2.7 0.7 1.3 o.o. o.o o.o 1-5 0.8 2.7 
1. 7 5.0 t. J 6.0 1.2 1.0 1. 2 1.0 1.J ·1.7 
1.) 5'. 3 8.) 8.7 1.4 1.2 2.3 2.2 o.a 0.6 
5.0 11.3 12.0 8.3 2.5 2;0 5.9 5.8 lj·. 1 5.2 
3-3 1-3 o.o 1-7 5-3 10. (' 3-7 l1.0 7-3 12.j 
0.7 1. 3 2.3 1•0 0.8 1.0 0.7 0.6 o·. 7' 0.6 

12.0 11- J 7.7 111.0 3-1 3-7 ).6 2.') 2.2 5-2 
t.J J.O 1.0 0.0 1.7 J.1 0.7 2.2 1.2 0.4 

ADV.~'~;CEO 1-IEDITATOR GROUP - PERCE.'I;TAGE TIHE LOW ALPHA. 

Pre-
Rest E.xperime.ntal •. Experimental 

Rest 

5 .10 15• 20 5 10 15. 20 .,--:> 30 

0.0 o.o o.o 0.0 o.o 0.0 o. 1 o.o 0.1 o.o 
3-7 o.o O.J 5.7 0.4 0.6 0 ., o.4 1.2 o.B 
2.7 7-7 1.7 6.7 :f. 2 5-3 9-2 8.5 8.7 5.3 

lb./ 20.7 14.7 15.0 4.8 7-3 2.0 .,.0 7.8 4. 8 
27-3 1:::!.7 :::!1.7 :io. 3 16.1 18.6 17.8 9.0 5.6 It. 9 
23-J 37.0 2).7 3o;o JG.1 Jl.J 21. 1 .16. 8 17.9 20.7 
Jzt.7 fJ2.3 31.0 )6.0 12.3 ? ., ).7 11. b 7.3 12-3 -·· 7).0 60.7 55-J 53.;· 57.~ 52-9 57.1 r-57-? 6;>.1 35.1 
2.3 2.3 o.; 1.0 lt. 1 4.0 5.8 ~-·· 2.~ 2. 1 
1.0 0.) :2.J c.:;. 5-i' 8.(. 5-~ 8.0 G .If to;a 
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Post.:. 
Exp·er imcn tal 

He.st 

35 ItO 

J't.8 )6.6 
)6.7 39.0 
t9·. 5 1.9.8 
112.3 lt9. 8 
73-3 77-1 
97-9 9.1-7 
59-3 50.7 
8').8 91.5 
31· 7 35.0 
71-3 70-3 

Post-
E..xperimenta 

Rest 

35 40 

18.J 18.3 
).6 ).8 
5-2 4.5 
lt.o J-7 
J-3 2.1 
2.6 o.o 
1.7 3-J 
1.4 o.o 
7-·::! 5.2 
l· 1 o.o 

·Post-
£xperimcntn1 

Rest 

35 40 

0.7 o.8 
20.8 24.8 
O.J 0.7 
1. 2 1.2 
·1· 1 1.1. 

10.1 4.0 
7-7 . J.O 
o.o o.o 
9·5 lt~5 
o~a o.6 

Post-
E..xperimentnl 

Rest 

35 40 

o.o 0.4 
0.6 0.7 
7-7 5.0 
6.5 6.5 

16.5 26.6 
/.xJ.J .43.0 
7-7 J.O 

70-J 62.6 
. 7. 3 lt.4 
3-7 6.6 
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APPENDIX B 

NORMALISED EEG DATA (SHORT-TERM BASE) 

ALP II.\ f r;tuu:\cK G?,OUP PF.IlCC\TAG E TDI£ ALPIL\ I'\ z-SCOHES 

(Short-Term) · 

Pre .. 'l'os t-· 
Exp cr im<.!n ta.l Experimental Cxper>.mcntal 

l!c,;t l!c!!t 

Time 5 10 15 :w ')~· 
_ _, 

30 J5 .,,o 

Subject 1 -0.71 0.71 o. ~a 0.71 :!.17' 1. :;B 7-7'3 5.67 
2 :-0-71 0.(1 0.7') ::!.6) 1.85 2.::!9 1. 25 2. 19 
3 0.71 -0. 71" -1.;)9 -0.52 -1.20 -J-72 ).92 0.36 
4 0.71 -0.71 2.70 t.')ll 1.7') 1. 77 1.58 0.59 
5 o. 71 -0.71 2.116 1. 23 1. 15 ·' 3 •· 72 -1.92 -1.00 
6 0.71 -0.71 0.11 o.·::7 0.16 ::s-'5 11 6.91 2.)4 
7 0.71 -0.71 6.(;0 ::!.51 3-99 2.12 5.52 7.87 
8 0~71 -0.71 :'" 1. 23 -2.26 -1 •. 20 -o. :ia -o.oo o.o 
9. -0.71 0~71 2.11 0.22 1.09 1.72 o. J7 1.118 

10 0.71 -o. 71 5. 1.8 5.12 7.10 ].')6 1. 70 7-35 
11 0.71 .,.o. 71 -o. 15 0.5·'l 1. i 1J ~ ~.., 

~- ~ ..... -1. 1'! -1·'''~ 
12 -o. 71 0.71 17-96 2~-20 (.:p ''· 95 J'J .'11 28.99 
13 -'-0.'71 0.71 o.s3 - J. 18 -4. 1.) -J-77 -8.'10 :.11.6! 
14 0.71 -0.71 0.71 2).')0 25.10 -21.21 G. ;G 2.12 
15 0.71 -0.71 -1. 32 -1.59 -2.16 -1.0') -6;25 -J.08 
16 0.71 -0.71 J.')') ''· G') s. 11o 5 .• 72 5.72 5.91 
17 o. 71 -(). 71. - 1. 1?. -1. t8 . 1. G;; · 1.65 -2.5') - 11.00 
18 0.71 -0~71 o.o -6.0 ().50 1.08 1.67 6.39 
19 -0~71 (J. 71 -1.07 -o.'::;;; 2.0'• o. J·i 0.() 2. :n 
20 0.71 -0.71 0.')7 0.')7 0 • ?,'rj .-·i;. 7 .• - J. 10 -2.28 

ALPHA FEEDBACK GROUP PERCEl'\TAGE TD!E BETA IN z-SCORES 

(Short-Term) 

P1·e- Post-
Exp er imen tal Experimental Experimental 

·Rest Rest 

Time 5 10 15 20 25 30 35 I;() 

Subject 1 0.71 -0.71 -J.J2 -4. 2lj ,..7.53 -6~15 -6.61. -8.73 
2 -0.71 0.71 1.1) 0.42 0.99 1.56 ~.1::! 2.12 
3 -0.71 0.71 -J.OO :.t. 77 3-71 ).18 ::>.88 . 8. 31 
4 o. 71 -0.71 -J-38 -5.89 -5-53 -5.37 -J.85 -4.:37 
5 -0.71 0.71 -0.24 -0.16 1~ 7J 1.-lt7 1. 27 0.60 
6 o. 71 -0.71 2·2. 75 -2:.t.77· 39. 9j -4j.1T 52.06 -,7.99' 
7 -0~71 0.71 0.:10 2. 1<?.. 3•74 -6~ 10 4 ~ J'"l J.1J 
8 0.71 -0.71 0,1.)() 0.20 -o~uo -0 •. 18 -o.BO -0.61 
9 -0.71 0.71 .,-0.52 -1.·, 19 -0.00 •1.57 -0.95 -.2.:;5 

10 -0.71 o. 71 -3~29 - J. 61 -3-71 -3.21 -2.89 -4.38 
11 -0.71 0.71. o.:w 0. 20 0.12 0 •. 10 1.1-i 0.64 
12. .-0.71 0./l 0.71 ~-!2 1. 1J 1t.95 -J.J9 o.o 
13 0.71 -0.71 o. l!t o.~a· -0.28 o.o l.<i:; 2.12 
14 0.7i -·o. 71. 10.93 13~ 11 9. !11 8·. 5!t 0.92 1. tit 
15 -0.71 o •. 71 -,o. 79 .-1.81 -1~02 -0.94 -1. 10 o. 24 
!6 0.71 -0.71 -0.)3 -0.')1 -1. 1J - 1. 18· -0.18 -2.14 
17 -0.71 0.71 0.61 0.16 -o.oo -0.65 0~9G. 0.91 
18 -0.71 0.7! o. 15 1.19 -O.JO o. i5 0. 30 -0.13 

. 19 0.71 -o. 71 -0.11 0.4) 0.21 1.~5 o.so -1.25 
20. 0.71 -o·. 71 ·-'1. !18 -5.52 -·2. 12 0 •. ,,, 't .. Ol -:3.-i2 
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Each Percentage Time Score in Appendix B represents the normalised score 
for a particular 5-minute period (see Appendix A). The base for the 
normalisation is the pre-experimental rest condition data (see section 5.5) 



B 

,\LPIU FEEDlUCK GHOUP 

i'rc-
Experimental 

Hcst 

' 
:Time· 5 10 

Subjcc.t 1 -o.:;o 0.30 
2 o.7t -0.71 
.3 -0.71 0.71 
It 0.71 -0.71 
5 0.0 o.o 
6 o.o o.o 
7 o. JJ -0.33 
8 o. 71 -o.71 

.. "9 ·-o. 71 0.71 
10 0~71 .-o. 71 
11 o.o o.o 
12 .· o. 7.1 .-0.71 
0 0."71 -0.71 
til -0.71 0.71 
15 -0.71 0.71 
i6 -0.'71 0.71 
17 0.71 -0.71 
18 -0.71 0~71 
19 0.71 -0.71 
20 O.Q o.o 

.ALPHA. FEEDBACK CiliOUP 

Pre-:-
Experim.ental 

Rest· 

Ti.!Je 5 10 

Subject 1 
2 0.71 -0.71 

~ -0.71 0.71 
0.71 -0.71 

5 o.o o.o 
6 o.o o.o 
7 o. :3J -0.33 
8 o.o 0~0 

... 9 ~0.71 0~71 
10 -0.71 0.71 
11 . o.o. o.o 
1:2". -.0.71 0.71 
13 O.i"l -'-0. 71 
t!l -0.71 0~71 
15 o.7t -'-0.71 
16 . o.o o.o 
17 o.o o.o 
18 0.0 o.o 
19. o.tt3 -O.!t3 
20 0.71 -0."71 

PI::nCE:\T.\GE Ti:-a:. HI£:..11 ALI>J!.\ I:\ ;r.-SCORES 

(ShoJ·t·-rcrm) 

Post-
.Experimental Expcrir.terltal 

Pest 

i5 20 2;) JO 35 ItO 

).17 2.87 G.I~J 5-30 5. i7 10.87 
2.97 J.Ga 3-37 '•. 2'•· 0:71 -0.7 1. 

-4.08 -1.99 - ::.::;8 .. -2.·21 9.26 0.71 
15.96 10 •. )0 10.')1 ').0'} .1. 31 2.)2 
6.·25 ).30 -0.75 5-i5 -0·75 12.25 
o.o o.o 0~0 o.o o.o o.o. 
1-33 .-2. JJ -3.:-n 0.67 -8 •. oo -2.00 

-:0.)11 -o·. J'• -o .• 4::; -0."13 -o·. 18 -2.62 
J. 'J'i J.JG 1.15 . o.o .. 2.06 . 2.9·7 
o.o O.j7 0.9 J 1.70 0.28 o.o 
O.JJ 0.67 1.00 lt.OO 6.67 4.JJ 
o. 19 -0.57 -0.28 -.0.52 -0.71 -0. 71· 
o.o t.'tt 2.8; 2.8) -2.12 . o.o 
3.18 1.15 -1.JJ 0.5J 6.89 8.84 
1.48 1.110 1.e;; 1.1) -1 ~51 o.o 
3~54 o. 71. . -0.71 2.12 0.71 2~83 

-0.71 -0.)8 -0.71 o.o 1.79 -0.71 
o. t3. 0.88 o.GG 4.86 G. 91t 5.1) 

.O.:<J.7;i -0. 112 1. et1 -1~56 /.21 -
1
•- 95 

15. OfJ ::; .. ::;() 12 •. 1 t) ;;.oo -r~. ::;o -1.67 

PERCEXTAG;E TINE LOW ALPHA L'll z-SCORES 

(Short-Term) 

Post-
E:-.-perimental. Experimental 

Rest 

15 ::!0 ::!5. 30 35 40 

15 .lt.6 12.6) 14. 1.4 13;13 -4 • .J4 6. 77 
o.o -0.60 o.o -6.49 -'0. 71 -0.71 
1". 74 0~67 1.0) 0.7i J-70 j.o:; 
0.86 0.86 .1.14 4 •. 00 o.o 10. 2~' 
o.o o.o o.o 0~0 o.o· o.o 

t4. 33 5.00 9. ~!:! .. 7.89 11f.56 6. 33 
. o. 6() ·0.0 

o.CG I . :!.00 1.00 o.o 
-0.71 .:.0.71 :.!.59 .o. 71 :-0-71 -O·~ 71 
-0./1 -ci. ~8 -o.:;.7 ~o. 2B. 0.::!8 -0.71 
o.o O.Q o.o 0."0 o.o 0.0 
o.o 0.61 o.::;:z o •. ?::! 3~68 ).06 
0.30 1.06 o.G) 1;. 73 -t.·17 -2• J7 
0.71 -0.71 . -0. 71· : •.• !!!t It • :!!1 7-78 
1. 81t 0.11; -·1. 8!J 2.69 -1~27 5.80 
o.o 1.)) 0.0 2.00 o.o o.Gi 
0.0 o.o o.o. 0.0 o.o o.o 
i.oo " r-

- • ~J I o. JJ i.oo· lj .oo . 1.00 
o.~J -1.86. . 6. 71 6.1;.) :;.29 12.4) 
o. :::'' '-0. 37 o.o -0.']9 o.o -0.:19 
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B ADVA~CEO ~!EOIT.\TOR GROt.:P - PEHCE~"TAGE Tl!-IE ALPIIA I!': ·..:-SCO!!ES 

(Short-Term) 

Pre- Post-
Experiment.ilr.l Ex.i•cri.men tit! Experimental 

Hest Rest 

Time 5 10. 15 20 .,-
-:J 30 35 Ito 

Subject. 1 -0.71 o. 71 -2.35 '-).76 -J. 76 -5.1tO 9. 25 9-93 
2 0.71 ·-0.71 -0.76 -4~ Jlt ).08 -1.:; 1 -2.55 -1.93 
3 -o. 11 0,71 -1.)0 -6.60 -0.71 t. 4 1 -1.89 -1.53 
r, 0.71 ,-0.71 0.7 11 -1.; 11 1. 7:! -1. t8 . -4.26 -1.61 

'5. -0.71 0.71 -3.111 -10.01 ..:15.!t8 .;.17•8J -2.59 -1.110 
6 -0.71 o. 71" 17. ;:; 11 

_.,.,") -., -J2.6; - 112.28 15-96 6.21 . --·I..,; 

7 -0.71 0.71 J.O't 2. 33. 1. zt, 1. 37 1. 1t 1 0.27 
8 -0.71 0.71 -1.110 -9.60 -10.80 -56.60 -6.60 .,.J.JO 
9 0~71 -0.71 -2.5 J -4..)1 -4. 17 -5.22 -4.63 -3-13 

tO -0.71 0~11 -5-36 8.20 18.9 z· 6.98 15.28 1)~26 

ADVA~CEO HEDITATOR GROUP.- PERCE..._TAGE TIHE BETA IN z-SCOR.ES 

· (Short-Term) 

Pre- ··Post-
Experimental · Experimental Experimental 

Rest Rest. 

Time 5 10 15 20 .,.,. 
~;J· 30 35 ./to 

Subject 1 -0.71 a·. 71 0.)4 -1.02 0.92 -2.44 -1.55 -:i.-55. 
2 -0.71 o. 71 -0.30 5-35 . -.1. 31 -4.55 .t, )1. 1. 72 

.3 0.71 ~0.71 1. 41 6.89 ).18 4.95 1.tl1 0.18 
4 0.71 -0.71 J.J6 2.8) 1.94 1. 91t -1.06 -1.59 
5 0.71 -0. 7! 0.71 6.97 10.10 6.06 0.30 -0.91 
6 -0.71 0.71 0.50 0.70 i-70 4.)0 ~.10 -1.10 
7 0.71 -0.71 ;...0.42 -0.71 -O .. !!~ .-0.21 -:-0.42 0.71 
8 -0.71 o.71. - i. 33 -o. JJ -O.G7 5-33 3-33 -1-33 
9 -0.71 0.71 2.12 -J-711 -6.)6 -6.JG -0.71 -4.75. 

10 0.71 .-o. 71 !t.67 2.33 J. 3J .., " ... -0.67 -4.JJ -•"-"1 

i ADV.(XCED HEDITA'!OR GR.OVP -. PERCE:-\TAGE TD!E HIG.H ALPHA I:-\ z-SCORES I: .. · . .(Short-Term). 

Pre
Experimental 

Hcst· 

"Time. 

S~bject ) ·o.o 
2 o. i'1 
3. . o.o 
It 0.]1 
5 . 0~71 

·:G o.so 
7 -0.71 

. a .:.o."n 
9 -0.71 

,.o ...:o..;71 

o.o 
-0.71 
.o.o 
-0.71 
.,o. 71 
-o•5<> 
o. 71 
o.71 
0.71 
0.71 

/ 15 

2.00 
-'t ._1!8 
0.0 
0.71 
7-·97 
7.JO 

- 1. ::!3 
·'-1.·'•1.·· 

O.ltj 
.-1. 7::! 

Experimental 

20 25 

2.00 0.33 
-2.71 s.GG 

.:;.oo. 2.67 
-0.71. 1 ~it 1 
6.)6 ·-3. 51i 

7.l0 3-70 
0.79 ·-o.1B 
-2~12 -1.41 
·- 1. 13 -2 .. 83 
-o.:.:o -1.21 

JO 

2~33 
.-0.12 

'J.oo 
4.24 

.:..ft.95 
5 .• 90 
·1.13 

:.:02.12 
4. ztt. 

-2.0:! 

P·os.t
E.xperimental 

Rest 

35 40 

2.J3 2.G7 
-5.; 112 -"0 .71 

1.00 2-33 
o.n 0.71 

-1.4 i .-1;.41 
15.70 ).50 
o.o -t~ 31 

-6.)6 .-6~36 
i4.;8 2.59 
-1.62 -i.a2 

[ ADVAsc:Eo ~EDITATOR GROUP - PERCE.,,.AG£ TL'IE LOw ALPHA IN ~-scoRis 
! · .(Sllort-Te~) 

Pr!!• Pqst-
E.:-.pcrimcntal Experimental Experimental 

Re:;t ·Rest. 

Time 5 10 15 20 25 30 35 ItO 

Subject 1 .o.o 0.0 O."JJ o.o .O.JJ o.o o.o l.JJ. 
2 -0.71 0~7i ·-:2. 12. -0.71 4.95 2e12 0.7i 1.41 
3 -o. tit 0.1~ .11. 29 9. 29 9.86 Q.11t 7.00 -0.71 
4 -0.71 o. 71. -:!.:!9 0.511 0.99 -0.71. 0.25 0.25 
5 -0.71 0.71 0 .• 25 -4.72 -6.65 -7.04 -0.118 5-23 
6 -0.71 0.71 11. )1 -16.38. :-15.09 -11 •. 79 ·14.85 t!t.50 
7 0.71 .;0.71 -0.56 0.52 0·.0 0.71. o.o -0~66 
a o .. 71 -0.71 0.67. 0.64 ).31 .-6.56 5.02 2.1t8 
9 0.17 .,.0.17 5.83 -5-50 -6.17 -6.50 10.8.3 1.17 

1.0 -0.71 0.71 ,..0.95 0.4.1 -0~37 1.78. -0.71 -0.27 
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NORMALISED EEG DATA (LONG-TERM BASE) 

ALPHA FEEDDACK GHOUP PEHCE:-JTAGE '!HIE ALPHA IS z-:-SCOnEs 

Pr.e-Trafning Pre- Post-
I! est Experiment<>l Exp.erimental Experimental 

Hest Rest 

Time 5 10 t5 ~0 ;; tO 1~ 20 25 30 3:1 ItO 

Subject t -0.21 o;21 1.2t -1.21 -2.46 o.o -0.62 o.o 2-37 0.87 11. (.') 8. z:t 
2 -0.86 o.o -0.59 1. 38 -1'1. 87 -8.30 -7-92 0.62 -J~OO. -0.97 -5-79 -1.4 1 
J 0~51t -0.7J •O.')It. 1. tit 5.67· 3.86 2. 7 1t 4.10 ).2) 4.72 . 9-78 j.2J 
It 1.07 o.'t't -·t. ::!7 -0. 2/i J .lj It 0.89 i. 52 6.03. 5.ilt 5-70 s.:n J. -10 
5 -o. 29 -1.21 0~37 . 1. tit 2.:;8 .,.0.22 6.olt ).6t ).46 8.54 -2.61 -0.81 
6 o.o o.o o.o o.o 12.00 5.50 9. 25 w.oo 9.5 25 .oo . 40.5 19.5 
7 0.8) -t.17 0.83 -0.49 -1. 2 1< -2~ JB J.lt') 0.21 :t-)9 ,-0. tt 2~86 it. 5.0 
8 -1. 111 -0.52 o.GG l. 00 '•. e~r 1. 50 o. 27 -2.21 0.)2 2.52 J. :32 ).19 
9 -0.28 - 1. tJ t.27 o. t!t 2t.2t tt).ltO 6;;.46 J5. 77 49.48 59-38 38.t7 :i5.:;G 

10 -o. 39 -0.~:!· -0.76. 1. 'ti 9.22 :; • 119 20.99 20.8~ 26.05 17-78 11.82 26.72 
1t -o~lt6 -0.29 t.'t8 -o. 73 -1.52 -4 .It J -J-28 -1.87 -0.64 }.85 -5.31 -5.92. 
12 0~82 0.87 -1.12 -o.:;6 l. 17 1. Jlt 3. !tO 3~90 2.12 1. 8;; 4 .• 88 4.71 
1) 1.07 o.4t -t. 29 -0.19 5.3::! 5.98 5.90 1t. 17 J-72 J.90 1.75 0.25 
14 1.47 -o;zt -0.52 -0.73 ).8!1 J.G5 3.84 0. !t :i ·o.z6 o.ao !t.GJ lt. O't 

•t5 1. 2') 0.19 -0~ Itt -1.07 -J-J~ ;.86 )· •. (~.3 3.:;2 3-Ji 3-71 1. (!t :.!-~5 
16 -o.lt6 -0.9.) ·o.o 1.)'} 17.13 6.')11 ~o. 74 4:;.a; 50.92 :;:>.2) 53.23 5 -i. f~:::! 
17 1.1to -0.79 o.o -o.G:; o.4 -'t o.o -0.10 -0. tO 0.72 0 -u) .,..o. 51 -0.92 • I-

18 -0.15 -1.20 0.12 1.:!) )~20 1.45 2.J6 2. !!It 2.94 ).67 LJ? :?.~ 81 
19 1.08 0.53 -0.4) -1. 18 6.88 9.59 6.t8 7.18 12. 11t 8.89 8. 29 12.6') 
20 1. 13 0.2) o.o -1.29 U.S::: 6.7:> 9. :::o 9.20 8.96 6.71 J. 2G '!. 'J5 

ALPHA F EEDl3ACK GiWl.."P PEP.CE~TAGE Tl~E BETA IX z-SCORES 

Pre.:. Training Pre- · Pos~-
Rest Experimental Experimental ·experimental 

Rest: Rest· 

Time 5 10 15 20 5 10 15 :10 ... -~::> 30 35 Ito 

Subject 1 -0.69 '-0.99. 1.09 0.60 15.23 t2.78 8.::::; 6.66 0.96 3-3.5 :2' •. 26 ..:1.12 
2 -0.87 -0.87 0.87 0.87 -1.7J -0. 29. o. 1ll -0.58 . o.o o.;3 li. 15. 1.t5 
J -0.89 0.5:::! 1. 15 -0,78 -1.09 -0.86 -1.46 -1.26 -0.38 -0 .li 7 ...o-·.84 .0. 35 
It -0.53 0.47 1.15 -1.09 6.56 4.88 1.71 -t.27 -o.8!t -0.65 . 1:.15 '0.53 
5 1..31 0.23 -0.58 -0.95 o.o 2.31 0.78 0.90 3-97 3. 51• . ).21 2.13 
6 -0.94 -0.52 . 1. 36 0.10 17.05 16.68 ll.OO 10.48 6.57 5-73 3: .. 4-i .14.80 
7 0.18 -o.66 -0.87 1.34 5.95 6.69 6.J7 7.42 8.26 6. 2.7 S..57 7-94 
8 o.o 0.58 o.85 -1.39 10.84 ·3-57 10.78 8.:::6 6.97 6.29 Z-.69 . 4. 05 
9 0.5.1 -0.54 -1.09 1.t2 -0.42 1.·00 ._0.23 -0.85 0.20. -t.28 -&.66 - :!. ::!6 

10 0.64 ..:o~5i -1. tit t.o::: 12.7t .19-94 -0.51 -:::.16 -2.67 -O.t3 1! •. 5:?. -8.64 
11 -0.61 -0.75 1.43 ·o.o 4 • .(1 16. t8 12.08 12.08 .11;.90 1t~26 19'. 73 tj.63 
12 -0.87 -0.1t -0.44. 1.4::: -0.44 o.o o.o 0 •. 51 0.18 1.47 -.1 •. 35 -o.:::o 
13 -0.22 -0.49 -0.75 1.46 ·0.75 -1.91 -0.31 o.o -1 •. 11 -0.58 2-53 ).42 
14 -0.77 -0.91 1.13 0.55 -2.61 -3~05 0.59 .1.26 o.it -0.16 .-2'~54 -:::.47 
15 -0.60 o.o -o. 7!3 · 1.4::: 0.87 4. t8 0.69 -1.70 0.14 o.j::: . o.o ).08 
16 o.o 1.)7 -0.911 -0.49 2.j8 -0.33 0.39 -0.72 -i.t4 -2.44 .o-.68 -).06 

·1.7 o.o -0;.6) 1.40 -0~79 0~42 t.89 1.79 1.32 t. 1) 0.49 ~15 ~.11 
18 -1.38 1.01 o. 19 0.19 -3.30 -0.70 -1.73 o.19 - :.. 5.!t -1.7:3 -'! .. lt:; -2.27 
19 -l.Jit -o;1o o. 't!l 1.00 0.52 -0. 5'• -0.10 0.30 0.13 0.90 c •. 57 .-o. 91, 
20 -o.so 1.43 -o.-i8 -0. 16 -1 •. 77 -·~·. :!5 -J.5!t -).86 -2-73 -1.93 -~.6-i ,.:;..86 

Each Percentage Time Score in Appendix C represents the normalised score for 
a particular 5-minute period (see Appendix A). The base for the normalisa
tion is the pre-training rest condition data (see section 5.5) 
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ALPHA FEEDDACK GHOUP· . .PEnCEXTAGE TDIE HIGH ALPHA I!\ z-SCORES 

Pr~-TraJ.ning Pre- .Post:-
Hcst Experirrienta~ Ex per imentnl E.xperimo::ntal 

Hest .nest: 

Time 5 10 15 20 5 10 15 20 25 JO J5 :,o 

Subject 1 -0.57 o· ,.. .. , ·t.1.2 -1.07 -0.57 -0.87 0.22 0.12 1. )2 0 .•. 92 . ·0.82 2. 51 • :J-

2 -1.38 o.o 0.42 0.95 -1.95 -2.22 -1.52 -1. 33 -1.06 '-1. 28 -1.95 -2.22 
J o.o -0~ 18 -1~12 1. J 1 8.J? .11.07 2.01 5.96 '•. 8::; 5.55 r..r. ')~ 11 "07, -t·•--;) 
It 1.1t6 -Q. 1?. -0.52 -0.74 -G .• 15 -7.69 10.50 4.33 4.99 ).00 -5.49 -4.JB 
5 0. 1t7 1. 15 -0.5G ..;. i.07 -2.7o -2.70 1.50 ~0~ 38. -'). 29 . 1. 15 -3.29 5.60 
6 o.o o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o o.o 
7 1.15. -1."28. 0.17 6.0 -1.07 -1.15 -0.9ft -1.'41 -·1.511 -1.02 .,-2.13 -1.3i 
8 (>.87 -0.87 0.8(" -0.87 4.33 -2. J5 -0.62 -0.62 -1•11 0.)7 0-.12. 0.87 
9 o.o· .-o •. ,.a . 1. 112 -o.UG -t.Gj 0.90 6~GF..I 5.64 1.70 -:-0•38 .. .).)2 ·lf ._95 

' 10 . 1~02. 0.1) ·.o.-::!2 -~~)8 !t. Gtl 0 ,,,., 2.6::! 3~59 5~37 7.76 J.:n ~. i1. 
.11 -0.95 -o.6J· 1. 2C. 0.)2 _!, ~ 11 ·-4 .11 . -J. 79 - J .'!8 -).16 -.o. 32 ·z~ 21 ·o.o 
12 -0.29 -0.";:9 1.11!! -,0.87 J. 18 -1. 15 1.59 -0.72 o. flt. -0.58 .-1: •. 1.5 -1. 15 
13 -0.86 -O.It8 1. 't3 o.o 0.0 -0. 29. o.o 0~:.:9 0.67 0.67 -0.6 7 o.o 

. 14 0.8·3 0~83 -1.17 -0. 1i9 0•57 0.99 1.72 1.12 o. :39 0.94 ~.81 3.)8 
15 1. 27 0. JO -·o. 61 -O.')G -O.tG .1. Jf~ :::. 19. .:::. 10 2.59 1.H1 -1.0.1 o.;o 
16 o. 20 -1.)') 0.20 o. ~j') - 1. )') 0.';1~ J.JO o.:w - 1. '39 1.7') ·o.2o 2. 5C. 
17 o.o ·o.o o.o 0~0 !; • 33 o.o o.o 1.00 o.o 2.)3 7.67 o.o 
18 o.o -1.25 o.o l.·:::o ?. r,- J.JG 2. 9 1t ;.j3 ).JJ o.G5 .&.:!~ 6;% -·-:J 
19 -1.26 -0.20 1 .• 1 3 . o. J3 1.66 0-:}J -.8.15 o.Go ') -.., -o, !,6 - .,_ -J.G!t -·f- ••I:J 
20 0.78 -1.)1 0.(0 -.O.:.!G -t.,:; 1 -1.51 4.75 0~78 ) • .)7 0.';7 :...1' .. 72 -2.21 

. ALPHA FEEDDACK GROUP - PERCEXTAGE TL'II:; LOW ALPHA _IN z-S.CORES 

Pre-Training i'r~- • Post-
Rest Experimental E.xperi.mental Lcp-eri me.n t<J.l 

Rest n ... st 

Time :;:> 10. 13 20 5 10 n 20 .,--:> JO 35 ItO 

Subject ·1 o.o. .0.0 o.o o.o o.o o.o o.B; o.o 0.8) 0.0 0-•. 0 J.JJ 
2 t.lt8 -0.:::6 -0.(0 -0.51 -2.00 -2.29 1.06 0.47 o. 78 o.:;8 -.J.05 -0.7~ 
3 0~63 -1.47 0.21 o.6j -1.47 3-99 1.05 -1.05 1.05 -0.6) ·-1..-.!t7 ..:1.47 
1t -0.53 -0.53 o. )4 0./::! 6.81! 1 .• 34 10.8!! 6.72 8.09 . 6. 8'• t&.!; 7 15-97 
5 -0.21 -0.6) -0 .• 63 1. 4 7 .. -0.63 -0.63 -0.21 ~0.21 o.o -O.JJ -0-6) 4.41 
6 o.o o.o o.o . .o.o o.o ·o.o. o.o o.o o.o o.o 0~0 o.o 
7 o.o -0.9!t -0.40 1 .. 39 -2.::!0 -2.7/.t 9-13 1.57 4.99 ). 91 '· 31 

2~65 
8 -0.86 -0.86 1.05 0.67 -0.86 -0.86 o.o -.o.86 o.o 1.4:> G.:i9 -0.86 
9 1.50. -0.50 ~o.:;o -0.50 -0.50 2.50 -0.50 -0.50 6.50 2.50 6~50 12.50 

10 -0.50 -0.50 1.50 -0.50 .-0.50 6.17 -0.50 1.50 0.17 1.50. ..0.50 -0.50 
11 -0.78 0.26. "-0.78 1. 31 -0.78 -0.78 -0.78 -0.78 -o. 78 -:0-78 -0..-78 -0.78 
12 -0.89 ·1.19 -0.76 0.46 -3.21 4.1) 0.46 ).64 J. 15 5-23 Ht-23 t6.J5• 
1) -0.)0 1.2) 0 .,., -1.16 2.18 0.79 1.79 2.54 .2.11 3~20 O.JJ -0.85 
14 -0.78 -0.78 0.26 1. 31 -0.78 0.26 ·0.26 -0.(8 -0.78 2.87 %.87 5.48 
15 -0.)4 -0.93 -0.15 1. 4:! o.8J -0.15 1. 61 o.4<t -0.9)· 2~20 -~O.Yt ·4. )4 
t6 ci.o o.o o.o o.o o.o o.o o.o l.JJ · o;;o 2.00 ·o.o 0.67 
17. o.o o.o o.o o.o 0.0 o.o 0.0 o~o ·o.o 0.0 o.c o.o 
18 -0.87 .:o.87 0.87 0.87 -0.87 -'0.87 4. jJ 12.99 0.87 9 53 19.92 4. 33 
1.9 -0.76 -6.71) 0.16 ·.1. 35 1 ~ 75 1.)5 1. i5. 0.6') 4.6:; 4 51 3-99 ('.28 
20 0.71 -0.57 -1.11 0~97 1{.06 8.64 14.)0 10.63 12.)9 6 9<'> 13 .. !::! 9 •. 92 
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APPENDIX D 

HEART-RATE DATA 

ALPHA F EEDB,\CK GHOt;P IJEART R,\'!E (beats/min.) 

Pre-Training Pre-
Hcst Experimental Experimental 

Rest 

5 10 1;:i 20 ::; 10 15 ::o ~5 JO 

71t.8 71t.O 72. J 71.0 87;5 8iJ.) fl:;.o 7').5 80~0 81.0 
91.) ';2.0 9.2. 5 eb.o 1.19.7 0:;.) o;;;.o e;;.J 81t. 7 85.) 
82.0 75-:S 79.0 n.o 81.7 75. 7. 79.0 73.) 80.) 76.7 
75.0 7::!.0 71.5 {().0 71.0 71.0 G8.o GILO 66.0 6::;.o 
62.5 61.5 6o.o (i 1. 5 (;6.:; 62.5 GG.o G!t. 5 65.5 61t .o 
70-7 68.7 G8.o 68. 7· 66.7 65.) 68.0 GG.7 65.7 66.) 
71.0 70.0 70~0 . 7::!.0 8 1;. 5 81t,O 77-5 77.5 78.5 81.0 
77-5 j.'j. 5 7 1

•- 5 .7J.O 77.0 7'J. 7 7:i.J 72.J 72.7 70.) 
80.5 76.5 78.0 74.'; 7iLo 7G.o 71.0 7~.'.0 7·2.0 /).6 
77.0 81.0 ;8.0 Bo.·5 (j~j .o. 69;0 GG~o 6::;.o 66.0 66.0 
8).5 ll0.5· 82.0 78.5 8').0 qlt.O llo.o 87.0 87.0 a:;.o 
69.7 68.7 71.7 68.7 •>5. 0 (,1.0 ;i<),O ·Go.o G2.o .61.0 
60.7 57-7 57.) 59.7 72,0 t~i. 5 711.0· 7).0 7).5 70.0 _.., - 78.) 78·. 3 79-0 77.0 7'i.o j( •• O 7c.o 7!t.O 82·.u i I • I 

78.7 7'.1.:) 81.) ·Q(J .o ~:!.0. HJ.O a 1.o 82.0 oJ.o 81.0 
80.0 80.0 78.J 77-5 81t.O 79~0 8').0 tFt.O 8'1.0 83.0 
71.7 /O.J G9.7 68.0 66.0 ()I; • Q 6<).0 Glt _-o ;:;<>.0 Go.o 
a 1. 7 7'). 7 ;8.7 Bo.) oJ.o 79.0 77.0 00.0 78.0 75.0 
92.0 ~;::!. 7 ::;2. J 91. 3 Ea.o i9.0 31.0 O!t .o _31.0 8).0 
77.0 ii~ • . J 7C3 /).!j 7').0 81.0 (!i.O 75.0 71.0. G<).O 

ADVA...-...CED ~£Dl:TATORGROt:P- !tEART RATE (bent,/mi.~.) .· 

Pre-
·Rest Experimental Exp crimen tal 

Rest 

5 10 15 :!0 5 10 15 .::!0 ~5 .30 

6;.o 65.0 65.0 64.o 8!i. 3 85.0 8::!.0 8).0 81.7 .80.0 
75.0 7 1!. 0 7:5 .o 7::!.0 9::!.0 87.0 88.; 87.:3 85.) 85.0 
71.0 70.0 ;o.o 72.0 76.0 ;6.0 73-7 75.0 74.) 73-7 68.0 68.0 67.0 68.0 68.3 7.0. 7 68.3 . 70.0 68.7 69.0 
62.0 6).0 64.0 62.0 62.0 61.7 61,3 61.0 59·3 58.) 
70.0 71.0 71.0 68.0 72.0 71.0 70.3 67.) 66.7 6),;7 
•77.0 77.0 (It .0 76.0 8).7 81.7 81.0 78.7 76.0 75-0 
76.0 78.0 76.0 75.0 85.0 81!.0 82.) 82.0 81.0 81.) 
75 .o 75.0 76.0 .78.0 75.0 76.) 76.) 7B.b 77.0 76.7 
66.0 6;.o 68.0 67.0 7).) ;-l.) 71.0 73-3 7:!. 3 73-3 

277 

Posl;-
Experimental 

Rest 

35 ItO 

79 .o 71Lo 
8!1.0 81t. 7 
70.0 71.7 
67.5 lj;).;; 
64.:; 6).5 
G:;.J t::; • .; 
81.0 ·a2.5 
70.0 G9.J 
71~0 71. J 
65~0 . 67 .o 
85.6 85.0 
Gt.O Gj~o 
GB.5 ;o.o 
82.0 8)~0 
c i .o f~l.O 
(9.0 80.0 
61.0 !) i.O 
79 .o 8=:!.0 . 
80.0 d::!.O 
i:!.O 7'2.0 

Post-
Exper:j.ltiental 

·T!est 

35 ~0 

77-7. 80.7 
86.9 88.9 
/3 .. 2 78.2 
68.9 t:8.9 
6).8 66,;) 
6).6 6.).1 
77-2 74.2 
17-'2 79.::! 
76.5 72.5 

.67.5 6').5 

Each Heart-Rate Score in Appendix D represents the mean score obtained over 
four experimental sessions for a particular 5-g;inute period (see section 
5-J-1) 
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APPENDIX E 

AUTONOMIC BALANCE DATA 

AI.JlJIA .. J;f;l)lli\CK f,JIIJUI' AUTONO:.flC BALANCE 

:!0 minute. 20 mluutl) 
Pre-Training llf'St Condi.ti.on Ex!!eri.m<!ntnl Condition 

Before After Difference Before After IH J'fcrcll<:l! 

Subjects 1 . 73·'' 69.8 -).6 65.s 71.5 5.') 

Subjects 

2 5).1 51.1 -2.0 66.9 61.'1 
) 711.6 66.'' ~8.2 

67 ·'' 72.ll ,, 6IJ. 5 77-9 1 J ·'' n.6 71l.'J 
5 75.3 76.') 1.6 6).6 Hr,. 2 

. (, fl0,7 7" ..,. -.5·5 76.5 fl).:.!. )ow 

7 51l.s 61.0 2•5 ,58.') (j ,, .13 
II 70.') 70.7 -0.2 66.) 71.1 
9 71.1 IH.1 10.1 6).<] 70.0 

10. o" .., . 68.1 2.9 67.'1 7).2 )ow 

11 56.0 65.0 -1.0 65.9 66.0 
12 7).5. 75-7 2.2 8o.o 80.) 
13 66.8 75·'' 8.6 72.7 7H.o 
i'l 6s;a 61,0 - 11.8 58·'' Gl3.9 
15 7).5 70.2 -J,J 81.1 8).9 
t(i 59.) 59.0 -0.) 7).5 79- 11 
17 6').6 75-2 :;.6 80.9 BO,'J 
18 71.8 . 75.) ).5 76.6 713.5 
19 67.2 67.8 0.6 66.2 66.') 
20 70.8 7).2 2.4 67.5 67.6 

AIIVASCf.l> .MEnlTATOn GHOUP - AUTONOMIC BALANCE 

A. 

-5. ~~ 
:, .. r, 
:! .II' 
:!,li 

''· 7 (i. ') 
/J.,Il 

r •• t 
5.H 
0.1 
0.) 
5.) 

10.5 
2.8 
5.9 
o.o 
1. ') 
2.7 
0,1 

20 . minute 2f) .1Jli JJUtH 

!I cRt Co1idi ti.on Experimcntnl Cnndltion 

.ne(oro irtcr Difference Defore After IHff.nrerJc' 

1 6'). II 6').8 (),It sn.J (, 1. 9 ). (; 
2 Gll.o 6'),) i.J 6).11 70.2 6.ll 
) 65.9 65.1 ·-0.8 611.7 (,(,, 2 . 1 .• 5 

'• 77.5 611.6 -8.9 71.5 6').1 - 2.'1 
5 79.5 llo.o o.s 78.8 Bo.t, 1. (, 
(j 71.') 79.7 7.8 7).1 (,7 ·'' -').7 
7 'lj 1.) 5) •. ') -7 ·'• 62~ J 1~7· 2 /i .1) 
8 67.0 67.6 o.6 60.7 65.1 11,11 
') 6:;.6 69.2 J-'' 71.6 (iJ.B -7.11 

10 78.'1 ?1.2 -7.2 ?9. 7. n.i ..;·2.) 

I 

·i 
' 
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([lermo~r:tphiil l'l'r11i!<t<'nco) 

:.!0 miuut.c :.!ll nd tlU t '' 
l't·,•-l't·a.ln i tf!:j 1!,.,.. l Condition 'FX[l<'l' i nt<'n t a(· Coml it f <in 

II·· fOI'I~ Aft Cl' lli ffercnc~· u .. t"·oro Aft<'r lli fl'c.rr.ncr' 

Sub.l ects 1 ')0.8 ItT .ll -J.O ,,(,. 2 t,(,. 2 o.o 
::! 59.'> 'iJ.B -G. 1 '>).8 t,(,.:.! -7.6 
J lt/.0 '• i' .ll 0.1.1 '•t>.:! '•T .o · o.n ,, ')0.:.! ~l T .B 7.6 r;o.ll ~~;.II 0 .• 0 
5 'l ::!. 1 'j:.!.J o.o )).3 '•'>· J -6.0 
{i ;,, .il 1•7 .o -O.H '•6 .·2 1t7 .H 1. (, 
7 It i'. (l '• (i.:! -o.n ,,, .o 't7 .II o.ll 
8 It<). 3 It'). J o.o t,(,.:::! 't7.8 t.G 
9 lt7 .o lt(i.::! -0.8 r,r;. 2 lt·).O -0.:! 

10 '•9. J lt7. 8 -1.5 ){,.8 '•ll. r; . -8.) 
.11 . 1•7 .u lt(i.::! -t. 6 IJii.~ ,, 'j .ll -o.'t 
1:.! :;::;.) ,,, .u :1~5 )).0 !II) • J -). 7. 
13 1•5-5 1t). 5 o.o !t). 5 115· 5 o.o 
tit ,, (}.::! ·'t7 .B 1.6 lt(i. 2 ltl.i. 7 0.5 
13 55.) 50.8 .:.4.:; ;:;.o 75.0 o.o 
t6 'ti'. 8 't?.B o.o ,,(,. 2 '•::; .') -0. J 
17 1t9. J 1t5. J ~).8 1t5 .9 '•5.). ·-o .• :, 
18 '•6. i' lt(i. 7 o.o 55-J :,5.J o.o 
l'.J 't(,. ·r; t,(,. 7 0.2 )1>.1 5').1.1 ).7 
20 lt8. 2 50.8 2.6 'j').8 50~8 -·').0 

. '. 

. . 
. . . 

AD\' ANCEll ~lEDITATOH ltllOliP -. AUTONONIC .BAI..\NCB 

( Derntop·aphi.a Pcr:~is tcncc) 
. . 

:.!ll '.minute :.!0 minute. 
Hest Cot11l.i t ion F."["'rim<'nl 111 Condit. ion 

lit• fore Artct· IH ffcrt•llcc ··Be l'lH'C .\t'ter l>i.ffcrl'nc 

:;ubj('cts 1 ,,.1\. 0 : '•7 .o -1.0 1t7. 1 . ,,6·. 2 -0.') 

:.! (,;" .11 :37. (, .:.').11 (i7 • 11 67.0 -o.'t 
J lt7 .o It:; .II -1.:.:! '• (,. ::! . lt'i.? -O.J ,, 

''7. '• 
,,,;.::! •1.:! 117. ~1 '•7. J o.o 

5 1t:i. 3 lt7. (j O.J It II.'; '•II .i) ·-o.) 
6 4 ).1) 1tG. 5 0.9· 1t6.5 t,(,. It -0.1 
7 ltli.::! t,:;.o .:t.:! It:; .II It(). 2 ·o. 1t 
8 7).0 75.0. o.o ·i:;~o 7).0 o.o 
I) 1•7 .8 1•7 .o· -o.B )O • .J ·. :;o.:! -o~ 1 

10 1t7.8 lt6. 'j -t.j '•6. ,, lt6. 7 O.j 
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. ALl' II 1\ I•'EIWIIACK GHOUl' AIJTONOHlC UALANCJ:: 

. (Snl ivnry Jutpilt) 

20 ·miunte 20 min11tc .. 
l'r<>-Tr;:_i_u i "15 ll<>st Conrli Uon F.>:(H! ri "'"" t '' 1 Coudltion 

lie fOJ'e After Difference Before After Jlj ff'P.I'CIIC" 

Subjects 1 JCL.J '•J.6 5.5 '•'•.8 '• '• .II o.o 
2 '•?· '• 11),6 -~.8 .5/L 1 ~IL7 o.r. 
) '•6.5 116.5 o.o 58.1 58.1 o.o 
It 61. () 61.0 o.o 58.1 Gt.o :;!.') 

5 '• J.6 '•6.) 2.') 116.5 '•?·'• ~.9. 
(j '•G.:; 1•6.5 o.o 117.7 lt8.8 1.1. 
7 '•7. 1 '•7 .1 o.o !j2 .• J 52;) o.o 
8 51 .• 2 5:!.? 1.7 58.1 5ll.7 0.6 
'} 61.0 5j.:! -5.8 )6.1 JG. 7 o.G 

10 JG. i 35-5 -.1.2 )),0 36. 1 · 1.1 
11 lfll. 2 J8.'• -5.8 '• ).6 'tG.Il ).2 
t•j -. 6).8 6).8 o.o 51.7 52.) 0.6 
l) 6.).8 66.7 2.9 6).2 6'}.0 5.8 
111 '•9. '• '1).6 -5.8 4').4 It G. 5 -2.') 
15 37.2 )2.8 -'•. '• JG.t '•5. J ').2 
H) JG.t )2.8 -).) 5't.O . 5J.'• -o.6 
17 '•6 .II 6'}.6 22.8 )6.1 58.1 o.o 
t8 '•(,,:!, 61.0 14.8 60.) (jlj, 9 lt,G 

1') lt<J,IJ 1t6.5 -2.9 5J,It 5.2. 3 -1.1 
20 116.5 52.) 5.8 54.6 5 ),lj -1.2 

. ADVANCED !oli-:111TATOII GHOUP - AUTONO}IIC BALANCE 

(Salivary Output) 

~u minufc 20 miuute 
. Jlest ConrJjtion EX[>!!rj mr~ntnl Con<H tj on 

. 

Before After. Difference Before After IJi J·rerc·ncr 

Subjects 1 50.0 )0.0 o.o 5 2.8 5 1t.G 1. u 
2 Ia).) '•fl. 2 2.9 s·~. 2 )).7 0,') 
J /16.') 117.1 0.2 46.5 116.9 Q,IJ ,, 1•7· 1 '•J.O -'•. 1 It G.? '•JJ• -).) 

:5 5). 11 :>'•.6 ~·. 2 5J·'• 52.11 -oJ, 
(, 7).6 77.1 ).5 6(..7 (,(,. '). If.~ 

7 '• 1.1.1 )6.G -5.2 '• 1. 3 )').0 -~-3 
8 . ltG~) 50.0 J-5 . '•5·) '•ll. il J ,., o:J 

9 lit. J . '•2·'· 1. 1 ,,, •• 7 ltij. 'j 1.11 
10 1•7. 7 54.6 6.9 55.2 58.1. ,., (\ 

"'"' 



E 

I. 

. ALI'II.\ I'~J::Illt\CI\ (;l!tiiJI' - ,\(l'l'nNII~IH! 1\.\1.,\Sr.F.. 

{llt•art Period)· · 

:!0 111 iII Ill~· ~0 m I mtl1l 
l't'<'-Tra iII I~~~. n •. ,. l Contlilio11 Exp•••· lmcnLtl 

liP fore . I\ ft "r Oi ffpr('JH'<' lkfon• "ft .•.•. 

SttbJ ec ts 1 61.3 '•ri .( -1 ).6 J(,, 1 1t8.'t: 
::! ltU,It )(>. 1 -·1:.!. J ltB,It JJ,J 
J 51.1 '• J. <; -7.6 JG.t '• J. 5 
'• )b.:! r;:.!. ~. t(,.:.! lto;:J 'i);') 
5 ()0,0 ut.6 t. (j 66.9 78.6 
(, ;o.t 6).1 -5. (\ (,II.? 7~ .. 7 
7 )').1 )9 .1 o.o )2.'• )6. 2 
ll '•7 .. 1 'Ill. '• 1. J ·ta·). 7 (, 1 • 6. 
9 JJ,J 55-J ::!:.!.0 )6.1 '• J, 5 

.10 1,(,. ') ~~-'· ).:, ,,,;. ') 55.) 
11 JJ.) lt1. J ll.o '•t.1 ,, J. J . 
1~ 'til.') )6.8 7. ~l (,), J tit. 6 
1) f11J ,·8 · r.o.o 11 •. 2 :; 1t .• 2 66.') 
1'• y;, 1 )').) -1.11 ItO,:.! '• ~- !t 15 '•ll.') .~ ..... 7 _It •:! (,B.B n.7 
1(} )'i.l ,, J. 1 ll.o Itt,) 51. 1 
17 1tJ, 5 5 :!. 'It 8.') 56.11 :;G.Il 

·18 1tJ, 5 '•'•· 7· 
1 ., 'j'),J 55.) ·-1? ~7-5 :.!9.0 1.5 ::!') .o .J2,1t 

::!0 . '•'>· 7 (1).7 1 It, 0 J'). 1 '•?. 7 

,\0\'A:'t:CEO HEIHT,\TOII (<110111; - ,\IJT01'>0~li.C ll,\1.,\'\0; 

(lleart Period)· 

Condition 

Ill ff•·•·•·•ic.fl 

1~.) 

-15.1 
7 ·'' 1). 7 

1 1.7 
).8 

.· ).8 
15.9 
?·.It 
H.lt 
0.2 

-1.7 
12.~ 7 
. :! •. 2 
).') 
').ll 
o.o 
o.o 
). ,, 

10.6 

. ~0 !IIi 1111t:e :.!0 ·miuulc! 
n •• ~, Con•li t ion F.xp•••· i .,,.,. t a I C6n•li I I oi1 

·. 

n .. f'orn After 11i r'rN·nncc n .. for(' Aft or nt fff'r«"nc·( 

SubJects 1 :;:; • J 5).) o.o :!11. t Jj. J ').2 
2 )'). 1 ftlt, 7 5.6 J'•·:.! 11 j, 5 9.) 
) r; J. ~) ):!.It -1.5 .It::!.,, 5 ). ') 1 J. 5 
It t;G,9 55.) -11.(• 'j(),U 52.1t. ~'•·'• 
5 tio.o (i(i. 9 6.9 r;ll.) &t.6 ).) 
(j '•?. 7 :;6.8 7.1 '•8. J 1t). 5 :..t,.a ... '•J· r; 't :.!.· !t - i. 1 J'• .. :! 1t5 ,9 11.7 • tl .It::!. !a )1. 1 8.7 )6.1 'tO.:! It, 1 
? ,,,;. ') It fl. 9 :.!.0 '•?· 7 'tO,:! -?.5 

10 (i 1. ti hO,O -t.li ·r;B.J :;6.8 - t. 5 

281 
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AU'I'ONOI-IIC nAI.ANCE 

(PIIImnr· Conductance) 

20 minute 20· m i Jllll.r, 
l'n~-Tr·n i nin~ lll"'st Condition F.xl'·cri.mnnt Ill Cluul i l. ion 

Ucfoi·e After Difference Be-fore After iJiffcrtcncc 

Subjects 1 (,1.) 61.) o.o 60.7 59.) -1.2 
:! 1t.7 29.0 17.) 37.6 ltJ.O ~-'• J 5:i-i ltJ.O -12.7 58.'t Go.;; 2. 1-,, :!2.j lfJ.O 20.) 1t7. 7 J),ll -12 •. J 
) 57-H ;;G.o -1.8 59-7 )II.') -~~.a 
6 51.6 51.6 o.o ) 11. 9 )7.G 'l ·-~. ( 

7 It•) • 6 ) 11. 9 5-J 118.9 5 (j. (j 7-1 {I 5'). 7 1t7.J ,;,.12.'1 ltJ,O· lt3.0 o.o .. 
9 59.2" (>( .ll 8.6 '•7-3 1•7. 3 o.o 

10 c.o.o 61.2 1.2 59-7 51l.J -1.'1 
11 57-9 60.7 2.8 1tB.B 117.7 -1.1 
12 59-5 ,_ - -1.8. Go.o 61.0 1. () . :)-( . ( 
iJ ttf,.o )').8 -6.2 'tG.o J7.'J -11.1 
1'• 52.2 50.9 -1.) Go.'' 57. 11 -J.O 
15 )).6 ")5.) 1.7 )).6 1•7- 7 -5. f).· 1(, '•1. J 117.7 6 ·'' Go.4 l>1.o 0 ,(, 
17 55.6 :;~.0 -0.8 59.1 )6.7 . -2~·/· 
111 )iJ.l (,).1 lt.O 55-5 )8.7 3 ., 

·~ 1') (,3 .1 li1.1 -2.1 57.1 (,1.2 '•·1 20 )2.2 . 'it. 3 -10.9 lt2.6 )).7 ;.(,,t, 

AI.>VANCEJ) ~IJ::DITATOII GHOUP ,.. AUTONOHIC DALANCE 

(Pi.J mor Concluc lance) 

20 rninut.c 20 mi.nutn 
u., .... C01ul it ion Exi>criincnlal Con•! ll. ion 

Before After Uifferencc Bci"ore After Vif'rcrcnc-:· 

Subjects 1 H •• o 'tJ.9 -2.1 ''6 .o 51.J :;;3 
2 511.2 57-9 J-7 ''''· 7 61.11 Hi. 7 
3 '•5· 9 Itt. 3 -'t.6 '•9-9 'JJ.. ') . _(,,O ,, 

'•'). 9 :;fl.6 8.7 ·)5.8 :;G.1 O.J 
5 (i•l e 

-·:J 5).6 -8.') Go.'' !j'J.1 -1.) 
{, . ,,~ .1 51.) 6.2 51.) ,, 1. 3 -10 .o 
7 '•t.) 27-J -l't.O ''9. ') :_;(j .1 G ., ... 
l\ 11').9 J3.6 -16.) 52.·2 '•G.o -G~2 
'J ·~:!.2-~ 55.H ).6 '55:5 113.9 -11.(,· 

10 32 ·'' 37-~ '•·9 511-7 '•G.o -II. 7 J 
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ALI'IIA F E!WilACK C. twill' 

(Vol;u· C:ondm· t nne~~) 

;!\) minute . . ;!{1 .RI i IIIII I! 

Pt·e-l'l•a.inin~ lie>' I Condi lion ExpPt,-ina<'nt .. i Concl!tinn 

Ill' roa·c Afto•a· iliffcl'<'llCC llo• fnt'l' Aflo.•l' IH fft'l't!IICC· 

:->ub.i c•d s 1 ,, 'i • :! lt:.!.O - J.:! '•'.l • .l ltll. () -1.1 
:! :!l.'' :!1. It o.o )7.1 57.5. o.o 
J 'r; ,1,. 5~.h 7-:! :; ::! • ~ •. ,, 'i • (j -6 ,II 
II It 'I, It ,,,_; j.J ,,, .• :.! 'j ) .• J -0.') 
5 ,,,,,0 ljiJ,It 5 ,I, :,y_ !a )'t.:! - 1.:! 
(, lfj .6 J·l·. '• h.ll r;t.f.J )J.'j t.? 
7 '• 1. i J' 1. ;' o.o :.t.h 'jt. (i o .·u 
8 '•1. 8 1t7. 7 5. ') 'jl).:.! . j"·''.:! lt.O 
9 lt.<J. 'i 'i).J J.ll· )J.Il J't.:; 0.7 

10 It B. It 52.:! J.ll ~'··:; )).) -1.0 
11 I) • 1 :;4.:.! 11) .1 :.'• ~ b 511. ') O,J 
1:.! )1.:! :;:.;.~ :!lt,O )).J 5).0 1.7 
1) ltJ':! lt•.J.'j {;. J J7. ') lt').'j 11.6 
1'1 ]).0 )J.U 0.11 )J.') II') , fi --7 .') 
15 'i1.'j '• '•· J -?.:.! '111.0 ,, !,, (j . 0. (i 
Hi 'i.:.!.h 'jlj,<} :!.) 'i'•· j 'j) ·'' 

-o .-c. 
17 :.!0~3 -'tf.J.:.! 2) ·'' J).:! )J.O 1';.8 
HI 'it;.o 'j(>.O o.o :;6.0 )6.0 o.o 
1<>. 1tiJ, 7 'jO.'j 0,1\ '•8. 'j -~ *l .J-·- J-7 
20 '•5.6 51.7 6.1 5~ .. o ,,2.8 - <). 2 

AllVANCELI ~!EillTATOU GHOUl' - AU'l'ONmtiC UALANCE 

.( Voi ar CotHiue t. nne t') 

20· rni.nut c 
·. Hcs t Condit ion 

leforc After Di ffcr.enc(' 

Sulljcct.s !tJ -~ '•:.!. B -1.1 
5 J .II . :;-'i;ll ·t.o 
:17. ~~ ') J. ') 1(>.0 

. ! !)1 .• 7 ,, 'i • (, -6.1 
'!"'"'l ., J-·- )).5 1.) 

( :.!).1 )0 .1 :!/.0 
1t7 .ll ,,, .H o.o 
'jJ.O ).:! - ,, ;·. ll· . )) • .t. 5) -~· -0.::! 

J( r; ft. •) )j.) _o.c. 

20 minntt• 
Exp<'rirncntal Comli t ·i.<'ai 

llt•forc•· Aft tH' lli ffc•t·c•lh't' 

52.0 5).) 1 .•. 1 
)J.5 5·1j. ~~ . 1. ·, 
5/1, tl 511,6 . -0.:! 
:;lt,6 jlt,•) 0. I 
5::!•Q 5'• • c) :.!.q 
Jh.9 5J,O .'·1'1. t 
)2.b 50.1 .-·:.! .• :; 
)2.1 .,.9·5 17 ·''· 
)J,O 5J.Il cJ..H 
)!t.:! 55. !t. I ·• 
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.ALJ'JIJ\ I'I:WIIACK "HOIJP AIJ'l'ONOMlC.UALANCE 

(RnRpirntio~ P~riod) 

20 minute :!(} tni J_IUI.t! 

Pre-Trnining He sf. Condition Ex[!crinanntal Conrli tirm 

Uefo.re After Difference Defore Aflf!r IJiffi!I'I!IICI! 

subjects 1 51.5 )11,6 J.1 l1ll.J 50.,, 

.. 

2 )6. fJ Jfi.(i o.o JB.] Jfl. 7 
3 6').6 51l.') -10.7 J''. 5 51!.') 

'• 'IO ,'J '•B.J 7 ·'• 1 J 3,/1 13 3 ·'' 
5 '•J .o h6.2 J.2 76.0 76.0 

. 6· 6).2 (,'). 6 6.'1 6).2 6'). (, 
.7 '16.!! '/1(}. 'J ·!i·l '•J .o J~. j_ 
8 )8.7 Jll. 7 o.o )11.7 IJil. J 
9 50. 11 )lt,6 '•.2 50·'• tl5~5 

10 . l16.2. ')O,Il J.-.2 58.9 6').6 
11 J2.') '•6. 2 1J.J )8.7 5''. (, . 
12 (i2.1 )8.') -J.2 G5.J 68.5. 
13 50 ·'• 66,/1 16.0 117.2 5G.8 
1 l1 . .111..'). Itt.') o.o JJ·'' )6.6 
1j 56.11 5J.6 -J.2 511 ~ 6 6'1. J 
1(, JCi.6 )11.7 2.1 J'J.B '•t.? 
.17 6').6 56.8 -12.8 85.5 97.2 
,18 51.5 57.') G.'• 119 ·'• 117.2 
19 J').B J7.7 -2 .. 1 'J1.9 1•5 .1 
20 47.2 1r6.2 -1.0 40.9 'tJ.O 

AllVA.l'ICED·m:DITATOR GROUP - AUTONOMIC. BALANCE 

(llu~<illr·ntion Period) 

2 ... 1 
,0 ,() 

2'1 ·'• 
o.o 
0.0 
(,,t, 

·-(.'j 
') .r. 

J).l 
10.7 
15 .'). 
J.2 
').6 
J ') .... 
').7 
:!.1 

11.7 
-2.:.!. 
).2 
2.1 

··.· 

:.!0 minute 20 nai.llut.c 
RPRt Con<li t ion Exc"ri rnent ,,·J Couf).j_i:i.on 

Dcfor·c. AUcr Difference Before After· Dii'f•Jr<!IIC 

St&b.Jr.cts 1 5J.G 511.6 1.0 't8.J J~. 7. 7 ,1j 
2 1•7 .2 /1).0 -·4.2 ,, 1. ') '•'J.O l.l 
J )1.) ft(,,:! .;,5. :r '•'•.o lr(,',:! :,!.;..! 
II 'I? ·'• '•'1 .• 0 - 'j ·'I . 111. ') II()~') -1.0 
5. 511.6 . 5'• .6 . o.o 52.6 58.') (,. 3 
6 ;;t.) 117.2 _,, .J ,, '),It ''') ·'' o .o·. 
7 '11. ') · 110.9 -1.0 Itt.') lrt.'J o .• o 
fl ItO.? /IIJ,O ).1 35·5 J(,.(, 1.1 

.. 9 110.9 jll.7 -2~2 Itt. 9 '•t.? o.o 
10 1 J) ,II Bt.J .-.52.1 71.7 110.0 Jll.J 
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ALI'IL\ n:tmiL\t.:K ·GiiOUI' AUTOi'OOHlC IIAL\NCE . 

(l'ulst• l'rcs,urc) 

~() 111 inn tt• :!0 minute 
l'r<':..T·rninin<!: Ill's I Cn.n<l i t ion Exp<'r·im••ntal Con<li t I on 

llt• ror·e A rt.~r Oi ffcn•ncn llrfon• ,\ftrr IIi ffr.l"l'IICi 

Subjt•ct s 1 Jli.::! It t. 6 j ·'' '•ll. 0 51a • .lt (). '• 
::! It 1.6 J') ,II -2.2 . ltfl. () 1•5.9 -2.1 
) ';•). 8 r;'•·'• -'5. '• )::!.) ):.!.) o.o 
'•. (i>;.t _'ifl.7 -6.'• .·tar;.,') ttfl.o ~.t 

5 )h.ti r:;G.ti .o.o r;t,,lt )·~.) -2.1 
6 'il\.7 'd.G -17.1 '•ll. 0 ')0,1 ::!."i 
7 . !!~-~ )}.0 7.'; )).0 i,O; o· 15 .• 0 

.8 :>'•· 4 65.1 10.7 )0.1 JJ.T .-16.11 
') ti'i. 1 i>o.8 ~~ .. ). ;.6.ti (, ).0 (; ·'• 

10 )).7 )).0 -0 •. 7 JJ.j" '•<;.? 1:!.:! 
11. . 37. J )9. '• -:!.1 tio. II 51.:! -').6 
1:! '·~· 1 JJ. 7 -B.tt It) • ') ltll •. O. :! • 1 
1) JJ.7 '•?.') 1( •• ~ J(_.·t; 5'•. '• -).2 

t'• l>O,J 
-

It G.? -tJ.'• lit. <j . 6:!. It o.) 
15 ti•J,It. it.:, ::! • 1 6''·" 6).1 0·.5 
Hi )').8 J). 7 - :!(). 1 6').') j'),O ? .• 1 
17 tio~B '•'r.B -tG.n Go.B 'a'J,') -10.') 
18 )'1.8 51.:! -8.6 ';8.) '•?. ') . -8.6 
19 68.9 75.) . 6.'• 60.8 57.1 -).7 
::!0 5).0 50.1 -'•. ?· . 65.1 6).0 -2.1 

AJW,\XrEll ~IEIHT.\TC>H GHOUl' :.. AUTONOHIC 11\L,\!I!CE 

(Pills(' Pt·essilr('). .·. 

20 miuutu ~() mi nut-n 
·nest Con<li fion: Ex~rrinl<'ntnl co .. ;lt ti on 

II<' fore Aflt•r IH fft'rr.nce 119 fore Afl<>r ()if l"<>l"CIICe 

Subjects. 1 ltlt,8. ::;o.t j,J iti.I.O )).7 -111, j 
" ~1.:! t1rt. J .-G.~ 'i'•· B )).7 -11. 1 
J J7;1l :Jtl. ') l.t ttl.-, B )7, J --7.5 
It 'i7.li )J. 7 -:n.? Itt. G !t:!.t o.~ 
;; ;:i).J 5 J, J o.o ;;f •• 6 .::;6.1i (),0 
6 ~8.7 ;,ll. 7 o.o 5H.7 1t6. 9 -11.8 .. 
i 'tll.o . ItO.~ -7.5 56.6 5:'.!.) . -'•· 3 
1.1 1tlt, 3 50.1 :;.8 /11.6 t,(i. 'J .· ;, • 3 
9 ,, ). 7. 51.7 ll.o :,B.2 ·)). J _,,. ') 

10 )lt,!l JJ.7 -~0.7 ;;IJ.7 )'),It -1').) 

·, 
' 

285 
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APPENDIX F 286 

REACTION-TIME DATA 

AI.I'IIA Ff'l:flllACK GHOUP · HEAC'l'ION TINE 

:!0 minute 20 minutrl 
Pr••-Tr" 111 in~:; Jl.nRt f.onrfi t I on · 1\x pori rn on t a I Coil" it l '''.!. 

Before After Difference Before After !Jiff'ereuci, 

. Suhjcct.s· 1 GG.o n.o 1 J..O 6).2 ;8.8 -'•·'' .2 67.0 68.2 1.2 6).0 67.2 !!.2 
J ;G.t (j 1. 6 5.5 61.5 62.8 1. J 

. '• G2.'r )7.8 -'•.6 )2. 11 .')).7 . 1.) 
·) 62. ') {,J,6 0,!,1· '•5.8 1t8. 5 ~ .. ( 

6 8t. 7 ll0.7 -1.0 7J.9 69.1 -'•· a 
7 :>'•·9 )6.7 1.8 52.6 55·'' ·. !!.H 
8 G 1. 9 6).2 t.J 56.0 51t.G -1·'' 
9 50.) 52.) 2.0 51.'• 6).2 11. a 

to .)(,.() '''J. 5 -6.5 5'•·'' Gt.'• 7.0 
11 6).8 71.1 7·3 55.4 6't. 1 11.7 
12 ltll. 7 - '•6. 9 -1.8 It). 2 47.5 2.) 

... 
tJ ~~~. ~ 511.9 0.7 55.7 51.8 -).') 
t't 57.5 .JLJ -).2 )8.6 )7.) -1. 1 
15 )9.8 . GJ.O ).2 51t.H 52.6 -.2.!! 
16 .1'''· 1 ''7· J ).2 lt2.0 ·. I•'•· J 2.J 
17 )9.0 51.J -7.7 50.9 61.1 10. ~ 
18 57-7 59. 11 1.7 57.4 55.0 -~.'j 
19 5't.O 66.1 12.1 55.2 511.2 -1;0 

. 20 119.0 59.5 10.5 51.7 57.') 6 ,, ..• 

. _Ail\'A!IIC~cO H!Hll1'ATOII ·<iittiUil HEAC'l' l0!'4 T.BW. 

20 mi 1111 te. 20 rnjuuto 
ll<>><t Cnn•! i t.l on· E:i.: I' <'I" i ni <'II t ;\ I ·{'o11rl it 1 on·· 

Before After Diffcr:citcc llci:ore .\fter· Oiffcrenc<-

·subjects 1 'j6.0 55-~ ~0.8 'jll.~ 'i ).Ia .. -'···8 
·2 57.6 6't.6 7.0 5:!.7 61.) ll.G 
J 511.6 'i9.7 1. 1 (,1,, J 5)". ~ ..:'). 1 

·'' ~HI.o 57.8 -·o. 2. 56.6 :'>~.o -t.G 
5 'a'i. 9 1t7. ') :!.0 51.6 5).5 t.9 
6 5J.6 · li8.7 -4.9 ltJ.Il" 1,11 •. -t '•· J 
7 ~o.o It•) ,It -0.6 It). 7 ltfi.') ... " :J• ... 
8 Ia I). 9 5:!.5 2~6 : '•'3. 9 ltlt.9 .. -1.0 
9 ;,o.o 50-~0 o.o 'tG.8 ItO • 1 ;..6.7 

10 Ia;>.') '•6.6 0.7 '• :.!. 7 .'tit.(, 1.9 



Subjects 

Sut)jocts 

APPENDIX G 

SHORT-TERM MEMORY/PERCEPTUAL SPEED 

1 
2 
J 
It' 

5 
6 
7 
8 
9 

10 
11 
12 
13 
t'• 
15 
t6 
17 
18 
19 
20 

1 
:! 
3 

. ,, 
5 
(I 

7 
3 
9 

10 

A Lilli A 1-' f:EilllACK OIIOUI1 

. SIIOH1' -TEilH Hf~IOilY /P EllCEPTUAI, SP.EED 

. 

20 minute 20 m iuut.r.~. 
Prt>-Tr;dning Hest Condition :EX[!er i.mr,n t.a I Conrl it. i 011 

Before · After Diffcrcnc~ Before 

9.2 9.6 0~ ,, 1·2 
6 ·'' 9.2 2.6 It ,IJ 
5.0 6.0 1.0 6~2 

7 ·'' 7·0 -0,11 4.0 
7.6 7 " -o·'' It·. 6 

-~ 

5 ·'' 5.0 -o·'' •' lt·.B 

7.6 .9.0. 2.2 11,6 
.ll. 2 6.8 ~1.4 J.G 
7.8 6.2 -1~6 5 • .8 
6.6 9.2 2.6 ).3 

. 9 ·'' 7 ·'' -2.0 10.2 
6,2 6.0 -0.2 6.8 
7·0 7.4 0.4 

6 ·'' 5.6 6.6. 1.0 7.8 
6.5 8.0 1.5 ''· 6 ,, • 2 5.0 o.8 J.8 
6.2 8.2 2.0 5.8 
6.2 3.2 2.0 4.0 
6.6 6.2 -O,It It .8 
6.8 7.0 0.2 5·'' 

All\' A )In: h ~i 1-:1111' •\ i'illl iHIOlll• 
SIIOHf-TEml HE~IOHY/PI'IICF.Pl'IJ,\1. SPEEil 

-
:.!ll utilntt.c. 

After D;i.ff"t·P..IIC.t 

.. 
(i,.'t -0.8 
5.0 0.2 
11,0 -~.!.! 

4.6 o.G 
''·2 -O,It 
It • It . .:..o. ,, 
).13 -o./1 
j.2 1.6 
6.6 1. 8 
6.2 . 2.'• 

10.6 o. 11 
'•.6 -2.2 
5.0 -1. 't 
It, 6 -J.2 
6 ·'' 1.1J 
5.0 1· ') oN 

9 ·'' J.G 
'1.8 o.8 
).6 -1.2 
8.2 2.8 

:.!lJ minulc 
.n,,!'-t Coudi I ion l·>q .... ,. i!llt'll.l "1: Cnn<lll l on 

lit• fot·c Aflt•r IH ffei·t'.IH·.c flt,fot·•· Aftm· llifl:crcitc• 

'),'} .~,. (, -0 .• 7 5. ,, ,,,r, -0.3 '•· ,, 4.'• 0·,0 3•6 '•· () . o.11 
(i. (i - 't.B -1. t\ J.,lt '··~ O,t\ 

n.o tli,O - 3. () 7~0 7. '• (). '• 
ti.lt 6.8 o,r, 5. ,, II • (, . -o.n 
).6 '•· 8 1.::! ,,,o J,(, ..c(). It 
7.8 6.2 -t.h. :),0 ''·'• -0.6 
7.6 '•· 8 -:!.U .'t.G ·1t,O -0.6 
).6 ).0 -0,6 3 ·'' 2.6 -0.8 
6,1, :}.8 -0.6 .· '•.8 '• •. :.!" - -0.6 

287 
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\ 
ALPHA f·EEDBA.CK GROUP - PSYOiOLoi.ICAL TEST DATA ! 

(Long-Term) 

~larl o"·c--
narber Stan forti Cr:o ... ·ne 

B A D n ,\ D 0 ..\ [) 

Subjects 1 11.5 1!• .o I 3.0 1:! 1:! 0 8 7 . -1·· 
2 o.o . o.o 0.0 0 1 1 10 8 -2 
3 7 .·s !too -3~5 5 11 6 17 13 -'l. 
It o.o o.o 0.0 0 2 2 16 13 -3 
5 16.0 14 .o -2.0 10 12 2 13 6 -7 
6 1.5 0.0 -1.5 4 5 1 22 21 -1 
7 3-5 o.o -).5 5 1 -4 15 t3 -2 
8 11.5 16.0 -it. 5 8 12 4 17 15 ~::! 

9 0.0 o.o o.o 1. 1 0 13 14 1 
tO 2.5 1.5 -1.0 1 2 1 6 3 -3 
t1 3.0 0.0 -3.0 2 2 0 12 tit 2 
12 6.0 5.0 -t.O 3 5 2 7 7 0 
13 2.5 1.0 -1.5 J 1 -2 t5 t6 1 
tit ·7.0 ).0 -11,0 3 4 1 4 4 0 
t5 2.0 0.0 -2.0 1 t· 0 6 6 0 
t6 8.5 8.0 -0.5 5 9 It 7 7 0 
17 0.0 o.o o.o 0 0 0 1 J 2 
18 0.0 o.o. o.o 1 1 0 18 !!2 It 
19 lt.O 4.0 0.0 3 J 0 11 10 -1 
20 12.0 8.0 -4.0 9 1::! 3 16 11 -5 

I .-1vlcr EP I-·; E.PI- f. 

B A t D B ..\ 1> fj A lJ 

Subjects 1 11 12 1 12 8 -4 14 tit 0 
2 22 27 ·5 13 1) 0 8 5 -J 
3 23 17 -6 15 7 -8 tlt- 20 6 
II ::!2 15 -7 13 12 -i 7 9 2 
5 G It -2 3 8 5 18 20 "2 
6 22 23 1 15 15 0 17 12 -5 
7 11 7 -It 9 11 2 i5 15 0 
8 8 6 -2 7 7 0 G 9 3 
9 15 7 -8 9 5 _It 14 i2 -2 

10 .19 2:l 3 111 12. .-:2 13. 8 -5 
11 22 27 -5 19 18 -1 16 11 -5 
12 8 7 -1 1 4 3 7 16 9 
13 1:.! 1::! 0 til .8 -6 1.G B -8 
tit 3!t JG 2 2~ ~2 0 13 13 0 
y; ~{f 21 -1 1G tG 0 tit 11 -3 
tG 12 9 -3 5 . 2. -3 ()· t:; 9 
17 10 9 -1 7 4 -3 "11 t) 2 
18 5 5 0 7 4 -3 tG 17 1 
19 11 1) 2 10 7. -3 tit 8 -6 
20 11t tit 0 7 6 -·1 10 9 -1 

Rcn. Grid 1 neE'"· <·rid 2 i{pp. Grid· ~ Ree~ Grid 4 ... 

n .\ n ~ 
, . p !l .\ (I !', .\ n 

Subjects 1 0.02 o.}l>· .0. )'I -0. :;,) -0. 1ii:l u.o:::: o.:,:; . 0. :!t.> -0. 1 ') o.~o 0 •. tld -0.0:! 
2 0.)8 0.55 o. 17 -0.02 0.02 O,Olt 0.45 0.05 :..o. !1·0 -o.:io 0.2.4 0.64 
J. -0.48 :..o.52 -o.o4 -0.90 -0.86 0~01! o.6o 0.67 o.o7 0~62 ·0.43 -0 •. 19 
1t -0.81 .,.o.81 0.00 -0.')0 -0.90 o.oo 0~60 . 0.79 o. 19 o.ss 0.83 -0. o"5 
5 -0.50 -.o. 17 O.J3 -0~48 -0.67 -0.19 0.62 0.83 o. :n 0.12 o. 3G O .. ::!!t 
6 -0.86 -0. (It 0.12 -0.79 -0.90 -0.11 0.8.8 0.93 0.05 0~76 ·0.93 o. 17 
7 0.36 ~o. 2!j -0.60 -0.76 -0.86 •0.10 -0.)8 0.52 o.so O.·iO 0.76 0.)6 
.8 -O.o10 -o. 19 -0.09 0.10 o. io 0.00 -0.05 0.33 o. 38 o.oq o.lt5 0.:38 
9 -0.69 :-O.It3 o.:;6· -0.86 -0.62 0.~4 0.60 6.69 0~09 (}.62 o. i6 o. t!l 

10 -0.23 -0.26 -0.03 -0.25. -0.26 -0.01 -0.39 -O.it5 -0.06 -o.;~t -0.76 -0.02 
11 0.40 0.20 ~o. 38 -0.33 -0.40 -0,07 -0.12 -Q.40 -0.~8 0-::!9 0.98 0.69 
12 -0.71 -0.71 o.oo -0.98 -0.98 o.oo 0.88 0.33. -0.55 0.90 0.98 0,08 
13 -'0.25 "-0.21 0.011 -0. 4·~ -0.40 0.02 . -0.44 -o. 29 . ri.t5 o.:S-1 0~79 -0.05 
t4 -0.60 -0.33 0.27 ..:o~8J -0.57 0.26 0.90 0.55 -o. 35 6.&1 0.17 -0.6i 
15 0.07 -0.·2!1 -0~31 -0.24 -O,!tJ -0.19 0.79 0.6; -·o. 12 o.;-~t 0.50 -0. ~4 
16 -0.95 -0.90 0.05 -0.90 -0.95 -0.·05 0.69 0.88 o~ 19 0.93 0.99 0.06 
17 -0.95 -0.79 0~ 16 -0.98 -0.76 0.22 ,o. 71 0~45 -o.-::::6 CL95 0.8) -0.12 
18 -0.98 -0.60 0. 38 -0.98 -0.81 0.17 -0.95 0.24 1.19 0-57 0.(6 o. 19 
19 -0.90 -0.62 0.:::8 -0.93 .-0.64 0.::!9 0,)8 -0.29 .:o.67 0~93 0~62 .:.o.Jt 
20 -0.83 -0.90 -0.07 -O,G2 -0.76 -0.111 0.88 ·o.69 -0 •. 19 t'-57 0.62 0.0'5 

Xote: D = B~fore 
A After 
D D.i ffer.enc·e · 
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Subjects 1 
2 
3 
% 
5 
6 
7 
a 

'· 9 
10 
11 
12 
13 
lit 
15 
16 
17 
18 
19 
:20 

:Su·bjects l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
'14 
15 
16 
17 
18 
19 
20 

ALPHA FEEDBACK GROUP - PSYCHOLOGICAL 'I E3T DATA 

(Long-Term) 

Hep. Gri<1 ) fl ci>. Grid 

n 
-u.o:; 

0.11) 
..-o.Go. 
-0.)8 
0~12 
O.llt 

-0.71 
-0.55 
-O.It8 
-0.0) 
-0.40 
-0.12 
-0.86 
-0 •. 111 
-0.33 
-0.88 
-0.76 
;.o.')J 
0.0:! 

-o.oG 

Hco. 

n I 
-·0. ]0 
-0. ·1.9 
""0.05 
0.17 
O.)J 
0.50. 
0.)6 

-0 • .::!4 
0.88 

-o. J::! · 
-0.48 
0.9J 
0.03 
o.;lf 
o.oo 
0.83 
0.76 
0.48 
0.02 
o. JJ 

i '\ 

\ Ji il . 
O.U:.! (). (J7 -0.12 . (). ·'• J 

-0. 1~ -O.:J5 o. 29 0.02 
-0.17 (). 'i J 0.)) 0.57 
-o. tl, o. 2'1 0.8) 0.79 
-0.19 .:Q.)l 0.0')· 0.::;::: 
o.cio -O.l't o. tit 0.!)0 

-O.It;i .o. :::6 o .. 'JO 0.88 
-o. 'to 0.07 -o.oG -0~02 
-o.4::; o.o) ~o. 118 . o.-n 
o.::n o. 2'1. -0. 1'11 0~12 
0 • 1 rj ·0.')9 o .• }8 -0. 17 
O.JH o.:;o 1.00 0.9:> 

-0.76 0~ 10 o. '.i-'1 o.B; 
-0.02 0.12 O.)G 0. 111 
-o.OG 0.27 o.o:; <:J. 6·i 
-0.136 0.02 0.90 0.9.0 
-0.76 .o~oo 0.')0 o. 7'~ 
-O.'~·J (). 't!.l 0. 113 o. [~(). 
-o. ~~~ -O.Jl o. 31.\ 0.7G 
0.1:! 0.18 O.<jO 0.{6 

firid '!0 nq~. Grid 

.\ I p I !'I ' o.:; :-
I 

v. ') J tJ. :; J 0.2·1 
0.19 O.)B -0.5~ 0.07 
o. 7 !. I 0.79 -0.06 0.)8 
0~ ItO o. :n 0.57 0~ }6 
0. :26 . -0.07 0.55 0~38 
0.60 0.10 0.)1 o. J8 
0.)8 0.02 -0.57 -0.4) 

-0.::!9 -0.05 -0.55 -0.60 
0.11 -o. 17 0.95 o.;G 

-0.10 0. :::!~· -0.59 -0.48 
-0.17 o. )1. -0.43 -0. 19 
0.88 -0.05 0.9) 0,98 
0.)6 ·. O.Jj O.'±') 0.57 
0.79 0~05 0.21 0.45 
o._55 '. 0.55 0.;'19 -0. ::!'t 
0.71 -0.1::!' 0.21 o.57 
o.'t3 -O.JJ o.1t5 o. JJ 
o.ss o. 40. 0.::!9 0.90 
0.83 0.81 0.81 0.86 
·o.6o 0.::!7 o.:i1 0.<)8 

n"I:!· ·Grid 

B ,\ 
Sul>j-e~:ts .1 -0.)1 -0 .• 21 

2 -O.It8 -0. 2'1 
J 0.)1 0.67 
4 0.57 -0.02 
5 o.jJ o.::i6 
(j -0.110 -o.:;::; 
7 -0.02 ~0.10 

8 .· o. 33 -o.o6 
9 0.62 0.17 

10 ~O.::i) -O.J) 
11 0.50 -o. t'z 
12 o.::;7 O.'t5 
13 fJ. O'•· 0.17 
lit 0.60 O.'tJ 
lj O•'tJ 0.1/f 
16 o. 7't 0.9) 
17 0.60 0.86 
18 0. (It o.BJ 
19 -o.;;o 0.8) 
20 0. 1t5 0 • (j I, 

:.<ote= B Bel'ore 
··A After· 

0· Diff'crcnce 

G H~2· Grid 

n fl ,\ 
o.:;::; -0.10 0. 1') 

-0.27 0.(,9 -0. 10 
o. z~J o.:;z· o>76 

-0.04 0 .1'1 -0.12 
0~ '17 :0-76 0. (It 
o.t16 o~?J 0.93 

-0.02 0.26 -o.oG 
O.Oit -0.76 -0.4) 
1. 27 1.00 o.oB 
0. ::!C. 0.)1 o.:ic. 

-O.'j'j 0.26 -o.n 
-0.05 i.OO 0.7'1 
0.2') o.::;') o.118 
-0.~~ 0.50 0.21 
0.')7 o.:;2 0~ 71 
Q.oo 0.9:; 0.')0 

-o. tC 0.3) 0.81 
.o. !(j 0.9::; o.BJ 
·o'. }0 o.&:! o.o::; 

-'0. 11i 0.79 .· 0.81 

'11 Hen. l.rid 

ll !l ,\ 

-0. 19 0.57 o.;u 
o .• 69 -0.)8 0.17 
o. !tit o.Gtt 0.76 

-0.21 0.88 0~83 
-0.17· -0.)8 o. 14 
0.07 0. (It 0 • .::!9 
0.14 0.67 0.52 

.-0.05 0.05 -0.06 
-0.19 ·o./9 0.79 
0.11 -0.16 -o.oG 
o.2lf 0.43 -0.40 
0.05 -:0.02 o. 29 
0.12 0.6) 0.64 
o. 2!1 0.19 o~43 

-0. 1tJ 0.29 0.21 
0.)6 0.90 0.90 

-0. 1::! 0.79 o.8J 
0.61 0.57 0.74· 
0.05 0.86. o.0o 
0.17 0.12 0,52 

1'• H(!p. r.rid 

,, 1\ ,.\ 

O.lU -0. ')7 -o.ur, 
o. 2't o.:;:; -o.oG 
o. 36. -0.;8 .,0.31 

-0 .• 59 -0.8) -0.71 
-0.07 o.·to 0.02 
-o. 15 -o.<jo -0.76 
-o.o8 -:0.5.2 -o.7G 
-O.J'J -0~33 -o.o:.; 
-0.45 -0.21 -o. 71i 
.:o.1o .,.0.61 -0.-69 
-0.G2 .-0. )1 -:0. J3 
-0.12 -0. (,7 -o.m: 
o. 1 J . _.O.'Jj -o.nr, 

-0.17 -0.136 -0.29 
-0.29 -0.55 -0.02 
0.1') -Q.!Ij -0.')5 
0.26 -o."BG -O.f>2 
0.0') -0· 1 ') -o.Go 
1. 33· -0. (~8 -0.7'! 
o. 1'./ -0. 7'J -0.81 
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7 ?.P.ri. r. ri -1 9 

I! H ,\ f) 

0. ;:,') 0.-i,J 0.1;0 . 0.17 
-0.79 -o • .::'>· 0.14 0.40 
o. 24 0.7'} 0.')3 o.t4 

-o. :::6 0.76 0.57 -0.19 
-0.02 o. 71: 0.71 -o.oa 
o.oo o.e.J o.'18 0.15 

-0.)2 0.';:.2: 0.79 0.27 
o.:n -o.:;-t; ..:o.4) O.)j 

-0.12 0.9<) 0.86 -o.o~ 
-o.o:; 0.5:.6 o.:;o -0.08 
-1.05 0.>3 -0.')} -1.41 
-o.i6 l.fl<J 0.')5 -0.03 
·-o~ 1.1 O.::!t 0.)8 0.1; 
-0.29 o.:rr o.~o d. 2? 
o. 19 0 ,_ 

-~/ o. 33 '·-0.12 
..:o.o:; o.~J 0.62 -0.)1 
-0.02 .O.t:T Q. )8 -o. 29 
-0.1~ o. J.J 0.90 0.57 
-0.::;7 o.~::;. 0.81 -V.i!t 
0.02 o.:;:; o.::;7· 0.02 

1:! ~·<:-I'. Grid 1~ 

!I !· .\ I f' _j' 
o. ].~) MO., p. 7'• 0. >u I 
0.55 -o.:.:!9 ·o.o; o. }::; . 
0.12 -0.19 -0.14 o.o;:; · 

-0.05 0.1.0 -0.0~ -0.1:2 
0.5:! -0.64 -0.48 0.16 

-0.45 :..o.76 -0.88 -0.12 
-0.15 0.05 0.05 0.00 
-0 • .1.1 0~8-t o.lt:; -0.36 
o.oo -0.62 -0.71 -0.09 
0.10 0.10 0.05 -0.05 
-0~8) 0.50 -0.17 -0.67 
O.Ji -0.69 .-0.76 -o.o';-
0.01 O.OJ -0.19 '-0 .• :::1 
o. i4 -0-36 -0~3J 0.03 

-o.oB o.~t> 0.05 -o·. 21 
o.·oo -"-95 -0.8) 0.1::: 
o.oit -O.!t} 0.0::! 0. 1t5 
0.17 o • .'iO -0.52 -0.9::: 

-o. :26 0.6-'t -o.o; -0.6<) 
o.!.to -0A3 -0.-'15 -0.0::! 

.15 

n 
-0.:2') 
-0.61 
0.07 
o· •. t2 

'-0.08 
o·. t'i 

-o. z 1t 
0.:.:8 
-0~53 
-0.08 
-0.02 
.,-0.21 
o.69 
0.57 
0.53 

-o. 50· 
o. 2 11 

-0. 1t1 
0.71 

-0.02 



H 

:'No\'IC~ !-!Eill1',\1'0lt (\!IOU I' - I'S\"CIIOLO<.\ lC;\1, 'l'E~T [J,\'f ,\ 

fLou~;-'fl•nn) 

~.\t·tu~ Hegulnrit~ 
llntinJ!i ~ 11'!!..!2.!!!: \'t"\1\0il' T;l\' I or 

-~·~ ~ .. , 

• A il II .\ ll .II 
Suujoct.s .1 ) I' ~·. 5 l~!i -u.o Hl 1~ -h 11 

2 .7 M. 2.5 ') J':) 
3 2 M . 1.0 o.o -1.0 9 7 -2 19 
4 6 1-l 1~ ~0 1- :!I I. 

5 6 F 9.5 ,,n B 
6 1 F 5-5 7-5 2.0 :!) 1') - ij 7 
7 1 ~~ 6.5 11.5 -z .. o ;. (, 1 11 -. 
8 6 M J.5 1J h 
9 5 M 1.5 2.0 o.) 1h til :.! 5 

tO 5 F 2.0 o.o -2.0 :!~ J:; -i ill 
•. 11 2 }I 9.0 1).0. lj .o <) ·It -:; :l} 

12 2 H. 7-5 12.0 
''· 5 

Ill 1[1 0 111. 
1J 2 M 7.0 o.o -7.0 15 1? '• 12 
t 1t 1 F 2.0 1.5 -0.5 ::!:.! 21 -1 )11 
15 1 M o. 5 9.0 8.5 1'• :n ·9 10 
16 .. 7 1-l 1.0 .:! 1 :.!1 
17 J •• 10.0 5.5 - 11.5. 1 ,,. 1'1 0 111 
t8 7 F t6.o 11 1() 

19 J ~~ ).0 ).0 o~o Ill 1 ,, .. _,, 'l'l 

20 J H 7.5 lt.O -). 5 : :!ti 1<) -1 Jlj 

21 6 H 10~0 
' 

1 1 )'} 

22 . 2- M 7. 5 . 1.5 -6.0. 10. ::!1 11 1() 

2) ,, F 8.0 J.O -5.o· 7. 10 J Jfl 
2'• ·2 H L5 o.o .;l;'j 1? 19 0 (I 

~j J H 2.0 2.) 0.) tG 15 -1 17 
:!6 '• . H 7.0 11.0 ,, .I) 7 9 ·:! !' J 
27 ,, F 10.0 8.0 -2 .o lb. Hi 0 21 
28 2. F 12.0 14.0 2.0 15 ::!1 6 )It 
29 5 F 8.5 6.0 -2~5 111 8 -6 :!fj 

JO J H ).0 2.0 -1.0 IJ 1) 0 :.;It 

)1 6 M 10.0 I 1::! }0 

)2 2 F 5 • .0 ).5 -1.5 1) 11 ·-2 :!0 

JJ 6 }I . 7.5 ', 18 Jlt 

J'• 7 H 2.5 ' 15 til 
35 .3 F 8.5 5.5 -J.O '' 'j 6 1 15 
)6 1 H B.o '•.5 - J. 5 . n 1fl to 11.1 
37 2 F 9.0 6.5 -2.5 l'i 1) -::! 1') 
3/l 2 F 7.5 10.0 2.~ ::!0 :::o 0 JO 

Regularity llnting 
1: !-lr:di.tnte {,den per dny, every day ~llcgu.J nr ~lt!d. 
2: · · ~lecli tote mo~ tly twice. per day, sometimes once 1Group . · 

): . M!ditnt~ Romntimes once per day, mostly once l 
~: .~ln•J.itate·mostly·once per day·, ·se:J_dom skip more Irregular 

· · · Meditator 
th; .. n 1 dny . . G 

5: Ucdi tn to s·ornetimes (more· thnn 4 times per week) roup. 
··G: ~lcdHuto tltrC!O 'limos Jler wcok or le!'ls 

71 l\lot ro_-t..oiltotl fur vurlcty of _rons.ons · 

Not~t 
II = lloforo 
A = /i.rtnr. 
U = Dlffcronco 

,, n 
1) :! 

17 -::: 

n 1 
u -J 

5 0 
:.!'1 {, 

15 -10 
? ... :, 
:; -7 

10 -:!B 
11 1 

•\•'' 8 --
~l) -·::! 
1'; 1 

10 -6. 
J:> -J 
10 :! 
")~ 
-) 8 
1(; -7 
H -I J 

2) ~tt 
~t) 1 
17 -,7 

16 -4 

lj 0 
'j - l) 

1·,, -5 
J::! 2 
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·~ El'.l-E 

H ..\ II II \ II 
C) 1:.! :l -; h 1 

17 II 
11 1'1 -t. 11 11 0 
!(, 1:! 
1J :~o 

'• :! -::! 1 I I') 8 
6 a .. 1(; 17 1 . 
H tb 
(; ":.!. -'• Hi 1;3 -J 

11 1:! 1 17 1U 1 
Ill I .it _,, 11. ') 't 
10 .10 0 7 1(• 9 
7 ) -:! 10 ') ,..1 

:!1 1 :l -1\ n· 11 J 
7 7 u '• 3 It 

11 1:! 
IJ 7 -'• 10 I (• (j 

ll 111 
th· II -II 1') 1 'I -~. 
Hi 9 -1 11 •11 0 

:::'• (, 

.11 9 -::! 1 !1 Ill t, 
:.:o 1 '• -b l!J. 7 -J 
; ) -:.! 11) 1J -3 

10 t(, 6 10 tit . It 

::!) :!I -::! 10 ') -i 
l'l J - 1_::! til ') -9 
1 ') .10 -') 1 J. 15 2 
tG 1 ,; ' (I tiJ ,,, . _,, 
1) 1) 0 7 7 0 
I') Jf) 
12 ~0 -:! 1'• 1} -1 
:!) 1 1 

\. 

17 :!1 
10 II - .. l t 1:! t 
1) J 10 1:.! l 1t !! 
17 . 11 -h .17 :.!0 J 
16 til -~ l'i 17 :! 

- ... , 
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.. llpp. (irl.d 1 Ji.,p. Grltl 2 !I''['• tiri•l ~ 

B A ll JJ J\ J)_ II ,\ ,, 
Suhj nct11 1 - .•. :.!t! -.)7 -o. J1 -. ~(. - .G2. -O.JG .o~ ,IJ(J O,Jj 

2 -. 76 :-. (,2 ,/HI 
J • 'tJ • 10 -:0.)) -. D -. 2'• -0.05 -.~2 -.)11 . O.tll 

'• -·''u -. 4 3 0 21) 

:; -.)~ -.31 ·''o 
(j -. t'• -,It£> -0.26 -·'•J -.)0 -0.07 -.13) -.JG 0.'17 
7 -.)1 -.57 -0.26 -.Btl -.90 -0.10 ·''3 -. 19 -O.f12 
8 .:..;;o -.50 .)0 
9 -. 2(t - ~ ''5 -0. 19 -. 7(• -1.00 -o. 2'1 .79 • 71 -o.ofl. 

10 -.)) • ~6 u.6'J -.~2 -.21 0.31 • :!I) - •. 21 -o.:;o 
11 • 29 .(i/J f). J.J .o::; -.52 -0.57 -.Go -.0) o. ~·) 
12 .21 -.7? - t.oo - ·'' J -.)0 -0,07 ·''5 • 1'1 -O,Jt 
1) -. 7(• -. 7'• 0,0:.! -. (J ~ -. li7 -0.05 .7') -.!7 -f), 'J(, 

1'1 - • B(, -. 7'1 (;. 12. -.93 ..• 8 3 . 0.10 .')0 -76 -0. 111 
15 -.6') -.to O,'j9 -. 61t. -.52 0.12 .31 -.Jil -o. r,r; 
16 •. 611 • :2 'J -.)6 
17 -.57 -. 2'• o. JJ -.131 • .)0 1. 31 .ua • 7'1 -0. 111 
t8 -~ 19 -.76 -. ,, () 

19 ·-.55 -. t,a 0.07 -.57 -.8) -0.26 .02 .')0 o.aa 
20 -.)6 -. 29 0.07 -.88 - .• '15 o.'IJ .oo ·.Go o.Go 
21 -. 19 -. 29 -.19 ·.I 

·22 -.Go -.71 -0.11 .• 12 -.oG -0.18 -. Glt • Jll 1. li2 
2) -.:;~ -.llll -0.)) .'JY --79 -1.211 .Go .Bil 0.:!1.1 
:!.'t -.76 -.1'1 0.62 

__ .~,o 
-.62 -0.22 • 10 -.0) -0. 1 ') 

25 -.')) -. 1'1 0-79 -.BJ -.6') 0.111 .86 • 52 -0. J't 
:;6 ·'' J -. t'l -0.57 -,II::; -.)1 o. 1'1 -.57 -. ! 11 (),IJJ 
27 -.71 -,JJ o. ;H -.llG -. )6 0.50 .93 • 1') -0.79 
28 -.12 • 111 o. 26 -.52 -.71 -0.19 -.111 ,07 0. :!1 
2') .71 • 2~i .-0.112 - J.>7 -. 76 -0.09 -.31 -.19 o. 1:2 
)0 -·9) .oo 0.95 -.6<) -,110 o. 29. • (II .O'j -0.6') 
)1 -.6') -.71 ·55 
32 • 17 .60 o.tt3 -,JJ -,ItO -0.07 -. 2 1t -.)1 -0.07 
JJ .to -.r.o • (j 2 
J't -.45 -.52 ... 26 
35 .;.o • t,[l -0.02 -71 - • .110 -1.11 -.8G -.52 o. Jll .... 
JIJ -.~~ -. (j( -0.12 -.67 -.98 -0.)1 -.8) -.8) o.oo 
37 -.9) -. () ,, o.:::? -.8) -.813 -0.05 • 2.~ .2'• -0.0) 
JB • 2(j_ -. 711 -1.00 -,tit .)) 0,117 -. 17 - .. 2G -O.O'J 

.'1'"'1!• :~J~iu Jl..t'P·i }\.t'l.Jl ..:i .!J.!~;:,.Jdl.i. 

ll A ll II ,\ ll II ,\ Jl 
-"t.ll•jt1cts 1 -.U:.! .uo 0.()~ • til -.)1 -o. :ti o)H ,JJ ·~o.IJ:; 

:.! .G7 • . -. :.!ti • <) () 

J • 7') • ti.!l -o. 15 • 1 i' -.)13 -o.:;::; •. 7!t . ,Ill) -O.Jit 
II .• 5 i' • ::;6 ,.. ;311 
5 • 61t 

::.o.t1o 
.62 .07 

6 .Btl • ''8 -.)1 -.76 .-o.tn • 7(• .81 0,05 
7 • ltll . ~,, -o. ~4 .oo -.)1 -0.31 • Jll . .90 0 ·~n •:J .. 
8 .:;o -.19 • 71 
9 .;1 -.57 -t.:.!ll -.86 -.4:; (l. 111 • 26 .8) 0.5;' 

10 ,JII • JG -0,0:.! -. :!!1 -.:!6 -0.0:.! .19 .07 -0.1:! 
11 ,II tl • 10 -O.)tl -. ~-'l. -.50 -o. :.!h -,1).() .• til o. 'j/t 
1:.! .)) ~;i!! o. 19 • til -. 17 -'O,Jl ;. • ti 'I .17 o .II t . 
13 -.60 -. 19 o.'ll •JJ - ··5 ~ -0.11) ~~:!t) . .-:,2 o.Eit 
1'1 •. IIJ -9:» o. 1:.! -.llG -.Cit o.n;· .• II (I .')EI 0~50 
15 . ;c .. .::!1 -O,.J'i -. 1'1 -.G7 -0.')3 ,·,,3 .6') o. ::;(, 
t6 . -. J(i .• (ill -.EI6 
17 .')0 .)3 -0.57 • 36 ; J(, o.oo ,(,11 -.1?. -o;BJ 
tl.l .oo -. 115 • 2't 
t<l . ,,, .<)ll 0,:2/1 -.06 -.10 -o·.o•, -·. 7'• ~05 0.79 
:::o o·> . - .)0 lh IJfl -.)6 -•JB -0 .ll:.! • C:JJ .GO ;.o,JJ 
21 ,61j .02 ,II J 
:!::! • 86 . .; Jll -O,IJB .5!! .50 -0,0:.:!· -.6; -,It) O.:!!l 

~ . 

23 ..,., 
• . J.- • 79 ·O.~i' .. :;/ -. 7'1 -LJI ;;...6; • 711 1. 1t 1 

.211 • (i? .oo .-O,(i') .c;~ -.!)~ -1 ~ .1 '• · .• Elt • It (I -:0. JJ 
:.!5 ..• 71 t. ()I) • o. ~·) - ~ :Ill -. '•II -0. Iii ·.II 13 .c.o ·o. 1:.! 
26 -.to -.ll1 -0.71 • t)5_ -.1:.! -_O.t.l'; ·'• r; -.'}) -1,00 
... -. .:;o • It) ... 0.07 -.6') • t ~} o.Hil ,JU -.1:! -o.;;o .. , 
213 .67 .oo -0.67 -.1 11 ,0) ,0, 1') .2') .oo . -0.29 
:!') • ItO -. 10 -0.50 • :!? .0::!. -0.:.!7 ,)J ··'·11 ·o. 1:; 
)0 • 1 C) -.05 -o. :!It -. 1t5 .0:! 0, 117 -.)6 -.o;; o. 31 
31 .RB -,1\J • t,l) 

3::! . ,111 • :!'• -0.19 • '15 .oo -o. 't'i .• 10 • 2'1 0.111 
JJ -. Utj ,ItO ... 17 
)II .79 • JJ • 10 
35 -.)1 ~::!1 0.)~ .67 -.)) -1.00 1 ., . - • !Ill O.J6 
)6 ,<)) -.')0 -1.85 .71 .5) -0. !(, • (I() -.76 -1.62 
)7 .an ,C)O o.o:; -.88 .1::! 1. ()() .9) ,JG -0.)7 
)8 .!It .oo -o.Rt -. 10 -.Ci7 -0.:;7 ,.t,R -.to -0,')1\ 

. Noto: U Uoforo 
. A After 

r> 1>1ffereuco 
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. .i;.:a~ ..... ,~)J,~I...:t....i.; · I ,!!.',;,1/.J ... jJ,.t..i,Jl . .:;. .1.!.::~\.l:..I.!U. 

n· II J) f) II f) ll A ,, 
Snbjoctl4 1 • !:,!•) .)7 o. 2ti • 17 _.lH ... O,(,~ .J) .1~ -0. J'' 

2 -.~:. -.10 -. :!'1 
} -.2') .05 o. J'l .0) -.02 -0.07 .JG • 2G -0. 10 
II .02 .21 .12 
5 -.12 .62 .:!.'1 
(j .07 .21 0.14 -.02 .17 0.19 • 19 -.Go -0. 7') 
7 -.j) • 1') 0.52 .50 • 24 -0.26 •. 10 .31 0.71 
6 .!!9 .12 .71 
9 ·'•.J ~ 21 -0.22 ,JJ .55 0.22 .)1 • 2.'J -0.07 

10 -.o) ,..,118' -o. 'IJ -.10 .10 0.20 .. 2'• - .t'• -o. :JH 
11 .07 r:•)" 

·:J~ 0,11) .02 -.10 -0.1:! . ){, . (,') o. JJ 
12 -.o~ • JB o. '•J .7') • 7'1 ·-o.o~ ,'JG .o:; -0.31. 
1) -. 17· • '•II 0.65 ,JJ .)1 -0,02 -,111. .-G'• 0.711 
t'l .-8) .90 0.07 ,')0 ,8) -0.07 • .:;o • fl(, o. J(j 
15 ·'•l -. ,,u -0.91 .!jj -.12 -0.67 • /lfj • /1 (J -o.nB • 

I 
.. 16 -. Jll -.JB -. (jl, 

.17 -··.02 -71 o.n .G7 .BB 0.21 • 21 r.•) 0,)1 o;Jw 

18 .17 .J8 .Gz 
1') • ·1'• ~')0 0.76 .88 .BJ -0.05 -·'Ill -.')() -0. 11 ~ 
20 .oo .oo o.oo .Go • JJ -0.27 -.10 • JJ o.I•J 
2t. -.)1 .~0 -.'IJ 
22 • 57. ,(,7 0,10 .llB .76 -0.12 -,JJ -. ~1· 0.12 
2) -.81 .')5 1. 76 -55 .BB o •. JJ -.69 .Go 1. 2? 
:!It .;,o • 2'J -0.26 • 7'' ,liB -0. 2(, • 7(, .Go -O.J(, 
25 .BB .llG -0.02 .52 .76 o. 2'1 .62 .JG -0.26 
!!G .)1 ,JJ 0,0:!. .57 -.26 -0,8) -5~ -79 0,211 
27 .81 • 19. -0.62 .19 ,It) o. 2'1 .02 ·• 2 11 0.22 
21l . -. 111 .12 0,26 • 1 ') • tiJ -0,05 -55 • t7 -O.JB .. 
29 -.to .67 ·o. 77 • 7'• .52 _.0,22 ·'• J .')J o.;;o 
JO ,JJ .t'J -0. 1'1 .6') -.10 -0.7') .r,o .12 -O,Itll 
J1 .-:w .Bl .69 
):! -.or. -. 1'1 . -0.08 ·'' J • 74 O.Jt • til -55 o,ltt 
JJ • (lO .)2 -.17 
J'' .)) ;118 .02 
J5 -. 71 .t2 0.9) ·• 21 .IJO 0,1') -.21 .It) o.G'I 

. J6 ·.?B 1,00 0.02 .81 .95 0.1'1 .Gil' .)~ ·-:.;o. 12 
J7 .BJ .19 -0. 6't .9 J .90 -0,0) .71 .6') -O.(i2 
Jll r.•> . ") ..... • 2'1 -o.::B .• 26 .611 o. JB .21 ,JH 0,17 

-n"l'· .Cft·t (l tt ll<'p. C. t· I tl 12 ·n··p.· r;·,. 1 .t IJ 11"1'·· liri<.l 1'1 ~lirid 12 

II ,\. II II ,\ ll 1\ ,\ n II ;\ j) n A 0 
~ubjects t .oo .• 57 o. 5-7' (>'' ·''8 -l). 1'1 -. 17 -.toO -O.It :! --.0) -. Jl, -0.)1 -,.!til - • 'til o.oo 

2 -. -;t. • 6~) -:. 1 i 
J . ,l{!l .. 211 -o. 2'1 .G 1t· • 6't o.oo • II() .o:; -o. J) 

-.JJ -. JG . 
. 2'• .to -o.t'' -.14 • 2'1 0.)8 ,, -.to • )6 -. ~,, .02 -·'•ll 

5 -.60 .)1 -. H/J 
6 • ::c. .71 o.'l'.i • 10 • :!'t . o. 1.11 .07 • Jll 0.)1 
7 .:!6 -.JU ..,o.6't .57 ."7G o. 1') • 1.7 • 24 .o.o; 

I -.19 -.62 
o I 

.0) .: .0:! -0.07 -.JG· -·'•5 -0.09 
-.J:; • 10 o.'• J -.62 .07 o.G9 

ll .62. -.jr; -.to .to .• oo 
9 • l'l 1 ,, -0 .• 07 -.05 ·'~'5 O,'jO -.~~ -.71 -0 •. t ') . -

10 -.1'1 -.)1 -0.12 .67 • (,II -0.0) -.:;:.! •) I o.HJ 
11 -. tit - • !!It -0. 10 • IJO .r;o o. 10 .O'i .0:! -o;oj 

t .71 .12 -0.5? -.111 -.01 o.oo .. (,() -~llJ :-1·'' J -.2!} - .• Go -0.)1 

' -.)8 -. 1~ o. 1') -. 19 -57 0.76 
12 • J8 ·'•fl O. tO -.Oii • :! t 0.:.!;' -.)!l .n;, o.'t J -.21 . ,118 o.G'J -.17 -.69 -0.52. 
1J -.t~ • (j It o.;li • :Hi •. ~1 -o. t'i -.2G -. )ll -o. t-:!' 
t 1r ,lttl • (><) 0.21 • -~ i' .1)0 (),)) - .·.>~ -.;? 0, t6 
15 1"' 0" o. 1'1 .Go -~7 -O.OJ .., ·'') ·"' .05 0. Jll -. - . -
16 -.oo - .• 6lt ... 111 
17 .Jb .17 -0 .• 59 .)0 .62 ·0.1:.! .UJ .i:i:: -0.21 

..... 29 .07 (). J(i -.!)7 .- .10 (j ,117 
I .86 .ll8 o. 0:!. -.71 -.'):5 -o. 211 

• iG ;10 -o.t.C, -.60 .-.55 00.05 
I -.Ill .. 2'• ! .:;5 .17 -Q.)fi - .G 1t -. 711 -0.10 

t8 .BJ • 10 .• 21 
1.9 -. 10 -:. '• J -0. JJ • 71 ~')B 0.27 -. 'tU .,- -0.0') ~ • "J I 

-~0 -.17 ~00 o. 17 ,_ .48 -0.0') • 2') • :!(} -0.0) • :J I . 

21 -. 29 • 1'1 -.06 
~2 .'IJ . -.·:!C) -0.72 - • I~~ -.26 -0. (I{" .-- .·:!lt o; o·t - • J I 

I J,:! -.02 
I - •. 17. • 38 Q.5:i -.6'• ,JJ 0.97 
I -·'•J •. 10 0.5) ·-.52 -. )6 0.16 
I 

--79 -.86 I 

-.62 ,, 
~~.0:.! -o.Go .i>5 .• 19 o·.t'• 

2). .-. (il) • :J I 1.2b .07 • 57. o.;,n .07 -. 7h' -o~llJ ·-. 69 -.')0 -il. 21 .oo -.')6 -0.')8 
2'1 .;1 ~b7 -O.O't .71 .llll o. 17 -. 19 -.Bt -0.(>:.! i .Gtl • (j') 0;05 -.7G -.02. o. 71t 

. !!5 .)) • 19 -0~ tit • 'I r;· ,.._-., 0.07 ·-.<)0 :--71 0.1') ·:J-zc, .'15 .)) -0 .. 12 -.81 -.JH 0.11) -.'t:J • 21 o.6'1 
27 • 11) .17 -0.02" .)) ·.:.. t't -<i·. 1ti. .-.;·I; -,JJ (). ,, J 
28 • ItO .64 o. 2'1· .12 .)) 0.:.!1 .02 -. :!fl -o. ::n 
29 .07 .)) o. 2i> .50 • 12 -0.)11 -.J) -. t_!t -O,Itt 

.0) • J/3 O.)J .57 .67 0.10 
I .07 : ... • :.!6 0,1') .oo .57 0.57 
' . • Go -. 711 -1. J'• -.JJ -.19 0.14 
' ;o.5 .J) o. 211 ·-.6') -.52 0.17 I __ ,,o 

• }6 0.;8'1 -.J8 .07 0.45 
30 -.JJ -.1!1 0.19. •. 62 • 79 o. 17 -'·· tO • 19 0.29 
31 ti'' .81 -. 111 
32 .'tB .JJ -0.15 • (,9. .~!! -0.17 -.12 -.2G -0~ til 

I ·'•J - .• '113 -0.91 -.,ItO -.67 -0 .• 27 
I .)2 -.52 

. -. Jt .21 0 •. 52 -.2') -.52 ·-0.2) 
JJ - •. 2'1 .)J .)t -.JJ .-.'•J 
)II .')2 . :,~_ -. J) 
)5 - .ot.i .'ttl 0, )II __ ,., 

- ~ z't 0.:!1 ~ '•·5 • :!6 -0. 1'} 
'Jt> -57 .• 711 0.17 .62 • 7·? o, 17 • !) J t.oo -.1.') J 

I .• 17 -.76 
I -.)1 -.12 o. 1') .~5 -.26 -0.81 

.• ,,o .IJ7. 0.17 .,. 7'• - •. 9 J -0.19 
J7 . 7'•. .IJG 0.12 .81 •. 1 ') -0.&:! ()'> -. 711 -o.;~> 
Jll • ::! 1 • :.! ~. 0.0) -. 29 -.JG -0.07 • ~t1 -. ~~ . -o. :;o· 

r • ~;o • 711 o. 2'• - ,11) -.JG 0.07 
.~ -.it -o:i5 o. 16 -.)11 .12 0,50 
' 

Not€': . U < Ilt- ftwo 
A Aftl-r 
D = Difference 
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ALPHA F'EEDUACK GHOUP ... Pli£:\OHE:o-;OLOGICAl- REPEHTOR\" GIUll DATA 

(Short-Term) 

Cor.structs 1 ~ J 't 5 li 7 8 ') 10 11 1:! 13 l't l5 111 17 

Subj"ects J .(9 - • It :; ~- • l(j ;. • It~ -. !18 -.57 - • 'I J -. (, ~. 0.50 -.55 .71 -.8) ·.sG -.90 .')0 .9) -.98 
; ~90 -.8l> -.7? -.76 --71 -.6::: -1 • 81 .;G - .. , .:. .')0 -.6-; .57 -.10 -.8) .71 • 79 
6 1 1 ,-.69 -.69 -.G9 -.6') -.69 1 -.69 -.Gc: 1 -.69 1 -.69 - .. 69 1 ;..69 
9 .90 -.9S .98 -.98 -.98 -.86 -.95 .9) 1 -.95 .90 -.71 -.(6 1 -1.0 1 1 

10 • 19 .60 • 111 -. ):."•,-. JJ -. !'t ~ 1 ') -.1::: -.)1 -.o:; • 1') -.1::: ~ JJ -. 5.7. .10 .'33 -.:::6 
1::! .,- - ~ 6'• -.6::: •1.0 --93 -1.0 -1.0 • )8 • ; 1 -1.0 -. .::;,. -.86 ~BJ .Go -.6!t 1 • j 'i -.:>i 
1) .oa -.6i -.:::1 -. !i5 -.90 -.62 -.93 .)0 • itO -.6'1 .8J .93 • 76 --33 -.9 J -.95 -.5.: 
15 .)1 ~. :!9 • 1 ') .1::: ~- ~!i -.81 -. 2.9 • ~9 .o::: .o .·1 It .1!8 -.38 -.:::1 .It J -..)8 .·• 29 -.06 
16 .88 -.86 .SJ -.86 -.(& -. 9 3. -.98 .95 -95 -.60 .88 .71 .o::: -.)8 .81 .43 .It) 
19 .74 -.6; • {.!t --98 -.90 '-.98 -.88 .69 .67 -. (!l .(It -.69. ... 'i 4 .52 -. 7'• -71 • 71 
20 -.o::: -.21 • j6 -.Oti -.o::: - .• 06 -.{6 -.12 ~45 -.!Jo • 12 .6::: .o::: ..:. •. 17 -.1t8 .69 .69 

Constructs 18 19 20 21 :!2 24 ::_:; 26 .,-_, 28 29 30 31 3::?. 33 j.'t 35 36 

Subjects ·3 -.98 .93 1.00 -.08 .98 1.00 .95 • 9 3 -93 .90 -~86 .98 -.88 -.95 -. 9 J -.98 .98 -. 91 
4 .81 .60 .90 -.81 .67 .8) . ;'I .81 -.83 .83 .76 .71 -.67 • 7'• --93 -.83 -.83 -. ~0 
6 1 1 1 -. tl9 I 1 1 -.6') 1 --93 -.69 -.6') -.69 -.6<) -.69 -. 6~ 

. ~ i I 1 
9 -1.0 -1.0 -1.0 -.9j 1 .98 .8G -.86 -95 -1.0 .1 -1.0 -.98 -.90 -.90 .90 --~5 

10 -.50 .113 .'18 -. !!3 -.17 .43 .19 .116 .48 .05 -.:;o .• lt5 • t.lfl -.)1 -.48 . ~. .43 • '?~ - • .).1. 

12 -.79 .81 -.81 .81 1 1 .931 1 .9J .90 1 1 -.86 -.98 -.60 -. 86. 1 -.62 
13 --95 -79 • 76 -.SG -9J . 951 -~~ -~1 • 1:::! .60 -.J8 .9J .')J - .. 88 .• C) J -.88 ~ ;-t; -. ?3 
15 -.ltJ • 17 -. 19 . ;::, -.64 • :::.4 • ··:> -. ( 9 -.!t8 -. ~t; .69 .60. • 76 -.SG .S6 --57 - •. q J 

"~! 16 -.71 .40 .90 nn 
-. l':l , .. I .90 .86 -· 4~ -.76 ._. !.10 -.Bi> .86 -. (10 . , .. I • I • • 9.3 . -' -.79 -.1 

19 - .61~ .')8 . ~~ -.t9 .Go cR • <;O • 71f • 5:2 - 7 ~! ·• 67 • 3(; -.b'? - .SJ -. 7 1t· -.8) .5:: - .B3 •• u 

:w -.JG -. 3t1 -.JG -. ·' .. .3J ,::l4 0" • ·'!0 -. 19 -.::! :~ -~5 .JS • ;-t; -.9J .. 57 -.43 -35 -. 1l -
These Ss corre-spc:ad 'tO the ·,·succes·sfu1 11 alpha reedback sub-,;!'"oup as:. defined l:>Y 
."t.he ·expcr.iffie!&ter's r.:1tin_g" cr'it:erion. 

ADVA!IiCED !-!EOITATGH r~JWl'P - f'I!E\'0~1£:\'0LCJG.lCI\L f{Ef'EWIOHY GHilJ uATA 

(Sh;,rt-Term) · 

Construct:s 1 2 J 4 5 6 7 8 9 10 11 12 0 14 1:i 1~ 17 1~ 

Subjects 1 -.10 • :31 .BJ • 2') - .. :!'i . zt, -.05 -.62 • 2') -33 -.19 -.21 •· zr) _.~G .2~ .0~ --1~ -.:!!' 
2 
3 • 31 ·-· 2!t -. 2'• -. 26 -. 29 -.67 -1 -31 .12 -.40 .26 -·.48 • J1 .o::; .o;; .. 31 - •. 2G - • .r:t.a 
It .• 62 -.::;G .-. 5.:; -.6'! -.G') .:..at -.r-r; .IW • ,, (J -.71 .G't -.::;7 .3G .')0 -.~;; .8j --9'J --7~ 
5 • 1? • 19 • 19 -.4::; -.1') .19 • 19 -.4;; -.lt;i -.4;; • 19 -.It~ • 19 • 19 -.%;.; .19 -.4:; -. !i5 - 6 -.10 .45 -.14 o.oo -.21 -.21 -.21 .21. -.21 -.21 .21 -.21 .21 -.Go ~-21 • 21 -.21 -.21 
7 
8 .45 -.26 • 55 .48 -. 2!1 --29 -~:;;; .26 • 1t J - .;; 2 .llj -.40 .17 -~5 - .ac,. -55 --79 - .. ;; ;; 
9 -90 .90 .90 -.90 -.Jo .90 -·'iO • 17 0 .• 00 -.90 .90 -.90 .90 -90 --~.Q .90 -.90 - • ·r; (J 

10 .,..., • 2(} • 29 ... , -.ItO -.31 • '2'1 .52 -.It;> -. 61t ·.52 -.52 -~2 -.52 --~) .52 -.3G -. 29 -~-
-._.,o 

Construct:s 19 20 21 22 :!'• :.:.:; ~G 27 23 29 JO 31 )2 33 •J!; )5 Jto 

Subjects 1 -. )J .2!1 -.1') • 2!1 • :!;i •. 2./t - .• ~J .• 2 1i • 1') 1 ,, -. - 1'' • 17 .o;; .o;; 0.0'..; .05 -.19 
2 
3 • 2(. • ) 1 -.!.tB • !~:B • 31 • 29 • 31 .Go -.)1 .)1 .)1 ·.":"'.0~ o.::;· -.)1 -. :n .Go -. ::t) 
It -93 .90 tt'.' • 7f_. .81 .;(. .67 O'• • 7'• 17 .')G -.JJ - .• ;;o ~-.8t~ 

,_ 
- .• (J:! 

#o '• 

-. uCJ -. - "'· - .. ~,. - • u~~ 

5 -~45 • 19 -. '•5 - • !s ~ • 19 .4) • t9 • 1') • 19 -.4:i • 1 ') .·19 -.45 - .lt5 .,..%5 • 1'1 .• 19 
6 • 21 .21 -·. 21 .:!1 -.21 -~5 .21 .21 .48 -'.'21 .21 -.21 ...... 52 - .. 21 - • .:!1 -.Jj • 2·'-t 

7 
.62 8 . 10 .10 -.:; • 14 .50 .:;o .10 .lt3 -. 7'• .ltB -.10 • 31 --95 -.:.;:; --71 .40 

9 .90 .90 -.it .')U .90 • 1 2 . ') () .69 .')0 0. {i(J .')0 -.90 .90 -.90 -.<ru 6'• .')0 
10 , .. 

~ ·~ 1 .:Jj • Jl~ .52 ·.ItO -.8) .:;o • ~i'j .:;:; -. t,8 --Y7 -.57 - .·):7 -. 7.1 ··'t8 •. ·tO . _,_ -. 
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Ss 

1· 
::! 
.·3. 
It 
5. 
6 
7· 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Alpha 

. Bc.forc After 

£ - E 

13 )8 16 
1!!0 .77 155 

t6 28 138 
33 it9. t08 
53 10 32 

0 0 0 
50 75 - ... :::>-
11 ::! 3 
35 73 92 
69 62 32 
15 6 25 
27 6 H1 

122 1~ 1 157 
116. 105 75 
1)8 121 78 

0 8 8 
0 0 10 

23 13 136 
1"16 1"-_, 45 
84 90 139 

£ ·= EnP.ance 
s· = Suppress 

5 

4 
63 

8 
99 

9 
3 

.)2 
13 
55 
21 
29 
79 
119 

. 39 
16 

0 
0 

111 
12 
52 

i 

APPENDIX J 

ALPHA FEEDBA¢K c;nour 
DIHERE"~TL\L. ALPHA CO.\'TROL DATA 

Deta Hi~h Alpha 

13ct·o·r"' Aft~r llefor.e Ar"trr · 

i:: i " E - E .:; 1:: s 
!.t9 (,~ 66 97 11 1~ 0 0 
3 /!9. 3 Go 1 5 3 5 
15 ~5 2 JJ 1 5 92 3 
~13 B 18 13 ·:!0 49 !tO 10 
59 7'-t 63 71· 11 2· 1 0 
16 tj 29 17 .0 0 1 0 
21 11 15 20 29 59 11 24 
76 89 7.1 79 0 1 3 0 
12 13 5 14 28 38 31 10 
ti 12 10 20 16 11 0 12 .,-_, 2') 32 JO iO lit 3 o· 

12 20 9 19 0 .3 6 3 
0 0 2 3 0 3 0· 0 
11 7 17 )0 89 49 17 13 
0 1 16 28 56 67 112 12 
49 59 76 36 0 1 2 0 
87 96 74 48 0 0 0 0 
41 ·.,- 0 7 17 2 51 66 _, 
3 i 21 40 :!1 58 0 4 
:! 2 7 6 1· 11 8 8 

Low 

8e!"9re 

1:: s 
0 0 
::!8 .1 .. 1 
0 ·. 0 
0 19 
0 0 
0. 0 
1 1 
0 9 
2 0 
0 d 
0 0 
0 0 
43 18 
0 0 
0 0 
0 o: 
0 0 
0 0 
2 0 ·a 5 

_______ _..;. __ '-'6'0.J•""-·&·,.u••~~ .. ----- .. . . ..... .. ,.... ·--~a~.----·--- ---
· 10< Hnds it b•uHt 

· phyRi.cnJ ~y r.ol"nxing . . . .. ~'inds it mot~t 
•.• _phy11iculJ.y rol:lldug 

29/t 

Alpha 

Arter 

E :;_ 

. 0. () 

:n. "9 
.·a.· 0 

It .o 
0 0 
0 0 
O· 0 
1 0 

.0 2 
1 0· 
o· 2. 
3 2 
52 !:9 
0 0 
0 4 
0 0 
6 0 
2 0 

,. 3 0 
2 J 



APPENDIX K 

THE REPERTORY GRIDS EMPLOYED 

HEI'EHTOHY GHJ 0 TEST 

Sul•Joit's-.N~mc ~··-·••••••••.•••••••••••••·••• Sex •••••••••• ~ •• 

Ago ••••. •..... Addr.ess •.•• -•••••••••• ~ •••••••••••••••••••• • •• • 

l'hono· ~umhors ~-~ · ......... '!' •••••• •. a •• ~ ••••••• a •••••••••••••••• 

i . ·-ltlletrt~a;tutllll t.,r ,·.,· Nilllln • ••••• , •••• ,,, .• , ••• , • • • • flAt a •••••• , , , •. • 

I: 
·f'r<,cc«lurc · ............ • ••• • ••••••••• • ............. . 

IH)I£ TITLE LIST 
. . 

lnRtru.ct.ions·· 

Wri.l•J the nruuofl of ench of the persons indicated in· the hlnnlts 
Jlrovidcd below. 

If·y-.ou· cannot remember the name, but ·do. remember the ·person, 
simply make n ~heck or mark of some other note of identifica
t lo·n. 

If y.ou cnunot rc·rnromher .tho person., sull.sUfuto the nnme of a 
I· pcr11on ... -hom· t.he rolo title r;uggests to you. 

Do not repent names. Ir tho role title appears. ·to call for ,. 
duplicate nume, substitute the n<1me of anothe.r person whorn the 
second role title suggests to you, · 

Your brother nearest your <1ge, 
the por.son •<ho ia most liko one, 

Yri•~ sis~er nearest your age. 
p~rMon ~ho is mo~t like one. 

If you have no brother, 

If you havo no sister, tho 

), A toucher you lilted or a teacher of a su.bj ect you 1 !ked· • 
••~•••·-~~···••••••-••••••••••••~·•••••••o•••••~••••••••·~··• 

A tenclu~r you di::~liked or a teacher of a subject you 
(tis_likcd~ •••-• •••••.••••••••• ~ •• ~ • .•••••••• ~· ••••••• ••• •. -•• 

. . . 

5. Your'c!ose11t girl (boy). friend immediately beforr.·yo•J started 
going out wi.th your wife (or husband) or present closest 
gfr·J ··(hoy_) fri ("'ruJ. _ •••••• -••••••••. .-. •.•. •. ~: ••••••••••••••••. 

6. Your wif~ (or h~~band) o~ present closest girl (boy) 
f'rl·crtd .• · ••• ,. ••••••••••••••••••• , •••••••••• ~ •••••••••••••• 

·1. The J>erson whom you have.mct within ·the past six ·111onths 
whom you woul.d mo11t like to know. better •••••••••••••••••• 

. . . 

~.· T~e mo11t'intelligcnt person whom you pcroonally know; . . . .. . . . . . .. . . . · .... • ... ·- ... ·-· ................ -.................. . 
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: , 

STl!IICTIJHI-:11 llEI'EHTOII\' i;H Jl) · 

~--~··••••••••••••••·~·~··· Sdx ........ ~ ..... 
Ap:t" •••••• ~ ••• AtldrcAs ~ ••••• · •••••• ~ •• ~.~ •••••• ~••••••••••••• 

l'Ju.)1l\., ·NUIUht~·l"A • e • • • • • • • •. • • • • • • • • • • •, •,; •. e 

Exl~C'r:im<'r~t~r'e: N.nme •.• •••••••• • o ........ ~ •••• natu ••• •.• •• ·• • •• : o 

T:xpt't·~mt'ntnl Pt·ocothn·o •••• : •• •••••.••••••••.•"•••••-•••••••,.··-·~ 

.liank-orclcr t'ach i,.f tho· ci)!;ht Jh··rsotHI you list.ct} on thr ·Hole 'title· 
-' List og<linst cilch of the fiftce·n dimonsio·ns g.f\'c•n below. 

j, 

i 

ln. e<tch. cnse, instcild· of writing the persons t.lilmo., sut.Rtitu.te h.is 
or her ntunbcr as gh·cn on the Hole Title ·J,is.t. 

t .• 1\_, .... ~l' ••• 0 .... ·lid lll't•d 

.:!. Least like I Ho"t like I 
would Lik<.' to be ••• . . . ... would likt> to 

). Host· rrustrntion Le-:t"t friH• trn-· 

Ln 

tolerotion 
•• 0 tion .to I ontti on .,. . ·· Empilthic ... • .. N'on-empathfc 

~-. Least able to Host illtle to· 
conc;:entrate COII.CCiltrate 

6. Involved Apnthptic 

7. tl,,ppy .... . .. Unliai'JIY 

8. Host like I lllll" ... . .. L<•as t like I llCI 

9· Warm .... Cold 

10. Active ... . .. • 1',, .. !'1 i \'0 

11. Outgoi.ng .... W i tlulrawn 

1:!. Creath·e .... -Sterile 
1). Pessimistic OJltim.Jstic: 

:t't. Host confident ... . .•·. . . ~ l.enst c_onr~(lrmt, 

.15. Inscnsi t i\•e St·nsitive 

stllllCTl!HED I'JIENOrlENOLOGICAL HEPEHTORY GlliD 

·suhjcct~_s f-lnrrio· ..... ; ........... ." •••• · •• ~···••••o Sex; •• ." •••••••.• · 

Age •• ~ ••••••• Addro~8 ... ~.~;~· ••••••••••••••• ·.~.~.~·•••••••• 

Expot·iruent·er•s Nrun& .. .-. •.• .............. •·• ...... Date .a •••.•• · ••• 

Expcrim·c!Jl~l Proc~dur.e · •••••••••• " •••.• · ......... ···• .: ••••••••• 

In"' trnct ion>~. 

Hnnk-order each of tho B persoris you listed on the Rolo·Titln List 
dgninst ench ~f tho )6 dimensions given below •. . . 

In one~ cosc,·ronk· these persons occordini to how you_ would guriss 
.they ·w-o•tld feel or behave in. the present, tathet' l:imitctl, context. 

Alt!o, i.uste/Hl of wrJ.iing .the. person's uume~ substitute his or h"r 
:-numher ns given on t.hc llole ·Ti tlo List. 

: 

1. llnl'l n1os·t breath 
slowing-

2. Ex)iodenc~s ··tenst 
vi!!unl-isntion 

). .Expert"ences least 
heaviness-

'•. "l'inds it most 
hnrmf\Jl 

5. Expel_'i Nr.ce·R len~t 
time ,;J owi irg 

6·. F.inrls it most 
-nnx iety evokJr;g 

7. . f.xpcl'if!llCCII ·nnd 

heh "''·"'' 1 ('Ill' t I ikn 
1 would wish to 

8. Exp<-'r.ienc<rR len'ft 
henrt-rnto- ~p<-'eding 

9. llns rnost nct.iv·c 
~'xpcrioncn 

10~ I' intis it lt•ru1t 
phytd.cnl ly rolnxing 

. . . . . . . • ... 

..... 

.. 
-~ . 

lli:ls least Lroath 
lllt>wJng 

Experiences most 
visuul J"' ation 

E:xperi.ences most 
heaviriess . 

Finds it-leaRt 
harmful · 

Expc.r lcnce>i rnou t; 
t-ime tjlowing 

"Finds it: lcu~t · 
anxiety evoking 

Exj> et· .I c11 c cl,l ·.and 
·hchliVel<: IIIOH l lii<O 
I ·wou rd tdt~h to 
ExperlerrceH ·mo.<:< t 
hoart:-rato RJiocrl.hrg 

Has least actlve 
cxporicnce 

Finds it .mo:~t 
_physiC~> lly J'c laxj ng 
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I 

it. Expi:ricnccs most 
hr.:cnt.h _s Jow ing 

22: Experiences grcate~t 
outw"rd .nttontion · 
f.htct 

1). llna lc111•t 

• • • 0 • e e e II 0 e. • It 

Experiences least 
hroath slowl.ug 

Experiences lenst 
outward nLtcnLlon 
ahift 

lln.a rnoH t 
· cy o -mov ::mon ta . • • • e • • • • <t. • II' II • • • oyo .. fUOVCJII~n is 

1,. ~i~ds i~ feast 
·sfc<'Jl. elHiucing 

1:.. Jlt-..~.('mt•~ 14"H.Htt. uWarO 

. . . . .. . .. . . . .. . . . . . 
of .iuterual l:ltimuli •• • • -~ •• • ••••. 

tti~ . finds it IUOS t 
J>-1 cas ;tl\ t 

17. Expcl:'irnccs .most 
thoughts 

18.· Experie-nces le .. st 
ligh tJu~ss 

19. Finds it .mo·s t 
anXiety r·educing 

~o. F:.x)•eric•ncr-s most· 
bl'l'a1.h "hal lowing 

:.!1. F.xpPriellt"t.~s ll'as (. 
h~art~ratu sl~wiug 

:!:!. Bxp<~riences most 
in><art.l attention 
shift 

2] •. Experiences nnd 
behaves most like 
I do. 

~4. Finds it most 
bf'oieficlal 

!!5. EX}lCricttccs most 
t:inw spc<•iling 

Finds it: least 
physically tensing 

;!7. Exp.erienccs l~ast 
cold 

~R. lias lrnst physicnl 
mo\·rment 

~Q. llns lrh~t pnssivo 
t>.xprrirnc<' 

. . . . . . . . . . . . 

. . . .. · . . . . .. . . . . . . 
• • • • . • • • • •. • • e: •• 

. . . . . . . . . . . . . . " . .. . . . 

. . . . . . . . . . . . . 

1.-.lntlil il rnoilt 
lllcep eutlucing. 

ill•••ollll'.'i flloK t llWnl'li 
of 1 n ~,wna-L :. t l mul i 

J.:ira.ts· it lonst 
I' 1'11'11!11\11 t. 

E~pr~\·.1 CIH't~s J ens t 
t.houshts 

I·:·xpl'riunccil tnost' 
I i )1:-htn·cilil·. 

F ioitl~ it. l.enst 
,,axic ty r·e.Juclug 

Expl'i' j CIICC!I J Oilil t 
ba·cath s·hnllowing 

'Expc.ricnces most 
hrart-ratc slo~ing 

F>q•.•·r.icncril ll'nst· 
inward nttontioll 
.shi. ft. 

Expr.riencos nnd 
hdt;wes .le;is t like 
I .t.o, 

F:ioO:<is it least 
l>.,ncficial 

E:~:p.<•rienc.,:;o ·l••nst 
t imc spt•ctling 

Finds il ntost 
ph~·,. I c.-Illy tcn~'ing 

Expei·lcuccs most 
cold 

II a,. _1110,. l physicnl 
1110\'C.'liiCUt 

lin.< mo><t pnssivo 
~~xp.<-r i·cnco 

Finds it most JO. l~in.<ls it lc.-nst 
uuplens.nnt • ,. • • • • • •. ., • • • • • ~ • U11p 1 cas ~n t · 

J l. . DeC O_ltlt~M n\0$ t il\ot•arf! 
of external 
s t i 111111 i . . . . 

]:!. lias lowest alpha 
len:•ls 

]]. Experiences mos~ 
bn•ath SJH'ctling 

3~~ lias lon~t fl~~ling •• 
ex per i•mcos 

J). 

• c.· 

. . . •·. . . . . . . 

. . . . . . . .... 

. .. . .. 
. . . . 

Exp~rienco~ moat 
wna·mth ... . . . .. . . . .. . . 
E,.;poa·icncoe loust 
}OAS of· . 

II!' com•• !'I 1 oas t nwaro 
.of extt.'rlll)l 
stimuli 

llti,J t1ighest nlpha. 
1 c\·cls · 

· •:xperi onccs lc;1s t 
.h1·cath speeding 

·!lull moll t. fl on. u zig 
cxpcricncell 

Experiences lodnt 
wriront.h 

Expor icn ccs mo~<·t 

los.s of 
consciousncs.s • • • • • • • • . • • • .. • • • • ·cons~i.ou~nc·sa 
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APPENDIX 1. 

Skinner's Alternative Explanation for Apparent Operant Autonomic Response 

Conditioning 

Skinner accepted that humans can and do exert control over autonomic responses. 

He denied, however, that this control was direct. He asserted instead that 

the control was chained to a mediating voluntary operant and that operant 

autonomic response conditioning was thus an epiphenomenon. Katkin and 

Murray (1968) summarised Skinner's (1938) description of the four ways in 

which such apparent operant autonomic response conditioning can occur: 

(1) An autonomic response may be an unconditioned response to an external 

source of stimulation. For example, reinforcement contingent upon a 

GSR change could result in, not a direct conditioning of the GSR, but 

rather a skeletal maneuver, such as pinching the skin which could 

mediate the reinforced autonomic change. 

(2) An autonomic response may be an unconditioned response to an internal 

source of stimulation. For instance, reinforcement contingent upon 

a GSR change may result in, not a direct conditioning of the~SR, but 

rather an internal somatic maneuver such as increased muscular activity 

which could mediate the reinforced autonomic change. 

(J) An autonomic respons~ may be a conditioned response to an external 

source of stimulation. That is, reinforcement contingent upon a 

particular ANS change ma,Y result in, not a direct conditioning of this 

ANS change, but rather some other somatic response, such as looking at 

an arousing picture of which this ANS change is a conditioned response, 

which may then mediate the reinforced ANS alteration. 

(4) An autonomic response may be a conditioned response to an internal 

source of stimulation. That is, reinforcement contingent upon a 

particular ANS change may result in, not a direct conditioning of this 

ANS change, but rather some internal sub-vocal activity (i.e .• , thinking), 

such as thinking arousing thoughts, of which this ANS change is a 

conditioned response, which may then mediate the reinforced ANS 

alteration. 
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APPENDIX M 

Validity and Reliability of the EEG Spectrum Analysis Unit 

100-second EEG samples of 10 subjects were analysed by means of the EEG 

Spectrum Analysis Unit (see section 5.2.1) to give a numerical readout in 

terms of percentage time alpha, beta, high alpha and low alpha. These data 

are shown in the Table below. In addition, 10 corresponding 100-second EEG 

paper-record samples were obtained at a chart-speed of 10mm/sec. They were 

subsequently subjected ''blind" to visual analysis in terms of percentage 

time alpha, beta, high alpha and low alpha. 

below. 

These data are also displayed 

Percentage Time Alpha Percentage Time Beta 

Ss Unit Analysis Visual Analysis Unit Analysis Visual Analysis 
1 4:6 4:0 3 7 
2 36 31 10 17 
3 20 27 33 24: 
4: 0 4: 11 16 
5 36 32 2 8 
6 22 27 1 5 
7 68 60 1 3 
8 2 7 36 32 
9 4:2 34: 4: 8 

10 56 .. 4:7 1 4: 

Percentage Time High Alpha Percentage Time Low Alpha 

Ss Unit Analysis VIsual Analysis Unit Analysis Visual Analysis 
1 39 29 0 2 
2 16 22 10 5 
3 3 6 1 3 
4: 10 5 5 0 
5 12 19 7 2 
6 ' 4: 8 1 3 
7 1 3 25 34: 
8 9 6 8 2 
9 4: 8 3 ·5 

10 8 4: 17 8 
... 

~.~. ! • _; •• ·, -

The two forms of EEG analysis were compared over each of the 4: EEG frequency 

bands. That is, Pearson correlations were calculated for the scores of the 

subjects as determined by the two analysis techniques (Roscoe, 1969, p. 71). 

Alpha 

Beta 

High Alpha 

Low Alpha 

r 

r 

r 

r 

= 0,9826 

= 0,9581 

= 0,8633 

= 0,834:0 

In order/ ••.••••.•...•••• 
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In order to establish the reliability or stability over time of the EEG 

Spectrum Analysis Unit, it was tested on a number of occasions by means of 

a Hewlett-Packard function generator. At no stage was a discernaple 

alteration in frequency response found. The unit appeared therefore to 

have been highly stable over the period during which it was in use • 
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