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Abstract 

The purpose of t h i s  research was t o  inves t iga te  rc-  

l a t  ionships among r e f l e c t i v e  l a t e r a l  eye-inovcments ( LEN) , 
r e s t i n g  l e v e l  of EEG alpha a c t i v i t y ,  and degree of alpha 

rhythm enhancement during t r a i n i n g  with xn auditory feed- 

back loop. 

In  an i n i t i a l  study, 60 Ss were t e s t ed  f o r  LEI4 and - 
basa l  alpha a c t i v i t y .  Analysis of variance of the  basa l  

scores  showed a s ign i f i can t  i n t e r a c t i o n  between sex and 

LEN. Male left-movers and female right-movers had con- 

s i s t e n t l y  higher alpha indices.  I n  the  second s tage  of 

t h i s  study, 24  - Ss se lected on the  bas i s  of szx and basa l  

l e v e l  of alpha were asked t o  r e tu rn  f o r  feedback t ra in ing.  

Analysis of performance during t r a i n i n g  showed t h a t  low 

basa l  - Ss s i g n i f i c a n t l y  increased t h e i r  l e v e l  of alpha ac- 

t i v i t y ,  while high basal  2s showed no s ign i f i can t  change. 

The second study, which was designed t o  ddeterrnine 

the  r e l a t i onsh ip  of LEiq t o  the  degree of alpha enhance- 

ment with contingent feedback t ra in ing ,  employed a yoked- 

con t ro l  procedure. Forty Ss  were se lec ted  on the  bas i s  - 
of sex and LEM. Each of t he  20 Ss assigned t o  the  exper- - 
imental group was matched f o r  sex, LEN, and basa l  alpha 

with one of the  20 2s i n  the  yoked-control group. Analy- 

s i s  of pre- t ra in ing basal  scores rep l ica ted  the  i n i t i a l  

f ind ings  of t he  f i r s t  study. Male left-movers and female 
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right-movers again had cons i s ten t ly  higher alpha ind-ices. 

Analysis of performance during t r a i n i n g  with alpha con- 

t ingent  feedback showed no s rgn i f i can t  d i f ference  between 

experimental and yoked-control Ss. However, these  groups 

d i d  d i f f e r  s i g n i f i c a n t l y  i n  t h e i r  explanation of what pro- 

duced t h e  tone. Experimental - Ss offered explanations of 

how they control led  the  tone, while yoked-control Ss more 

o f t en  i n s i s t e d  t h a t  they had no con t ro l  over the  produe- 

t i o n  of the  tone. 

The lack of a s ign i f i can t  d i f ference  between alpha 

a c t i v i t y  i n  yoked-control and experimental - Ss precludes 

an operant i n t e r p r e t a t i o n  of  the  feedback t r a i n i n g  tech- 

nique. However, t h a t  5s could d i s t i ngu i sh  between con- 

t i ngen t  and non-contingent feedback suggests the  poss ible  

use of t he  feedback techinque a s  a method f o r  t r a i n i n g  

perception, r a the r  than control ,  of i n t e r n a l  events,  
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Introduction 

Experimental Enhancement of the  Alpha Rhythm 

Much work i n  the  f i e l d  of electroencephalography 

has focused upon the  inves t iga t ion  of synchronous bra in  

a c t i v i t y  wi thin  the  range of e igh t  t o  twelve cycles per  

second -- a range commonly re fe r red  t o  a s  the  alpha 

rhythm. A recent ,  and po ten t i a l l y  important, aspect  of 

t h i s  work i s  the  development of experimental procedures 

f o r  the  enhancement of alpha a c t i v i t y .  Kreitmen and 

Shaw (1965) attempted t o  assess  the  e f f e c t  of four  d i f -  

f e r e n t  types of t a sks  upon the  amount of alpha a c t i v i t y  

produced by e igh t  subjects .  They reported t h a t  t a sks  

i n  v i s u a l  brightness-matching and i n  mental ar i thmet ic  

l ed  t o  severe decrements i n  the  amount of alpha a c t i v i t y .  

Tasks f o r  determining auditory thresholds  had l i t t l e  

e f f e c t  upon the  amount of alpha, while a two-point tac-  

t i l e  d iscr iminat ion t a sk  led  t o  alpha enhancement. An- 

o ther  procedure which has been used t o  increase  alpha 

a c t i v i t y  was developed by Kamiya (1968, 1969). While 

t r a i n i n g  sub jec t s  t o  i den t i fy  t h e i r  own alpha and beta  

a c t i v i t y ,  Kamiya discovered t h a t  some subjects ,  usual ly  

those who excelled a t  the  i d e n t i f i c a t i o n  task,  a l s o  

learned t o  produce alpha a c t i v i t y  upon request.  Ry re-  

f i n i n g  the  procedure used i n  the  i nden t i f i ca t i on  study, 



Kamiya developed a t r a i n i n g  procedure which has  sub- 

sequent ly  been c a l l e d  t h e  a lpha  feedback-loop. A sim- 

i l a r  appara tus  had been designed e a r l i e r  by Mulholland 

( ~ u l h o l l a n d  & Runnals, 1963), but  was used t o  study 

c o r t i c a l  a c t i v a t i o n  r a t h e r  than  t o  enhance alpha a c t i v -  

i t y .  General ly  t h i s  procedure i s  arranged so t h a t  t h e  

electroencephalographic ( EEG) output  c o n t r o l s  t h e  onse t  

and o f f s e t  of some st imulus ( u s u a l l y  a pure tone)  i n  

such a way t h a t  t h e  presence of t h e  s t imulus  i s  cont in-  

gen t  upon t h e  product ion of a lpha  a c t i v i t y .  

Kamiya ( 1968, 1969) repor ted  t h a t  most s u b j e c t s  

who were t r a i n e d  with t h e  feedback-loop learned  t o  both  

i n c r e a s e  and decrease t h e  amount of a lpha  a c t i v i t y  t h a t  

occurred w i t h i n  a s p e c i f i e d  time i n t e r v a l .  Kamiya's r e -  

p o r t  on t h e  e f f e c t i v e n e s s  of t h e  feedback-loop as a 

technique f o r  l e a r n i n g  t o  c o n t r o l  a lpha  a c t i v i t y  was 

p a r t i a l l y  corrobora ted  in an independent s tudy by Hart 

( 1 968) . H a r t  gave extens ive  a lpha  enhancement t r a i n i n g  

wi th  t h e  feedback-loop t o  16 experimental  sub jec t s .  He 

found t h a t  13 s u b j e c t s  s i g n i f i c a n t l y  increased  t h e i r  

a lpha  i n d i c e s  wi th in  t e n  half-hour sess ions  adminis tered 

over  a pe r iod  of f i v e  weeks. In  add i t ion ,  Hart used f i v e  

c o n t r o l  s u b j e c t s  who did no t  r ece ive  feedback. Since 

some of t h e s e  c o n t r o l s  a l s o  showed increased  alpha a c t i v -  

i t y  i n  l a t e r  sess ions ,  Hart  advised f u t u r e  r e s e a r c h e r s  



to include this control in order to prevent an over- 

estimation of the effectiveness of the feedback train- 

ing procedure, Kamiya ( 1969) reported a study in 

which each subject was used as his own control. This 

experiment, which attempted to gather more information 

about conditioned alpha suppression, employed a more 

elaborate training procedure. For the first five 30 

second trials, subjects were instructed to produce 

a tone which was contingent upon alpha activity. Dur- 

ing the following five trials the tone was disconnected, 

and subjects were told explicitly not to try to produce 

the tone, but simply to rest. For the next five trials 

the tone was reconnected, but subjects were instructed 

to try to turn it off. By repeating this sequence, Ka- 

miya was able to determine enhancement, basal, and sup- 

pression scores for each subject at different times in 

the experimental session. His results showed signifi- 

cant differences between suppression and enhancement 

functions, as well as between suppression and basal 

functions. However, he failed to find a significant 

difference between enhancement and basal functions. 

Kamiya suggested that the similarity between basal and 

enhancement functions indicated that after enhancement 

training the alpha state became a preferred mode of 

waiting for the next set of suppression trials. This 



i n t e r p r e t a t i o n  was strengthened by h i s  sub jec t s1  re-  

p o r t s  t h a t  they much preferred producing the  tone. 

Although o ther  researchers ( ~ r o w n .  1968, 1970; 

Nowlis & Kamiya, 1970; and Spilker ,  Kamiya, Callaway, 

& Yeager, 1969) have a l so  reported successful  enhance- 

ment of alpha a c t i v i t y  using the  feedback-loop tech- 

nique, l i t t l e  e f f o r t  has been di rected toward a sys- 

tematic i nves t iga t ion  of o ther  var iab les  which might 

con t r ibu te  t o  an understanding of the  alpha acquisi-  

t i o n  process,  Instead, the  procedure has been concep- 

t ua l i zed  a s  a  somewhat spec ia l  extension of operant 

condit ioning t o  neurophysiological a c t i v i t i e s .  Con- 

sequently, the  alpha feedback procedure has become 

an accepted, but poorly examined, operant technique 

used i n  the  inves t iga t ion  of o ther  psychological and 

psycho-physiological problems ( Spilker ,  - e t .  &., 1969) . 
Some researchers,  following the  advice of Stoyva 

and Kamiya ( 1968) t h a t  physiological  measures i n  con- 

junction with verbal  r epo r t s  be used a s  converging op- 

e r a t i ons  f o r  the  s c i e n t i f i c  study of consciousness, 

have begun t o  inves t iga te  the  experienced c o r r e l a t e s  

of alpha a c t i v i t y .  Brown ( 1970) reported t h a t  sub jec t s  

who showed g r e a t e s t  enhancement of eyes-open alpha ac- 

t i v i t y  during t r a i n i n g  with contingent v i s u a l  feedback 

l l  more o f t en  reported a narrowing of perceptual  a t t en-  



t i on"  and "pleasant  f ee l ing  s t a t e s .  " I n  addit ion,  she 

reported t h a t  subjects  with i n i t i a l l y  low basa l  l e v e l s  

of r e s t i n g  alpha a c t i v i t y  showed the  g r e a t e s t  degree 

of alpha enhancement during t h i s  eyes-open t ra in ing .  

Nowlis and Kamiya ( 1970) conducted a similar study 

using audi tory  feedback with eyes-open and eyes-closed 

t ra in ing .  Subjects  were given up t o  15 minutes t o  d i s -  

cover how they control led  the  feedback tone. They then 

were t e s t e d  t o  deternine t h e i r  a b i l i t y  t o  produce and 

suppress the  tone. An ana lys i s  of the  verbal  repor t s  

i n  a post-experimental interview showed t h a t  re laxa t ion  

and a t t e n t i o n  t o  breathing were the  dominant methods 

f o r  producing alpha, whereas v igi lance ,  tension, and 

a g i t a t i o n  tended t o  suppress it i n  the  eyes-closed con- 

d i t i on .  I n  t he  eyes-open t ra in ing ,  sub jec t s  reported 

r e l axa t ion  and not  focusing as methods f o r  alpha pro- 

duction, and v i sua l  a t t en t iveness  a s  the  bes t  method 

f o r  alpha suppression. In another study, Brown ( 1968) 

provided v i s u a l  feedback varying i n  hue f o r  t he  pro- 

duction of alpha, beta,  and t h e t a  a c t i v i t y .  She re-  

ported t h a t  sub jec t s  found alpha a c t i v i t y  t o  be associ-  

a ted  with increased inner awareness, and t r a n q u i l i t y .  

Beta a c t i v i t y  was associa ted more f requent ly  with un- 

p leasant  types of thoughts and fee l ings .  She added 

t h a t  verbal  r epo r t s  describing t h e t a  a c t i v i t y  were more 
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d i f f i c u l t  t o  analyze s ince  t h i s  a c t i v i t y  occurred l e s s  

often.  However, s ince  general  agreement occurred among 

sub jec t s  who offered descr ip t ions  of the  various EEG 

s t a t e s ,  Brown op t imi s t i ca l l y  concluded t h a t  the  feed- 

back procedure provides a new, and unique method f o r  

t h e  i nves t iga t ion  of pr ivate ,  o r  subject ive  experience. 

Although the  use of t he  feedback t r a i n i n g  technique 

i n  t he  search f o r  expe r i en t i a l  c o r r e l a t e s  of EEG a c t i v i t y  

i s  a provocative, and p o t e n t i a l l y  f r u i t f u l  en te rpr i se ,  

t h i s  use seems t o  have fos te red  a general  d i s i n t e r e s t  

i n  t h e  more de t a i l ed  study of the  alpha feedback t r a i n -  

i ng  per =. Researchers have reported subs t an t i a l  d i f -  

ferences  between subjects  i n  both enhancement and sup- 

p ress ion  a b i l i t i e s ,  and it seems t h a t  some subjects  

simply do not  benef i t  from the  feedback experience. How- 

ever,  few r epo r t s  have attempted t o  account f o r  t h i s  be- 

tween-subjects variance. I n  view of the  reported ac t iv -  

i t i e s  which were associa ted with alpha enhancement and 

suppression, a recen t ly  discovered l a t e r a l  eye-movement 

phenomenon (LEM) might provide a usefu l  index of the  d i f -  

ferences  found among subjects  t ra ined  with the  alpha feed- 

back-loop. 
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The L a t e r a l  Eye-Movement - 

The LEM phenomenon i s  a  behaviora l  response t h a t  

u s u a l l y  occurs  whenever a  s u b j e c t  i s  asked a  d i r e c t  

ques t ion  r e q u i r i n g  r e f l e c t i o n .  P r i o r  t o  g iv ing  h i s  

answer, t h e  s u b j e c t  w i l l  t y p i c a l l y  s h i f t  h i s  eyes t o  

t h e  r i g h t  o r  l e f t  immediately a f t e r  t h e  ques t ion  has 

been asked. I n  repeated observat ions,  t h e  d i r e c t i o n  

of t h e  eye-movement i s  c h a r a c t e r i s t i c  f o r  a  given sub- 

j e c t .  

Since t h e  discovery of t h e  LEM phenomenon ( D ~ Y ,  

1964), most of  t h e  r e sea rch  on t h i s  behaviora l  response 

has  attempted t o  r e l a t e  it t o  some underlying psycho- 

l o g i c a l  o r  phys io log ica l  process .  I n  h i s  i n i t i a l  re -  

p o r t  of t h e  phenomenon, Day ( 1964) suggested t h a t  LZM 

was r e l a t e d  t o  s h i f t s  i n  a t t e n t i o n  which occur a s  t h e  

s u b j e c t  pauses t o  r e f l e c t  on t h e  answer t o  a ques t ion ,  

He a l s o  suggested t h a t  LEM was r e l a t e d  t o  t h e  ind iv id -  

u a l ' s  pe r sona l  method of coping with anxie ty .  I n  l a t e r  

papers,  Day ( 1967, 1968) claimed t h a t  d i f f e r e n c e s  i n  

t h e  d i r e c t i o n  of LEM d iv ide  people i n t o  two d i s t i n c t  

groups who, from c l i n i c a l  observa t ions ,  seem t o  have 

b a s i c a l l y  d i f f e r e n t  cogn i t ive  and pe rcep tua l  s t y l e s .  

Day suggested t h a t  t h e s e  d i f fe rences  were b e s t  viewed 

a s  t h e  r e s u l t  of d i f f e r e n c e s  i n  t h e  temporal d i s t r i -  

bu t ion  of a t t e n t i o n .  Day con t ras t ed  l e f t -  and r i g h t -  



movers by t h e i r  statements about the  locus of t h e i r  

f ee l ing  of anxiety; the  right-mover spoke of an ex- 

t e r n a l  source of anxiety, while the  left-mover was 

more inc l ined  t o  seek some i n t e r n a l  source. Day added 

t h a t  d i f fe rences  i n  the  di rect ior!  of 5 9 4  might alss 

be revealed i n  e a r l y  language acquis i t ion;  the  r i gh t -  

mover would more read i ly  acquire and use words re fe r -  

r i n g  t o  ac t ions ,  while the  left-mover would be more 

prone t o  l ea rn ing  descr ip t ive  language, e spec i a l l y  

language r e f e r r i n g  t o  p r iva t e  experience. 

The response of experimental psychologists  t o  the  

LEM phenomenon has been scant.  Duke (1968) rep l ica ted  

Day's initial f ind ings  i n  an experimental s e t t i ng .  He 

found t h a t  t he  LEM response.occurred more o f t en  t o  

quest ions requ i r ing  re f lec t ion ,  as opposed t o  more 

f a c t u a l  questions; t h a t  the  d i r ec t ion  of LEN was con- 

s i s t e n t  wi thin  a  given individual ,  and more cons i s ten t  

f o r  males than f o r  females; and t h a t  the  LEN phenomenon 

was unrela ted  t o  eye-dominance. I n  a l a t e r  study, Kau- 

s h a l l  (1970) r ep l i ca t ed  Duke's f ind ing  f o r  eye-dominance 

using a s igh t ing  method, but found a  high co r r e l a t i on  

between LEM and eye-dominance f o r  brightness-matching. 

Bakan and Shotland ( 1969) conducted a study which 

showed t h a t  right-movers were l e s s  influenced by color-  

work in te r fe rence  during the  adminis t ra t ion of the  Stroop 



Test. They suggested that this difference between 

left- and right-movers may be due to the right-movers' 

superiority in visual attention, which enabled them 

to make the covert word response sooner, and then to 

proceed to process the requisite color name. 

In another study, Bakan ( 1969) tested subjects 

for LEM and susceptibility to hypnosis. He found a 

significant correlation between left eye-movements 

and high susceptibility. From additional data col- 

lected on the same subjects, Bakan reported that left- 

movers tended to select more humanistic fields of study 

at the university, had better verbal than mathematical 

scores on the Scholastic Aptitude Test, and had clearer 

visual imagery. Other studies in electroencephalog- 

raphy ( Iondon, Hart, & Leibovitz, 1968; and Nowlis & 

Rhead, 1968) had demonstrated a correlation among 

susceptibility to hypnosis, clarity of visual images, 

and resting EEG alpha rhythm. Thus Bakan and Svorad 

(1969) compared left- and right-movers in terms of 

percentage alpha in their resting EEG activity. They 

reported that left-movers had consistently more resting 

alpha rhythm than right-movers. 



Rationale -- f o r  the  Present  Inves t iga t ion  

The purpose of the  present  study i s  t o  inves t iga te  

the  r e l a t i onsh ip  between LEM and alpha enhancement i n  

the  feedback t r a i n i n g  procedure. I n  view of the  repor t  

by Brown ( 1970) t h a t  the  degree of enhancement i n  the  

eyes-open t r a i n i n g  condit ion was g rea t e r  f o r  subjects  

with i n i t i a l l y  lower basa l  l e v e l s  of r e s t i n g  alpha, 

right-movers might be expected t o  bene f i t  more from 

feedback t ra in ing .  However, examination of the  verbal  

r epo r t s  from subjects  who successful ly  a l t e r e d  t h e i r  

alpha ind ices  ( ~ r o w n ,  1968, 1970; and Nowlis & Kamiya, 

1970) l e ads  t o  a  d i f f e r e n t  expectation. The reported 

narrowing of a t t en t ion ,  increased inner  awareness, and 

decreased v i s u a l  a t t e n t i o n  a r e  descr ip t ive  of behavior 

which f i t s  well  with the  emerging s tereotype of the  

l e f  t-mover. I n  addit ion,  Day1 s suggestion t h a t  l e f t -  

movers a r e  more a t t e n t i v e  t o  i n t e r n a l  experience leads  

t o  t h e  expectat ion t h a t  left-movers would have l e s s  

d i f f i c u l t y  making the  i n t e r n a l  discriminations which 

might f a c i l i t a t e  learning t o  a l t e r  the  amount of alpha 

a c t i v i t y .  However, if the  left-movers1 basa l  l e v e l  

of alpha were too high, t h e i r  performance during en- 

hancement t r a i n i n g  might be l imi ted by a c e i l i n g  e f f e c t .  

Without more de t a i l ed  information about the  alpha t r a i n -  

ing procedure, a s  well  as about the  r e l a t i onsh ip  between 



amount of r e s t i n g  alpha and LE,'M, it i s  d i f f i c u l t  t o  

p red i c t  how performance of l e f t -  and right-movers 

might d i f f e r  during the  alpha feedback t ra in ing .  

I n  order  t o  provide add i t iona l  information on 

the  feedback t r a i n i n g  technique, and on the  r e l a t i o n  

of LEM t o  basa l  alpha, an i n i t i a l  study was designed 

t o  examine performance during feedback t r a i n i n g  a s  a 

funct ion of sex and basa l  l e v e l  of alpha a c t i v i t y .  

A l l  t r a i n i n g  was l imi ted  t o  t he  eyes-closed condition. 

I n  addit ion,  LEM scores were co l lec ted  f o r  each sub- 

j ec t  in an attempt t o  r e p l i c a t e  the  f ind ing  t h a t  LEM 

and basa l  alpha a r e  corre la ted .  Since alpha enhance- 

ment might l imi ted  by a c e i l i n g  e f f e c t  f o r  high 

. basa l  subjects ,  two addi t iona l  indices  of learning 

were included i n  the  design. Tests  were given midway 

through, and a t  the  end of feedback t r a i n i n g  t o  de tec t  

changes i n  the  a b i l i t y  t o  produce alpha without feedback. 

Final ly,  a b i l i t y  t o  con t ro l  alpha a c t i v i t y  was assessed 

by including post - t ra in ing enhancement and suppression 

t e s t s .  

Since sub jec t s  who received feedback t r a i n i n g  i n  

the  f i r s t  study were not  se lec ted  on the  bas i s  of LEM, 

a second experiment was designed t o  t e s t  d i r e c t l y  the  

hypothesis t h a t  left-movers would bene f i t  more from 

the  feedback experience. I n  order  t o  provide an ac- 
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curate estimate of the relative effectiveness of the 

feedback training procedure, the second study included 

a control group which received feedback that was not 

contingent upon alpha activity. 



Experiment 1 

Method 

Subdects: S i x t y  s u b j e c t s  (ss) ,  30 females and 30 males, - 
were r e c r u i t e d  from t h e  Simon F r a s e r  u n i v e r s i t y  commun- 

i t y  as prospect ive  p a r t i c i p a n t s  i n  an  experiment on lan-  

guage and p r i v a t e  experience,  Ss were s e l e c t e d  on t h e  - 
b a s i s  of LEM scores  so  t h a t  t h e r e  were an equal  number 

of l e f t -  and right-movers of  each sex. Ss ranged i n  

age from 18 t o  32 years ,  and were e i t h e r  s tuden t s  o r  

s t a f f  a t  t h e  u n i v e r s i t y .  

, Apparatus: A l i s t  of twelve proverbs was used t o  de te r -  

mine LEM scores  (See Appendix A ) .  The b a s i c  components 

of t h e  a lpha  feedback system were a Grass Polygraph, 

Model 7 ~ - C I ~ P A ;  a Grass Dr iver  Amplifier,  Model 7DAC; 

a Grass Wide-Band AC EEG Preampl i f ie r ,  Model 7P5A; an 

a lpha  t r i g g e r  designed t o  t r i g g e r  wi th  i n p u t s  i n  t h e  

range of 8 .0 t o  12.2 cyc les  p e r  second (See Appendix B) ; 

a Heathki t  Audio-generator, Model 1G-72, s e t  a t  240 cycles 

p e r  second; a Monarch So l id  S t a t e  Amplifier, Model SA-616; 

a Hunter Model 120-A KlockKounter, S e r i e s  D; a small  ac- 

cessory  speaker;  and an assortment  of Grason-Stadler 

modular equipment. A l l  EEG recording  was done wi th  S - 
i n  an  I A C  Model 1 1  170 sound-proof booth, equipped with 

an Eden six-channel Intercom. A Uher 1400 tape-recorder  



was used t o  record a l l  verbal  responses during the  ad- 

min is t ra t ion  of the  proverb scale ,  and during a  post- 

experimental interview. 

Procedure: When 2 reported t o  the  experimental room, 

he was asked t o  be seated i n  a cha i r  d i r e c t l y  opposite,  

and fac ing  the  experimenter ( E ) .  - - S was t o l d  t h a t  - E was 

conducting exploratory research on the  r e l a t i o n  of lan- 

guage t o  EEG recordings, and thus  it was necessary t o  

c o l l e c t  some information about how - S used and i n t e r -  

preted words. This was t o  be done by tape-recording 

S 1 s  i n t e r p r e t a t i o n s  of a l i s t  of ambiguous proverbs. - 
E s t r e s sed  t h a t  the re  were no co r r ec t  o r  incor rec t  an- - 
swers, but  t h a t  it was important f o r  - S t o  th ink care- 

. f u l l y  about each proverb, and t o  respond only i f  he 

found it meaningful. then read one proverb a t  a  time, 

and waited f o r  S t o  respond. By looking up a t  - S ju s t  

a s  he f in i shed  reading the  proverb, E was able t o  see - 
and record the  d i r ec t ion  of S 1 s  LEM, - 

After  - S had f in i shed  i n t e r p r e t i n g  the  proverbs, 

he was escorted i n t o  the  sound-proof booth, and asked 

t o  be seated i n  a  rec l in ing  chair .  The EEG recording 

was made using th ree  electrodes:  a ground e lect rode 

at tached t o  the  forehead above the  l e f t  eye-brow; an 

ind i f f e r en t  e lec t rode at tached t o  the  r i g h t  mastoid; 

and a reading e lec t rode at tached t o  the  o c c i p i t a l  m i d -  



l i n e  approximately three centimeters above the  inion. 

Time constants  were s e t  t o  f i l t e r  0 .3  f o r  low f r e -  

quency, and 35.0 f o r  high frequency. After  a t t ach ing  

the  e lec t rodes  so t h a t  impedence was below two k i lo -  

ohms, E adjusted the  cha i r  so t h a t  s was i n  a semi- 

supine posi t ion,  and asked s t o  r e l ax  f o r  about t e n  

minutes with h i s  eyes closed. - E then l e f t  the  exper- 

imental chamber, turning off  the  l i g h t s .  S was given 

about t h r e e  minutes t o  adapt t o  t he  darkened booth, 

and then a f i v e  minute recording was made t o  determine 

basa l  l e v e l  of alpha a c t i v i t y  without feedback. 

The alpha feedback t r a i n i n g  p a r t  of the  experiment 

was designed t o  inves t iga te  the  e f f e c t  of t r a i n i n g  upon 

pa les  and females with high and low basa l  l eve l s  of a l -  

pha. Low basa l  l e v e l  was opera t iona l ly  defined a s  t e n  

t o  140 seconds of alpha during the  f i v e  minute t e s t  

period. High basa l  was defined a s  150 t o  280 seconds 

of alpha during the  same f i v e  minute period. The ex- 

perimental design of -the t r a i n i n g  study required 24 Ss 

d i s t r i bu t ed  evenly f o r  sex and basa l  l eve l .  A l l  Ss 

who could be placed t e n t a t i v e l y  i n t o  one of the  four  

experimental groups were asked t o  r e tu rn  a t  a l a t e r  

time f o r  the  t r a i n i n g  session.  Two d o l l a r s  pe? hour 

was offered a s  an incentive t o  encourage Sr, t o  re tu rn .  

The previous procedure was repeated a t  the  s t a r t  
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of t he  second sess ion i n  order  t o  provide a means of 

es t imat ing the  r e l i a b i l i t y  of the  basal alpha and LEM 

data,  If the  second basal  measure f o r  any S was not 

wi thin  t he  range of the  group t o  which he t e n t a t i v e l y  

had been assigned, he was eliminated from the  experi- 

ment. If the  second basal  measure was wi thin  t he  s t i p -  

u l a t ed  range, then the  feedback t r a i n i n g  was begun. 

The t r a i n i n g  procedure i n  t he  second sess ion con- 

s i s t e d  of 18 f i v e  minute t r i a l s  ( ~ i ~ u r e  1). Immediately 

a f t e r  v e r i f i c a t i o n  of the  f i r s t  day ' s  basa l  measure, the  

amplified output  of the  audio-generator was connected t o  

t he  speaker ins ide  the  sound-proof booth v i a  t he  alpha 

f i l t e r  and t r i a l  relays.  The sound l e v e l  of feedback 

was constant  f o r  a l l  Ss. gwas then asked t o  s igna l  as 

soon as he was ready f o r  E t o  take  another EEG recording. 

When - S was ready, E s t a r t e d  the  f i r s t  t r i a l  ( T I ) ,  and 

f o r  t he  f i r s t  time S received audi tory  feedback contin- 

gent upon alpha a c t i v i t y .  A t  the  end of the  f i rs t  t r i a l ,  

E explained t h a t  the  tone was produced by something t h a t  - 
S was doing, and asked S t o  t r y  t o  keep the  tone on a s  - 
much as poss ib le  i n  the  next few t r i a l s .  (verbatim in-  

s t r u c t i o n s  a r e  shown i n  Appendix C . )  S then was given - 
6 f i v e  minute t r i a l s  ( T 2  t o  ~ 7 )  t o  p r a c t i c e  producing 

the  tone. Each t r i a l  began a s  soon a s  S s ignaled t h a t  - 
he was ready f o r  it. After the  s i x t h  p rac t i ce  t r i a l ,  



E disconnected the  tone, and asked t o  continue doing - 
whatever he thought caused the  tone t o  come on, even 

though he would not  hear  t he  tone i n  t h i s  next t r i a l  

( ~ 8 ) .  Following t h i s ,  2 was given s i x  more f i v e  min- 

u t e  t r ia l s  (T9 t o  ~ 1 4 )  of p rac t i ce  a t  producing the  tone. 

Then once again the  tone was disconnected, and 2 was 

asked t o  continue doing whatever he thought caused the  

tone t o  come on. After t h i s  second t e s t  ( ~ 1 5 )  without 

t he  tone, 2 was given one add i t iona l  p rac t i ce  t r i a l  ( ~ 1 6 )  

with t he  tone connected. During the  f i n a l  two t r ials ,  

S was f i rs t  asked t o  t u rn  the  tone off  ( T I T  -- alpha - 
suppression t e s t )  and then t o  attempt t o  produce i t  ( ~ 1 8  

-- alpha enhancement t e s t ) .  Throughout t he  t r a i n i n g  

session, amount of alpha was recorded a t  t he  end of each 

t r i a l  from the  Hunter timer, 

A t  t he  end of t ra in ing ,  - E entered the  sound-proof 

booth, removed the  electrodes,  and asked - S the  following 

questions: 

1. What was your i n i t i a l  reac t ion  t o  t he  tone? 
And l a t e r ?  

2, What types of th ings  d i d  you do t o  produce 
the  tone? 

3. What d i d  you do t o  t u r n  it o f f ?  

A l l  ve rba l  r epo r t s  were tape-recorded, and l a t e r  ca te-  

gorized by a naive judge who was unfamil iar  with the  

alpha feedback l i t e r a t u r e ,  and with the  verbal  repor t s  

about experiences associa ted with alpha a c t i v i t y .  



Results  

&EM and Basal Alpha 

Mean basa l  l e v e l s  of alpha were ca lcula ted sepa- 

r a t e l y  f o r  l e f t -  and right-movers of each sex (Table l ) .  

Male right-movers tended t o  have cons i s ten t ly  lower 

amounts of r e s t i n g  alpha a c t i v i t y .  S ix  male r i gh t -  

movers produced l e s s  than t e n  seconds of alpha during 

t h e  f i v e  minute basa l  period,  Male left-movers had 

higher amounts of r e s t i n g  alpha, even though almost 

ha l f  were c l a s s i f i e d  i n  the  low-basal group. For fe -  

males t he  r e l a t i onsh ip  between LEM and basa l  alpha was 

reversed. Female left-movers produced cons i s ten t ly  

lower amounts of r e s t i n g  alpha; four  females produced 

l e s s  than t e n  seconds of alpha during the  basal  period. 

Female right-movers had higher amounts of alpha; a l l  

but  t h r ee  were c l a s s i f i e d  i n  the  high-basal group. 

Analysis of variance ( See Appendix D) showed a s ign i -  

f i c a n t  i n t e r a c t i o n  between LEM and sex which accounted 

f o r  a major i ty  of the  variance i n  basa l  scores  (F=18.33, 

df=l,56, p<O. 001). Neither the  main e f f e c t  f o r  sex, 

nor f o r  LEM approached s ignif icance.  

R e l i a b i l i t y  Data 

Thirty-four 2s returned f o r  alpha feedback t r a i n -  

ing a t  l e a s t  24 hours a f t e r  the  f i r s t  basal  t e s t .  In i -  

t i a l  da ta  co l lec ted  on these  2s provided checks f o r  re- 
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l i a b i l i t y  of LEM and basal  measures. The t e s t - r e t e s t  

r e l i a b i l i t y  coeff ic ient  f o r  LEM, calculated from 34 

repeated measures, was 0.78 (p(0.001). Re l i ab i l i ty  

coef f ic ien ts  calculated separately f o r  each sex were 

not s igni f icant ly  different .  The t e s t - r e t e s t  r e l i a -  

b i l i t y  coef f ic ien t  f o r  basal  alpha, calculated from 

33 repeated measures, was 0.72 (p<0,001). Separate 

analyses by sex showed t h a t  male basal  measures were 

s ign i f i can t ly  l e s s  r e l i ab le  than female basal  measures 

(p<o. 05) . 
Of the  34  3s who returned f o r  the  feedback t r a in -  

ing only 24 completed the en t i r e  alpha feedback proce- 

dure. Seven 2s were eliminated because of technical  

d i f f i c u l t i e s  with the apparatus. Three - Ss were dis- 

qual i f ied because the second basal  measure of t h e i r  

alpha a c t i v i t y  was not within the specified range of 

the  group t o  which they had been assigned. Two 2s 

i n i t i a l l y  c l a s s i f i e d  i n  the low basal group increased 

t h e i r  amount of alpha during the second measure; while 

one - S i n i t i a l l y  c l a s s i f i e d  i n  the high-basal group, 

decreased h i s  amount during the second measure. The 

remaining 24 Ss were dis t r ibuted among the four exper- 

imental groups so that sex and basal level  were bal- 

anced. However, these groups were not balanced f o r  

LEM scores. 



Feedback Tra in ing  

Alpha enhancement scores were computed by aver- 

aging performance i n  blocks of t h r ee  t r i a l s .  These 

,scores provided indices  of e a r l y  and l a t e  performance 

i n  t h e  f i r s t  s e r i e s  (T2 t o  T7) and the  second s e r i e s  

(Tg  t o  ~ 1 4 )  of p rac t i ce  with alpha contingent feed- 

back (F igure  1 ) .  Analysis of variance of these  en- 

hancement scores  with respect  t o  sex, basa l  group, 

and blocks ( See Appendix E) revealed a s ign i f i can t  

main e f f e c t  f o r  blocks ( ~ = 6 . 3 9 ,  df=3,60, p<0.01); a 

s i g n i f i c a n t  main e f f e c t  f o r  groups (~=70.53,  df=1,20, 

p(0.001); a s i g n i f i c a n t  sex by basa l  group in t e r ac t ion  

(F=I  0.04, d f= l ,  20, p<0.01) ; and a s i g n i f i c a n t  blocks 

by group i n t e r a c t i o n  ( ~ = 2 . 9 8 ,  df=3,60, -p<0.05). The 

blocks e f f e c t  (Figure  2) indicated the  tendency f o r  

Ss t o  increase  t h e i r  amount of alpha a c t i v i t y  with - 
successive p rac t i ce  tr ials.  The basa l  group main 

e f f e c t  (Figure  3) showed t h a t  low-basal - Ss tended t o  

produce l e s s  alpha a c t i v i t y  throughout the  experimental 

t r i a l s  with alpha contingent feedback. The sex by ba- 

sal  group i n t e r a c t i o n  (Figure  4) indicated t h a t  low- 

basa l  males produced more alpha a c t i v i t y  during prac- 

t i c e  than low-basal females, while high-basal males 

produ.ced l e s s  alpha than high-basal females. This 

performance during t r a i n i n g  corresponds t o  performance 



which occurred during pre- t ra in ing basal t e s t s .  The 

basa l  by blocks i n t e r a c t i o n  showed t h a t  low-basal Ss 

increased t h e i r  amount of alpha t o  a g rea t e r  degree 

than high-basal 2s a s  a funct ion of p rac t i ce  with con- 

t ingen t  feedback (Figure  3 ) .  

The amount of alpha produced i n  t r ia l s  ~8 and T I 5  

(without  feedback) was analyzed t o  determine i f  t r a i n -  

ing increased 2s' a b i l i t y  t o  produce alpha when the  

tone was not  avai lable .  Analysis of variance of these  

scores  with reference t o  sex and basa l  group ( s e e  Ap- 

pendix F) revealed only two s i g n i f i c a n t  sources of 

variance. A s ign i f i can t  basa l  group main e f f e c t  

(~=64 .48 ,  df=1,20, p<0.001) indicated t h a t  t he  low- 

basa l  group produced l e s s  alpha i n  t e s t s  without feed- 

back than the  high-basal group ( ~ i g u r e  5) .  A s i g n i f i -  

can t  basa l  by sex in t e r ac t ion  (~=6.98, df=l,  20, p(0.05) 

showed t h a t  low-basal males produced more alpha than 

low-basal females, while high-basal males produced l e s s  

alpha than high-basal females ( Figure 6) .  This d i f  - 
ference again corresponds t o  d i f fe rences  which were 

found i n  the  pre- t ra in ing basal  t e s t s .  

Alpha con t ro l  indices  were ca lcula ted f o r  each 

by sub t rac t ing  the  amount of alpha during the  alpha 

suppression t e s t  ( ~ 1 7 )  from the  amount of alpha pro- 

duced during the  last  alpha enhancement t e s t  ( ~ 1 8 ) .  
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Group means f o r  con t ro l  indices  a r e  shown i n  Table 2. 

Analysis of variance of con t ro l  da ta  with respect  t o  

sex and basa l  groups (See Appendix G )  revealed only 

one s i g n i f i c a n t  source of variance -- a main e f f e c t  

f o r  sex ( ~ = 4 . 6 1 ,  df=1,20, p<0,05). This e f f e c t  in-  

d icated t h a t  males showed a g r e a t e r  a b i l i t y  t o  con t ro l  

t he  presence of t he  tone than d i d  females. 

Verbal Reports 

An ana lys i s  of verbal  repor t s  from the  post- 

t r a i n i n g  interview showed t h a t  12 2s were i n i t i a l l y  

i nd i f f e r en t  t o  the  tone, nine claimed t h a t  a t  f i rs t  

they found it unpleasant, and only t h ree  found it 

pleasant  from the  beginning. However, 21 - Ss reported 

f ind ing  the  tone pleasant  a t  t he  end of t ra in ing ,  

while two were s t i l l  i n d i f f e r e n t  t o  the  tone, though 

they enjoyed the  experience of producing it, and only 

one - S ( a  high-basal male who successively decreased h i s  

amount of alpha a c t i v i t y  with p rac t i ce )  s t i l l  f e l t  t h a t  

t h e  tone was unpleasant. The methods which 2s reported 

using t o  produce and suppress the  tone a r e  shown i n  

Table 3. Any comment which occurred more than twice 

and was no t  subsumed in a l a r g e r  category was included 

as a response item, An inspect ion of t he  d i f f e r e n t  

responses showed no subs t an t i a l  d i f ferences  in  the  tech- 

niques of con t ro l  between high and low-basal 2s .  A l -  
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though no sex di f ferences  were apparent i n  techniques 

f o r  alpha production, male 2s reported more a t t e n t i o n  

t o  thoughts and use of emotional a rousa l  a s  methods 

f o r  suppressing alpha. Use of v i s u a l  images, and re-  

l axa t ion  without thoughts were the  most f requent ly  re- 

ported methods f o r  producing alpha, while ac t ive  think- 

ing and a t t e n t i o n  t o  body sensat ions  were more f requent ly  

reported as methods of alpha suppression. No - Ss reported 

the  use of v i s u a l  imagery during the  alpha suppression 

t e s t .  



Experiment 2 

The r e s u l t  of the  f i r s t  experiment only p a r t i a l l y  

rep l ica ted  the  f inding of Bakan and Svorad ( 1969) t h a t  

left-movers tended t o  have more r e s t i n g  alpha a c t i v i t y .  

For males the  expected r e l a t i o n  was found, but f o r  fe -  

males the  reverse r e l a t i o n  held. Results  from the  feed- 

back t r a i n i n g  procedure confirmed the  repor t  by Brown 

( 1970) t h a t  low-basal subjects  show a g rea t e r  degree of 

alpha enhancement a s  a funct ion of p rac t i ce  with feed- 

back. However, the  lack of a d i r e c t  r e l a t i o n  between 

LEM and basa l  alpha weakened the  argument t h a t  r igh t -  

movers might increase the  amount of alpha more than 

left-movers a s  a r e s u l t  of feedback t ra in ing .  This re-  

s u l t  encouraged a d i r e c t  t e s t  of the  hypothesis t h a t  

left-movers should perform b e t t e r  under the  feedback 

conditions. 

In  order  t o  provide a means of es t imat ing the  d i f -  

f e r e n t i a l  e f f e c t s  of the  feedback t r a i n i n g  prodedure, the  

second study, following t h e  advice of Hart ( 1968), em- 

ployed a con t ro l  group. The con t ro l  which Hart suggested 

was not  used, however, s ince  it could not  provide a t e s t  

of t he  e f fec t iveness  of contingent feedback, but  could 

only t e s t  the  d i f ference  between groups which received 

no s t imulat ion and those which received audi tory  feed- 



back. A more appropriate con t ro l  was obtained by 

matching p a i r s  of subjects  f o r  basa l  l e v e l  of alpha 

a c t i v i t y ,  and then yoking one t o  the  o ther  with res-  

pec t  t o  the  type of s t imulat ion which they received. 

Method 

Sub,jects: Forty Ss were s o l i c i t e d  from int roductory  

psychology c l a s se s  a t  Simon Fraser  Universi ty as par- 

t i c i p a n t s  i n  an experiment on language and b ra in  waves. 

Ss were se lec ted  on the  b a s i s  of LEM scores so t h a t  - 
t h e r e  were eua l  numbers of l e f t -  and right-movers of 

each sex. Ss ranged i n  age from 18 t o  36 years. 

Apparatus: A l i s t  of 20 proverbs was used t o  assess  

LEM scores  ( See Appendix H) . The feedback system was 

e s s e n t i a l l y  t he  same as i n  t h e  previous study, except 

t h a t  a Uher 1400 tape-recorder was subs t i t u t ed  f o r  the  

Monarch Sol id  S t a t e  Amplifier. The tape-recorder ampli- 

f i e d  and recorded feedback f o r  experimental Ss, and pro- 

vided appropr ia te  s t imulat ion f o r  the  yoked-controls. 

Procedure: The method used t o  determine LEM scores was 

t h e  s m e  as i n  t he  f i r s t  study. However, only - Ss who 

were 70% cons i s ten t  ( i.e., who had a t  l e a s t  14 of 20 

responses i n  t he  same d i rec t ion)  were scheduled f o r  

t h e  EEG po r t i on  of t he  experiment. 

When 2s a r r ived  a t  t he  laboratory,  the  EEG recording 
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procedures were explained b r i e f l y ,  and then they were 

escor ted  i n t o  the  sound-proof booth. Electrode place- 

ments were i d e n t i c a l  t o  those used i n  the  previous 

inves t iga t ion .  After  a t t ach ing  the  electrodes,  E asked 

each 2 t o  r e l ax  with closed eyes during a l l  measuring 

periods. - E then l e f t  the  experimental chamber, turning 

off t he  l i g h t s .  S was given th ree  t o  f i v e  minutes t o  - 
adapt t o  the  darkened booth, a f t e r  which a two minute 

recording was made t o  determine basa l  alpha a c t i v i t y .  

If g had an alpha index which was wi thin  15 seconds 

of t h e  index obtained by a previous experimental sub- 

j ec t  of s imi l a r  sex and LEM, then S was yoked t o  t h a t  - 
experimental subject .  

The sequence of t r ia ls  and in s t ruc t ions  (See Appen- 

d ix  I) were i d e n t i c a l  f o r  the  yoked-control and experi- 

mental groups. However, the  groups d i f f e r ed  i n  respect  

t o  the  type of s t imulat ion which they received. The 

experimentals received alpha contingent feedback i n  

a l l  t r ials  of the  experiment where the  tone was ava i l -  

able.  Yoked-controls received alpha contingent feed- 

back only during an i n i t i a l  t r i a l  before t r a i n i n g  in- 

s t ruc t ions ;  subsequently they heard a tape-recording 

of the  tone produced by the  experimental 2 with whom 

they were matched. 

The t r a i n i n g  sequence i n  t h i s  study was s imi l a r  



t o  t h a t  used i n  the  f i rs t  inves t iga t ion  (Figure  7 ) .  

However, a l l  t r i a l s  i n  the  second study were only two 

minutes i n  duration. Immediately a f t e r  the  i n i t i a l  

basa l  measure, the  output of the  tape-recorder was 

connected t o  the  speaker ins ide  the  sound-proof booth. 

Each - S was then asked t o  s igna l  a s  soon as he was ready 

f o r  g t o  take  another two minute EEG recording. A l l  

Ss received audi tory  feedback ( a t  240 cycles  per  second) - 
contingent upon alpha a c t i v i t y  during t h i s  t r i a l  ( T I ) .  

A t  t he  end of t h i s  f i rs t  t r i a l  with the  tone, E ex- - 
plained t o  2 t h a t  the  tone was produced by something 

which S was doing, and asked t h a t  i n  the  next t r i a l  

( ~ 2 ) ,  2 attempt t o  keep the  tone off  as much as pos- 

s ib l e .  From t h i s  time u n t i l  t he  end of t he  experiment, 

t he  experimentals received alpha contingent feedback, 

while t h e  yoked-controls heard a tape-recording of 

feedback which was not  contingent upon alpha a c t i v i t y .  

Ss were next given 6 two minute t r i a l s  (T3 t o  T8) where 

they were asked t o  p rac t i ce  producing the  tone. After  

t h i s  p rac t i ce  period they were t e s t ed  f o r  t h e i r  a b i l i t y  

t o  produce alpha without feedback ( ~ 9 ) .  Following t h i s  

t e s t ,  - Ss were given another f i v e  t r i a l s  (T i0  t o  ~ 1 4 )  i n  

which they were asked t o  p r a c t i c e  producing the  tone. 

After  t he  second p rac t i ce  period, they were again t e s t ed  

f o r  a b i l i t y  t o  produce alpha without feedback ( ~ 1 5 ) .  



Fina l ly  suppression ( T I  6) and enhancement ( T I T )  t e s t s  

were given Lo assess  Ss' a b i l i t y  t o  con t ro l  the  tone 

a f t e r  feedback t ra in ing .  

Af te r  Lhe l a s t  experimental t r i a l ,  - E entered the  

sound-proof booth, removed the  e lec t rodes ,  and asked 

each 2 what techniques he had developed t o  con t ro l  the  

presence of t h e  tone. Verbal r epo r t s  were grouped i n  

t h r e e  ca tegor ies :  (A)  Reports which indicated t h a t  2 

believed he had con t ro l  over t he  presence of the tone; 

( B )  Reports which showed t h a t  - S was uncer ta in  how, o r  

if, he cont ro l led  the  tone; and ( C )  Reports which in-  

d icated t h a t . 2  d i d  not  bel ieve  he had any cont ro l  over 

t h e  presence of the  tone. 



Results  

LEM and Basal Alpha -- 
The preliminary procedures of the  second study 

provided addi t iona l  information on the  r e l a t i o n  of 

LXM t o  r e s t i n g  l e v e l  of alpha a c t i v i t y .  Group means 

calcula ted f o r  l e f t -  and right-movers wi thin  each sex 

(Table 4) showed t h a t  male left-movers again produced 

g r e a t e r  amounts of alpha during the  basa l  period than 

male right-movers. Female left-movers tended t o  have 

s l i g h t l y  l e s s  r e s t i n g  alpha than female right-movers. 

Analysis of variance of these  basa l  scores  (See Appen- 

d ix  J) showed t h a t  the  sex by LEM i n t e r a c t i o n  was the  

only s i g n i f i c a n t  source of variance ( ~ = 4 . 3 0 ,  df=l, 36, 

p!a 05) . 
Feedback Training 

Group mean alpha enhancement scores  were computed 

f o r  yoked-controls and experimentals i n  each of the  

eleven t r i a l s  where 2s were asked t o  produce the  tone 

( ~ 3  t o  T8, and T I 0  t o  ~ 1 4 ) .  These scores,  p lo t ted  i n  

Figure 8, show increased alpha a c t i v i t y  as a funct ion 

of p rac t i ce  t r i a l s  f o r  both groups. Analysis of var- 

iance ( See Appendix K) indicated a s i g n i f i c a n t  main 

e f f e c t  f o r  t r i a l s  (~=3 .73 ,  df=10,160, p(0.001) ; Figure 

8 shows t h a t  both experimental and yoked-control 2s 

contr ibuted t o  t h i s  m a i n  p r ac t i ce  e f f ec t .  The ana lys i s  



f a i l e d  t o  show any s ign i f i can t  d i f fe rences  between 

the  experimental and yoked-control 5s; moreover none 

of the  i n t e r a c t i o n  which included the  yoke-experimental 

dimension approached s ignif icance i n  the  enhancement 

analys is .  I n  addit ion,  t he  ana lys i s  f a i l e d  t o  show 

a s i g n i f i c a n t  main e f f e c t  f o r  LEM, o r  a s i g n i f i c a n t  

LEM by t r i a l s  in teract ion.  However, t he  t h ree  way in- 

t e r a c t i o n  of LEM, by sex, by t r ia l s  was s ign i f i can t  

(~=2 .06 ,  df=lO,l60, p<0.05). This i n t e r a c t i o n  i s  rep- 

resented graphica l ly  i n  Figure 9, which shows mean en- 

hancement scores  f o r  l e f t -  and right-movers of each 

sex. Both female l e f t -  and female right-movers in-  

creased t h e i r  enhancement scores  a s  a funct ion of prac- 

t i c e  t r ials .  However, of t he  male gs, only left-movers 

showed cont inual ly  increas ing amounts of alpha a c t i v i t y  

i n  successive p rac t i ce  tr ials.  Male right-movers showed 

an i n i t i a l  increase,  but  dropped below t h e i r  o r i g i n a l  

l e v e l  of alpha production during the  l a t e r  p rac t i ce  

tr ials.  

Analysis of t e s t s  f o r  the  a b i l i t y  t o  produce alpha 

without feedback a f t e r  d i f f e r e n t  amounts of t r a i n i n g  

d i d  not  provide any s i g n i f i c a n t  r e s u l t s  (See Appendix 

L ) .  Analysis of e a r l y  and l a t e  con t ro l  ind ices  a l s o  

d i d  not  provide any s ign i f i can t  d i f fe rences  i n  terms 

of t he  experimental var iables .  This i nd i ca t e s  t h a t  



experimental 2s d i d  not  d i f f e r  s i g n i f i c a n t l y  from the  

yoked-control Ss, and t h a t  ne i the r  d i f f e r ed  i n  t h e i r  

e a r l y  as opposed t o  l a t e  alpha con t ro l  scores.  

Verbal Reports 

Although the  preformance measures of alpha enhance- 

ment, alpha production without feedback, and alpha con- 

t r o l  f a i l e d  t o  show s ign i f i can t  d i f fe rences  between 

the  experimental and yoked-control - Ss, ana lys i s  of ver- 

b a l  r epo r t s  (Table 5) indicated c l e a r  d i f fe rences  (Chi 

Square = 88.28, p(0.001). None of the  experimental 2 s  

expressed doubt t h a t  they had con t ro l  over t he  presence 

of t he  tone; a l l  but  two offered explanations of methods 

which they had developed t o  con t ro l  t he  tone. I n  con- 

t r a s t ,  only four  yoked-control Ss offered explanations 

of how they con t ro l led  the  tone, f i v e  reported t h a t  

they were uncer ta in  about what produced it, and eleven 

i n s i s t e d  t h a t  they had no con t ro l  over the  tone. Left- 

moving 2s accounted f o r  e igh t  of the  eleven yoked-con- 

t r o l s  who reported t h a t  they had no con t ro l  over the  

tone. O f  t he  four  yoked-controls who of fe red  expla- 

nat ions,  a l l  were right-movers. O f  t he  two experi- 

m e n t a l ~  who were uncer ta in  about control ,  one was a 

female left-mover, and the  o ther  was a male r i gh t -  

mover. 



Discussion 

LEM and Basal Alpha -- 
The r e s u l t s  from both the f i r s t ,  and the  second 

s tudies  provided new information on the re la t ionship 

between LEM and basal l eve l  of r e s t i n g  EEG alpha rhythm. 

The reported cor re la t ion  of l e f t  eye-movements with 

high alpha indices ( ~ a k a n  & Svorad, 1969) was found 

only f o r  male subjects. For female subjects, the  re- 

verse re la t ionship was found; female right-movers gen- 

e r a l l y  had higher alpha indices than female left-movers. 

This f inding was repl icated i n  the second experiment 

using a more s t r ingent  c r i t e r i o n  of L;EM c lass i f ica t ion .  

Although Bakan and Svorad reported using both female 

and male subjects, they d i d  not report  an analysis  of 

t h e i r  r e s u l t s  which would have revealed a sex d i f fe r -  

ence. Thus the  present f inding extends and c l a r i f i e s  

t h e i r  previous report.  However, the  sex difference 

i n  the r e l a t i o n  of LEM t o  basal  alpha tends t o  com- 

p l i c a t e  the  ra t iona le  which led t o  the Bakan and Svorad 

experiment, a s  well a s  the  more general speculations 

by Bakan (1969) about the  r e l a t i o n  of LEM t o  functional  

bra in  asymmetries. 

The hypothesis t h a t  left-movers should have more 

r e s t ing  alpha a c t i v i t y  than right-movers followed from 
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previous reports  t h a t  high suscep t ib i l i ty  t o  hypnosis 

was correlated with high alpha indices (London, &. g., 
1968; and Nowlis 8c Rhead, 1968) and with l e f t  eye- 

movements (Bakan, 1969). Since both s tudies  r e l a t ing  

alpha indices  t o  hypnotic suscep t ib i l i ty  analyzed data 

as a function of sex, and found no s igni f icant  d i f fe r -  

ence, it seems t h a t  the  experiment r e l a t ing  LEM t o  hyp- 

not ic  suscep t ib i l i ty  should be repl icated with greater  

a t t en t ion  t o  possible sex differences. 

Bakan s spec i f ic  in te rpre ta t ion  of the  LEM phe- 

nomenon e n t a i l s  the use of both physiological and psy- 

chological processes. Since l a t e r a l  eye-movements a re  

controlled cont ra la te ra l ly  by a c t i v i t y  i n  Brodmamls 

area 8 ( ~ o b i n s o n ,  1968), Bakan suggested t h a t  LEM may 

be "symptomatic of eas ie r  t r igger ing  of a c t i v i t i e s  i n  

the hemisphere cont ra la te ra l  t o  the  direct ion of eye- 

movement'' (Bakan, 1969, p. 930). In  addition, Bakanls 

more general speculations about LEM draw heavily upon 

research which reports  functional  brain  asymmetries. 

Citing evidence t h a t  the r ight  hemisphere may be domn- 

nant f o r  some psychological processes characterized as  

pre-verbal, pre-logical, i n tu i t ive ,  subjective, syn- 

the t ic ,  and diffuse, Bakan suggests t h a t  l e f t  eye- 

movements may indicate a more act ive r igh t  hemisphere 

resu l t ing  i n  a pa r t i cu la r  behavioral syndrome. The 
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syndrome, according to Bakan, consists of greater use 

of pre-verbal imagery, greater hypnotic susceptibility, 

more humanistic orientation, poorer mathematical and 

logical abilities, and more resting alpha activity. 

The finding that LEM Zs related to basal alpha activity 

differentially for the sexes complicates Bakan's specu- 

lations, and may indicate possible sex-differences in 

other aspects of the hypothesized behavioral syndrome, 

A n  alternate interpretation of this finding rests 

upon the suggestion by Lansdell ( 1964) that separate 

examination of functional brain asymmetries for each 

sex might provide clearer information on the relation- 

ship of morphology to function. Some clinical data on 

recovery rate from aphasic disorders show a sex-dif- 

ference in favor of females (~eschwind, 1965). This 

difference could be viewed as evidence for structural 

or functional differences in the organization of the 

brain for each sex. Lansdell (1962) reported a study 

in which the surgical removal of cerebral tissues from 

the temporal lobe of the non-dominant (right) hemi- 

sphere led to impairment of design preference judge- 

ments in males, but not in females; while removal of 

tissues from the temporal lobe of the dominant (left) 

hemisphere led to a similar impairment in females, but 

not in males. If the localization of other attentional 



and in te rna l  processes i s  a l s o  

then the present finding would 

more general speculations, and 

d i f fe rent  f o r  the  sexes, 

be compatible with Bakan's 

could be viewed as indic- 

a t i v e  of the  need f o r  more detai led analysis  of sex- 

differences i n  reports  of functional  brain  asymmetries, 

Re l i ab i l i ty  Measures 

R e l i a b i l i t y  data was collected i n  the  f i r s t  study 

i n  order t o  determine the s t a b i l i t y  of LEM and basal  

measures i n  a t e s t - r e t e s t  s i tua t ion  where t e s t s  were 

separated by a t  l e a s t  24 hours. LEM scores were highly 

re l iab le ,  confirming the c l i n i c a l  observations of Day 

( 1964, 1968) ; Basal measures were a l so  highly re l iab le ;  

however, males were s igni f icant ly  l e s s  r e l i a b l e  than 

females. This l a t t e r  f inding i s  consistent  with other 

reports  of sex-differences on t e s t - r e t e s t  measures 

( ~ a r a i  & Sheinfeld, 1968). 

Feedback Training 

The design of the second feedback t r a in ing  study 

was intended t o  provide a means of estimating the e f f e c t  

of alpha t r a in ing  f o r  both l e f t -  and right-movers. How- 

ever, the  r e s u l t s  showed no s igni f icant  differences be- 

tween the experimental and yoked-control subjects. The 

s imi la r i ty  of alpha indices f o r  these groups of subjects 

throughout the  feedback t r a in ing  procedure cas t s  doubt 



upon the  ef fect iveness  of contingent feedback alone 

t o  enhance alpha ac t iv i t y .  This r e s u l t  implies t h a t  

increased alpha a c t i v i t y  during exposure t o  auditory 

feedback can be viewed a s  merely the  r e s u l t  of s h i f t s  

i n  basa l  l e v e l  of alpha a c t i v i t y ,  r a t h e r  than a s  the  

r e s u l t  of an operant conditioning technique. 

Although the  second study d i d  not provide as much 

exposure t o  t he  contingent feedback as some of the  

o ther  experiments with t he  feedback-loop  art, 1968; 

and Kamiya, 1969), the  r e s u l t s  of both of the  present  

s tud i e s  show comparable increases  i n  amount of alpha 

a c t i v i t y .  In  addit ion,  the  reported r e l a t i onsh ip  be- 

tween degree of alpha enhancement and o r i g i n a l  basa l  

l.evel of alpha ( ~ r o w n ,  1968) was extended t o  t he  eyes- 

closed condit ion using auditory feedback. The only 

difference between the  r e s u l t s  of the  present  t r a i n i n g  

s tud i e s  and the  r e s u l t s  of previous work with the  a l -  

pha feedback-loop cons i s t s  of d i f ferences  due t o  the  

inc lus ion  of the  necessary con t ro l  f o r  the  contingency 

of the  feedback tone. 

The attempt t o  f ind  an index of the  feedback t r a i n -  

ing which was independent of basal  l e v e l  was unsuccess- 

f u l .  Tests  designed t o  measure acqu i s i t i on  of the  ab i l -  

i t y  t o  produce alpha a c t i v i t y  without feedback a f t e r  

d i f f e r e n t  amounts of t r a i n i n g  showed no subs t an t i a l  in-  



crease f o r  e i t h e r  the  high o r  low basa l  group. A l -  

though males obtained s i g n i f i c a n t l y  higher control  

scores i n  the  f i r s t  study, t h i s  f inding was not rep- 

l i c a t e d  i n  t he  second experiment. I n  both s tudies ,  

con t ro l  was unrela ted  t o  basa l  alpha; but  the  second 

experiment showed t h a t  t r a i n i n g  with the  feedback- 

loop d i d  not  s i g n i f i c a n t l y  a l t e r  the  con t ro l  scores 

f o r  any group of subjects .  Since the  preformance of 

t he  yoked-controls, who d i d  not  receive contingent 

feedback during the  suppression and enhancement t e s t s ,  

d i d  not  d i f f e r  s ign i f i can t ly  from the  preformance of 

the  experimentals, the  apparent con t ro l  which a l l  sub- 

j e c t s  demonstrated could be viewed as an a r t i f a c t  of 

i n s t ruc t ions  r a t h e r  than a s  the  e f f e c t  of t r a i n i n g  

with alpha contingent feedback. 

The hypothesis t h a t  left-movers should benef i t  

more from feedback t r a i n i n g  than right-movers seemed 

ill founded i n  terms of t he  s i m i l a r i t y  between yoked- 

con t ro l s  and experirnentals. However, the  s ign i f i can t  

i n t e r ac t ion  between sex, LEM, and p rac t i ce  t r i a l s  in- 

d i ca t e s  t h a t  some between subject  v a r i a t i o n  i n  changing 

alpha ind ices  can be a t t r i b u t e d  t o  d i f ferences  i n  LEM. 

If change i n  alpha a c t i v i t y  i s  in te rpre ted  as a  change 

i n  the  basa l  alpha level ,  then t h i s  i n t e r a c t i o n  ind i -  

ca t e s  a  difference between male left-movers and male 



right-movers with respect to the way in which basal 

level shifts. Male left-movers showed the most in- 

crease in amount of alpha activity over the trials; 

male right-movers showed an initial increase, but then 

dropped well below their original level of alpha ac- 

tivity. This difference, which was found for both 

yoked-controls and experimentals, was attributed to 

the possible differential reaction of the left- and 

right-mover to the experimental setting. If as Day 

(1964, 1968) suggested, the left-movers were more at- 

tentive to private, or internal experience and less 

attentive to the external environment, then the time 

which they spent in the darkened sound-proof booth 

may have been relatively enjoyable, and have led to 

greater relaxation. On the other hand, the right- 

mover, with his stronger attention to visual experi- 

ence and greater reliance on external stimulation, 

may have found the time in the experimental booth more 

uncomfortable, and less conducive to relaxation. Thus 

as the left-mover continued to relax, his alpha index 

would continue to increase; while the right-mover might 

initially relax and increase his alpha index, but would 

eventually find the situation uncomfortable, become less 

relaxed, and decrease his alpha index. 

Regardless of the interpretation which is found 



f o r  the  in te rac t ion  between sex, LEM, and t r i a l s ,  t h i s  

f inding provides an in te res t ing  explanation of the in- 

dividual differences which have been reported i n  the 

alpha feedback l i t e ra tu re .  Hart ( 1968) reported t h a t  

only some of h i s  control  subjects  showed increased 

alpha a c t i v i t y  as  a  function of time i n  the experimen- 

t a l  se t t ing .  Those controls who increased t h e i r  alpha 

indices may have been females, o r  left-moving males; 

while those who showed no increment may have been r ight-  

moving males. Kamiya (1969) reported t h a t  basal  (no 

tone) measures of alpha ac t iv i ty ,  taken at  regular 

in t e rva l s  during suppression and enhancement t ra in ing  

with feedback, showed a  gradual increase a s  a  function 

of time, Kamiya interpreted t h i s  increase as  the re- 

s u l t  of the alpha s t a t e  becoming a  preferred mode of 

waiting f o r  the  next s e t  of suppression t r i a l s .  How- 

ever, i n  view of the  present findings, t h i s  in terpreta-  

t i o n  seems unwarranted. The s h i f t  i n  Kamiyals study 

seems sSni la r  t o  the s h i f t  i n  alpha a c t i v i t y  found i n  

yoked-controls -- subjects who had not been taught t o  

maintain the alpha s t a t e .  Kamiyals finding, l i k e  the 

the r e s u l t s  i n  the present studies,  i s  b e t t e r  in te r -  

preted a s  a  s h i f t  i n  basal  l eve l  due t o  adaptation t o  

the experimental s e t t i n g  which leads t o  greater  re- 

laxation, and subsequent increases i n  amount of alpha, 



Verbal Reports 

The f a i l u r e  of previous researchers  t o  adequately 

i nves t iga t e  t h e  e f f e c t s  of the  feedback-loop t r a i n i n g  

i s  more understandable upon inves t iga t ion  of the  d i f -  

f e r e n t  ve rba l  r epo r t s  of t he  yoked-control and experi- 

mental sub jec t s .  A l l  of the  experimentals f e l t  t h a t  

they had produced the  audi tory  feedback, though two 

were unce r t a in  about the  technique of control .  On the  

o the r  hand, over ha l f  of t he  yoked-controls i n s i s t e d  

t h a t  they had not  produced the  tone, while only four  

offered explanations of t h e i r  con t ro l  method. Such a 

d i f fe rence  i n  verba l  r epo r t s  i nd i ca t e s  t h a t  subjects  

can l e a r n  about t he  contingencies of feedback t ra in ing ,  

and a r e  l i k e l y  t o  o f f e r  subject ive  accounts of experi- 

ences co r r e l a t ed  with contingent feedback. This f ind-  

ing, perhaps, expla ins  the  enthusiasm of the  o r i g i n a l  

inves t iga tors ,  who, when confronted with increased 

alpha ind ices  and similar subject ive  accounts of the  

alpha experience, assumed t h a t  the  change i n  alpha 

was due t o  t h e  feedback t r a i n i n g  -- a spec i a l  form 

of operant  conditioning. 

It i s  l i k e l y  t h a t  t h e i r  assumption was misguided 

because they emphacized behavioral  changes i n  alpha, 

r a t h e r  than  s i m i l a r i t i e s  i n  verbal  repor ts .  Even i n  

the  f irst  of t he  present  s tudies ,  verbal  descr ip t ions  



of pr ivate  experience which was correlated with the 

presence of the  feedback showed some general agree- 

ment among subjects. I n  addition, these reports  were 

s imilar  t o  verbal  reports  collected by Brown (1968, 

1970) and by Mowlis and Kamiya ( 1970). Thus, although 

the present research c a s t s  doubt upon an operant in te r -  

pre ta t ion  of alpha feedback t r a in ing  by f a i l i n g  t o  

show how contingent feedback a l t e r s  alpha behavior, 

the  feedback technique may s t i l l  prove useful  as a 

method f o r  the  study of in te rna l ,  o r  pr ivate  experi- 

ence. 
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Fig. 1. Diagram of T r i a l  Sequence 
in Experiment 1. 

T r i a l  Number 
- - - - 

Expreimental Condition 

B a s a l  Measure 

Basal Measure 

P rac t i ce  
11 

Test  f o r  Alpha 

P rac t i ce  
11 

11 

11 

11 

11 

Test  f o r  Alpha 

Prac t ice  

Alpha Suppression 
Alpha Enhancement 

Feedback 

No Tone 

Tone 

Tone 
11 

-- - 

No Tone 

Tone 
11 

11 

11 

11 

I I 

No Tone 

Tone 

Tone 
11 



Mean 

Seconds 

of  Alpha 

p e r  Five 

Minutes . 

Fig. 2. Mean Alpha Scores as a 
Function of Blocks and Sex. 

( Experiment 1. ) 

e--. Males 
0----0 Females 

Blocks of Trials 



Mean 

Seconds 

of Alpha 

per  Five 

Minutes. 

Fig. 3 .  Mean Alpha Scores as a 
Function of Blocks and Basal Group. 

(Experiment 1.) 

U Low Basal 
U High Basal 

Blocks of T r i a l s  



Fig. 4. Mean Alpha Scores as a Function 
of Blocks Sex, and Basal Group. 

{~xpe r imen t  1.) 

Mean 

Seconds 

of Alpha 

per Five 

Minutes . 

Blocks of Trials 

a Female High Basal 
0----0 Female Low Basal  

Male High Basal 
W Male Low Basal 



Fig. 5. Mean Alpha Scores during Tests  
Without Tone as a Function of Basal Group, 

(Experiment 1. ) 

220 
Mean 

200 
Seconds 

180 
of Alpha 

per Five 

Minutes . 
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Fig. 6. Mean Alpha Scores during Tests Without 
Tone a s  a Function of Sex and Basal Group. 

(Experiment 1. ) 

Mean 

Seconds 

of Alpha 

per Five 

Minutes . 

Tests 

k--~ Female High Basal 
Female Low Basal 

~-----d Male High Basal 
M Male Low Basal 



Fig. 7. Diagram of Trial Sequence 
- in Experiment 2. 

Trial Number Experimental Condition 

Basal Measure 

Basal Measure 

Alpha Suppression 
Alpha Enhancement 

Practice 
11 

11 

- II 

11 

- - 

Test for Alpha 

Practice 
1 1 

11 

I I 

11 

Test for Alpha 

Alpha Suppression 
Alpha Enhancement 

Feedback 

No Tone 

Tone 

Tone 
11 

Tone 
11 

11 

11 

11 

No Tone 

Tone 
11 

11 

11 

I1 

No Tone 

Tone 
1 1 



Fig, 8. Mean Alpha Scores for Yoked and 
Experimental Ss during Practice Trials. 

(-weriment 2. ) 
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of Alpha 

per Two 

Minutes, 

Practice Trials 
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Mean 

Seconds 

of Alpha 

per Two 

Minutes. 

Fig. 9. Mean Alpha Scores as a Function 
of Sex, LEM, and Practice Trials. 

(~xperiment 2.) 

Practice Trials 

U Female Right-movers 
0----0 Female Left-movers 
u Male Right-movers 
U Male Left-movers 



Table 1. Mean Basal Alpha Scores f o r  
60 Ss according t o  Sex and LEM. 

(Experiment 1 .) 

Right 
r n M  

Left 
E M  



Table 2. Mean Control scores* f o r  24 
Ss according t o  Sex and Basal Group. - 

(Experiment 1. ) 

High 
Basal 
Group 

Low 
Basal 
Group 

Females Males 

* Control scores equal the  d i f ference  
between amount of alplia during the  
enhancement and suppression t e s t s .  
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Table 3. Frequency of Repor t s  on Methods used 
t o  Produce and  S u p p r e s s  Alpha A c t i v i t y .  

(Expe r inen t  1, N=24. ) 

Frequency of Repor t s  * 
Females 1 Fla: 

Yigh 1 Low I Hiqh 
Basal S a s a l  Basal 

Audi tory  
S e n s a t i o n s  

1 2 1 

V i s u a l  1 3 1 
Iflayes 
Body 
S e n s a t i o n s  

1 0 1 

R e l a x a t i o n  J+ 

No Thouyht 
2 3 

Act ive  0 1 
Thinltinq 

0 

Emotional  
Arousa l  0 0 0 

No I d e a  1 1 2 

Audi tory  
S e n s a t i o n s  

0 0 0 

Visua l  
Xmases 

0 0 0 

Body 
S e n s a t i o n s  3 2 2 

Helaxa t  i o n  0 2 
Ko Thouqht 

0 

Act ive  
Thinkinor 
Emotional  
Arousal  

No I d e a  I 2 1 2  I 1 

I 
? s T o t a l  

Low Hepor t s  
Basal ! p e r  Item 1 

* Some S s  o f f e r e d  more t h a n  a s i n g l e  r e p o r t .  A 1 1  
r e s p o k e s  a r e  i nc luded  which occu r red  more t h a n  
twice. 



Table 4. 
S s  - 

Mean 'Basal A l p h a  Scores f o r  
a c c o r d i n q  t o  Sex and LEM. 

( ~ x p e r i m e n t  2 .  ) 

F e m a l e s  

L e f t  
LEM 

Males 



Table 5. Frequency of '  Reports  regardin6  
Contro l  of Feedback Tone. 

(Experiment 2 ,  N=40) 

Offered  Expla- 
n a t i o n  of a 
Cont ro l  Method, 

Uncertain about  
how t o  c o n t r o l  
t h e  tone. 

F e l t  t h a t  Con- 
t r o l  w a s  not  
p o s s i b l e .  

Frequency of H e  p o r t s  

Female 
q h t  I L e f t  

i4a 
i i q h t  
LEM 
L Y 

4 1 

1 1  

T o t a l s  
LEM 
E IY E 

18 

2 

0 

5 

0 

0 

Y 

4 

5 

11 

0 

1 

4 



Appendix A: Proverb Scale used t o  
Determine L E M  i n  Experiment 1. 

A r o l l i n g  stone gathers no moss. 

The hardest  work i s  t o  go idle .  

In the  mirror, everyone sees h i s  bes t  f r iend.  

A watched pot never boi ls .  

Bet te r  a good enemy than a bad friend.  

If you c a n ' t  b i te ,  then don't  show your teeth.  

A poor worker blames h i s  tools .  

He t h a t  l i e s  on the ground cannot fal l .  

Bet te r  a bad peace than a good war. 

What saddens a wise man, gladdens a fool.  

They t h a t  a re  mute want t o  t a l k  most. 

Words should be weighed and not counted. 
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Appendix R: Schematic of Alpha Trigger 

8.0 hz. BUFFER 12.2 hz. LIMITER 
I I 

r 

Resistors 
R 1  10K 
R2 10K 
R3 10K Pot 
R4 33K 
R5 1K 
R6 75K 
R7 2K 
R8 1OK 
R9 33K 
R10 25K Pot 
R11 39K 
R12 2M Pot 
1113 ~ O K  
R14 10K 

R15 lOOK 
~ 1 6  ~ O K  pot 
R17 1 K  
R18 28.6K 
R19 59K 
R20 10K 
R21 33K 
R22 25K Pot 
R23 39K 
R24 50K Pot 
R25 10K 
R26 1OK 
R27 5M Pot 
R28 50K Pot 
H29 10K 

LLG. FILTER UNIT I 

PARTS LIST 

R30 1OK 
R 3 1  27K 
R32 1 5 K  Pot 
R33 6.8K 
R34 407K 
R35 1.8K 
R36 1 8 K  
R37 1.8K 
R38 1 5 K  
R39 .56K 
R40 .1OK 

;;p:Cit.&rs 

Tantalom 

C2 .05mf 
c3 Imf 
C4 .47mf 
C5 e033mf 
C6 .05mf 
C7 .001rnf 
C 8  .0047mf 
c9 lmf 
C10 .47mf 
C l l  .033mf 
C12 .04mf 
C l 3  .Olmf 
CU, .O5rnf 
C15 .04mf 
C16 .0047mf 

Transistors 
Q1 2N697 
Q2 RN3906 
Q3 2N3900 
Q4 2N2868 

Integrated 
Curcuits 
I . C .  709 



Appendix C: Ins t ruc t ions  used i n  Experiment 1. 

P rac t ice  Ins t ruct ions:  
During the  last  period you occassionally heard a low tone 
come on. That tone was produced by something which you 
were doing. I n  the  next few sessions,  as you continue t o  
r e l ax  with your eyes closed, you w i l l  probably hear the  
tone again. I n  a l l  of these  sessions,  I ' d  l i k e  you t o  txy 
t o  keep the  tone on a s  much of the  time a s  you poss ibly  
can. Before we begin, 1'11 sound the  tone so t h a t  you 
w i l l  be c e r t a i n  t o  recognize it (example of t he  tone) .  
D i d  you hear  t h a t ?  Okay, now lean  back, c lose  your eyes, 
and t e l l  me when you a r e  ready t o  s t a r t .  

Test Without Tone Ins t ruct ions:  
Okay, you seem t o  have got ten  the  knack of it, Now If d 
l i k e  t o  change th ings  a b i t .  I want t o  see  i f  you can 
do what usua l ly  produces t he  tone when it i s  no longer 
ava i l ab l e  a s  a signal .  So i n  the  next session, I want 
you t o  continue doing whatever you th ink  produces the  
tone, even though you won't be ab le  t o  hear  it. Okay, 
l ean  back, c lose  your eyes, and t e l l  me when you a r e  
ready t o  start.  

Control Test Ins t ruct ions:  
Tha t ' s  f i ne ,  now l e t ' s  go on t o  the  l a s t  s tage  of the  ex- 
periment. Un t i l  now we have been experimenting with ways 
of increas ing the  durat ion of the  tone. Now I ' d  l i k e  t o  
see how t h i s  type of t r a i n i n g  influences your a b i l i t y  t o  
con t ro l  the  presence of t he  tone. I want t o  see  how well  
you can manipulate the  tone, so i n  one sess ion 1'11 ask 
you t o  keep it of f ,  and then i n  t he  next 1'11 ask you t o  
keep it on. The next sess ion w i l l  be an off-session. A s  
soon a s  you ' re  read , l e an  back, c lose  your eyes, and 
t e l l  me t o  s t a r t .  T When S signaled t h a t  he was ready, 
he was reminded t h a t  t h i s t i m e  the  t a sk  was t o  turn-off 
t he  tone. ) 
Okay, j u s t  one l a s t  session. This time l e t ' s  t r y  it the  
o ther  w a y .  During the  next  sess ion t r y  t o  keep the  tone 
on as much a s  you can. Signal  when you a r e  ready. 



Appendix D: Analysis of Variance Table: 
Basal Alpha a s  a Function of Sex and LEM. 

(Experiment 1. ) 

I Source d f =  MSS= F= P< I 
sex ( A )  I 64,90 0.01 ns 

IJEM (3) 1 4379.30 0.70 ns 

Subjects ( c )  56 6304.16 -- -- 
A X B  1 115579.90 18.33 0.001 



Appendix E: Analysis of Variance Table: 
Alpha Scores as a Function of Sex, 

Basal Group, and Blocks. 
( Experiment 1. ) 

Source - df=  MSS= F= P< 

sex ( A )  1 12989.85 

Basal Group ( B )  I 400707.30 

 locks ( c )  3 2347.63 

Subjects  (D) 20 5681.1 I 

A X B  1 57025.44 

A X C  3 563.31 

B X C - 3 1094.19 

D x c 60 367 . 55 

A X B X C  3 677 . 38 



Appendix F: Analysis of Variance Table: 
Alpha Without Tone as a Function of 

Tests, Basal Group, and Sex. 
(Experiment 1 . )  

Sex (A)  1 9904.36 3.53 0.10 

Basal Group (B)  I 181140.go 64.48 0.001 

Tests ( c )  1 1767.83 3.00 0.10 

Subjects  ( D )  20 2809.07 -- -- 
A X B  I 19615.44 6.98 0.05 

t 
A X C  1 53.55 0.09 ns 

1 B X C  1 7.98 0.01 ns  

D x c 20 588.66 -- -- 
A X B X C  I 0208.20 0.35 ns 



Appendix G: Analysis of Variance Table: 
Control Scores a s  a Function of 

Basal Group and Sex. 
(Experiment 1.) 

-- 

Source d f=  MSS= F= P< 
-- 

~ e x  ( A )  I 

Basal Group ( B )  1 

Subjects  ( c )  20 

A X B  1 



Appendix H: Proverb Scale used t o  
determine LEM i n  Experiment 2. 

1. The hardes t  work i s  t o  go id le .  

2. A r o l l i n g  stone gathers  no moss. 

The b e s t  f i s h  s w i m  deep. 

C a l l  no man happy ti1 he i s  dead. 

Every horse th inks  i t s  own pack heaviest.  

He i s  r i c h  who has few wants. 

A watched pot  never bo i l s .  

Be t t e r  a good enemy, than a bad f r i end .  

More than enough i s  too much. 

Be t t e r  t o  wear out  than t o  r u s t  out. 

Lend your money and lose  your f r i end .  

Even no answer i s  an answer. 

If you c a n ' t  b i t e ,  then don ' t  show your t ee th .  

A poor worker blames h i s  too l s .  

He t h a t  l i e s  on the  ground cannot f a l l .  

B e t t e r  a bad peace than a good war. 

Words should be weighed, not  counted. 

They who a r e  mute want t o  t a l k  most. 

What saddens a wise man, gladdens a fool .  

It i s  an ill wind t h a t  blows no one good fortune.  
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Appendix I: Ins t ruc t ions  used i n  Experiment 2. 

Control Ins t ruc t ions :  
During the  last  period, you occass ional ly  heard a low tone 
come on. That tone was produced by something which you 
were doing. In  the  next session, I want t o  see how easy 
it i s  f o r  you t o  s top doing whatever produces the  tone. So 
during the  next period, t r y  t o  keep the  tone o f f  a s  much 
as you poss ibly  can. Okay, now l ean  back, c lose  your eyes, 
and t e l l  me when you a r e  ready t o  start.  
Fine, next I want t o  see how much of the  time you can keep 
the  tone on. So i n  t he  next session, t r y  t o  produce the  
tone as much a s  you possibly can. Signal  when you a r e  
ready. 

P rac t i ce  Ins t ruct ions:  
That was p r e t t y  good. Next I want t o  give you some prac- 
t i c e  with producing the  tone, so t h a t  you w i l l  begin t o  
l e a r n  exac t ly  what causes it. During the  next period, 
w e ' l l  have f i v e  two minute sess ions  where you should t r y  
t o  keep the  tone on a s  much as you possibly can. 

Test Without-tone Ins t ruct ions:  
 hat's enough p rac t i ce  f o r  a while. I n  t he  next session, 
I want t o  see how well  you can do whatever produces t he  
tone, when you c a n ' t  hear it. So i n  t he  next  session, 
continue doing whatever you th ink  causes t he  tone t o  come 
on, but  t h i s  time it won't be t he re  as a s ignal .  



Appendix J: A n a l y s t s  of Variance T a b l e :  
B a s a l  A l p h a  as a Function of Sex and LEM. 

( E x p e r i m e n t  2. ) 

Source df= MSS= F= P< 

sex (A) 

LJzM (B)  

Subjects (c) 

A X B  



Appendix K: Analysis of Variance Table: 
Alpha Indices as a Function of Practice, 

LEM, Sex, and Experimental Group. 
(Experiment 2. ) 

Source df = MSS= F= P< 

Sex ( A )  1 10791.96 0.57 ns 
LEM (B)  1 18576.03 0.98 ns 
Ekperimental 

Group ( C) 1 1.80 0.00 ns 
Practice ( D )  10 589.82 3.73 0.01 

A X B  1 23791.16 1.25 ns 
A X C  1 377.32 0.17 ns 
B X C  I 15.41 0.01 ns 
A X D  10 90.85 0.58 ns 
B X D  10 
C X D  10 
Subjects ( E )  16 
A X B X C  1 
A X B X D  10 

A X C X O  10 
B X C X D  10 

E X C  16 
E X D  160 
A X B X C X D  10 

C X D X E  160 



Appendix L: Analysis of Variance Table: 
Alpha Without Tone as a Function of 

Tests ,  Sex, LEM, and Experimental Group, 
(Experiment 2. ) 

Source d f=  MSS= F= P< 

Sex ( A )  

LEM (B)  

Experimental 
Group ( c )  

Tests  ( D )  

A X B  

A X C  

B X C 

A X D 

B X D  

C X D  

Subjects  ( E )  

A X B X C  

A X B X D  

A X C X D  

B X C X D  

C X E  

D X E  

A X B X C X D  

C X D X E  
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Appendix M: Analysis of Variance Table: 
Control Scores a s  a Function of Tests, 

LEM, Sex, and Experimental Group. 
( Experiment 2. ) 

Source df  = MSS= F= P< 

sex (A) 

LEM ( B )  

Experimental 
Group ( C) 

Tes ts  (D)  

A X B  

A X C  

B X C  

A X D  

B X D  

C X D  

Sub jec t s  ( E )  

A X B X C  

A X B X D  

A X C X D  

B X C X D  

C X E  

D X E  

A X B X C X D  

C X D X E  


