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Abs t r a c t

SLEEPING AND WAKING THOUGHT:

THE EFFECTS OF CORTICAL AROUSAL AND EXTERNAL STIMULATION

by

Miriam C. Wollman 

A dv ise r :  P r o f e s s o r  John S. Antrobus

The c u r r e n t  r e s e a r c h  a t t em p ted  to  d e s c r i b e  waking though t  

and REM imagery a s  q u a n t i t a t i v e  d i f f e r e n c e s  in  a s i n g l e  s e t  

of v a r i a b l e s .  I t  was h y p o thes ized  t h a t  c o r t i c a l  a c t i v a t i o n  

and he igh tened  sensory  t h r e s h o l d s  a r e  s u f f i c i e n t  to accoun t  

f o r  t h e  p a r t i c u l a r  c h a r a c t e r i s t i c s  of the  REM m enta t ion  r e ­

p o r t .

T h i r t y  s u b j e c t s  p a r t i c i p a t e d  in i n d i v i d u a l  s e s s io n s  where 

th e y  lay in  a sound a t t e n u a t e d ,  l i g h t p r o o f  room with e ye s

c l o s e d .
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They were asked f o r  m en ta t io n  r e p o r t s :

1. a f t e r  ly in g  awake w ith  e x t e r n a l  s t i m u l a t i o n  (U) .

2. a f t e r  ly in g  awake w i th o u t  e x t e r n a l  s t i m u l a t i o n  (WO).

3. a f t e r  being awakened from REM s l e e p .

The EEG a c t i v i t y ,  o b t a in e d  from l e f t  and r i g h t  mid tempo­

r a l - p a r i e t a l  and c e n t r a l  s i t e s ,  was reco rd ed  f o r  f i v e  minute  

p e r io d s  b e fo re  o b t a i n i n g  m en ta t ion  r e p o r t s .  The a b s o l u t e  

power of  th e  EEG a c t i v i t y  was c a l c u l a t e d  f o r  each of s i x  

bandwidths .

A l l  t r a n s c r i b e d  m en ta t io n  r e p o r t s  were i n d e p e n d e n t ly  

sc o red  by two ju d g e s ,  b l in d  to  th e  c o n d i t i o n s ,  on seven c o n ­

t e n t  r a t i n g  s c a l e s .  These s c a l e s  i n c lu d e  th e  T o ta l  R e c a l l  

Count (TRC) measure, a coun t  of a l l  words in  which the  su b ­

j e c t  was d e s c r i b i n g  h i s / h e r  e x p e r i e n c e  d u r in g  t h e  p re v io u s  

i n t e r v a l .  The r e p o r t s  were a l s o  sco red  on a Thought Uni t  

(TU) s c a l e .  This  i s  a co u n t  of th e  d i s t i n c t ,  t h e m a t i c a l l y  

homogeneous thought  s e q u en c es .

I t  was hypo thes ized  t h a t  e x t e r n a l  s t i m u l a t i o n  would gen ­

e r a t e  i n t r u s i o n s  in t h e  s u b j e c t s  th o u g h t  p r o c e s s e s ,  l e a d in g  

t o  s h o r t e r  but more numerous u n i t s  of th o u g h t .  I t  was a l s o  

h yp o th es ized  t h a t  w i th in  b o th  waking and REM c o n d i t i o n s  gen­

e r a l  c o r t i c a l  a r o u s a l ,  measured a s  g r e a t e r  b e ta  power and 

lower d e l t a  power would r e l a t e  t o  amount o f  r e c a l l e d  con ­

t e n t .
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H o t e l l i n g  T squared  t e s t s  were performed with th e  d i f f e r ­

e n t  s t a t e s  as th e  in d ep e n d en t  v a r i a b l e s  and t h e  s c o r e s  on 

t h e  c o g n i t i v e  s c a l e s  as  the  dependent  v a r i a b l e s .  In  a com­

p a r i s o n  of m enta t ion  r e p o r t s  of Waking s u b j e c t s  with t h o s e  

s u b j e c t s  awakened from REM, th e  major  d i s t i n c t i o n  was t h a t  

t h e  Waking s u b j e c t  changes t o p i c s  more f r e q u e n t l y .

EEG power d a ta  from both Waking and FEM were e n te r e d  i n t o  

m u l t i p l e  l i n e a r  r e g r e s s io n  e q u a t io n s  t o  p r e d i c t  TRC. No r e ­

l a t i o n s h i p s  were found between TRC and g e n e r a l  c o r t i c a l  a c ­

t i v a t i o n .  Other s t a t i s t i c a l  a n a ly se s  , i n c lu d in g  r e l a t i o n ­

s h ip s  between TRC and s c a l e s  of v i s u a l  imagery ,  a re  

d i s c u s s e d .
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I n t r oduc t i o n

Dreaming has t r a d i t i o n a l l y  been assumed to  be a un ique  

s t a t e  of mental  f u n c t i o n in g  o c c u r r i n g  d u r in g  s l e e p .  The 

c h a r a c t e r i s t i c s  of  dreams have been s a i d  to  i n c lu d e  b i z a r r e ­

n e s s ,  e m o t io n a l i t y  and h a l l u c i n a t o r y  q u a l i t y  (Mackenzie, 

1966; Foulk.es, 1966) . With th e  adv en t  of  p sy c h o p h y s io lo g i -  

c a l  m oni tor ing  of  s le e p  ( f i sker insky  and K le i tm an ,  1953, 

1955) dreaming was f u r t h e r  assumed t o  be con f ined  to  th e  

s p e c i f i c  s t a t e  of  REM s l e e p .  E a r ly  r e s e a r c h  by Dement and 

Kleitman (1957) found t h a t  a p p ro x im a te ly  85% of  awakenings 

from REM s l e e p  r e s u l t e d  in dream r e c a l l ,  whereas from S tage  

2 s l e e p  r e c a l l  of m en ta t ion  was much l e s s  f r e q u e n t .  L a t e r  

r e s e a r c h  found t h a t  th e  f req uency  of Stage  2 r e p o r t s  judged 

as "dreaming" ranged from 7ft to  54%, depending l a r g e l y  on 

th e  d e f i n i t i o n  of "dreaming" which was employed (Kamiya, 

1961; Herman, Ellman and Roffwarg ,  1 978) .

The m a jo r i t y  of s t u d i e s  which have looked a t  the  

" d r e a m l ik e ” n a tu r e  of  REM and Stage 2 m en ta t ion  r e p o r t s  have 

employed g lo b a l  r a t i n g s  of v a r i o u s  a s p e c t s  such as  " v i s u a l  

im agery" ,  " b i z a r r e n e s s ” , " e m o t i o n a l i t y "  and " h a l l u c i n a t o r y  

q u a l i t y " .  I t  i s  very  d i f f i c u l t  to  know how judges  i n t e r p r e t  

th e  d imensions  on which th ey  a r e  be ing  asked t o  make t h e s e

-  1 -



r a t h e r  p o o r l y - s p e c i f e d  d e c i s i o n s .  Ind ee d ,  one judge may 

use  q u i t e  d i f f e r e n t  c r i t e r i a  than a n o th e r  in  making t h e s e  

g l o b a l  d e c i s i o n s .

Antrobus,  Shnee, O f fe r  and Si lverman (1976) have a t ­

tempted t o  develop  an o b j e c t i v e  t e c h n iq u e  which would c a p ­

t u r e  th e  e sse n ce  of th e s e  g lo b a l  judgm ents .  They had ju d g es  

count  th e  number o f  words i n  each o f  s e v e r a l  c a t e g o r i e s  

(such as v i s u a l  nouns,  v i s u a l  a d j e c t i v e s ,  e x p l i c i t  speech ,  

and s p e c i f i c  ment ions  of a f f e c t )  .

When comparing 73 p a i r e d  REM/Stage 2 r e p o r t s  (Antrobus,  

19 8 3 ) ,  none of th e s e  s c a l e s  c o n t r i b u t e d  unique  v a r i a n c e  over 

and above t h a t  accounted  f o r  by a s im p le  c oun t  o f  th e  words 

in  which t h e  s u b j e c t  was d e s c r i b i n g  t h e  e x p e r i e n c e  t h a t  had 

o ccu r red  j u s t  b e fo re  waking. T h is  m easure ,  T o ta l  R e c a l l  

Count (TRC), i s  an e d i t e d  v e r s io n  o f  the  t o t a l  r e p o r t  in 

which v e r b a l  i n t r u s i o n s  ("ah '1, "urn"), c o r r e c t i o n s ,  r e p e t i ­

t i o n s  and commentary upon the  e x p e r i e n c e  a r e  d e l e t e d .  In 

t h i s  s tu d y ,  g lo b a l  r a t i n g s  of " d re a m l ik e  q u a l i t y ” were com­

pared  with th e  T o ta l  R e ca l l  Count m easure .  The g lo b a l  r a t ­

i n g s  did not  add to  th e  t o t a l  v a r i a n c e  beyond t h a t  accounted  

f o r  by th e  T o ta l  R eca l l  Count m easure .  Antrobus concluded 

t h a t  the  fundamental  d i f f e r e n c e  between REM and S tage  2 men­

t a t i o n  r e p o r t s  i s  i n  l e n g t h ;  REM r e p o r t s  a r e  c o n s i s t e n t l y  

found to  be lo n g e r  than  S tage  2 r e p o r t s .



Cne of  t h e  major d i f f e r e n c e s  t h a t  had p r e v i o u s ly  been 

found between REM and S tage  2 m e n ta t io n  i s  t h a t  REM menta­

t i o n  i s  c o n s id e r e d  more b i z a r r e  ( e . g .  F o u lk e s ,  1962; Re- 

c h t s c h a f f e n ,  Verdone and Wheaton, 1963) . B i z a r r e n e s s  i s  de­

pendent  on t h e  word l eng th  o f  th e  r e p o r t .  I t  r e f e r s  t o  th e  

im probab le  j u x t a p o s i t i o n  o f  c o g n i t i v e  e l e m e n t s .  Thus a r e ­

p o r t  must be s u f f i c i e n t l y  long to  c o n t a i n  a t  l e a s t  two cog­

n i t i v e  e le m e n ts  f o r  th e  q u a l i t y  of b i z a r r e n e s s  t o  be i d e n t i ­

f i e d .  S tage  2 r e p o r t s ,  which a r e  l e s s  l i k e l y  t o  be judged 

b i z a r r e  than  a r e  REM r e p o r t s ,  a r e  o f t e n  too s h o r t  to c o n t a i n  

more than  one c o g n i t i v e  e le m e n t .  When th e  v a r i a b l e  of r e ­

p o r t  l e n q th  i s  c o n t r o l l e d ,  no f u r t h e r  d i f f e r e n c e s  i n  b i ­

z a r r e n e s s  can be d e t e c t e d  (Wollman, R e in s e l  and A n t robus ,  

1983; A ntrobus ,  R e in se l  and Wollman, 1984) .

E d i t i n q  35 REM/Stage 2 r e p o r t  p a i r s  to  a maximum of 54 

words ,  Wollman e t  a l .  (1983) used t h e  Cloze  p ro ced u re  to  

measure  th e  p r e d i c t a b i l i t y  of th e  language  in  t h e  r e p o r t s .  

P r e d i c t a b i l i t y  i s  t h e  i n v e r s e  of b i z a r r e n e s s ;  " b i z a r r e ” men­

t a t i o n  r e p o r t s  would presumably  show low p r e d i c t a b i l i t y .  

The r e p o r t s  were p rep a red  f o r  "C lo z in g "  by d e l e t i n g  every  

f i f t h  word. The forms were then  g iven  to  25 j u d g e s ,  who a t ­

tempted t o  f i l l  i n  t h e  m is s in g  words.  The p e r c e n t  of  judge  

responses ,  t h a t  matched the  d e l e t e d  word became t h e  resp o n se  

m easure .  P e r c e n t  C o r re c t  S c o r e .  T h is  v a r i a b l e ,  which i n d e x ­

e s  th e  a b i l i t y  o f  ju d g es  t o  f i l l  i n  t h e  d e l e t e d  words c o r ­

r e c t l y ,  i s  a measure o f  t h e  in f o r m a t io n  t r a n s m i t t e d  by th e



c o n t e x t .  R e s u l t s  showed no d i f f e r e n c e  in  P e rc e n t  C o r r e c t  

Score  between REM and Stage  2 r e p o r t s .  Waking c o n t r o l  r e ­

p o r t s  (N=8) were g a th e red  f o r  com p ar iso n ,  and t h e  p r e d i c t ­

a b i l i t y  s c o r e s  were n o t  d i s t i n g u i s h a b l e  from e i t h e r  REM or 

S tage  2 s c o r e s .  This  r e s e a r c h  le n d s  s u p p o r t  t o  th e  c o n c lu ­

s i o n  t h a t  n e i t h e r  REM, S tage  2 o r  waking r e p o r t s  d i f f e r  s i g ­

n i f i c a n t l y  in  t h e  q u a l i t y  o f  b i z a r r e n e s s .

As p r e v i o u s ly  ment ioned,  t h e  major d i f f e r e n c e  between REM 

and Staqe  2 m en ta t io n  r e p o r t s  has  been found to  be the  

l e n g t h  o f  t h e  r e p o r t  (A n t ro b us ,  1983; F o u lk e s ,  1982) .  I n  a 

p i l o t  s tu d y  th e  l e n g t h  o f  t h e  m e n ta t io n  from waking f a n t a s y  

has  been found to  be lo n g e r  than  from REM s l e e p  (Wollman e t  

a l . ,  1983) .  REM s le e p  i s  s i m i l a r  t o  th e  waking s t a t e  in  

t h a t  i t  seems t o  e n t a i l  a h i g h e r  d e g re e  o f  a r o u s a l  than slow 

wave s l e e p  and Stage  2 s l e e p .  The h i g h e r  deg ree  of a r o u s a l  

in REM s u g g e s t s  t h a t  t h e r e  w i l l  be l e s s  decay from s h o r t  

term memory (or n o n t r a n s f e r  t o  long term memory) a f t e r  REM 

awakenings l e a d in g  t o  l o n g e r  r e p o r t s  when compared t o  NREM. 

I f  decay i s  r ap id  enough, no m en ta t io n  r e p o r t  may be a v a i l ­

a b l e  as  i s  a lmost  a lways t h e  case  from slow wave s l e e p  and 

sometimes t h e  c a se  from NREM Stage  2 awakenings .  The Waking 

s t a t e ,  with t h e  h ig h e s t  l e v e l s  o f  a r o u s a l ,  sho u ld  l e a d  to  

t h e  l o n q e s t  m en ta t ion  r e p o r t s .

I t  i s  a l s o  p o s s i b l e  t h a t  th e  d i f f e r e n c e  between t h e  l e v e l  

of a r o u s a l  d u r ing  th e  dream i t s e l f  and th e  awake s t a t e  d u r ­



in g  which i t  i s  t o  be r e c a l l e d ,  makes th e  dream memory t r a c e  

u n a v a i l a b l e  fo r  r e c a l l  (due to  t h e  s t a t e  dependency of memo­

ry) (Lehmann and Koukkou, 1974 , 1980, 1981; Lehmann, 1980) .

REM has been cons ide red  t o  have a s t o r y l i k e  q u a l i t y ,  de­

s c r i b e d  as  t h e  p resence  of few long t h e m a t i c a l l y  homogeneous 

th o ug h t  se q u en c es .  This  k ind  of th o u g h t  c o n t i g u i t y  seems to  

r e q u i r e  th e  absence  of  d i s r u p t i o n  by e x t e r n a l  s t i m u l i  

(F o u lk es ,  1966; S in g e r ,  1977; Antrobus e t  a l . ,  1 9 8 4 ) .

G r e a t e r  s t im u lu s  i n p u t  from th e  env ironm ent  might  g e n e r a t e  

i n t r u s i o n s  i n t o  the  p r i v a t e  th o u g h t  se q u e n c e s ,  b rea k in g  up 

t h e  s t o r y l i n e ,  r e s u l t i n g  i n  more and s h o r t e r  though t  s e ­

quences .

The high  sensory  t h r e s h o l d s  o f  REM s l e e p  exc lu d e  th e  p r o ­

c e s s i n g  of many e x t e r n a l  s t i m u l i  (Keefe ,  Johnson and H un te r ,  

1971) .  While i n d i v i d u a l s  a r e  a s l e e p ,  most o f  t h e  in fo rm a ­

t i o n  a v a i l a b l e  t o  t h e  i n d i v i d u a l  i s  coming from long term 

memory due to  th e  e x c lu s io n  of  e x t e r n a l  s t i m u l i .  While peo­

p l e  a r e  awake, on t h e  o t h e r  hand,  i n f o r m a t i o n  i s  coming from 

both  i n t e r n a l  and e x t e r n a l  so u rc e s  ( C a r tw r ig h t ,  1981; S in g ­

e r ,  1977; Antrobus e t  a l . ,  1984) .

The d i f f e r e n c e s  between waking and s l e e p i n g  m en ta t ion  in

th e  l e n g t h  of th e  r e p o r t  may be due t o  th e  d i f f e r e n c e s  in

a r o u s a l  i n  t h e  d i f f e r e n t  s t a t e s .  The d i f f e r e n c e s  between

waking and s l e e p in g  m en ta t io n  i n  s t o r y l i k e  q u a l i t y  may be

due to  th e  d i f f e r e n t  d e g re e  of a v a i l a b i l i t y  of e x t e r n a l

s t i m u l i  fo r  p r o c e s s in g .
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1'his i s  not  a new i d e a .  On th e  b a s i s  o f  h i s  r e s e a r c h

Zimmerman (1970) proposed t h a t

"Dreaming i s  a f u n c t i o n  o f  c e r e b r a l  a r o u s a l  in  th e  ab­
sence  of r e a l i t y  c o n t a c t .  Given the  l o s s  of r e a l i t y  
c o n t a c t  du r ing  s l e e p ,  dreaming m en ta t ion  would occur  
when the  l e v e l  of  c e r e b r a l  a r o u s a l  exceeds  a c e r t a i n
c r i t i c a l  p o i n t .  L eve ls  of c e r e b r a l  a r o u s a l  below t h i s
p o in t  might be s u f f i c i e n t  on ly  to  s u s t a i n  t h i n k i n g .
During REM s l e e p  a p a r t i c u l a r  o r g a n i z a t i o n  o f  c e r e b r a l  
f u n c t i o n in g  would u s u a l l y  i n c r e a s e  c e r e b r a l  a r o u s a l
above th e  t h r e s h o ld  fo r  dreaming f o r  a l l  s u b j e c t s .  Dur­
ing  NREM s l e e p ,  c e r t a i n  s u b j e c t s  a t  c e r t a i n  t imes may 
exceed t h e  t h r e s h o l d  f o r  d rea m in g ."  (pp. 547-548)

West (1962,1968) p o s t u l a t e d  t h a t  a major p r e d i s p o s in g  

c o n d i t i o n  f o r  h a l l u c i n a t o r y  a c t i v i t y  ( h a l l u c i n a t o r y  e x p e r i ­

ences  here  in c lu d in g  dreams and hypnogogic imagery) i s  a de­

c r e a s e  i n  awareness of the  env iron m en t ,  i . e .  a r e d u c t io n  in 

t h e  l e v e l  or v a r i e t y  of  e x t e r n a l  s e n s o r y  in p u t  t o  the  b r a i n .  

A second requ i rem en t  i s  t h e  m ain tenance  of an a r o u s a l  l e v e l  

s u f f i c i e n t  t o  perm it  a w are n es s .

Stoyva (1973) a g re e s  with  West on the  c o n d i t i o n s  under 

which n a t u r a l l y '  o c c u r r in g  h a l l u c i n a t o r y  e x p e r i e n c e s  are  

l i k e l y  t o  a r i s e .  Stoyva i n c l u d e s  o t h e r  p r e d i s p o s in g  c o n d i ­

t i o n s  to those  proposed by West; " In  t h e  p r o d u c t io n  of h a l ­

l u c i n a t o r y  e x p e r i e n c e s  i t  i s  im p o r ta n t  to  reduce  not  only  

e x t e r n a l  s en so ry  in p u t  but  to  reduce  i n t e r n a l  o r  p r o p r io c e p ­

t i v e  in p u t  a s  w e l l  (p. 4 0 4 ) . "  These c o n d i t i o n s  a re  met by

t h e  s t a t e  of s l e e p  which i s  a s s o c i a t e d  with h i g h e r  a u d i t o r y  

t h r e s h o l d s  ( i . e .  a r e d u c t i o n  i n  s e n s o ry  in p u t )  .



This r e s e a r c h  d i r e c t l y  examines th e  r o l e  o f  s t im u lu s  i n ­

put  on m e n ta t io n .  I t  a t t e m p t s  to  s im u la t e  the  high  t h r e s h ­

o l d s  of REM s l e e p  by a r e d u c t io n  o f  s t i m u l u s  i n p u t .  Waking 

and s l e e p i n g  m en ta t ion  r e p o r t s  were e l i c i t e d  a f t e r  Waking 

i n t e r v a l s  d u r inq  which t h e r e  was e x t e r n a l  n o i s e  ( e x t e r n a l  

i n f o r m a t io n  a v a i l a b l e  t o  t h e  p r o c e s s in g  system) as  well  as 

when the  s u b j e c t  was in  a sound a t t e n u a t e d  and l i g h t p r o o f  

room, a l low ing  minimal e x t e r n a l  s t i m u l i  t o  e n t e r .  These r e ­

p o r t s  were compared to  r e p o r t s  e l i c i t e d  from REM awakenings.  

The e x t e r n a l  s t i m u l a t i o n  was ex pec ted  t o  g e n e r a t e  i n t r u s i o n s  

in  th e  s u b j e c t ' s  though t  p r o c e s s e s ,  l e a d in g  to  s h o r t e r  but 

more numerous u n i t s  of t h o u g h t .

C o r t i c a l  a ro u s a l  l e v e l  i s  a second v a r i a b l e  which may, a t  

l e a s t  p a r t i a l l y ,  account f o r  d i f f e r e n c e s  between m en ta t ion  

r e p o r t s  from d i f f e r e n t  s t a g e s .  Measures of c o g n i t i v e  a c t i v ­

i t y  e l i c i t e d  from REM awakenings and from t h e  awake c o n d i ­

t i o n  in  which t h e r e  was minimal a v a i l a b l e  e x t e r n a l  s t i m u l a ­

t i o n  were c o r r e l a t e d  with measures of c o r t i c a l  a c t i v a t i o n .

Changes i n  c o g n i t i v e  a c t i v i t y  (which could  be due t o  i n ­

c rem ents  or  decrements  in  p r o d u c t i o n ,  memory, o r  r e t r i e v a l  

p ro c e s s e s )  were measured by amount of r e c a l l  i n  v a r io u s  c a t ­

e g o r i e s .  C o r t i c a l  a r o u s a l  l e v e l  was measured through f a s t  

F o u r i e r  a n a l y s i s  of th e  EEG (e le c t ro e n c e p h a lo g ra p h )  . The 

f a s t  F o u r i e r  a n a l y s i s  y i e l d s  measures of accumulated e l e c -



t r i c a l  energy  ( 'p o w e r ' )  w i th in  p r e s c r i b e d  f requency  bands 

ove r  s u c c e s s iv e  time i n t e r v a l s .



Review of  E m p i r ic a l  L i t e r a t u r e

Role of e x t e r n a l  s t i m u l i  i n  m en ta t ion  and r e c a l 1

A major t e n e t  of th e  model proposed  h e r e  i s  t h a t  the  

q u a l i t y  of  an i n d i v i d u a l ' s  m e n ta t io n  i s  l a r g e l y  dependent  on 

t h e  l e v e l  of e x t e r n a l  s t i m u l a t i o n .  I t  i s  assumed t h a t  an i n ­

d i v i d u a l  w i l l  c o n t in u e  with a c h a in  o f  r e l a t e d  t h o u g h ts  and 

a s s o c i a t i o n s  u n t i l  i n t e r r u p t e d  by an e x t e r n a l  s t i m u l u s .  This  

i n t r u s i o n  g e n e r a t e s  a d i f f e r e n t  s e t  o f  a s s o c i a t i o n s  r e l a t e d  

t o  th e  novel  s t i m u l u s ,  th u s  producing  a s h i f t  i n  t h e  "s t ream  

of  t h o u g h t " .  Thus h ig h e r  l e v e l s  o f  ambient  s t i m u l a t i o n  

sho u ld  lead  to  more numerous t o p i c s  i n  th e  m en ta t io n  r e p o r t .  

Research  w i l l  be reviewed below which s u p p o r t s  t h e  p r o p o s i ­

t i o n  t h a t  m en ta t io n  i s  a f f e c t e d  by e x t e r n a l  s t i m u l a t i o n .

The work on se n so ry  d e p r i v a t i o n  ( e . g .  Solomon, 1961) 

shows t h a t  when i n d i v i d u a l s  a r e  awake and under c o n d i t i o n s  

of reduced se n so ry  i n p u t ,  t h e r e  may be a c o n s i d e r a b l e  amount 

o f  daydreaming,  f a n t a s i e s  and im agery .  Pope (1977) found 

t h a t  in  a room with l i t t l e  e x t e r n a l  s t i m u l a t i o n  a s  a pe rson  

s h i f t e d  from prone to  a more v e r t i c a l  body p o s i t i o n  and to  

h i g h e r  a c t i v i t y  l e v e l s  , t h e r e  was an i n c r e a s e  i n  th e  f r e ­

-  9 -
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quency of  th o u g h t  s h i f t s ,  t h e  number of p r e s e n t - o r i e n t e d  

t h o u g h t  segments and th e  t im e  s p e n t  with c o n sc io u s n e s s  fo ­

c u ssed  on t h e  p r e s e n t  s i t u a t i o n .

Pope p o s t u l a t e d  t h a t  t h e  more a c t i v e  p h y s i c a l  p o s t u r e  

might lead  to  g r e a t e r  s t i m u l u s  i n p u t  from t h e  environment  

and t h e r e f o r e  g e n e r a t e  more i n t r u s i o n s  i n t o  t h e  s u b j e c t ' s  

p r i v a t e  though t  se q u en c es .  With t h e  more v e r t i c a l  a l e r t  pos­

t u r e ,  a s p e c t s  of th e  env ironm ent  a re  more l i k e l y  t o  c a t c h

th e  s u b j e c t ' s  a t t e n t i o n  and t r i g g e r  o f f  r e l a t e d  a s s o c i a t i o n s  

from p r i v a t e  memories. E efo re  t h e s e  a s s o c i a t i o n s  a r e  f u l l y  

e l a b o r a t e d ,  a n o th e r  a s p e c t  o f  t h e  env ironm en t  c a t c h e s  th e  

a t t e n t i o n  of th e  i n d i v i d u a l ,  and t h e  c y c l e  b e g in s  a g a in .

In P o p e ' s  e x p e r im e n t ,  two c o n d i t i o n s  were compared: 1) an 

e x p e r im e n te r  p re s e n t  i n  t h e  room with  th e  s u b j e c t  (g iv in g  

more e x t e r n a l  s t i m u l a t i o n )  and 2) t h e  s u b j e c t  a lo n e  in  th e  

room ( l e s s  e x t e r n a l  s t i m u l a t i o n  a v a i l a b l e ) .  Under c o n d i t i o n s  

o f  h ig h e r  s t i m u l a t i o n  (exp e r im e n te r  p r e s e n t ) ,  t h e r e  were 

more though t  s h i f t s  and a g r e a t e r  number of  th o u g h t s  of  th e  

p r e s e n t  s i t u a t i o n .

A s e r i e s  of s t u d i e s  by Foulkes  and h i s  c o l l e a g u e s  have 

looked a t  t h e  c h a r a c t e r i s t i c s  of waking m en ta t ion  in  a non­

s t i m u l a t i n g  environment (Foulkes and S c o t t ,  1973; Fou lkes

and F l e i s h e r ,  1975) .  S u b j e c t s  r e c l i n i n g  in  a dimly l i t  room

were i n s t r u c t e d  t o  r e l a x  b u t  remain awake. These s u b j e c t s

gave r e p o r t s  of d r a m a t i c ,  b i z a r r e ,  v i s u a l ,  and h a l l u c i n a t o r y
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e x p e r i e n c e s  which were accompanied by unambiguous EEG s i g n s  

of w ak efu ln ess .

Antrobus ,  S in g e r ,  and Greenberg (1966) p la c e d  s u b j e c t s  

under c o n d i t i o n s  of p a t t e r n e d  p e r c e p t u a l  d e p r i v a t i o n  and r e ­

q u i r e d  t h a t  the  s u b j e c t s  d e t e c t  s im ple  a u d i t o r y  s t i m u l i .  The 

r a t e  of th e  s i g n a l s  or the  demands on s h o r t  term memory made 

by th e  t a s k s  were m an ip u la ted  by t h e  e x p e r i m e n t e r .  I n c r e a s ­

in g  speed of  s i g n a l  p r e s e n t a t i o n ,  i n c r e a s i n g  demands upon 

s h o r t  term memory and i n c r e a s i n g  f i n a n c i a l  reward f o r  a c c u ­

r a c y  of d e t e c t i o n  l e d  to  reduced  r e p o r t s  o f  t a s k  i r r e l e v a n t  

c o g n i t i v e  a c t i v i t y ,  imagery and f a n t a s i e s .

Antrobus e t  a l .  (1966) p ropose  a model t o  r e l a t e  the  p r o ­

d u c t io n  of spon taneous  c o g n i t i v e  e v e n t s  ( e . g .  f a n t a s i e s ,  

daydreams) to  t h e  i n d i v i d u a l ’s r e s p o n se  t o  e x t e r n a l  s t i m u l i .  

Under most c o n d i t i o n s ,  in  t h e  awake i n d i v i d u a l ,  e x t e r n a l  

s t i m u l i  have a g r e a t e r  p r i o r i t y  fo r  p ro c e s s in g  than  i n t e r n a l  

s t i m u l i  ( sh o r t  term memories,  e l a b o r a t i o n s  of r e c e n t l y  p e r ­

c e iv ed  e v e n t s  and ev en ts  in  long term s t o r a g e ) . As th e  

amount and th e  importance  o f  e x t e r n a l  s t i m u l a t i o n  d e c r e a s e s ,  

t h e r e  i s  more c a p a c i ty  a v a i l a b l e  in  th e  in f o r m a t io n  p r o c e s s ­

ing  system fo r  i n t e r n a l  p r o c e s s i n g .

Antrobus (1968) showed t h a t  r e p o r t e d  spon taneous  t a s k  i r ­

r e l e v a n t  though t  and imagery (daydreaming and mindwander- 

i n g ) ,  a t  th e  end of 15 second i n t e r v a l s  was a n e g a t iv e ,  l i n ­

e a r  f u n c t i o n  o f  t h e  in f o r m a t io n  r a t e  of t h e  c o ncu r ren t
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a u d i t o r y  t a s k .  Antrobus,  S in g e r ,  G o ld s te in  and For tgang  

(1970) have shown t h a t  when th e  demands on t h e  c e n t r a l  i n ­

fo rm at io n  p ro ce sso r  a r e  low, th e  p r o c e s s o r  c o n t in u o u s ly  gen­

e r a t e s  f a n t a s i e s ,  images ,  th o u g h ts  and daydreams.

A ntrobus,  F e in ,  G o ld s te in  and S in g e r  (198U) found t h a t  

mindwanderinq i s  f a r  more p e r v a s iv e  than  u s u a l l y  t h o u g h t .  

They concluded t h a t  i t  may compete f o r  t ime and p r o c e s s in g  

c a p a c i t y  with  most e x p e r im e n ta l  t a s k s  and t h a t  c e n t r a l  d e c i ­

s i o n s  a r e  c o n t i n u a l l y  made r e g a r d in g  th e  p o t e n t i a l  payoff  

f o r  respond ing  to  e n v i ro n m e n ta l  v e r s u s  i n t e r n a l  s o u r c e s .

The g e n e r a l  p i c t u r e  t h a t  emerges from t h i s  r e s e a r c h  i s  

t h a t  the  c o g n i t i v e  system i s  c o n t i n u o u s l y  c o n s t r u c t i n g  

e v e n t s  whether i t  has  se n so ry  in p u t  o r  n o t .  I f  t h e  in fo rm a ­

t i o n  in th e  sensory  environment  i s  s u f f i c i e n t l y  s a l i e n t  or 

has  s u f f i c i e n t  le a rn e d  v a lu e  t o  th e  i n d i v i d u a l ,  t h e  p r o c e s s ­

in g  r e s o u r c e s  of  the  c o g n i t i v e  system w i l l  be l a r g e l y  d e v o t ­

ed to  p r o c e s s in g  t h a t  s e n so ry  i n f o r m a t i o n .  O the rw ise ,  th e  

c o g n i t i v e  c o n s t r u c t i o n s  may c o n t in u e  r e l a t i v e l y  independen t  

of e x t e r n a l  s t i m u l a t i o n .  When p a t t e r n e d  v i s u a l  in p u t  i s  

e l i m in a t e d  by c l o s i n g  th e  e y e l i d s  and ly in g  in  th e  u n d e r s t i ­

mulated environment of o n e ' s  bedroom, m enta t ion  w i l l  become 

more " d re a m l ik e " .

The id ea  t h a t  n o n p e rcep tu a l  p r o c e s s in g  must compete with 

p e r c e p t u a l  p r o c e s s in g  i s  i n  agreement  with th e  model o f  a



c e n t r a l  c o q n i t i v e  o p e r a t o r  w i th  l i m i t e d  c a p a c i ty  (Kahneman, 

1973; Norman and Bobrow, 1975) .  B e s id es  t h e  assumption  of 

t h e  model t h a t  t h e  c a p a c i ty  a v a i l a b l e  t o  be a l l o c a t e d  t o  a l l  

a c t i v i t i e s  ( in c lu d in g  both i n t e r n a l  and e x t e r n a l  a c t i v i t i e s )  

i s  l i m i t e d ,  i t  i s  assumed t h a t  th e  l i m i t  v a r i e s  with t h e  i n ­

d i v i d u a l ' s  l e v e l  of a r o u s a l :  more c a p a c i t y  i s  a v a i l a b l e  when 

th e  a r o u s a l  l e v e l  i s  m od era te ly  h igh than when i t  i s  low 

(Antrobus e t  a l . ,  198U).
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Hoie of a ro u s a l  in  m enta t i on and r e c a l l

The model proposed h e re  p o s i t s  c o r t i c a l  a c t i v a t i o n  a s  a 

p r imary  v a r i a b l e  a s s o c i a t e d  with c o g n i t i v e  a c t i v i t y .  S eve ra l  

s t u d i e s  have r e p o r t e d  da ta  which s u p p o r t  a r e l a t i o n s h i p  be­

tween l e v e l s  o f  c o r t i c a l  a c t i v a t i o n ,  memory performance and 

q u a l i t i e s  of r e c a l l e d  m e n ta t io n .

In an i n v e s t i g a t i o n  of l e a r n i n g  and EEG (Koukkou and Leh­

mann, 1968, Koukkou, Madey and Yeager, 1969) , s h o r t  s e n t e n c ­

es were p re sen te d  to  s u b j e c t s  d u r in g  slow wave s l e e p .  The 

EEG was v i s u a l l y  a s se s s e d  f o r  d u r a t i o n  o f  p o s t  p r e s e n t a t i o n  

EEG a l p h a .  In a l a t e r  s tudy  (Lehmann and Koukkou, 197a),  the  

p o s t  p r e s e n t a t i o n  EEG was computer an a lyzed  i n t o  f requency 

s p e c t r a .  The d i f f e r e n t  s t i m u l u s  s e n t e n c e s  caused  d i f f e r e n t  

l e v e l s  o f  changes of th e  EEG p a t t e r n s  f o r  va ry ing  times a f ­

t e r  th e  p r e s e n t a t i o n .  In  t h e  morning, the  q u a l i t y  of r e c a l l  

of  th e  s e n t e n c e s  (spontaneous  r e c a l l ,  r e c o g n i t i o n  o r  no r e ­

c a l l / n o  r e c o g n i t i o n )  was t e s t e d .  The q u a l i t y  of morning r e ­

c a l l  was p o s i t i v e l y  c o r r e l a t e d  w ith  h ig h e r  am pl i tude  and 

lo n g e r  d u r a t i o n  o f  EEG a c t i v a t i o n .

Lehmann, Dumermuth, Lange and Meier (1981) i n v e s t i g a t e d  

EEG d i f f e r e n c e s  between REM p e r io d s  t h a t  were fo l lowed by 

dream r e c a l l  and REM p e r i o d s  w i thou t  dream r e c a l l .  The ex­

p e r im e n te r s  used s ix  l e a d s  and examined the  power i n  2 Hz.
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bands from .4 -14  Hz. Mean power s p e c t r a  of REM p e r i o d s  with 

r e c a l l  and o f  REM p e r io d s  w i tho u t  r e c a l l  were computed fo r  

each  of t h e i r  s i x  s u b j e c t s ,  and then  averaged  a c r o s s  su b ­

j e c t s .  Average s p e c t r a  f o r  REM p e r i o d s  w i th  dream r e c a l l  

showed an a v e ra g e  o f  IIS. l e s s  power ( i n t e g r a t e d  a re a  under 

t h e  cu rve )  in a l l  examined f req u e n cy  bands compared t o  REM 

p e r i o d s  w i th o u t  dream r e c a l l .  T h is  was most s i g n i f i c a n t  in  

t h e  l e f t  p a r i e t a l  v e r t e x  l e a d .  Although t h e s e  r e s u l t s  a re  

in  th e  p r e d i c t e d  d i r e c t i o n ,  they  must be viewed with  c a u t io n  

s i n c e  they  a re  based on a v e ry  sm a l l  sample s i z e  (N=6).

A d i f f e r e n t  approach to  t h e  q u e s t i o n  o f  a r o u s a l  was tak e n  

by Hersch,  Antrobus,  Arkin and S inge r  (1970). They e x p e r i ­

m en ta l ly  i n c r e a s e d  th e  a r o u s a l  l e v e l  o f  t h e i r  s u b j e c t s  d u r ­

in g  S tage  4 s l e e p  by su b d e rm a l ly  i n j e c t i n g  e p i n e p h r i n e .  

S u b j e c t s  se rved  as  t h e i r  own c o n t r o l s  and d u r in g  a n o th e r  

S tage  4 p e r io d  of th e  same n i g h t  were i n j e c t e d  with an 

e q u i v a l e n t  amount of s a l i n e .  S u b je c t s  were awakened 10 min­

u t e s  a f t e r  each i n j e c t i o n .  Awakenings a f t e r  t h e  e p in e p h r in e  

i n j e c t i o n s  y i e l d e d  m en ta t io n  r e p o r t s  t h a t  were r a t e d  as more 

v i v i d ,  b i z a r r e ,  and more p e r c e p t u a l  th an  c o n c e p tu a l  in  con­

t e n t  than  th o se  m enta t ion  r e p o r t s  fo l lo w in g  th e  s a l i n e  i n ­

j e c t i o n s  .

Zimmerman (1970) measured i n d i v i d u a l  a u d i t o r y  a r o u s a l  

t h r e s h o l d s ,  a measure  of how much sound s t i m u l a t i o n  i s  n e ed ­

ed in  o r d e r  t o  awaken th e  i n d i v i d u a l .  He s e p a r a t e d  s u b j e c t s



i n t o  two extreme g ro u p s ,  a l i g h t  s l e e p  group (LSG), c o n s i s t ­

in g  of s u b j e c t s  e a s i l y  awakened by an a u d i t o r y  s i g n a l  and a 

deep s l e e p  group (DSG), s u b j e c t s  who needed much more i n ­

t e n s e  s t i m u l a t i o n  i n  o rd e r  to  be a r o u s e d .  S u b j e c t s  i n  the  

LSG were a l s o  more a roused  p h y s i o l o g i c a l l y  w hi le  a s l e e p  than  

t h e  DSG s u b j e c t s  as measured by f a s t e r  h e a r t  and r e s p i r a t i o n  

r a t e s ,  h ig h e r  body t e m p e r a t u r e s ,  more awakenings  and more 

g ro s s  body movements. M enta t ion  r e p o r t s  were c o l l e c t e d  d u r ­

in g  awakenings from both REM and NREM s l e e p  The r a t i n g s  of 

t h e  r e p o r t s  in c lu d e d  measures  of  a g g r e s s i o n ,  i m a g i n a t i v e ­

n e s s ,  p h y s i c a l  a c t i v i t y  and dreaming v s .  t h i n k i n g .  The REM 

m e n ta t io n  of t h e  two groups d id  no t  d i f f e r .  However, when 

awakened from NREM s l e e p ,  LSG s u b j e c t s  r e p o r t e d  dreaming 71% 

of th e  t im e ,  w hi le  DSG s u b j e c t s  r e p o r t e d  dreaming a f t e r  only  

21% of  t h e  awakenings .  Based on t h e s e  d a ta  and t h e  d i f f e r ­

ences  in p h y s i o l o g i c a l  a r o u s a l  between th e  two g ro u p s ,  Zim­

merman proposed t h a t  t h e  l e v e l  of c e r e b r a l  a r o u s a l  must ex­

ceed  some c r i t i c a l  l e v e l  in  o r d e r  f o r  dreaming t o  o c c u r .

Zimmerman d id  not c o n s i d e r  senso ry  t h r e s h o l d s  a s  an i n d e ­

pendent  c a u s a l  f a c t o r  of  th e  d i f f e r e n c e s  between dreaming 

and t h i n k i n g ,  bu t  used measures of  a u d i t o r y  s e n s o ry  t h r e s h ­

o ld  to  i n f e r  c o r t i c a l  a r o u s a l .

The s t u d i e s  summarized in  t h i s  s e c t i o n  f a l l  i n t o  two 

g ro u p s .  The Koukkou e t  a l .  (1968, 1969) and Lehmann e t  a l .  

(197U, 1981) s t u d i e s  p r o v id e  ev idence  of a r e l a t i o n s h i p  be­
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tween EEG a c t i v a t i o n  and memory p e r fo rm an c e .  Hersch e t  a l .  

(1970) and Zimmerman (1970) su g g e s t  t h a t  h i g h e r  p h y s i o l o g i ­

c a l  a r o u s a l  l e v e l s  a r e  a s s o c i a t e d  with  more ' 'd re am l ik e "  men­

t a t i o n .  These l a s t  two s t u d i e s  can n o t  be ta k e n  as c o n c l u ­

s i v e  s i n c e  n e i t h e r  has  been r e p l i c a t e d  and Zimmerman 

confounds c o r t i c a l  a r o u s a l  w i th  a u d i t o r y  t h r e s h o l d s .  The 

p r e s e n t  r e s e a r c h  i s  an a t t e m p t  to  examine more s p e c i f i c a l l y  

t h e  r e l a t i o n s h i p  between c o r t i c a l  a c t i v a t i o n  (EEG), r e p o r t  

l e n g t h  and o t h e r  q u a l i t i e s  of  th e  m e n ta t i o n .
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EEG c o r r e l a t e s  of  s l eep m e n t a t i on

Although r e s e a r c h e r s  have been s e a r c h i n g  f o r  psychophy- 

s i o l o g i c a l  c o r r e l a t e s  of s l e e p  m en ta t io n  f o r  o v e r  two d e c ­

a d e s ,  w i th in  s t a g e  EEG c o r r e l a t e s  of s l e e p  m en ta t io n  have 

o n ly  b a r e l y  been s t u d i e d .  Yet  many r e s e a r c h e r s  have obse rved  

t h a t  even w i th in  a g iven  s l e e p  s t a g e ,  where a g iven  EEG p a t ­

t e r n  i s  e s s e n t i a l l y  c o n s t a n t ,  t h e r e  i s  a c o n s i d e r a b l e  amount 

of v a r i a t i o n  in  both t h e  i n c i d e n c e  and q u a l i t y  o f  m en ta t ion  

( P i v i k ,  1978 ; F o u lk e s ,  19 8 2 ) .

In a p re l im in a r y  s tu d y ,  M o f f i t t ,  Hoffman, W el ls ,  Armi- 

t a g e ,  P ig e a u ,  and S h ea re r  (1982) found s y s t e m a t i c  v a r i a t i o n s  

in  th e  EEG which r e l a t e d  t o  dream r e c a l l  s u c c e s s  o r  f a i l u r e ,  

l e n g t h  o f  dream r e p o r t ,  and dream q u a l i t y  a s  e x p e r i e n c e d  in  

t h e  dream r e p o r t .  They measured EEG from l e f t  and r i g h t  

hem isphere  c e n t r a l  l o c a t i o n s  (C3, CU) and a n a ly z e d  t h e  d a ta  

a c c o rd in g  to  f i v e  f re q u e n c y  b a n d w id th s ,  u s in g  f i v e  m inute  

a v e ra g e s  of the  preawakening EEG, lo o k in g  both  a t  s p e c i f i c  

and a v e rag e  bandwidths as  w e l l  a s  h e m isp h e r ic  a sy m m e tr ie s .

As p o in te d  o u t  by the  a u t h o r s ,  t h e  s tu d y  can be c r i t i ­

c i z e d  on s e v e r a l  m e th o d o lo g ic a l  g r o u n d s .  F i r s t ,  t h e  s tud y  

used  only  e i g h t  s u b j e c t s .  They were h ig h ly  s e l e c t e d  s u b ­

j e c t s ,  coming from a p o p u l a t i o n  o f  63U, and chosen f o r  be ing  

h igh  f requency  dream r e c a l l e r s  ( r e p o r t i n g  spon taneous  morn­

in g  r e c a l l  f i v e  or more t i m e s  per  week) ,  or  low f requency

r e c a l l e r s  ( r e p o r t i n g  spon tan eo us  morning r e c a l l  once per
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month or  l e s s ) .  Second, a l a r g e  number o f  s t a t i s t i c a l  t e s t s  

were performed which g r e a t l y  i n c r e a s e s  th e  p r o b a b i l i t y  of 

a t t r i b u t i n g  f a l s e  s i g n i f i c a n c e  to  chance  f i n d i n g s  ( ty p e  I 

e r r o r s ) .

In a d d i t i o n ,  i n  th e  s t a t i s t i c a l  a n a l y s i s ,  t h e  r e s e a r c h e r s  

t r e a t e d  each awakening as i f  i t  came from a s e p a r a t e  su b ­

j e c t ,  i n f l a t i n g  th e  between s u b j e c t s  d e g re e s  o f  f reedom.

N e v e r t h e l e s s ,  c e r t a i n  t r e n d s  d id  emerge in  the  d a t a .  

Most of  the  t e s t s  performed i n d i c a t e d  s i g n i f i c a n t  r e l a t i o n ­

s h i p s  between m en ta t ion  r e c a l l  and b e t a ,  t h e i r  h ig h e s t  f r e ­

quency band measured.  M o f f i t t  e t  a l .  (1982) a l s o  found t h a t  

power asymmetr ies  in  th e  b e ta  c a t e g o r y  were no t  c o n s i s t e n t  

in  d i r e c t i o n  with asym metr ies  of t o t a l  power w i th in  a g iven  

s l e e p  s t a g e .  f i l l  o f  th e  b e ta  measures  (zero  c r o s s ,  f i r s t  

d e r i v a t i v e ,  and power) fav o re d  th e  l e f t  hemisphere  d u r in g  

S ta g es  Awake, 1 ,  and REM. In S tag es  2 and 3, t h e  s i g n s  of 

t h e  r a t i o s  in  t h e  b e ta  c a te g o ry  d i v e r g e d ,  w i th  be ta  power 

f a v o r i n g  the  r i g h t  hem isp he re .  In  Stage  4 ,  a l l  o f  th e  b e ta  

measures favored  the  r i g h t  hem isphe re .

Buchsbaum, Mendelson, Duncan, Coppola,  K e lsoe ,  and G i l l  

(1982) s t u d i e d  the  d i f f e r e n c e s  between power s p e c t r a l  e s t i ­

mates in  Awake, S ta g es  1-4  and REM s l e e p  p e r i o d s  in  fo u r  

normal v o l u n t e e r s .  Data compiled from 16 EEG l e a d s  on the  

l e f t  hemisphere  and m id l ine  were averaged  t o g e t h e r  f o r  n ine  

a r t i f a c t  f r e e  10 second epochs in  each  of t h e  c o n d i t i o n s .
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They found th e  l e a s t  amount of be ta  in  S ta g es  1 and REM, 

h i g h e s t  be ta  in S tage  2, and a p r o g r e s s i v e  d e c r e a s e  i n  S t a g ­

es  3 and 4 .  These r e s u l t s  may be p a r t i a l l y  due to  th e  non 

r e p r e s e n t a t i v e  s e l e c t i o n  by Buchsbauro and h i s  c o l l e a g u e s  of 

t h e  10 second epochs from each s t a g e  t o  be used in  t h e i r  

a n a l y s i s .  They only used Stage  2 epochs c o n t a i n i n g  s p i n d l e  

a c t i v i t y  and did  n o t  i n c l u d e  any p e r i o d s  with eye movement 

a c t i v i t y .  These r e c o r d i n g s  were made d u r in g  daytime n a p s .  

There i s  some p o s s i b i l i t y  t h a t  n o c tu r n a l  s l e e p  may d i f f e r  

from daytime s l e e p .

Buchsbaura e t  a l .  (1982) a l s o  found t h a t  waking, S tag e  1 

and REM showed r e l a t i v e l y  low d e l t a  a c t i v i t y  (mean a c r o s s  

a l l  l e a d s  was 1.01 m i c r o v o l t s ) .  D e l ta  i n c r e a s e d  p r o g r e s ­

s i v e l y  in  S tage  2 (1.82 m i c r o v o l t s ) .  Stage 3 (2.30 m ic ro ­

v o l t s )  and Stage 4 (2.52 m i c r o v o l t s ) . T h is  c o r re sp on d s  to  

t h e  p r o g r e s s io n  in  amount of r e c a l l  of  m en ta t io n  with Wak- 

i n q .  S tage  1 and REM found to  have a r e l a t i v e l y  high amount 

o f  r e c a l l  and S tages  3 and 4 found t o  have r e l a t i v e l y  l i t t l e  

i f  any r e c a l l .

In t h e i r  s tudy o f  t h e  t o p o g r a p h i c a l  d i s t r i b u t i o n  of EEG 

d e l t a  a c t i v i t y ,  F i n d j i ,  C a t a n i ,  and L ia rd  (1981) found t h a t  

d e l t a  rhythm am pl i tu d e s  fo l lo w  the  s l e e p  c y c l e s .  They found 

a p r o g r e s s i v e  i n c r e a s e  in  t h e  a m p l i tu d e  of d e l t a  rhythms in 

p r o p o r t i o n  t o  t h e  deepening  o f  NREM s l e e p ,  and an a b ru p t  

d rop  in  d e l t a  am pl i tude  a t  t h e  moment of p a ssag e  from NREM 

s l e e p  i n t o  REM s l e e p .
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Cne might p o s t u l a t e  an i n v e r s e  r e l a t i o n s h i p  between d e l ­

t a  and r e c a l l ,  a s  in  g e n e r a l  t h e r e  i s  very l i t t l e  or  no r e ­

c a l l  from S tage  d s l e e p  (Broughton,  1968) • Even a f t e r  e p i ­

sodes  of n ig h t  t e r r o r s  and somnambulism which a r e  a s s o c i a t e d  

with  a r o u s a l  from S ta g e  h s l e e p ,  dream r e c a l l  i s  e x t rem e ly  

r a r e  and t h e r e  i s  g e n e r a l l y  no r e c o l l e c t i o n  of  s l e e p w a lk in g  

a c t i v i t i e s .

In th e  a lpha  r a n g e ,  waking s t a t e  EEG a c t i v a t i o n  has gen­

e r a l l y  been found t o  be a s s o c i a t e d  w i th  a lpha  b lo ck in g  (Mor­

r e l l ,  1966) .  The r e a c t i v i t y  o f  th e  a lp h a  rhythm t o  s t i m u l a ­

t i o n  poses something of an anomaly.  In t h e  waking s t a t e ,  

s t i m u l a t i o n  y i e l d s  a lpha  b l o c k i n g .  On th e  o t h e r  hand,  s t i m u ­

l a t i o n  p r e s e n te d  to  a s l e e p i n g  s u b j e c t  g e n e r a l l y  p roduces  an 

i n c r e a s e  i n  a lp h a ,  which i s  taken  as  an i n d i c a t o r  of a r o u s ­

a l .  In f a c t ,  Johnson (1970) a rg u e s  t h a t  th e  s i g n i f i c a n c e  of 

a p h y s i o l o g i c a l  v a r i a b l e  canno t  be c o r r e c t l y  i n t e r p r e t e d  

w i th o u t  a p r i o r i  knowledge of th e  s t a t e  o f  c o n sc io u s n e s s  of 

t h e  i n d i v i d u a l .  Even w i t h in  s t a t e s  ( e .g .  REM, Waking), 

t h e r e  i s  a c o n s i d e r a b l e  d e g re e  of  v a r i a t i o n  in  EEG parame­

t e r s  both w i th in  and between i n d i v i d u a l s .  Few a n a l y s e s  have 

looked a t  w i th in  s t a t e  v a r i a t i o n s ,  c o n c e n t r a t i n g  i n s t e a d  on 

t h e  g r o s s  d i f f e r e n c e s  between the  s t a t e s .

M o f f i t t  and h i s  c o l l e a g u e s  co nc lude  t h a t  " v a r i a n c e  in  

e l e c t r o p h y s i o l o g i c a l  d a ta  does  l i e  w i t h in  s l e e p  s t a g e  bound­

a r i e s  and t h a t  given a p p r o p r i a t e  q u a n t i f i c a t i o n ,  i t  can p r o ­



v ide  u s e f u l  in fo rm a t io n  f o r  s t u d i e s  o f  bo th  dreaming and 

n e u ro p h y s io lo g y . R e la t i o n s h ip s  between dream e x p e r i e n c e s  

and d i f f e r e n t  EEG frequency  c a t e g o r i e s  may shed l i g h t  on the 

p s y c h o l o g ic a l  s i g n i f i c a n c e  of  t h e s e  f r e q u e n c i e s . ” (M o f f i t t  

e t  a l . .  (1962).



R a t i o n a l e  f o r  t h e  p r e s e n t  expe r iment

The n o t io n  t h a t  t h e  u n iq u e  c h a r a c t e r i s t i c s  o f  dreaming 

shou ld  no t  be d e s c r ib e d  by a s p e c i a l  model of dreaming or 

s l e e p  m e n ta t i o n ,  b u t  r a t h e r  as m o d i f i c a t i o n s  o f  models of 

wakinq c o g n i t i o n ,  p ro v id e s  th e  c o n c e p tu a l  b a s i s  f o r  the  

p r e s e n t  r e s e a r c h .  Although th e  te rm s " s l e e p ” and "dream” a re  

q e n e r a l l y  r eg a rd ed  as  t o t a l l y  d i s t i n c t  from "waking” and 

"wakinq t h o u g h t ” t h e  p r e s e n t  r e s e a r c h  a t t e m p t s  to  examine 

them in  terms o f  a s i n g l e  s e t  of v a r i a b l e s :  e x t e r n a l  s t i m u ­

l u s  i n p u t  and c o r t i c a l  a c t i v a t i o n .

In the  p r e s e n t  s t u d y ,  t h e  l e v e l  o f  e x t e r n a l  s t i m u l a t i o n  

a v a i l a b l e  to  waking s u b j e c t s  was v a r i e d  t o  see  w he ther  a r e ­

d u c t i o n  in  e x t e r n a l  s t i m u l a t i o n  would modify c e r t a i n  a s p e c t s  

of wakinq c o q n i t i o n  in  the  d i r e c t i o n  o f  t h e  d ream like  menta­

t i o n  we o b ta in  upon awakening s u b j e c t s  from REM s l e e p .

The a s s o c i a t i o n  of  c o g n i t i v e  v a r i a b l e s  and c o r t i c a l  a r ­

o u s a l  l e v e l  (as measured by EEG s p e c t r a l  a n a l y s i s  t e c h ­

n iq u e s )  was examined in  o r d e r  to s e e  whe ther  c o r t i c a l  a r o u s ­

a l  l e v e l  could  a t  l e a s t  p a r t i a l l y  a c c o u n t  f o r  a s p e c t s  of 

m en ta t io n  d e r iv e d  from both s l e e p i n g  and waking s u b j e c t s .
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The two major dependent  v a r i a b l e s  f o r  the  m enta t ion  a n a l ­

y s i s  in  t h i s  s tudy were T o ta l  R e c a l l  Count and Thought 

U n i t s .  T o ta l  R eca l l  Count i s  a count  o f  a l l  words in  menta­

t i o n  r e p o r t s  in  which the  s u b j e c t  d e s c r i b e s  something o c c u r ­

r i n g  du r ing  the  p re v io u s  p e r i o d .  Thought U n i t s  i s  a count  

o f  th e  d i s t i n c t ,  t h e m a t i c a l l y  homogeneous t h o u g h t  sequences .  

These two a s p e c t s  of  m en ta t ion  have been found t o  vary in 

REM and waking s u b j e c t s ,  a s  d e s c r ib e d  in t h e  fo l lo w in g  s e c ­

t i o n .



P r e l im in a r y  s t u d i e s

In two p r e l im in a r y  s t u d i e s  (Antrobus e t  a l . , 1984) ,  day­

t ime m enta t ion  was compared to  m en ta t io n  e l i c i t e d  from REM 

and NREM awakenings in  a between s u b j e c t s  d e s i g n .  The ex­

p e r im en ts  addressed  the  m e th o d o lo g ic a l  q u e s t io n  of the  e f ­

f e c t  of th e  waking r e p o r t  i n t e r v a l  d u r a t i o n  on the  r e p o r t  

a t t r i b u t e s .  The r e p o r t  i n t e r v a l  in  s l e e p  i s  i n d e t e r m i n a t e .  

S u b je c t s  i n  dream s t u d i e s  a r e  commonly awakened f i v e  to  ten 

m inutes  a f t e r  REM o n s e t ,  as d e f in e d  p o l y g r a p h i c a l l y .  However 

i t  i s  not  v a l i d  to  assume t h a t  th e  o n s e t  of  th e  s u b j e c t i v e  

"dream" e x p e r i e n c e  c o in c id e s  in t im e  w i th  t h e  o n se t  o f  REM 

s l e e p .  Thus th e  cho ice  of an a p p r o p r i a t e  waking c o n t r o l  i n ­

t e r v a l  f o r  m en ta t ion  r e p o r t s  becomes p r o b l e m a t i c .  I f  th e  

i n d i c e s  of the  m enta t ion  r e p o r t ,  such as T o ta l  R e ca l l  Count 

(TRC), Thought Units  (TU) and th e  r a t i o  TRC/TU i n c r e a s e  s y s ­

t e m a t i c a l l y  with th e  r e p o r t  i n t e r v a l  ( t ime between s u c c e s ­

s i v e  r e p o r t s )  then i t  would be im p o s s ib l e  t o  d e te rm ine  an

a p p r o p r i a t e  waking s t a n d a r d  with which to  compare t h e  REM

and Stage  2 r e p o r t s .  I f ,  however, imagery and tho u gh t  gen­

e r a t e d  e a r l i e r  i n  t h e  r e p o r t  i n t e r v a l  a r e  p r o g r e s s i v e l y  l o s t  

a s  th e  r e p o r t  i n t e r v a l  i n c r e a s e s  in  d u r a t i o n ,  TRC a n d /o r  TU 

may asymptote  t o  a c o n s t a n t  maximum l i m i t .  That  i s ,  i n ­

c r e a s i n g  the  r e p o r t  i n t e r v a l  beyond some p o i n t  i n  t ime may

no longer  be accompanied by f u r t h e r  i n c r e a s e s  in  TRC and TU.
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These two e x p er im en ts  employed low l e v e l s  of  a u d i to r y  am­

b i e n t  s t i m u l a t i o n  and no v i s u a l  i l l u m i n a t i o n .  In  Experiment  

1 ,  ambient  s t r e e t  sound was m odera te ly  a t t e n u a t e d  but  no 

l a b o r a t o r y  speech cou ld  be p e r c e i v e d .  This  was c a l l e d  th e  

Moderate S t im u la t io n  env ironm en t .  I n  Experiment 2,  both 

l i g h t  and sound were maximally a t t e n u a t e d .  T h is  was c a l l e d  

t h e  Minimal S t im u la t io n  en v iro n m en t .  Twelve v o l u n te e r  su b ­

j e c t s  p a r t i c i p a t e d  in  the  f i r s t  e x p e r im e n t .  They were 

asked to  l i e  down i n  th e  e x p e r im e n ta l  room, keep ing  t h e i r  

e y es  open, the  l i g h t s  were tu rn ed  o f f  and th e  door  c l o s e d .  

S u b je c t s  were c o n ta c t e d  by in te rcom  f o r  m en ta t io n  r e p o r t s  a t  

i n t e r v a l s  v a ry in g  randomly around a mean of 5 m in u te s ,  wi th  

a ranqe  from 2 t o  8 m in u te s .  M en ta t ion  r e p o r t s  were s o l i c ­

i t e d  by s t a n d a r d i z e d  q u e s t io n s  as  f o l l o w s :  1) " P le a se  t e l l

me e v e r y th in g  t h a t  was go ing  th rough  your mind b e fo re  I  

c a l l e d  you" and 2) "Was t h e r e  a n y th in g  e l s e ? "  The sub­

j e c t s '  r e p o r t s  were t ap e  reco rded  and t r a n s c r i b e d  w i thou t  

a d d i t i o n  of p u n c tu a t io n .

M en ta t ion  r e p o r t s  were ana lyzed  using th e  word count  

v a r i a b l e s  of t h e  P s y c h o l i n g u i s t i c  Coding Manual (Antrobus,  

Schnee,  O ffe r  and S i lv e rm an ,  1977) .  The r a t i n g  s c a l e s  of 

t h i s  manual were developed as  a method of r e l i a b l y  co u n t in g  

th e  words in  s e v e r a l  c l a s s e s  r e l e v a n t  t o  s l e e p  m en ta t ion  r e ­

p o r t s .  Each ca teg o ry  ( e . g .  v i s u a l  nouns,  s p a t i a l  r e l a ­

t i o n s ,  e x p l i c i t  speech) i s  given a formal d e f i n i t i o n  f o l ­

lowed f i r s t  by unequ ivo ca l  and th en  b o r d e r l i n e  examples
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t o q e t h e r  with  commentary. Judges were r e q u i r e d  to  s c o r e  a 

s e p a r a t e  t e s t  s e t  of  50 r e p o r t s  and o b t a i n  a c o r r e l a t i o n  

g r e a t e r  than  .90  with  c r i t e r i o n  s c o r e s  on T o ta l  R e ca l l  

Count ,  t h e  roost complex of t h e  v a r i a b l e s .

The t r a n s c r i b e d  m en ta t io n  r e p o r t s  were g iv en  to  2 i n d e ­

penden t  judges  who f i r s t  counted  th e  t o t a l  number of  words 

i n  th e  r e p o r t  (T o ta l  Word Count ,  TWC) . The r e p o r t s  were 

th e n  e d i t e d  to  remove n o n - c o n te n t  m a t e r i a l  such a s  i n t e r j e c ­

t i o n s  (unis and ahs) , r e d u n d a n t  words ,  d i s c l a i m e r s ,  c o r r e c t e d  

words and a l l  commentary on t h e  e x p e r i e n c e ,  t h e  r e p o r t ,  or 

t h e  c u r r e n t  s t a t u s  o f  t h e  s u b j e c t .  What rem ains  a f t e r  the  

e d i t i n g  p ro c e s s  i s  e x c l u s i v e l y  a d e s c r i p t i o n  of t h e  e x p e r i ­

ence  t h a t  had o c c u r re d  d u r in g  th e  m e n ta t io n  i n t e r v a l .  A 

count  was then  made o f  t h e  number of words i n  t h e  c o n t e n t -  

e d i t e d  r e p o r t s  (Tota l  R e c a l l  Count o r  TRC). Since word 

coun t  s c o re s  a r e  g e n e r a l l y  p o s i t i v e l y  skewed, t h e  TWC and 

TRC s c o r e s  were normal ized  by th e  loglO (X+l) t r a n s f o r m a t i o n  

(K irk ,  1966) and averaged  between t h e  two ju d g e s .  A ll  d a ta  

a n a l y s e s  were conducted  on t h e  log  t r a n s fo rm e d  s c o r e s .

All  t r a n s c r i b e d  m e n ta t io n  r e p o r t s  were a l s o  scored  by 

t h r e e  jud ges  on a though t  u n i t  s c a l e  modelled  a f t e r  the  

" S t r u c t u r a l  Coding System f o r  Verbal  O u tpu t"  dev ised  by 

K l in g e r  (1971).  Each Thought Unit  c o n t a i n s  a d i s t i n c t ,  t h e ­

m a t i c a l l y  homogeneous th o u g h t  se q u e n c e .  "Two c o n t ig uo u s  

t h o u g h t  segments a re  c o n s id e r e d  t o  be one u n i t  i f  t h e r e  i s
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no way to  d i s t i n g u i s h  the® t h e m a t i c a l l y .  S ince  v e r b a l  a b i l i ­

ty  and mode of e x p r e s s io n  v a ry  from s u b j e c t  t o  s u b j e c t ,  the  

coder  d i s r e g a r d s  s h e e r  l e n g t h  and lo o ks  f o r  complete  

t h o u g h t s  bordered  on e i t h e r  s i d e  by t h e m a t i c a l l y  d i f f e r e n t  

s e g m e n t s . "  (K l in g e r ,  1971, p .  97)

In a d d i t i o n ,  a r a t i o  was computed t o  index t h e  av e rag e  

number o f  words per Thought Unit  ( log TRC /  log TU). The 

mean t r i a l  i n t e r v a l  fo r  t h i s  s e t  was a p p ro x im a te ly  5 min.

To p ro v id e  a pool of s l e e p  r e p o r t s  f o r  comparison t o  the  

waking d a t a ,  50 REM and 50 NREM m e n ta t io n  r e p o r t s  were cho­

sen  from a c o l l e c t i o n  o f  p a i r e d  r e p o r t s  from s l e e p  l a b o r a ­

t o r i e s  a c r o s s  th e  United  S t a t e s .  Each p a i r  o f  REM/NREM r e ­

p o r t s  was c o n t r i b u t e d  by a s i n g l e  s u b j e c t  and was drawn from 

a p p ro x im a te ly  th e  same t ime of n i g h t .  TRC showed l i t t l e  i n ­

c r e a s e  over  the  lo n g e r  i n t e r v a l s  a l t h o u g h  TU d id  tend t o  i n ­

c r e a s e .  The decrement over  i n t e r v a l  s i z e  i n  TRC/TU s u g g e s t s  

t h a t  while  s u b j e c t s  r e p o r t  about  t h e  same amount o f  in fo rm a ­

t i o n  each t ime they a r e  i n t e r r u p t e d ,  th ey  tend  t o  condense ,  

or p e rh a p s ,  f o r g e t  i n f o r m a t i o n  from e a r l i e r  t ime p e r i o d s ,  as 

t h e  r e c a l l  i n t e r v a l  i n c r e a s e s .

S t u d e n t ' s  T - t e s t s  were conducted  t o  compare t h e  REM r e ­

p o r t s  (N=50) and the  Waking r e p o r t s  (N=12). TRC was s i g n i f ­

i c a n t l y  h ig he r  in  Waking th a n  in  REM. S i g n i f i c a n t l y  more 

Thought U n i ts  were p r e s e n t  in  Waking m en ta t io n  r e p o r t s .  To­

t a l  R e c a l l  Count per Thought U n i t  ( r a t i o  log  TRC/log TU) was 

s i g n i f i c a n t l y  (p < .01) h ig h e r  in  REM s le e p  th an  in  Waking.
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S i m i l a r l y ,  t - t e s t s  were computed between a l l  v a r i a b l e s  

f o r  Waking and Stage 2 r e p o r t s .  Again ,  TRC was s i g n i f i c a n t ­

ly  h ig h e r  in  Wakinq. M enta t ion  r e p o r t s  c o n ta in e d  s i g n i f i ­

c a n t l y  more Thought U n i t s  i n  Waking th a n  in  S tage  2. TRC/TU 

was a l s o  s i g n i f i c a n t l y  g r e a t e r  in  Waking .

Since  REM and NREM r e p o r t s  were drawn from t h e  same 

s u b j e c t s ,  c o r r e l a t e d  t - t e s t s  were computed between t h e s e  

m easu re s .  TRC was s i g n i f i c a n t l y  h i g h e r  i n  REM r e p o r t s .  Al­

though Thought Units  were s l i g h t l y ,  b u t  s i g n i f i c a n t l y  more 

numerous in  REM r e p o r t s ,  t h e  r a t i o  of TRC/TU was a l s o  s i g ­

n i f i c a n t l y  h ig h e r  in  REM r e p o r t s  th a n  in  Stage 2.

This  f i r s t  exper im en t  d e m o n s t ra ted  t h a t  m en ta t ion  r e p o r t s  

o b t a in e d  d u r in g  t h e  Waking s t a t e  i n  an environment  s i m i l a r  

t o  t h a t  of t h e  s l e e p  l a b o r a t o r y ,  can be used t o  make mean­

i n g f u l  com par isons  with  s l e e p  m e n ta t io n  r e p o r t s .  Although 

a l l  o f  t h e  Waking v a r i a b l e s  changed a s  a f u n c t i o n  o f  r e c a l l  

i n t e r v a l  s i z e ,  REM and S ta g e  2 v a lu e s  d i f f e r e d  from Waking 

v a l u e s ,  r e g a r d l e s s  of which i n t e r v a l  was compared. That  TRC 

was h iq h e r  i n  Waking than  REM and S ta g e  2 s u g g e s t e d  t h a t  the  

c o q n i t i v e  system t h a t  c r e a t e s  and s t o r e s  th e  m en ta t ion  i s  

more a c t i v e  in Waking d e s p i t e  th e  EEG s p e c t r a l  s i m i l a r i t i e s  

w ith  REM.

The second exper im en t  was made p o s s i b l e  by t h e  c o n s t r u c ­

t i o n  of high sound a t t e n u a t i o n  a c o u s t i c  s l e e p  chambers t h a t  

p e r m i t t e d  a more powerful  t e s t  o f  t h e  e f f e c t s  of ambient
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sound on TU and TRC/TU. I t  was p r e d i c t e d  t h a t  TU should  be 

lo w e r ,  and t h e r e f o r e ,  TRC/TU h ig h e r  i n  th e  a c o u s t i c  cham­

b e r s  of Experiment  2 than t h e  m o d e ra te ly  sound a t t e n u a t e d  

chambers o f  Experiment 1 .  A second g o a l  o f  t h i s  exper im en t  

was to  de te rm ine  i f  t h e  i n t e r v a l  d u r a t i o n  r e s u l t s  of  Exper­

iment 1 were indeed r e l i a b l e .  F o u r te en  young a d u l t s  p a r t i c ­

i p a t e d  in  a f t e r n o o n  s e s s i o n s .  The e x p e r im e n ta l  s e s s io n  was 

l e s s  than  one hour in  d u r a t i o n  and in c lu d e d  7 m en ta t io n  r e ­

p o r t s .

I n t e r v a l  l e n g th  was s y s t e m a t i c a l l y  m an ipu la ted  u s in g  

seven c o n d i t i o n s :  15 s e c s ,  30 s e c s ,  1 min, 3 mins ,  5 m ins ,

7 mins ,  and 9 mins. Order of p r e s e n t a t i o n  was randomized

u s in g  a L a t in  sq u a re  d e s ig n  such t h a t  each i n t e r v a l  o c c u r r e d
/

e q u a l l y  o f t e n  ( tw ice)  i n  each  p o s i t i o n  w i th in  t h e  sequence  

of  m en ta t ion  r e p o r t s .

The t r a n s c r i b e d  m e n ta t io n  r e p o r t s  were g iven  to  two i n ­

dependent  judges  and were r a t e d  f o r  th e  same word coun t  

v a r i a b l e s  as  in  Experiment 1 .

The r e s u l t s  showed t h a t  a s  t r i a l  d u r a t i o n  i n c r e a s e s ,  su b ­

j e c t s  r e c a l l  more t o p i c s  and more words .  However the  number 

of  words per  t o p i c  d e c r e a s e s  over  t im e .  The r e s u l t s  s u g g e s t  

t h a t  as  t h e  r e c a l l  i n t e r v a l  i n c r e a s e s ,  s u b j e c t s  e i t h e r  f o r ­

g e t ,  summarize o r  p o s s ib l y  r e s t r i c t  t h e  l e n g th  o f  the  n a r r a ­

t i v e  to  s o c i a l l y  a p p r o p r i a t e  bounds.
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Independent  g roup t  X - t e s t s  were performed between th e  two 

wakinq c o n d i t i o n s  as  well  a s  between t h e  minimal ly  s t i m u l a t ­

ed wakinq c o n d i t io n  and th e  s l e e p  c o n d i t i o n s .  S ince  t h e  REM 

and Stage  2 r e p o r t s  were drawn from t h e  same s u b j e c t s  i n  a 

r e p e a te d  measures d e s i g n ,  c o r r e l a t e d  T - t e s t s  were performed 

between the  REM and Stage 2 c o n d i t i o n s .

TRC was h ig h e r  i n  th e  m od era te ly  s t i m u l a t e d  environment  

o f  Experiment 1 than th e  m in im al ly  s t i m u l a t e d  environment of 

Experiment 2 .  Minimal s t i m u l a t i o n  was e f f e c t i v e  i n  d e c r e a s ­

ing  t h e  number of  Thought U n i t s .  TRC/TU was s i g n i f i c a n t l y  

h ig h e r  i n  th e  l e s s  s t i m u l a t e d  environment  a t  a l l  i n t e r v a l s .  

F i n a l l y ,  Stage 1 REM with a TRC/TU r a t i o  of  3.70 was s i g n i f ­

i c a n t l y  h igher  than even t h e  minimal ly  s t i m u l a t e d  Waking en ­

v i ronm en t .  S tage  2,  with a r a t i o  of 2 .07 was s i g n i f i c a n t l y  

lower than REM. The r e s u l t s  showed t h a t  even moderate  mag­

n i t u d e s  of  ambient a u d i t o r y  s t i m u l a t i o n  a r e  s u f f i c i e n t  to  

d i s r u p t  t h e  t r a i n  of th o u g h t  i n  th e  waking s t a t e .  The f a c t  

t h a t  the  REM TRC/TU r a t i o  i s  h ig h e r  th a n  t h a t  o b ta in e d  i n  a 

waking minimal s t i m u l a t i o n  environment i n d i c a t e s  t h a t  th e  

REM r e p o r t  comes from a s t a t e  o f  both high c o r t i c a l  a c t i v a ­

t i o n  and minimal p e rc e p tu a l  resp o n se  t o  en v ironm en ta l  s t i m u ­

l i .  That  REM TRC l i e s  midway between Stage 2 and Waking 

s u g g e s t s  t h a t  th e  c o r t i c a l  a c t i v a t i o n  a s s o c i a t e d  with the  

g e n e r a t i o n  and s t o r a g e  of t h i s  m en ta t io n  a l s o  l i e s  midway 

between Stage  2 and Waking.



The m enta t ion  r e p o r t s  were a l s o  compared on t h e  more 

q lo b a l  c o n s t r u c t s  of Dreamlike Q u a l i t y  and B i z a r r e n e s s .  A 

m u l t i p l e  r e g r e s s io n  comparison of Waking and REM showed t h a t  

TU i s  t h e  b e s t  d i s c r i m i n a t o r  of  t h e  two c o n d i t i o n s .  The 

s e m i p a r t i a l  c o r r e l a t i o n  of TRC, c o r r e c t e d  f o r  t h e  c o n t r i b u ­

t i o n  o f  TU (un l ike  th e  r a t i o  TRC/TU, the  TRC s e m i p a r t i a l  

c o r r e l a t i o n  i s  independen t  of TU), does n o t  does  not add 

s i g n i f i c a n t l y  t o  TU (F (1,53) = 2 .1 2 ,  n . s . ) .  T h is  a n a l y s i s  

s u g g e s t s  t h a t  th e  major d i s t i n c t i o n  between Waking and Stage  

1 REM m en ta t io n  i s  t h a t  t h e  Waking s u b j e c t  changes t o p i c s  

more f r e q u e n t l y ,  presumably because  spon taneo u s  sequences  of 

though t  a re  i n t e r r u p t e d  by b r i e f  o r i e n t a t i o n s  t o  e x t e r n a l  

s t i m u l i .

By c o n t r a s t  TU makes l i t t l e  d i s t i n c t i o n  between S tage  1 

REM and 2 r e p o r t s ,  d e s p i t e  th e  much lon g er  r e p o r t s  i n  Stage 

1 REM. This  l a c k  of d i f f e r e n c e  may r e f l e c t  t h e  s i m i l a r  au­

d i t o r y  a ro u s a l  t h r e s h o ld s  in  REM and S tage  2 s l e e p  (Re- 

c h t s c h a f f e n ,  Hauri and Z e i t l i n ,  1966; Bonnet and Johnson,  

1978) .  In summary, TU would seem to  be th e  b e s t  d i s c r i m i n a ­

t o r  of  bo th  Stage 2 and REM from Waking.
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The c u r r e n t  s t u d y :  Rn e x t e n s i o n of t h e p re v io u s r e s e a r c h

The c u r r e n t  r e s e a r c h  p r o j e c t  e x t e n d s  the  a n a l y s e s  of the  

p r e l i m i n a r y  s t u d i e s  and i n c o r p o r a t e s  s e v e r a l  m ethodo log ica l  

improvements .

1) The two p re l im in a r y  s t u d i e s  compared REM and Waking 

r e p o r t s  t h a t  came from d i f f e r e n t  s u b j e c t s .  The s u b j e c t s  who 

p a r t i c i p a t e d  in  the  moderate  s t i m u l a t i o n  environment  of Ex­

per im ent  1 were not the  same s u b j e c t s  a s  th o se  p a r t i c i p a t i n g  

i n  t h e  minimal s t i m u l a t i o n  env ironm ent  of Experiment  2 .  The 

p r e s e n t  exper im en t  compared REM and d i f f e r e n t  waking c o n d i ­

t i o n s  in a w i th in  s u b j e c t  des ign  in  o rd e r  to  i n c r e a s e  the  

s t a t i s t i c a l  power of t h e  d e s i g n .

S u b je c t s  lay i n  a sound a t t e n u a t e d ,  l i g h t p r o o f  room with 

eyes  c lo s e d .

S u b je c t s  were asked for  m en ta t io n  r e p o r t s :

1 . a f t e r  l y in g  awake with e x t e r n a l  s t i m u l a t i o n  (W).

2. a f t e r  l y in g  awake w i th o u t  e x t e r n a l  s t i m u l a t i o n  (WO).

3. a f t e r  being awakened from REM s l e e p .

Each s u b j e c t  se rved  as  h i s / h e r  own c o n t r o l ,  go ing through 

a l l  t r e a tm e n t  c o n d i t i o n s .
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2) S ince  c o r t i c a l  a c t i v i t y  i s  an i n t e g r a l  p a r t  of  the  

t h e o r e t i c a l  u n de rp in n in g s  o f  t h i s  a p p ro a c h ,  c o r t i c a l  a r o u s a l  

l e v e l  was d i r e c t l y  measured v ia  s p e c t r a l  a n a l y s i s .  In both 

s l e e p i n g  and waking s u b j e c t s  a d e c r e a s e  in power in  bands < 

0 H z . ,  s p e c i f i c a l l y  a d e c r e a s e  in  d e l t a  power,  and an i n ­

c r e a s e  i n  power i n  bands > 12 Hz. ,  s p e c i f i c a l l y ,  an i n c r e a s e  

in  be ta  power, w i l l  be t a k e n  as i n d i c a t o r s  of i n c r e a s e d  a r ­

o u s a l .  For waking s u b j e c t s ,  a d e c r e a s e  i n  power i n  t h e  8-12 

Hz. band w i l l  a l s o  be taken  as  an i n d i c a t o r  of  i n c r e a s e d  a r ­

o u s a l  •

3) REM s l e e p  has  n e u r o l o g i c a l  c h a r a c t e r i s t i c s  d i s t i n ­

g u i s h in g  i t  from Waking o t h e r  th an  c o r t i c a l  a c t i v a t i o n  l e v ­

e l s .  T h e r e f o r e ,  t h i s  r e s e a r c h  a l s o  a sk s  w he ther  w i th in  REM 

s l e e p  i t s e l f  as well  a s  w i th in  Waking, i n t e r v a l s  of g r e a t e r  

c o r t i c a l  a c t i v a t i o n  a r e  a s s o c i a t e d  with  in d ep e n d en t  measures  

of  c o g n i t i v e  a c t i v i t y .



Hypoth e ses  and S t a t i s t i c s

1. M enta t ion  r e p o r t s  o b t a in e d  a f t e r  REM awakenings w i l l  

be c h a r a c t e r i z e d  by fewer Thought U n i t s  th an  m en ta t io n  r e ­

p o r t s  from wakinq s u b j e c t s  i n  a s t i m u l u s  reduced  e n v i r o n ­

ment. Even in  a s t im u lu s  reduced waking env ironm en t ,  am­

b i e n t  l e v e l s  o f  s t i m u l a t i o n  a r e  s t i l l  h ig h e r  th an  d u r in g  

s l e e p .  M en ta t ion  from waking s u b j e c t s  w i th  e x t e r n a l  s t i m u ­

l a t i o n  w i l l  have a g r e a t e r  number of  Thought U n i t s  than  men­

t a t i o n  from waking s u b j e c t s  w i th o u t  e x t e r n a l  s t i m u l a t i o n  or 

s u b j e c t s  awakened from REM.

H o t e l l i n g  T squared  t e s t s  w i l l  be performed w i th  t h e  d i f ­

f e r e n t  s t a t e s  (REM, waking w i th  e x t e r n a l  s t i m u l a t i o n  (W) and 

waking w i th o u t  e x t e r n a l  s t i m u l a t i o n  (HO)) a s  th e  in dep en d en t  

v a r i a b l e s  and T o ta l  R e ca l l  Count and Thought U n i t s  (averaged 

a c r o s s  r e p o r t s  i n  each s t a t e  f o r  each  s u b j e c t )  a s  the  depen­

d e n t  v a r i a b l e s .  Once T o ta l  R e ca l l  Count has been p a r t i a l l e d  

ou t  t h e  main d i f f e r e n c e  rem ain ing  between c o n d i t i o n s  w i l l  be 

i n  t h e  Thought Unit v a r i a b l e .

-  35 -
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2. There  i s  an a s s o c i a t i o n  between c o r t i c a l  a c t i v a t i o n  

l e v e l  and c o g n i t i v e  a c t i v a t i o n .

A. The power (measured in  p ic o w a t t s )  in t h e  b e ta  band 

(16 Hz. t o  30 Hz.) w i l l  be l i n e a r l y  a s s o c i a t e d  with  log  To­

t a l  R e c a l l  Count .  This  w i l l  be t e s t e d

1) in REM

2 ) in  t h e  waking w i th o u t  s t i m u l a t i o n  c o n d i t i o n

B. The w a t tage  in  t h e  d e l t a  band ( .5  Hz. to  U Hz.) 

w i l l  be i n v e r s e l y  a s s o c i a t e d  with lo g  T o ta l  R e c a l l  C ount .  

T h is  w i l l  be t e s t e d

1) in  REM

2 ) in t h e  waking w i th o u t  s t i m u l a t i o n  c o n d i t i o n

C. The wat tage  in  t h e  a lp h a  band (8 Hz. to  12 Hz.)

w i l l  be i n v e r s e l y  a s s o c i a t e d  w ith  lo g  T o ta l  R e c a l l  Count

1 ) in t h e  wakinq w i th o u t  s t i m u l a t i o n  c o n d i t i o n

These hypo th eses  w i l l  be t e s t e d  f o r  EEG d a ta  o b t a i n e d

from both t h e  l a s t  minute  and th e  l a s t  f i v e  m inu tes  p r e c e d ­

in g  th e  m en ta t ion  r e p o r t s .

M u l t ip l e  l i n e a r  r e g r e s s i o n s  w i l l  be performed with  T o ta l  

R e c a l l  Count as  th e  dependent  v a r i a b l e  and th e  EEG measures  

and s u b j e c t s  as  the  in d e p e n d e n t  v a r i a b l e s .  The EEG v a r i ­

a b l e s  w i l l  a cco u n t  f o r  s i g n i f i c a n t  p r o p o r t i o n s  o f  t h e  T o ta l  

R e c a l l  Count v a r i a n c e  once s u b j e c t  v a r i a n c e  has  been p a r t ­

i a l l e d  o u t .



Me th o d

Sub j e c t s

T h i r ty  s u b j e c t s  (17 males and 13 fem ales )  completed the  

e x p e r im e n ta l  p r o c e d u r e s .  Three a d d i t i o n a l  s u b j e c t s  were 

dropped because they  f a i l e d  t o  complete  th e  e n t i r e  e x p e r i ­

m enta l  p r o t o c o l .

The s u b j e c t s  were e i t h e r  u n d e rg ra d u a te  o r  g ra d u a te  s t u ­

d e n ts  a t  th e  C i ty  Col lege  of New York o r  a c q u a in t a n c e s  of 

C i ty  Co l leqe  s t u d e n t s .  The s u b j e c t s  v o lu n te e r e d  t o  p a r t i c i ­

p a te  in  the  exper iment  a f t e r  h e a r in g  a bou t  i t  th rough c l a s s ­

room announcements, from o t h e r s  who had h ea rd  i t  announced 

or  d i r e c t l y  from th e  e x p e r im e n te r .  The announcement s t a t e d  

t h a t  s u b j e c t s  were needed f o r  a s l e e p  exper im en t  and t h a t  

s u b j e c t s  were l i k e l y  to  have an i n t e r e s t i n g  e x p e r i e n c e .

The ages  of th e  s u b j e c t s  ranged from 16 t o  h i  with a mean 

age o f  2 5 .3 7 .  A l l  s u b j e c t s  were n a t i v e  E n g l i sh  s p e a k e r s .

S u b je c t s  agreed  to  be f r e e  of a l l  d rugs and a lc o h o l  a t  

l e a s t  two days p r i o r  t o  th e  e x p e r im e n t .

-  37 -
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In a d d i t i o n ,  a l l  s u b j e c t s  had a c o n s i s t e n t  s l e e p  s c h e d ­

u l e ,  i . e .  s l e e p i n g  and waking r e g u l a r l y  a t  a p p ro x im a te ly  th e  

same t im e ,  g e n e r a l l y  sp e n d in g  a t  l e a s t  s i x  and one h a l f  

hours  in  bed ,  f i n d i n g  i t  e asy  to  f a l l  a s l e e p  and having no 

known d i f f i c u l t y  s l e e p i n g  when not  in  t h e i r  u su a l  bed.

i i o ^ p g t e n t i a 1 r e c o r d i n g  app a r a t u s

A Grass Model 78 po lygraph  was used f o r  EEG, e l e c t r o m y o ­

graph (EMG) and e l e c t r o - o c u l o g r a p h  (EOG) r e c o r d i n g s .  G rass  

s i l v e r  cup e l e c t r o d e s  were used f o r  s c a lp  p lacem en ts  and 

were a t t a c h e d  u s ing  Offner  e l e c t r o d e  p a s t e .  Beckman I n s t r u ­

ment Company s i l v e r  c h l o r i d e  m i n i a t u r e  disk, e l e c t r o d e s  were 

used  fo r  a l l  o t h e r  s i t e s  and were a t t a c h e d  u s in g  Beckman ad­

h e s iv e  c o l l a r s  and s u r g i c a l  t a p e .  A l l  r e s i s t a n c e s  were l e s s  

th an  5K ohms.

EEG: For t h e  purpose  of  s c o r in g  s l e e p  s t a g e s ,  EEG was

reco rd ed  from s c a l p  e l e c t r o d e s  p lac ed  both a t  C3 ( l e f t  c e n ­

t r a l ,  u s ing  the  10-20 system) and a t  C« ( r i g h t  c e n t r a l )  and 

r e f e r r e d  t o  e l e c t r i c a l l y  l in k e d  e l e c t r o d e s  p laced  a t  th e

l e f t  and r i g h t  m asto id  bones (Al, A2) (R e ch tsc h a f fe n  and Ka­

l e s ,  1968) .
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EEG was a l s o  recorded  from l e f t  and r i g h t  mid tem p o ra l -  

p a r i e t a l  s i t e s  (midpoin ts  between T3 and P3, and T4 and PA, 

by the  10-20 system) r e f e r e n c e d  to  v e r t e x  (C z)• These e l e c ­

t r o d e  p lacem ents  have c o n s i s t e n t l y  been found to  show t a s k  

r e l a t e d  hem ispher ic  asym metr ies  (Ehrl ichman and Weiner, 

1980) and have been used as  t h e  p lac em en ts  in  s t u d i e s  of EEG 

asymmetry and s l e e p  m en ta t io n  (Ehrl ichm an,  Antrobus and 

Weiner,  1982).

EOG: S tandard  r i g h t  and l e f t  o u t e r  c a n t h i  l o c a t i o n s ,  r e ­

f e r r e d  to  th e  e l e c t r i c a l l y  l in k e d  m as to ids  (R ech tschaf fen  

and K a les ,  1968) and to  each o th e r  ( b i p o la r  EOG) were used 

t o  he lp  sc o re  s l e e p  s t a g e s .

EMG: Submental e l e c t r o d e s  were used to  a id  i n  the  s c o r -

in q  of s t a g e  REM s l e e p .

An e l e c t r o d e  was p laced  on th e  fo reh e ad  t o  s e r v e  a s  a 

ground.

For th e  REM and WO c o n d i t i o n s ,  th e  fo u r  EEG channe ls  were 

r eco rded  us ing  a V e t t e r  Analogue Tape R ecorde r ,  d u r ing  the  

f i v e  minute p e r io d  p r i o r  t o  a sk in g  t h e  s u b j e c t  f o r  a menta­

t i o n  r e p o r t .  The f requency  c h a r a c t e r i s t i c s  of th e  taped EEG 

were then ana lyzed  using  a N ic o le t  Med-80 Frequency Analy­

s i s  Package.
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For each s u c c e s s iv e  sweep,  th e  a b s o l u t e  power (in picow- 

a t t s )  was c a l c u l a t e d  f o r  t h e  d e l t a  (.5 Hz. to  4 H z . ) ,  t h e t a  

(4 Hz. t o  8 H z . ) ,  a lp h a  (8 Hz. t o  12 H z . ) ,  sigma (12 Hz. to  

16 H z . ) ,  b e ta  (16 Hz. t o  30 Hz.) and high  (35 Hz. to  45 Hz.)

bands •

The sweep t ime was 1.75 seconds with  a t im e  r e s o l u t i o n  of 

6 .827 msec. per  p o i n t  and 256 p o i n t s  per  sweep f o r  each 

e l e c t r o d e  p lacem en t .  Each sweep was taken  and s p e c t r a l l y  

t r a n s f o r m e d .  Within each band th e  t o t a l  power f o r  t h e  l a s t  

m inu te  ( th e  l a s t  34 sweeps) and th e  l a s t  f i v e  m inutes  (170 

sweeps) b e fo re  t h e  r e q u e s t  f o r  a m e n ta t io n  r e p o r t  were a v e r ­

aged s e p a r a t e l y .

Eye movement a c t i v i t y

Eye movements were s c o re d  by having two ind ep en d en t  j u d g ­

es count th e  number of t h r e e  second i n t e r v a l s  , in  t h e  60 

seconds  p r i o r  t o  each REM awakening ,  t h a t  c o n ta in e d  a t  l e a s t  

one r a p i d  eye movement. Rapid eye movements were d e f in e d  as 

hav ing  a pen d e f l e c t i o n  of a t  l e a s t  31 m i c r o v o l t s  (with  a 

c a l l i b r a t i o n  s i g n a l  of 50 m ic r o v o l t s )  a t  an a n g le  o f  between 

88 and 92 d e g r e e s .

S leep  room



«1

The s l e e p  room i s  a sound a t t e n u a t e d ,  e l e c t r i c a l l y  

s h i e l d e d ,  l i g h t p r o o f  chamber, a p p ro x im a te ly  10x15 f e e t .  

There i s  a two way in te rcom  system f o r  communication between 

th e  e x p e r im e n ta l  and s l e e p  rooms.

For th e  waking c o n d i t i o n s ,  t h e  s u b j e c t  lay  su p in e  i n  the  

bed i n  th e  same room which was used f o r  subseq uen t  s l e e p  

a w ak e n in g s .

External stimuli tape

The e x t e r n a l  s t i m u l i  t a p e  i n c lu d e d  r e c o r d i n g s  o f  sm a l l  

p o r t i o n s  o f  r a d i o  b r o a d c a s t s .  The b r o a d c a s t s  i n t e r r u p t e d  

w h i te  n o i s e  every 20-30 se co n d s  and l a s t e d  from 10-15 s e c ­

onds with an av e rag e  l e n g t h  of 10 s e c o n d s .  The p o r t i o n s  

came from many d i f f e r e n t  t y p e s  of r a d i o  b r o a d c a s t s  and i n ­

c luded  p o r t i o n s  o f  t a l k  shows,  news,  s p o r t s ,  a d v e r t i s e m e n t s ,  

music programs,  e t c .  from a v a r i e t y  of New York AM and FM 

r a d i o  s t a t i o n s .



Procedure

A d a p ta t io n  s e s s i o n

On a day p rec ed in g  th e  e x p e r im e n ta l  s e s s i o n s ,  s u b j e c t s  

were asked t o  come t o  the  s l e e p  l a b o r a t o r y  f o r  app ro x im a te ly  

one hour i n  o rd e r  t o  g e t  a d j u s t e d  t o  th e  e x p e r im e n ta l  s i t u ­

a t i o n  .

Upon t h e  s u b j e c t ' s  a r r i v a l ,  t h e  e x p e r im e n te r  showed th e  

s u b j e c t  around t h e  l a b o r a t o r y ,  t r y i n g  to  g e t  t h e  s u b j e c t  t o  

f e e l  as c o m fo r ta b le  as  p o s s i b l e .

The s u b j e c t  was th en  t a k e n  to  a s l e e p  room, th e  same 

room which was used f o r  t h e  su b seq u e n t  e x p e r i m e n t a l  s e s ­

s i o n s .  Half  of  th e  s u b j e c t s  were b lo ck  randomly a s s ig n e d  to  

t h e  e x t e r n a l  s t i m u l i  f r e e  c o n d i t i o n  f i r s t  and t h e  e x t e r n a l  

s t i m u l i  c o n d i t i o n  second and th e  second h a l f  o f  t h e  s u b j e c t s  

were a s s ig n e d  t o  th e  c o n d i t i o n s  in  t h e  o p p o s i t e  o r d e r ,  the  

e x t e r n a l  s t i m u l i  c o n d i t i o n  f i r s t  and th e  e x t e r n a l  s t i m u l i  

f r e e  c o n d i t i o n  seco n d .  The same o r d e r  was l a t e r  u t i l i z e d  

f o r  th e  e x p e r im e n ta l  s e s s i o n .

During both waking c o n d i t i o n s ,  w h i te  n o i s e  (50 db) was 

i n t r o d u c e d  i n t o  the  s u b j e c t ' s  room, th rough  a s p e a k e r ,  in

-  42 -
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ord e r  to  mask sounds produced by the  s u b j e c t ' s  movements. 

During t h e  e x t e r n a l  s t i m u l i  c o n d i t i o n ,  p o r t i o n s  o f  r a d i o  

b r o a d c a s t s  i n t e r r u p t e d  the  white  n o i s e .

A f te r  th e  s u b j e c t  was in  bed, th e  l i g h t s  were tu rned  o f f ,  

th e  door c losed  and a l l  f u r t h e r  communication u t i l i z e d  th e  

in te rcom  sys tem .

The exp e r im e n te r  read  t h e  i n s t r u c t i o n s  t o  t h e  s u b j e c t s  as 

th ey  a re  w r i t t e n  i n  I n s t r u c t i o n s  t o  S u b je c t s  (see  Appendix

A) .

Mentat ion r e p o r t s  were e l i c i t e d  from s u b j e c t s  a f t e r  s i x  

i n t e r v a l s ,  t h r e e  with e x t e r n a l  s t i m u l i  and t h r e e  w i thou t  ex­

t e r n a l  s t i m u l i .  In each c o n d i t i o n  th e  i n t e r v a l s  were of  the  

fo l lo w in g  l e n g t h s :  t h r e e  m in u te s ,  s i x  minutes and n ine  min­

u t e s ,  t h e  o rder  of th e  i n t e r v a l s  be ing  b lock randomized 

a c r o s s  s u b j e c t s .

The s u b j e c t  was i n t e r r u p t e d  u s in g  th e  P ro cedu re  f o r  E l i ­

c i t a t i o n  of  Mentat ion  R epor ts  (Appendix B).

A f te r  th e  s e s s i o n ,  the  e x p e r im e n te r  thanked t h e  s u b j e c t  

f o r  p a r t i c i p a t i n g  and made an appoin tm ent  f o r  th e  waking ex­

p e r im e n ta l  s e s s i o n .

Exp e r i ment a l  s e s s i ons

Waking c o n d i t i o n s



S u b je c t s  were asked to  come t o  t h e  l a b o r a t o r y  f o r  app rox­

im a te ly  t h r e e  hours fo r  t h e  waking p a r t  o f  t h e  e x p e r im e n t .  

T h is  p rov ided  t im e f o r  the  a p p l i c a t i o n  of  t h e  e l e c t r o d e  mon­

t a g e  and t h e  waking c o n d i t i o n s  p a r t  of th e  e x p e r im e n t .

A f te r  e l e c t r o d e  p lac em en t ,  the  s u b j e c t  was taken  t o  the  

e x p e r im e n ta l  s l e e p  room, th e  same room which was used fo r  

th e  subsequen t  s l e e p  r e c o r d i n g s .

A f te r  th e  s u b j e c t  was in  bed,  th e  l i g h t s  were tu rned  o f f ,  

t h e  door was c lo sed  and a l l  f u r t h e r  communication u t i l i z e d  

t h e  in te rcom  sys tem.

The e x p e r im en te r  read the  i n s t r u c t i o n s  to  t h e  s u b j e c t s  

a s  they  a re  w r i t t e n  in I n s t r u c t i o n s  t o  S u b je c t s  (see Appen­

d ix  A) .

Waking i n t e r r u p t i ons f o r  me n t a t i on r e p o r t s

A. C r i t e r i a  used fo r  i n t e r r u p t i n g  waking s u b j e c t s fo r  

m en ta t ion  r e p o r t s  in  t h e  e x t e r n a l  s t i m u l u s  f r e e (WO) co n d i -
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Mentat ion was e l i c i t e d  from s u b j e c t s  a f t e r  s i x  o rdered  

i n t e r v a l s  of  th e  fo l low ing  l e n g t h s :  t h r e e ,  s i x ,  n i n e ,  s i x ,

t h r e e  and s i x  m in u te s .  The s u b j e c t  was i n t e r r u p t e d  u s in g  

th e  P rocedure  f o r  E l i c i t a t i o n  of M en ta t ion  R e p o r ts  (Appendix

B) .

As mentioned,  p r e v io u s ly  r e p o r t e d  d a ta  from t h e  City  Col­

l e g e  Sleep Labora to ry  have shown t h a t  t h e  amount o f  u n i n t e r ­

ru p t e d  t im e  ly in g  awake in a q u i e t  room a f f e c t s  t h e  c o n te n t  

of th e  r e p o r t ,  s p e c i f i c a l l y ,  by i n c r e a s i n g  the  number of

Thought U n i t s .  T h e re fo re ,  only  th e  t h r e e  s i x  minute i n t e r ­

v a l s  were used f o r  l a t e r  a n a l y s i s .

The o t h e r  i n t e r v a l s  were not  used in  t h e  a n a l y s i s ,  but 

were in c lu d ed  with th e  s i x  minute i n t e r v a l s ,  so  t h a t  th e  

s u b j e c t  would n o t  develop  an e x p e c t a t i o n  r e g a r d in g  when he /  

she  would be c a l l e d .

For th e  s ix  minute i n t e r v a l s ,  one minute a f t e r  the  i n t e r ­

v a l  began,  the  e x p e r im e n te r  s t a r t e d  t o  r eco rd  t h e  EEG onto  

th e  V e t t e r  Analogue Tape R e co rd e r .  A f t e r  f i v e  more m in u te s ,  

t h e  s u b j e c t  was i n t e r r u p t e d  u s in g  th e  P rocedure  f o r  E l i c i t a ­

t i o n  of Mentat ion R e po r ts  (Appendix B) .

I f  t h e r e  were any g ross  body movements, o b s e r v a b le  a r t i ­

f a c t s ,  o r  i f  t h e  s u b j e c t  f e l l  a s l e e p  d u r in g  t h i s  p e r i o d ,  he /  

she  was immediate ly i n t e r r u p t e d  and asked f o r  a m en ta t ion  

r e p o r t .  A f te r  th e  com ple t ion  of th e  r e p o r t ,  t h e  experimen- .
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t e r  r e q u e s t e d  t h a t  th e  s u b j e c t  t r y  n o t  t o  move around i f  

t h e r e  had been a g ro ss  body movement o r  th e  e x p e r im e n te r  r e ­

q u e s te d  t h a t  th e  s u b j e c t  t r y  t o  remain awake, i f  h e /sh e  had 

f a l l e n  a s l e e p .  Mentat ion r e p o r t s  e l i c i t e d  from t h e s e  p e r i ­

ods were n o t  in c lu d ed  in  t h e  d a ta  a n a l y s i s .

B. C r i t e r i a  used fo r  i n t e r r u p t i ng waking s u b j e c t s f o r  

ment a t i o n  r e p o r t s  in  t h e  e x t e r n a l  s t i m u l i  c o n d i t i o n;

Mentat ion  was e l i c i t e d  from s u b j e c t s  a f t e r  s i x  i n t e r v a l s .  

The i n t e r v a l s  were th e  same as  t h o s e  mentioned in  S e c t io n  A. 

The s u b j e c t s  were i n t e r r u p t e d  u s in g  th e  P ro c ed u re  f o r  E l i ­

c i t a t i o n  of M enta t ion  R epor ts  (Appendix B).

As in t h e  e x t e r n a l  s t i m u l u s  f r e e  c o n d i t i o n ,  only the  

t h r e e  s i x  minute  i n t e r v a l s  were used f o r  l a t e r  a n a l y s e s .

A f te r  t h e  waking c o n d i t i o n s  had been c o m p le ted ,  the  ex­

p e r i m e n t e r  d i s c o n n e c te d  t h e  s u b j e c t ,  thanked h im /he r  fo r  

p a r t i c i p a t i n g  in  th e  day t im e  s e s s i o n  and made an appo in tm en t  

f o r  t h e  n i g h t t i m e  s e s s i o n .

S le e p in g  c o n d i t i o n
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The s u b j e c t s  were i n s t r u c t e d  to  a r r i v e  a t  t h e  s l e e p  l a b o ­

r a t o r y  a p p ro x im a te ly  two h o u rs  b e f o r e  t h e i r  u s u a l  b e d t im e .  

T h is  p rov ided  t im e  f o r  the  a p p l i c a t i o n  of  t h e  e l e c t r o d e  mon­

t a g e  and an app rox im ate  one hour b rea k  b e fo r e  th e  s u b j e c t  

was conn ec ted  in  the  s l e e p  chamber.

After  the  s u b j e c t  was i n  bed, t h e  l i g h t s  were t u r n e d

o f f ,  th e  door was c lo s e d  and a l l  f u r t h e r  communication u t i ­

l i z e d  th e  in te rco m  sys tem.

P r e - s l e e p  i n s t r u c t i o n s  to  s u b j e c t s

The i n s t r u c t i o n s  given t o  th e  s u b j e c t s  were a s  f o l l o w s :  

" I  am i n t e r e s t e d  in  s t u d y i n g  any and a l l  forms of mental  

c o n t e n t ,  such a s  th o u g h ts ,  images ,  f e e l i n g s ,  dreams,  and

a n y th in g  e l s e  t h a t  might go th rough  your  mind. I  would l i k e

you to  l a y  down in  bed ,  c l o s e  your e y e s ,  r e l a x  and l e t  y o u r ­

s e l f  f a l l  a s l e e p .

During t h e  c o u rse  of  th e  n ig h t  you w i l l  be awakened s e v ­

e r a l  t im e s .  I  am going t o  ask you t h e  same s t a n d a r d i z e d  

q u e s t i o n s  as I asked you b e f o r e .  P l e a s e  t r y  t o  answer th e  

q u e s t i o n s  as com ple te ly  and in  a s  much d e t a i l  a s  p o s s i b l e .

Do you have any q u e s t i o n s ?
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(The ex p e r im e n te r  answered any q u e s t i o n s  t h a t  t h e  s u b j e c t  

might have .)

Good n i g h t .  S leep  w e l l .  I ' l l  be t a l k i n g  t o  you s o o n . "

REM awakenings fo r  m en ta t ion  r e p o r t s

C r i t e r i a  used f o r  awakening s u b j e c t s  from S tage  REM:

At l e a s t  f i v e  minutes  a f t e r  two o f  th e  t h r e e  measured 

e l e c t r o g r a p h i c  p a ram ete rs  ( th e  EEG, EOG, and EMG) showed po­

l y g r a p h i c  changes which i n d i c a t e d  th e  p resen ce  o f  REM s l e e p  

( th e  s t a n d a rd  two o u t  of t h r e e  c r i t e r i o n  system s e t  f o r t h  by 

R e c h t sc h a f f e n  and Kales  (1 9 6 8 ) ) ,  t h e  e x p e r im e n te r  r eco rded  

t h e  EEG onto  th e  V e t te r  Analogue Tape R ecorde r .  Fol lowing 

f i v e  a d d i t i o n a l  minutes  of u n i n t e r r u p t e d  REM s l e e p ,  the  sub ­

j e c t  was awakened us ing  t h e  Procedure  fo r  E l i c i t a t i o n  of 

M enta t ion  Repor ts  (Appendix B ) . I f  t h e r e  were any g r o s s  

body movements o r  o b s e r v a b le  a r t i f a c t s  d u r ing  t h i s  p e r i o d ,  

t h e  awakening was n o t  mads, and t h e  s u b j e c t  was r e q u i r e d  to  

em it  an a d d i t i o n a l  minute of  u n i n t e r r u p t e d  REM before  the  

e x p e r im e n te r  r e s t a r t e d  f i v e  minutes  o f  r e c o r d i n g .

REM awakenings were made from t h r e e  REM p e r io d s  fo l lo w in g  

a t  l e a s t  an i n i t i a l  90 m inu tes  of  u n i n t e r r u p t e d  s l e e p .
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Debr i e f i ng

In the  morning, while  t h e  e l e c t r o d e s  were be ing  removed, 

t h e  s u b j e c t s  were asked a b o u t  th e  e x p e r im e n ta l  s i t u a t i o n .  

The q u e s t i o n s  i n c l u d e d :

What do you th in k  was th e  purpose  o f  t h e  e x p e r ­

iment?

Why do you th in k  we played th e  p a r t s  o f  rad io  

b ro a d c a s t s ?

How did you f e e l  a bou t  t h e  m a t e r i a l  on t h e  r a ­

dio?

What s t r a t e g y  did you use  in  t r y i n g  to  remember 

what was going through your mind?

The s u b j e c t s  r e s p o n se s  were r e c o r d e d .

A f te r  the  s u b j e c t  answered th e  q u e s t i o n s , ,  t h e  experimen­

t e r  d i s c u s s e d  t h e  purpose  o f  th e  e x p e r im e n ta l  p ro c e d u re s .
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Ana l y s i s  of. t he data

S co r in g  mentat i on r e p o r t s

All  t r a n s c r i b e d  m en ta t io n  r e p o r t s  were in d ep e n d en t ly  

sco red  by t h r e e  judges  on seven  s c a l e s  in t h e  P s y c h o l in g u i s -  

t i c  Coding Manual (Antrobus e t  a l . , 1976) .  The P sy ch o l in -

q u i s t i c  Coding Manual i s  a s e r i e s  of  s c a l e s  d e v is ed  t o  s c o r e  

v a r i o u s  q u a l i t i e s  of m en ta t ion  r e p o r t s .

Reports  were sco red  on t h e  T o ta l  R e c a l l  Count measure,  a 

count  of a l l  words in  p h r a s e s  in  which th e  s u b j e c t  was de­

s c r i b i n g  something t h a t  had o ccu r red  d u r in g  the  p r e s e n t a t i o n  

p e r io d  in  resp o n se  t o  th e  two q u e s t i o n s ,  " T e l l  me what was 

going through your mind b e fo re  I  c a l l e d  you" and "Was t h e r e  

a n y th in g  e l s e ? " .  The r e p o r t s  were a l s o  sco red  on t h e  f o u r  

s c a l e s  f o r  th e  measurement o f  v i s u a l  im agery :  V isua l  Nouns,

Visua l  M o d i f i e r s ,  V isua l  A c t io n ,  and S p a t i a l  R e l a t i o n s  as 

wel l  as  on the two s c a l e s  f o r  measuring a u r a l  e x p e r i e n c e :  

E x p l i c i t  Speech and I m p l i c i t  Speech.

The word count s c o r e s  were p o s i t i v e l y  skewed. They were 

t h e r e f o r e  normalized by the  log  (X + l)  t r a n s f o r m a t i o n  (K i rk ,  

1968) b e fo r e  be ing  u sed .  The fo u r  s c a l e s  measuring v i s u a l
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imagery were a r i t h m e t i c a l l y  summed to  form a combined v i s u a l  

s c a l e .  The two s c a l e s  measuring a u r a l  e x p e r i e n c e  were 

summed t o  form a combined a u d i t o r y  s c a l e .

A l l  t r a n s c r i b e d  m en ta t io n  r e p o r t s  were f u r t h e r  d iv id e d  

i n t o  Thought Units  a c c o rd in g  to  th e  method d e s c r ib e d  by 

K l in g e r  (1971). For the  examples of how to  d iv id e  p r o t o c o l s  

which were q iven  to  the  jud g es  see  Appendix C.

Each judge counted the number of  Thought U n i t s  found in  

each menta t ion  r e p o r t .  A measure of i n t e r j u d q e  r e l i a b i l i t y  

was computed f o r  each s c a l e .  The s c o r e s  of th e  t h r e e  judges  

were averaged f o r  each  m en ta t io n  r e p o r t  and t h e s e  av e rag e s  

were used in t h e  a n a ly s e s .

R e l i a b i l i t i e s  o f  Va r i a b l e s

The mean c o r r e l a t i o n  fo r  each o f  t h e  t h r e e  p o s s i b l e  judge  

p a i r s  was computed u s in g  t h e  F i s h e r  r t o  z t r a n s f o r m a t i o n .  

The r e l i a b i l i t y  of th e  mean of the  t h r e e  judges  was th en  

c a l c u l a t e d  u s in g  the  Spearman-Brown e q u a t i o n .  These i n t e r ­

judge r e l i a b i l i t i e s  a r e  p r e s e n t e d  in  Tab le  1 .
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Judge R e l i a b i l i t i e s

V a r ia b le  name I r a n s  fo r mat ion a c r o s s REM WO W

Cond i t i o n s

T o ta l  Word Count log (x+1) 1. 00 1.00 1.00 1 .00

T o ta l  R e ca l l  Count log (x+1) .92 .96 .95 .87

Thought U n i t s .85 .77 .81 .87

V isua l log (x+1) .83 .95 .79 .70

Auditory log (x+1) . 81 .86 .83 .76

V isu a l  Nouns log (x+1) .79 .95 .73 .66

V isua l  M o d i f i e r s log (X+1) .78 .88 .79 .63

V isu a l  Act ion log (X+1) . 74 .83 .69 • 65

S p a t i a l  R e l a t i o n s 1 og (X+1) .69 .85 .56 .43

I m p l i c i t  Speech log (X+1) .69 .68 • 47 .70

E x p l i c i t  Speech log (X+1) .79 .86 .97 .68

WO - waking c o n d i t i o n  

w i t hout

e x t e r n a l  s t i m u l a t i o n  

W -  waking c o n d i t i o n  

w i t h

e x t e r n a l  s t i m u l a t i o n



Results and Discussion

D i f f e r e n c e s  between Condi t i o n s  in  C o g n i t i v e  Vari a b l e s

The j u d g e s '  s c o r e s  f o r  each  of t h e  m en ta t io n  r e p o r t s  were 

averaqed  a c r o s s  t h e  t h r e e  o c c a s io n s  f o r  each c o n d i t i o n ,  REM, 

WO and W, f o r  each s u b j e c t .

Each s u b j e c t ’s  r e s p o n s e s  t o  t h e  q u e s t i o n  of  how a l e r t  he /  

she  f e l t  b e fo re  be ing c a l l e d  was a l s o  averaged  a c r o s s  the  

t h r e e  o c c a s io n s  fo r  each c o n d i t i o n .

H o t e l l i n q ' s  one sample T squa red  t e s t s  were performed on 

t h e  d i f f e r e n c e s  between th e  REM and WO, WO and W and REM and 

W c o n d i t i o n s .

D i f f e r e n c e s  be t ween t he REM and WO cond i t i o n

The f i r s t  h y p o t h e s i s  s t a t e d  t h a t  m en ta t io n  r e p o r t s  ob­

t a i n e d  a f t e r  REM awakenings would be c h a r a c t e r i z e d  by fewer  

Thought U n i ts  than  m en ta t io n  r e p o r t s  from s u b j e c t s  i n  a 

s t im u lu s  reduced  e n v iro nm en t .

Table  2 p r e s e n t s  th e  d i f f e r e n c e s  between t h e  REM and WO 

c o n d i t i o n s  i n  t h e  c o g n i t i v e  v a r i a b l e s .  Thought U n i t s  and To-

-  53 -
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t a l  R e ca l l  Count accoun t  f o r  s i g n i f i c a n t  p r o p o r t i o n s  of the  

v a r i a n c e  o f  th e  d i f f e r e n c e  between t h e  REM and WO c o n d i ­

t i o n s .  In the  WO c o n d i t i o n ,  as  h y p o th e s iz e d ,  s u b j e c t s  

produce more Thought Uni ts  and r e c a l l .  A l e r t n e s s  and T o ta l  

Word Count a l s o  account  f o r  s i g n i f i c a n t  p r o p o r t i o n s  of  the  

v a r i a n c e  of  the  d i f f e r e n c e  between th e  two c o n d i t i o n s .  The 

summary v i s u a l  and a u d i t o r y  v a r i a b l e s  a r e  not  s i g n i f i c a n t l y  

d i f f e r e n t  between t h e  two c o n d i t i o n s ,  a l though  each i s  h ig h ­

e r  dur ing  REM. None of t h e  i n d i v i d u a l  v i s u a l  and a u d i t o r y  

v a r i a b l e s  (not in c lu d ed  in Table  2) account  f o r  a s i g n i f i ­

c a n t  p ro p o r t io n  o f  t h e  REM-WO v a r i a n c e .

Increm en ta l  MANOVA t e s t s  (Rao, 1973; A ntrobus ,  1983) were 

performed t o  de te rm in e  whether  t h e  s i g n i f i c a n t  I  squared  

t e s t s  were a l l  d e s c r i b i n g  th e  same d i f f e r e n c e  o r  whether 

some of t h e  dependent  v a r i a b l e s  would add t o  t h e  REM-WO d i f ­

f e r e n c e  a l r e a d y  d e s c r ib e d  by a n o th e r  dependent  v a r i a b l e .  I t  

was hy p o th es iz ed  t h a t  once T o ta l  R e c a l l  Count was p a r t i a l l e d  

o u t ,  t h e  main d i f f e r e n c e  between the  c o n d i t i o n s  would be in 

the  Thought Unit v a r i a b l e .  Indeed ,  t h e  Thought Uni t  v a r i a b l e  

adds s i g n i f i c a n t l y  (p < .01) t o  th e  v a r i a n c e  accounted  for  

by T o ta l  R e c a l l  Count.

A d d i t io n a l  in c re m e n ta l  MANOVA t e s t s  were performed to  de­

te rm in e  i f  o t h e r  v a r i a b l e s  would in d e p e n d e n t ly  add to  the  

v a r i a n c e  accounted f o r  by Thought U n i t s  o r  T o ta l  R e c a l l  

Count. T o ta l  Word Count does not  add s i g n i f i c a n t l y  t o  the



REM-WO v a r i a n c e  a l r e a d y  accounted, f o r  by e i t h e r  Thought 

U n i t s  or Tota l  R e ca l l  Count .  T o ta l  R e c a l l  Count does not 

add s i g n i f i c a n t l y  to  the  v a r i a n c e  a l r e a d y  accounted  f o r  by 

Thought U n i t s .  T o ta l  R e c a l l  Count does n o t  add s i g n i f i c a n t ­

ly  to  th e  v a r i a n c e  accoun ted  f o r  by T o ta l  Word Count .  The 

V isua l  and Auditory v a r i a b l e s  do not  add s i g n i f i c a n t l y  to  

t h e  v a r i a n c e  accoun ted  fo r  by Thought U n i t s .  These and o t h ­

e r  inc rem en ta l  MANOVA t e s t s  a r e  p r e s e n te d  i n  Table  3.

The major d i f f e r e n c e  in word coun t  v a r i a b l e s  between the 

REM and WO c o n d i t i o n s  i s  i n  t h e  Thought Uni t  v a r i a b l e ,  which 

i s  h ig he r  i n  th e  WO c o n d i t i o n .  Once th e  v a r i a n c e  accounted  

f o r  by Thouqht Uni ts  i s  removed, no o t h e r  v a r i a b l e  a ccou n ts  

f o r  a s i g n i f i c a n t  p r o p o r t i o n  of the  REM-WO v a r i a n c e .
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TABLE 2

D i f f e r e n c e s  between t h e  REM and WO C o n d i t i o n s

Varia  ble Source df SS MS F Pr>F S2

T o ta l Model 1 1 .30 1 .30 8.43 .007 .225

Word E r ro r 29 4.47 .15
4

Count T o ta l 30 5.77

T o ta l Model 1 2.81 2.81 12.25 .0015 .297

R e c a l l E r ro r 29 6.66 .23

Count T o ta l 30 9.47

Thought Model 1 29 .12 29.12 32 .60 .0001 .529

Lin i t s E r ro r 29 25.90 .89

T o ta l 30 55.02

V isu a l Model 1 1 .56 1 .56 2.11 .157 .068

E rro r 29 21.43 .74

Tota l 30 22.99

Auditory Model 1 .71 .71 1.30 .26 .043

E r ro r 29 15.76 .54

T o ta l  30 16.46

A l e r t n e s s  Model 1 1809.12 1809.12 209.17 .0001 .878

E r ro r  29 250.32 8 .65

T o ta l  30 2059.93

Mean

- .2 0 8

.306

- .985

.228

.154

7 .  77
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I n c r e m e n t a l  MANOVA T e s t s  f o r  t h e  d i f f e r e n c e s  be tw een  REM and

WO

1. Increment  due to  T o ta l  Word Count ove r  Thought  U n i t s :  

T o ta l  Word Count ♦ Thought Uni ts  F (1/29) = 34 .48

Thought U n i t s  F ( l / 2 9 )  = 32.60

Increment F ( l / 2 8 )  = .855

2. Increment due to  Thought U n i t s  over  T o ta l  Word Count: 

Tota l  Word Count + Thought U n i ts  F (1/29) = 34.48

T ota l  Word Count F ( l / 2 9 )  = 8 .43

Increment  F (1/28) = 19.48*$

3. Increment  due to T o ta l  Word Count ov e r  T o ta l  R e ca l l  

Coun t :

Tota l  Word Count + T o ta l  R eca l l  Count F (1/29) = 1 2 .26

T o ta l  R eca l l  Count F (1/29) = 1 2 .25

Increment F ( l / 2 8 )  = .007

4. Increment  due to  T o ta l  R e c a l l  Count over T o ta l  Word 

Count:

T ota l  Word Count ♦ T o ta l  R e ca l l  Count F ( l / 2 9 )  = 12 .26

T ota l  Word Count F (1/29) = 8.43

Increment  F (1/28) = 2.86
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5. Increm ent  due to  Thought U n i t s  over  A l e r t n e s s :

Thought U n i t s  ♦ A l e r t n e s s  F ( l / 2 9 )  = 248.17

A l e r t n e s s  F ( l / 2 9 )  = 209. 17

Increm ent  F (1/28) = 4 .585$

6. Increm ent  due to  T o ta l  R e c a l l  Count over A l e r t n e s s :

T o ta l  R e c a l l  Count + A l e r t n e s s  F ( l / 2 9 )  = 247.67

A l e r t n e s s  F ( l / 2 9 )  = 209.17

Increment  F (1/28) = 4 .5 5 $

7. Increm ent  due t o  T o ta l  R e c a l l  Count over  Thought U n i t s :  

T o ta l  R e ca l l  Count ♦ Thought U n i t s  F ( l / 2 9 )  = 39 .87

Thouqht U n i t s  F ( l / 2 9 )  = 32 .60

Increm ent  F (1/28) = 3 .30

8. Increm ent  due to  Thought U n i t s  over  T o ta l  R e c a l l  Count :  

T o ta l  R e ca l l  Count ♦ Thought U n i t s  F (1/29) = 39 .87

T ota l  R e ca l l  Count F ( l / 2 9 )  = 1 2 .25

Increm ent  F ( l / 2 8 )  = 18 .75$$

9. Increm ent  due to  V isua l  o v e r  Thought U n i t s :

V isua l  ♦ Thought U n i t s  F (1/29) = 37 .92

Thought U n i t s  F ( l / 2 9 )  = 32 .60

Increm ent  F ( l / 2 8 )  = 2.42

$ p < .05

$$ p < . 0 1
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D i f f e r e n c e s  be t ween t he WO and W con d i t i o n s

I t  was h y p o th e s iz e d  t h a t  m en ta t ion  from waking s u b j e c t s  

w i th  e x t e r n a l  s t i m u l a t i o n  would have a g r e a t e r  number of 

Thought U n i t s  than m e n ta t io n  r e p o r t s  from s u b j e c t s  i n  a 

s t i m u l u s  reduced e n v i ro n m en t .  H o t e l l i n g ' s  one sample I  

squa red  t e s t s  were performed on t h e  d i f f e r e n c e s  between the 

WO and W c o n d i t i o n s .  As shown in  T ab le  U,  the  Thought Uni t  

s c a l e  approaches  s i g n i f i c a n c e  with  p = .05U, w i th  s u b j e c t s  

p roducing  more Thought U n i t s  d u r in g  t h e  W th an  WO c o n d i t i o n .  

T o ta l  Word Count, T o ta l  R e c a l l  Count,  V isua l  and Audi tory  do 

not  acc o u n t  for  s i g n i f i c a n t  p r o p o r t i o n s  of the  v a r i a n c e  be­

tween the  WO and U c o n d i t i o n s .

Again, t h e  major d i f f e r e n c e  between th e  two c o n d i t i o n s  in  

c o n te n t  v a r i a b l e s  i s  in  t h e  Thought  U n i t  v a r i a b l e .  The ex­

t e r n a l  s t i m u l a t i o n  g e n e r a te d  i n t r u s i o n s  in  t h e  s u b j e c t s '

t h o u g h t  p r o c e s s e s  le a d in g  t o  a g r e a t e r  number o f  Thought

U n i t s .  One might  have e x p ec te d  th e  m enta t ion  r e p o r t s  from 

waking s u b j e c t s  wi th  e x t e r n a l  s t i m u l a t i o n  a v a i l a b l e  to  show 

an even g r e a t e r  d i f f e r e n c e  in  Thought U n i t s  when compared 

w i th  th e  m en ta t ion  r e p o r t s  in  th e  s t i m u l u s  reduced  e n v i r o n ­

ment, but  even i n  a s t i m u l u s  reduced e n v i ro n m en t ,  t h e r e  i s

s t i m u l a t i o n  a v a i l a b l e  to  s u b j e c t s .



TABLE 4

D if f e r e n c e s between t h e  WO and U C o n d i t io n s

V a r ia b le Source SS MS F Pr>F R 2 Mean

T o ta l Model 1 .01 .01 .21 .65 .007 - . 0 2

Word E r ro r 29 1.86 .06

Count T o ta l 30 1.87

T o ta l Model 1 .10 .10 1 .2 9 .266 .042 - .0 5 8

R e c a l l E rro r 29 2.30 .08

Count T ota l 30 2.41

Thought Model 1 1.60 1.60 4 .03 .054 .122 - . 2 3

Uni t s E r ro r 29 11.51 .40

T o ta l 30 13.11

Visua 1 Model 1 .65 .65 1 .92 .18 .062 .147

E rro r 29 9.82 .34

T ota l 30 10.47

Aud i t o r y Model 1 .24 .24 1 .35 .26 .04 - .0 8 9

E r ro r 29 5.10 .18

T o ta l 30 5.34

A l e r t n e s s Model 1 18.99 18 .99 8 .10 .0081 .218 - .7 9 6

E r ro r 29 68.00 2. 35

Tota l 30 86.98
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D i f f e r e n c e s  between t he REM and W co n d i t i o n s

As p r e d i c t e d  by th e  model,  REM and W were t h e  two roost 

d i v e r g e n t  c o n d i t i o n s  i n  t h e  p r e s e n t  e x p er im en t  with  A l e r t ­

n e s s ,  Thought U n i t s ,  T o ta l  R e c a l l  Coun t ,  T o ta l  Word Count 

and V isu a l  a l l  s i g n i f i c a n t l y  d i f f e r e n t  between t h e  two con­

d i t i o n s  (see Table  5 ) .

Among th e  c o g n i t i v e  v a r i a b l e s ,  Thought U n i t s  a c c o u n ts  fo r  

53% o f  t h e  REM-W v a r i a n c e ,  T o ta l  R e c a l l  Count a c c o u n ts  fo r  

32% and T o ta l  Word Count a c c o u n t s  f o r  20% of  t h e  REM-W v a r i ­

ance  with W being  h ig h e r  on each of  t h e s e  m e a su re s .  V isua l  

a c c o u n ts  fo r  15% of the  v a r i a n c e  with th e  v i s u a l  coun t  be ing  

h i g h e r  f o r  REM than W r e p o r t s .

Inc rem en ta l  MANOVA t e s t s  were performed t o  d e te rm in e  

whether  some o f  the  dependen t  v a r i a b l e s  cou ld  add t o  the  

v a r i a n c e  a l r e a d y  accounted f o r  by o t h e r  dependent  v a r i a b l e s .  

S e l e c te d  i n c re m e n ta l  MANOVA t e s t s  a r e  p r e s e n t e d  i n  Tab le  6.

I t  was h y p o th es iz ed  t h a t  t h e  major d i f f e r e n c e  between the  

two c o n d i t i o n s  would be in t h e  Thought  Unit  v a r i a b l e .  T o ta l  

R e c a l l  Count does n o t  add s i g n i f i c a n t l y  t o  th e  v a r i a n c e  a l ­

ready  accounted  fo r  by Thought  U n i t s .  The V isu a l  and Audi­

t o r y  v a r i a b l e s  do n o t  add s i g n i f i c a n t l y  to  the  v a r i a n c e  a c ­

coun ted  f o r  by Thought U n i t s .  T o t a l  Word Count does n o t  add
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s i g n i f i c a n t l y  t o  th e  REM-tf v a r i a n c e  a l r e a d y  accounted  f o r  by 

e i t h e r  Thought Units  or  T o ta l  R e ca l l  Count.

The major d i f f e r e n c e  in  word coun t  v a r i a b l e s  between the  

REM and W c o n d i t i o n s  i s  in t h e  Thought Unit v a r i a b l e .  Once 

th e  v a r i a n c e  accounted  fo r  by Thought Uni ts  i s  removed, no 

o t h e r  v a r i a b l e  accou n ts  f o r  a s i g n i f i c a n t  p ro p o r t io n  o f  th e  

REM-W v a r i a n c e .

The A l e r t n e s s  measure a c c o u n ts  f o r  90% of  th e  REM-W v a r i ­

ance .  As might be e x p e c te d ,  s u b j e c t s  r e p o r t e d  t h e i r  p r e i n ­

t e r r u p t i o n  a l e r t n e s s  l e v e l  as  having been h i g h e r  when i n t e r ­

r u p te d  from the waking c o n d i t i o n  th an  when i n t e r r u p t e d  from 

REM. Both Thought U n i t s  and T o ta l  R e c a l l  Count i n d i v i d u a l l y  

add s i q n i f i c a n t l y  ( a t  < .05 l e v e l )  to  th e  v a r i a n c e  accounted  

f o r  by A l e r t n e s s .



TABLE 5

63

D i f f e r e n c e s  between t h e  REM and W C o n d i t i o n s

V a r ia b le Source df s s MS F Pr>F R2 Mean

T o ta l Model 1 1.58 1.58 7 .36 .011 .202 - . 2 3

Word E rro r 29 6.23 .22

Count T ota l 30 7.80

T o ta l Model 1 3.99 3.99 13 .32 .001 .32 - . 3 7

R e c a l 1 E rro r 29 8.69 .30

Count T o ta l 30 12.63

Thouqht Model 1 44.36 44.36 33 .10 .0001 .53 - 1 .  22

U ni ts E r ro r 29 38.87 1.34

To t a l 30 83.23

V isu a l Model 1 4 .22 4.22 5.14 .03 .151 .375

E rro r 29 23.81 .82

T o ta l 30 128.0 3

Audi to ry Model 1 .13 .13 .24 .63 .008 . 06

E rro r 29 15.48 .53

T o ta l 30 15.60

A l e r t n e s s  Model 1 2198.78 2198.78 261.6 .0001 .90 - 8 .5 6

E r ro r  29 243.75 8 .41

T o t a l  30 24 4 2 .5 3



TABLE 6
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I n c r e m e n t a l  MANOVA T e s t s  f o r  t h e  d i f f e r e n c e s  be tw een  REM and

U

1. Increment  due to  T o ta l  Word Count ove r  Thought U n i t s :  
T o ta l  Word Count + Thought Uni ts  F (1/29) = 33 .27
Thought U n i t s  F ( l / 2 9 )  = 33.10

2 .
Increm ent F (1/28) = .077

Increm ent  due to  T o ta l  Word Count o v e r  T o ta l  R e c a l l  
C oun t :
T o ta l  Word Count ♦
T ota l  R e c a l l  Count 
Increment

T o ta l  R e ca l l  Count F (1/29) = 1U.75 
F (1/29) = 13 .32  
F (1/28) = .946

3. Increment  due to  Thought U n i t s  over  
Thought U n i t s  + A l e r t n e s s  
A l e r t n e s s  
Increment

A l e r t n e s s :  
F (1/29) 
F (1/29) 
F (1/28)

= 335.77 
= 261.60 
= 7.14 6*

4. Increment  due to  T o ta l  R e c a l l  Count over A l e r t n e s s :
T o ta l  R e c a l l  Count + A l e r t n e s s  F ( l / 2 9 )  = 353.75
A l e r t n e s s  F (1/29) = 261.60
Increment  F ( l / 2 8 )  = 8 .879*

5. Increm ent  due to  T o ta l  R e c a l l  Count over Thought U n i t s :
T o ta l  R e c a l l  Count + Thought U n i ts
Thought U n i t s
Increment

F (1/29) 
F (1/29) 
F (1/28)

= 37 .28  
= 33.10 
= 1 . 8 8

6.  Increm ent  due to  
Visua l  + Thought 
Thought U n i t s  
Increm ent

Visual
Uni ts

ove r  Thought U n i t s :
F (1/29) 
F (1/29) 
F (1/28)

39.8 2 
33.10 
3.03

7.  Increm ent  due t o  A ud i to ry  over  Thought U n i t s :
A udi tory  ♦ Thought U ni ts  F ( l / 2 9 )  = 37 .55
Thought U n i t s  F (1/29) = 33 .10
Increm ent  F ( l / 2 8 )  = 2 .01

p < .0 5



C o r t i c a l  A c t iv a t i on and M enta t ion  

Eye movement a c t i v i t y  d u r in g  REM

Eye movement a c t i v i t y  has  been found to  c o n ta m in a te  th e  

d e l t a  bandwidth in  f a s t  F o u r i e r  a n a l y s i s  (Lopes da S i l v a ,  

1982; Chen, D rangsho l ,  Dworkin and C l a r k ,  1 9 8 3 ) .  T h e r e f o r e ,  

eye movement a c t i v i t y  and t h e  EEG measures  were c o r r e l a t e d  

t o  t e s t  f o r  p o s s ib l e  eye movement a r t i f a c t s  in  t h e  EEG meas­

u r e s .

Eye movements were sco red  by having two indep en den t  j u d g ­

es count th e  number of  t h r e e  second i n t e r v a l s  , in  t h e  60 

seconds  p r i o r  t o  each REM awakening,  t h a t  c o n ta in e d  a t  l e a s t  

one r a p i d  eye movement. Rapid eye movements were d e f in e d  as 

hav ing  a pen d e f l e c t i o n  of a t  l e a s t  31 m i c r o v o l t s  (w ith  a 

c a l l i b r a t i o n  s i g n a l  of  50 m ic r o v o l t s )  a t  an a n g le  of  between 

8 8  and 92 d e g r e e s .  The number of i n t e r v a l s  w i th  eye move­

ments ranged from 0 to  20 w ith  a mean o f  7.45 and a s t a n d a r d  

d e v i a t i o n  of 5 .4 .

The c o r r e l a t i o n  between judges* r a t i n g s  o f  number of  i n ­

t e r v a l s  c o n t a i n i n g  eye movements was .9 4 .  The judges  r a t i n g s  

were averaged  f o r  each t r i a l  and t h e s e  a v e rages  used in  su b ­

seq u en t  a n a l y s e s .  The s i g n i f i c a n t  r e l a t i o n s h i p s  a r e  p r e ­

s e n t e d  i n  Table  7 .

As can be seen  from T ab le  7, t h e  s i g n i f i c a n t  r e l a t i o n ­

s h i p s  a re  from t h e  c e n t r a l  e l e c t r o d e  p la c e m e n ts .  There were



no s i g n i f i c a n t  r e l a t i o n s h i p s  from t h e  t e m p o r a l - p a r i e t a l  

p la c e m e n ts .  The r e l a t i o n s h i p s  a re  with  the  d e l t a  and t h e t a

bandw id ths ,  with t o t a l  power r e f l e c t i n g  the  c o n t r i b u t i o n s  

from the  d e l t a  and t h e t a  bandw id ths .

These r e l a t i o n s h i p s  a r e  f o r  n o n s ta n d a rd iz e d  EEG d a t a .  

When looking  a t  n o n s ta n d a rd iz e d  d a t a ,  r e s u l t s  i n c l u d e  both 

between s u b j e c t  and with in  s u b j e c t  v a r i a n c e .  In  t h i s  c a s e ,  

t h e  between s u b j e c t  v a r i a n c e  would i n c l u d e  th e  p o s s i b i l i t y  

t h a t  s u b j e c t s  vary in  the  amount of  EEG a c t i v i t y  or  eye 

movement a c t i v i t y  t h a t  they  g e n e r a l l y  produce .  The w i th in  

s u b j e c t  v a r i a n c e  would i n c l u d e  th e  v a r i a t i o n  in  EEG and eye 

movement a c t i v i t y  from t r i a l  to  t r i a l .  In  o r d e r  t o  s tud y  

th e  w i th in  s u b j e c t  v a r i a b i l i t y  from t r i a l  t o  t r i a l ,  th e  be­

tween s u b j e c t  d i f f e r e n c e s  can be e l i m in a t e d  by s e t t i n g  each 

s u b j e c t ' s  mean t o  a s t a n d a r d  mean.

When th e  mean fo r  each s u b j e c t  i s  s e t  to  a s t a n d a r d  mean, 

a l l  t h e  r e l a t i o n s h i p s  between EEG a c t i v i t y  and eye movements 

become i n s i g n i f i c a n t .  This  i s  t h e r e f o r e  a g e n e r a l  e f f e c t ,  

i n d i v i d u a l s  with a g r e a t e r  average  l e v e l  of eye movement ac ­

t i v i t y  a r e  producing  more d e l t a  and t h e t a  power. I t  i s  not 

s p e c i f i c .  For any i n d i v i d u a l ,  p roducing  more eye movements 

on one t r i a l  does no t  mean t h a t  t h e r e  w i l l  be more d e l t a  and 

t h e t a  on t h a t  t r i a l .
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TABLE 7

R e l a t i o n s h i p s  between Eye Movement A c t i v i t y  and EEG Measures

F iv e  minute EEG a v e r a g e s  One min u t e EEG a verages

V a r ia b le  C3-A1A2 CH-A1A2 C3-A1A2 CU-A1A2

D el ta • 24* . 2 1 * .27**

Theta . 2  9**  ̂QA«<>A tOQirvv .23* . 314*4 *

T o ta l . 2  6 * .32** .25* .28**

* p < . 0 5

V* P < . 0 1

* * *  p < . 0 0 1

* * * v  p . 0 0  01
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EEG d i f f e r e n c e s  between c ondi t i o n s

Repeated measures F t e s t s  were performed t o  look a t  the  

d i f f e r e n c e s  in EEG measures between th e  REM and WO c o n d i ­

t i o n s .  As can be seen  i n  Table  8  t h e r e  i s  s i g n i f i c a n t l y  more 

d e l t a  in REM and s i g n i f i c a n t l y  more a l p h a ,  s igma,  b e ta  iand 

h iqh  power in  th e  waking c o n d i t i o n .  This i s  t r u e  whether 

one i s  lo o k in g  a t  t h e  f i v e  or  t h e  one minute  EEG a v e r a g e s .
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TABLE 6

D i f f e r e n c e  between REM and WO C o n d i t i o n s  in  EEG Measures

F iv e  Minute EEG Av e r ages  

V a r ia b le  df F Pr>F R2

Mean*

D el ta 1 ,26 49.76 . 0 0 0 1 . 6 6 19.96

Theta 1 ,26 1.39 .25 .05 4.03

A1 pha 1 ,26 2 1 . 0 0 . 0 0 0 1 .45 - .2 5

Sigma 1 ,26 25.94 . 0 0 0 1 .56 -5 .86

Beta 1 ,26 32.84 . 0 0 0 1 .56 - 3 .8 9

Hiqh 1 ,26 5.40 .026 .17 - .4 6

T o ta l 1 ,26 .72 .41 .03 - 7 .4 4

One Minute EEG Averages

D e l ta 1 ,26 24.29 . 0 0 0 1 .48 17.28

Theta 1 ,26 1.13 .30 .04 3.6

Alpha 1 ,26 20.03 . 0 0 0 1 .43 -19 .48

Sigma 1 ,26 19.88 . 0 0 0 1 .51 -5 .4 5

Beta 1 ,26 19.14 . 0 0 0 2 .42 - 3 .1 0

Hiqh 1 ,26 . 0 0 .98 . 0 0 - . 0 0

T o ta l 1 ,26 . 2 2 .65 . 0 1 -4 .1 0

* + s ign  means more power in  REM than  WO
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Rel a t i o n s h i p s  b e t ween EEG and c o n t e n t  d i s r e g a r d i n g  c o n d i ­

t i o n s

The mean of each s u b j e c t  f o r  each c o n te n t  and EEG measure 

was computed f o r  each c o n d i t i o n .  Pearson  product-moment 

c o r r e l a t i o n s  between t h e  EEG measures  and t h e  c o n te n t  meas­

u r e s  were c a l c u l a t e d  f o r  each  e l e c t r o d e  p lacem ent  d i s r e g a r d ­

in g  th e  c o n d i t i o n s .  S u r p r i s i n g l y ,  t h e r e  were no s i g n i f i c a n t  

r e l a t i o n s h i p s  between t h e  T o ta l  R e c a l l  Count measure and any 

of t h e  EEG m easures .  This  i s  d e s p i t e  t h e  f a c t  t h a t  56 c o r r e ­

l a t i o n s  were perfo rm ed .  I h e r e  were a l s o  no s i g n i f i c a n t  r e ­

l a t i o n s h i p s  (p<.05) between th e  summary v i s u a l  measure or 

any o f  i t s  component s c a l e s  and t h e  EEG m ea su re s .  A t o t a l  

of 280 c o r r e l a t i o n s  were performed lo o k in g  a t  th e  r e l a t i o n ­

s h i p s  between th e  v i s u a l  s c a l e s  and t h e  EEG m easures .  There  

were no s i g n i f i c a n t  r e l a t i o n s h i p s  between t h e  summary Audi­

t o r y  s c a l e  and t h e  EEG m easu re s .  There  was one s i g n i f i c a n t  

r e l a t i o n s h i p  between E x p l i c i t  Speech,  a component s c a l e  of 

t h e  A ud i to ry  s c a l e ,  and an EEG m easu re ,  b u t  c o n s i d e r i n g  the  

168 c o r r e l a t i o n s  performed look ing  a t  th e  r e l a t i o n s h i p s  be­

tween a u d i t o r y  s c a l e s  and EEG m e a su re s ,  t h i s  to o  seems i n ­

s i g n i f i c a n t .

The s i g n i f i c a n t  r e l a t i o n s h i p s  between the  EEG measures  

and th e  Thought Unit  s c a l e  f o r  each  e l e c t r o d e  placement a re  

p r e s e n t e d  in  T ab le  9 .  The s i g n i f i c a n t  r e l a t i o n s h i p s  between
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t h e  EEG measures and t h e  A l e r t n e s s  r a t i n g s  f o r  each e l e c ­

t r o d e  p lacem ent  a r e  p r e s e n t e d  in  T ab le  10. Many o f  t h e s e  

r e l a t i o n s h i p s  a re  s i g n i f i c a n t  and t h e r e  i s  a d e f i n i t e  p a t ­

t e r n  among them. I h e r e  i s  a n e g a t i v e  r e l a t i o n s h i p  between 

t h e  d e l t a  measures  and both  th e  Thought  U n i t  s c a l e  and the 

A l e r t n e s s  m easu re .  There i s  a n e g a t i v e  r e l a t i o n s h i p  between 

t h e t a  and t h e  A l e r t n e s s  measure .  There  a r e  s i g n i f i c a n t  p o s i ­

t i v e  r e l a t i o n s h i p s  between a l p h a ,  s igm a,  and b e t a  and both 

t h e  Thought Unit  s c a l e  and t h e  A l e r t n e s s  r a t i n g s .

These r e s u l t s  co r re sp o n d  t o  t h e  s i g n i f i c a n t  d i f f e r e n c e s  

between c o n d i t i o n s  in  both EEG and c o n t e n t  v a r i a b l e s .  Sub­

j e c t s  have more d e l t a  d u r i n g  REM than  UO and a l s o  have REM 

r e p o r t s  c o n t a i n i n g  fewer Thought U n i t s  than  t h e i r  WO r e ­

p o r t s .  S u b j e c t s  awakened from REM f e e l  l e s s  a l e r t  than  su b ­

j e c t s  in th e  Waking c o n d i t i o n .  With t h e  s i g n i f i c a n t  d i f f e r ­

e n c e s  between s t a g e s ,  when lo o k in g  a c r o s s  s t a g e s ,  h ig h e r  

d e l t a  would r e l a t e  to  few er  Thought U n i t s  and a l e s s e n e d  

f e e l i n g  of a l e r t n e s s .  On th e  o t h e r  h a n d ,  s u b j e c t s  produce  

more a lp h a ,  sigma and be ta  d u r in g  Waking than  d u r in g  REM and 

a t  th e  same t im e  produce  a g r e a t e r  number of Thought U n i t s  

and f e e l  more a l e r t .  C o r re sp o n d in g ly  an i n c r e a s e  i n  t h e s e  

EEG m easures  c o r r e l a t e s  w i th  an i n c r e a s e  in  t h e s e  c o n te n t  

v a r i a b l e s .

Alpha, s igm a,  and beta  c o r r e l a t e  with  bo th  Thought U n i t s  

and A l e r t n e s s  d e s p i t e  th e  f a c t  t h a t  t h e  a l e r t n e s s  measure
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and Thought Unit  s c a l e  a r e  in d ep e n d en t  o f  each o t h e r .  The 

c o r r e l a t i o n s  between A l e r t n e s s  and Thought U n i t s  fo r  each 

s t a g e  a r e  small  and i n s i g n i f i c a n t .

These r e l a t i o n s h i p s  between t h e  EEG measures and th e  con­

t e n t  measures a c r o s s  t h e  REM and WO s t a g e s  were a l s o  c a l c u ­

l a t e d  with t h e  EEG measures averaged  a c r o s s  e l e c t r o d e  s i t e s ,  

g i v in g  one g lo b a l  EEG measure f o r  each  bandw id th .  Again ,  

t h e r e  were s i g n i f i c a n t  p o s i t i v e  r e l a t i o n s h i p s  between a l p h a ,  

s ig r ra ,  b e ta  and th e  Thought Unit  s c a l e .  There were s i g n i f i ­

c a n t  n e g a t iv e  r e l a t i o n s h i p s  between d e l t a  and t h e t a  and 

A l e r t n e s s  as  w e l l  a s  s i g n i f i c a n t  p o s i t i v e  r e l a t i o n s h i p s  be­

tween sigma and b e ta  and A l e r t n e s s .  These r e l a t i o n s h i p s  he ld  

f o r  both  th e  f i v e  and one minute  a v e r a g e s  (see  T ab le  11) .
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TABLE 9

EEG V a r ia b l e s  and Thought U n i t s

S i g n i f i c a n t  Re l a t i o n s h i p s  Di s r e g a rd in g  Cond i t i o n s 

F iv e  minute  EEG a v e r a g e s :

Vari a ble

D e l ta

Theta

TPl-Cz I£2-Cz

- . 2 5 *

C3-A1A2 C4-A1A 2

A1 pha . U 3 '** *'<■ , a 2 *** .36** .32**

Si qma .27* .28*

Beta .38** . 34** r rt• D U -v-*- .52 ** *

T o ta l

One m inute  EEG a v e r a g e s :

V a r ia b le lEIrQz I tZzCz C3-A1A2 C4-A1A2

D e l ta — . 27*

Theta

Alpha .4 0 ** .37** .35** .33**

Sigma .29* .32**

Beta .26* . 4 5** .47***

T o ta l

* p < .05

** p ^ . 0 1

*** p < . 0 0 1

w w  p F . 0 0 0 1
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TABLE 10

EEG V a r i a b l e s  and A l e r t n e s s

Signi f i can t  Rel a t i o ns h i p s  D i s r e g a r d ing Cond i t i o n s  

F iv e  minute EEG a v e r a g e s :

V a r ia b le

Delta

Theta

Alpha

Si gma

Beta

T o ta l

TPl-Cz
r <i•  9 J X ' 1* w v

—«41**

.3 0*

.26*

I £ 2 -£z
  C  Q . v  ^  . v

- . 4 1 * *

. 36**

.27*

One minute  EEG av e r a ges :

V a r ia b le  

D e l ta  

Theta 

Alpha 

Sigma 

Beta

* p < .05

** p < .01

*** p < .001

vv&Sr p C. . 0 0 0 1

lE I rC z  

- . 4  7*** 

- .37**

. 27*

IZZzCz

- .51***

-.38**

»  J J v y

QIzBlBZ

— .3 7**

. 3 3** 

.29*

. 4 6****

C3-A1A2

- .34**

.34**

.32**
I*.

C4-A1A2

- .37**

.33**

.31*

C4-A1A2

-.33**

.34**

. 35** 

.42***
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TABLE 11

A l e r t n e s s ,  Thought U n i t s ,  and EEG V a r i a b l e s

S i g n i f i c a n t  R e l a t i o n s h i p s  Dis r e g a r ding  Cond i t io n s  

F iv e  minute EEG a v e ra g e s :

Va r i a b l e

D e l ta

Theta

A1 pha

Sigma

Beta

Total

though t  Uni t s

• 3 9 **

.25*

.52***

Ale r t n e s s  

—, 51**** 

- .2 8 *

.36**

.31*

,45***

One minute  EEG a v e ra g e s :

V a r ia b le  Thought Un i t s

D e l ta

Theta

Alpha .38**

Siqma

Beta

T o ta l

.27*

.45***

Ale r t ness  

-.4 8 **** 

-.26*

.35**

.281*

.38**

p < .05

p < .01

p < .001

p < .0 0 0 1
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S u b je c t  var i ance

T h i r t y  s u b j e c t s  were s t u d i e d  in  t h i s  e x p e r i m e n t .  EEG ac ­

t i v i t y  c e r t a i n l y  d i f f e r s  from s u b j e c t  t o  s u b j e c t ,  with some 

s u b j e c t s  g e n e r a l l y  p roduc ing  more or  l e s s  power in  c e r t a i n  

bandwid ths  than  o t h e r  s u b j e c t s .

Content  d a ta  might a l s o  d i f f e r  from s u b j e c t  t o  s u b j e c t .  

Some s u b j e c t s  might have a tendency  to  speak more o r  l e s s  or  

to  speak in  more or l e s s  d e t a i l  than  o t h e r  s u b j e c t s .  I f  

t h i s  were t r u e ,  then  r e l a t i o n s h i p s  found between t h e  EEG 

d a t a  and t h e  c o n te n t  da ta  w i th in  c o n d i t i o n s  would r e f l e c t  

no t  on ly  t h e  v a r i a n c e  w i th in  s u b j e c t s  a c r o s s  t r i a l s ,  but  

a l s o  th e  v a r i a n c e  between s u b j e c t s .

M u l t ip l e  l i n e a r  r e g r e s s i o n s  were perform ed to  s e e  whether  

t h e  s u b j e c t  f a c t o r  p r e d i c t e d  a s i g n i f i c a n t  p r o p o r t io n  o f  th e  

v a r i a n c e  in  the  EEG and c o n t e n t  d a t a .  As can be seen in  Ta­

b l e  12, e v e ry  EEG v a r i a b l e  was s i g n i f i c a n t l y  a s s o c i a t e d  with  

s u b j e c t  v a r i a n c e .

As in th e  EEG measures,  s u b j e c t  v a r i a n c e  p r e d i c t e d  a s i g ­

n i f i c a n t  p r o p o r t io n  of  the  v a r i a n c e  in  a l l  c o n te n t  m easures .  

As can be seen in  Table  13 ,  t h e  s u b j e c t  f a c t o r  p r e d i c t e d  be­

tween 69 and 95 p e r c e n t  of th e  c o n te n t  v a r i a n c e  depending  on 

which p a r t i c u l a r  measure was s t u d i e d .



Because of  th e  s t r o n g  d i f f e r e n c e s  between s u b j e c t s ,  in  

o rd e r  t o  s tudy  the  r e l a t i o n s h i p  between EEG and c o n te n t  

v a r i a b l e s  w i th in  s u b j e c t s  ( a c r o s s  t r i a l s ) ,  s u b j e c t  v a r ia n c e  

would have to  be p a r t i a l l e d  o u t .  T h is  was accomplished  by 

s e t t i n q  each s u b j e c t ' s  mean in  each c o n d i t i o n  t o  a s t a n d a r d  

mean o f  z e r o .  All  w i th in  c o n d i t i o n  a n a l y s e s  were performed 

on d a ta  in  which each s u b j e c t ' s  mean was s e t  t o  a s t a n d a rd  

mean of z e r o .
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TABLE 12

Subjec t  V ar iance  P r e d i c t i n g  EEG Data

REM

Fi ve minute Av e rag es  One Minute Averages

V a r ia b l e df F Pr >F R 2 F Pr >F R2

D el ta 29,55 25.95 . 0 0 0 1 .93 30.91 . 0 0 0 1 .94

Theta 29 ,55 56.01 . 0 0 0 1 .97 59.78 . 0 0 0 1 .97

Alpha 29,55 73.65 . 0 0 0 1 .98 50.09 . 0  0 0 1 .96

Sigma 29 ,55 1*1.84 . 0 0 0 1 .96 33 .82 . 0 0 0 1 .95

Beta 29 ,55 23.34 . 0 0 0 1 .93 7 .37 . 0 0 0 1 .79

High 29,55 1 .90 . 0 2 .50 1.94 .017 .50

T o ta l 29 ,55 27.86 . 0 0 0 1 .94 43.18 . 0  0 0 1 .96

HQ

Fi ve minute Averages One Minute Averages

Varia  b le df F Pr >F R2 F Pr >F R2

D el ta 29 ,59 35.33 . 0 0 0 1 .95 12.63 . 0 0 0 1 . 8 6

Theta 29,59 84.00 . 0 0 0 1 .98 24.59 . 0 0 0 1 .92

Alpha 29 ,59 75.00 . 0 0 0 1 .97 8  .99 . 0 0 1 .82

Sigma 29 ,59 20.14 . 0 0 0 1 .91 29.94 . 0  0 0 1 .94

Beta 29 ,59 23.13 . 0 0 0 1 .92 11.03 . 0 0 0 1 .84

High 29,59 1 .67 .047 .45 2.91 .0003 .59

T o ta l 29,59 86.26 . 0 0 0 1 .98 41.74 . 0  0 0 1 .95
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TABLE 13

S u b je c t  Variance  P r e d i c t i n g  Word Count Data

V a r ia b le

REM

df F Pr>F R2

T ota l  Word Count 29,56 33.16 . 0 0 0 1 .95

T o ta l  R e ca l l  Count 29,56 17.90 . 0 0 0 1 .90

Thought Uni ts 29,53 13.35 . 0 0 0 1 .90

Visua 1 29,56 7 .95 . 0 0 0 1 .79

Auditory 29,56 3 .82 . 0 0 0 1 .89

Varia  ble df

WO

F Pr>F R2

T o ta l  Word Count 29,58 90.70 . 0 0 0 1 .95

T o ta l  R eca l l  Count 29,58 33.70 . 0 0 0 1 .99

Thought U n i t s 29,58 8 .57 . 0 0 0 1 .81

Visua 1 29,58 1 2 . 1 1 . 0 0 0 1 . 8 6

Auditory 29,58 9 .59 . 0 0 0 1 .69



The s i g n i f i c a n t  d i f f e r e n c e s  between th e  means o f  th e  su b ­

j e c t s  might be r e f l e c t e d  i n  th e  s u b j e c t s *  v a r i a n c e s  a c r o s s  

t r i a l s .  Means and v a r i a n c e s  a re  o f t e n  c o r r e l a t e d .  I f  th e  

v a r i a n c e s  of some s u b j e c t s  a r e  d i f f e r e n t  from t h o s e  o f  o t h e r  

s u b j e c t s ,  and c o r r e l a t i o n s  a r e  perform ed a c r o s s  s u b j e c t s ,  

th en  some s u b j e c t s  would c o n t r i b u t e  more to  t h e  c o r r e l a t i o n s  

th a n  o t h e r  s u b j e c t s .

Subjec ts*  means and s t a n d a r d  d e v i a t i o n s  were c o r r e l a t e d  

a c r o s s  t r i a l s  f o r  each v a r i a b l e .  As can be seen i n  Table  14, 

a lm o s t  a l l  t h e  c o r r e l a t i o n s  were s i g n i f i c a n t  a t  p < . 0 0 0 1 .

T h e r e f o r e ,  a l l  w i th in  c o n d i t i o n  a n a l y s e s  were performed 

on da ta  where each s u b j e c t ' s  mean was s e t  t o  a s t a n d a r d  of 

z e r o  and each s u b j e c t ' s  s t a n d a r d  d e v i a t i o n  s e t  t o  a s t a n d a r d  

o f  one a s  well  as  be ing  performed with th e  mean s e t  to  ze ro  

and th e  s t a n d a rd  d e v ia t i o n  unchanged.
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TABLE 1U

R e l a t i o n s h i p s  between Each S u b j e c t ' s  Mean and STD

EEG data

Vaxiabie  F ive Minu te  EEG Averages One Minute EEG

Delta 17 5** ** .90 ****

Theta O *1 i• Of

Alpha .  9 9* * ** .97****

S i  q ma . 9  2 * * * * . 08****

Beta Q <"1 **•' '>*•'«*« 
•  O J'i'vvv . 90****

Hiqh O »’»•'<
•  7  y*v* v w .98****

T o ta l q n .•* *v »*»***i O v w OT.», -V A A • 0  / *V* ■V'K***"

R e la t i o n s h ip s  between each s u b j e c t ^ s  mean and STD

c o n t e n t d a ta

V a r ia b le r

T o ta l  Word Count . 1 1

T ota l  R eca l l  Count - .53**

Thought U n i t s .71****

Visual .71*#**

Auditory n  / \  a a  
•  7  v * * * ^

A l e r t n e s s - . 1 0

* p < .05

** p < .01

*** p < .001

sJs sfc ijs £ p  ̂ *0001
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R e l a t i o n s h i p s between EEG and c o n te n t  v a r i a b l e s  w i th in  s t a g- 

es

EEG a c t i v i t y  was averaged  a c r o s s  t h e  fo u r  s i t e s  f o r  each 

t r i a l  f o r  each s u b j e c t  to  g e t  a g e n e r a l  measure of  EEG a c ­

t i v i t y .  EEG was c o r r e l a t e d  with  c o n t e n t  v a r i a b l e s  both  

w i t h in  t h e  REM and th e  WO c o n d i t i o n s .  Table  15 p r e s e n t s  the  

r e l a t i o n s h i p s  between EEG a c t i v i t y  and c o n t e n t  v a r i a b l e s  

d u r in q  REM, with each s u b j e c t ' s  mean s e t  t o  a s t a n d a r d  of 

z e r o  fo r  each v a r i a b l e .  Table  16 p r e s e n t s  t h e  same r e l a ­

t i o n s h i p  bu t  w i th  each s u b j e c t ' s  v a r i a n c e  s t a n d a r d i z e d  as 

w e l l ,  to  a common s t a n d a r d  d e v i a t i o n  o f  o n e .  T ab les  17 and 

18 p r e s e n t  t h e  same r e l a t i o n s h i p s ,  r e s p e c t i v e l y ,  i n  th e  Wak­

in g  c o n d i t i o n .

R e l a t i o n s h i p s  between EEG and cont e n t  v a r i a b l e s  w i t h i n REM

The c o n te n t  v a r i a b l e s  t h a t  show th e  most c o n s i s t e n t  r e l a ­

t i o n s h i p  w ith  t h e  EEG d u r in g  REM a r e  th e  v i s u a l  v a r i a b l e s ,  

most s p e c i f i c a l l y ,  V isu a l  M o d i f i e r s ,  a s u b s c a l e  o f  th e  v i s u ­

a l  s c a l e .  V isu a l  M o d i f i e r s  show a s i g n i f i c a n t  n e g a t i v e  r e ­

l a t i o n s h i p  with d e l t a ,  t h e t a  and sigma d u r in g  REM. T o ta l  

Word Count (not i n c lu d e d  in  t a b l e s )  shows no s i g n i f i c a n t  r e ­

l a t i o n s h i p s  and T o ta l  R e c a l l  Count on ly  s i g n i f i c a n t l y  c o r r e ­

l a t e s  w ith  sigma and only f o r  th e  f i v e  minute  preawakening 

EEG d a ta  and th e n  on ly  when th e  s u b j e c t s '  means have been 

s t a n d a r d i z e d  and s t a n d a r d  d e v i a t i o n s  have not  b e en ,  a not  

ve ry  c o n s i s t e n t  r e s u l t .  Thought U n i t s  p o s i t i v e l y  c o r r e l a t e  

w i th  d e l t a .
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R e l a t i o n s h i p s  b e t ween EEG and c o n t e n t  v a r i a b l e s  wi t h i n  Wak-

i nq

As d u r in g  REM, t h e  c o n t e n t  v a r i a b l e s  t h a t  show t h e  on ly  

c o n s i s t e n t  r e l a t i o n s h i p s  w i th  the  EEG d ur ing  Waking a r e  the  

v i s u a l  v a r i a b l e s ,  s p e c i f i c a l l y  V isua l  M o d i f i e r s .  Depending 

on which s t a n d a r d i z a t i o n  method i s  used  and whether  one i s  

lo o k in g  a t  t h e  f i v e  minute o r  one m inu te  EEG a v e r a g e s .  V isu ­

a l  M o d i f ie r s  c o r r e l a t e  n e g a t i v e l y  with  some or  a l l  of  t h e t a ,  

s iqm a,  a lp h a ,  and b e t a .  No m a t t e r  which s t a n d a r d i z a t i o n

method i s  u se d ,  t h e r e  i s  a n e g a t iv e  r e l a t i o n s h i p  between 

V isu a l  M o d i f i e r s  and a l p h a .

T o ta l  R e c a l l  Count has a n e g a t iv e  r e l a t i o n s h i p  with b e ta  

f o r  t h e  f i v e  minute  EEG a v e r a g e s .  There  a r e  ve ry  few o t h e r  

s i g n i f i c a n t  r e l a t i o n s h i p s  and none of  them a r e  c o n s i s t e n t ,  

e . q .  f o r  both  t h e  f i v e  and one m inute  EEG a v e r a g e s .

Although only  the  summary t a b l e s  f o r  EEG averaged  a c r o s s  

t h e  fo u r  e l e c t r o d e  p lac em en ts  a r e  i n c l u d e d  h e r e ,  t h e  summary 

s t a t i s t i c s  a r e  r e p r e s e n t a t i v e  of t h e  i n d i v i d u a l  p l a c e m e n t s .  

When c o r r e l a t i o n s  a r e  performed s e p a r a t e l y  f o r  each p l a c e ­

ment,  t h e  major s i g n i f i c a n t  r e l a t i o n s h i p s  a r e  n e g a t iv e  r e l a ­

t i o n s h i p s  between t h e  v i s u a l  s c a l e s  and th e  EEG bands i r r e ­

s p e c t i v e  of p lacement  f o r  bo th  REM and Waking.
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TABLE 15

R e l a t i o n s h i p s  b etw een  EEG A c t i v i t y  and C ontent  V a r i a b l e s

d u r i n g  REM

(Each s u b j e c t ' s  mean s e t  t o  a s t a n d a r d  mean o f  0)

F iv e  minute EEG a v e r ages

V a r ia b le  D e l ta  Theta Alpha Sigma Beta T o ta l

T o ta l  R e c a l l  - . 2 2 *

Thoughts  .2 9** .26**

M o d i f i e r s  - .2 3 *  - .2 2 *  -.2<l* - .2 2 *

V isu a l  

A udi to ry

A l e r t n e s s  - .2 2 *

One minute  EEG a v e rag e s

V a r ia b l e  D e l ta  Theta Alpha Sigma Beta T o ta l

T o ta l  R e ca l l

Thoughts  .25* .26**

M o d i f i e r s  - .28**

Visua 1

Audi to ry

A l e r t n e s s

* p < .05

** p < . 0 1

*** p < . 0 0 1

p < .0 001
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R e l a t i o n s h i p s  between EEG A c t i v i t y  and C on ten t  V a r i a b l e s

d u r in g  REM

(Each s u b j e c t ’s  mean and s t d  s e t  t o  a s t a n d a r d  mean of 0 and a s td  of 

f i v e  minute EEG a ver ages

V a r ia b le  Delta  Theta Alpha Sigma Beta T o ta l

T o ta l  R eca l l

Thoughts .30** .22*

M o d i f ie r s  - .2 5 *  - . 2 5 *  - .2 3 *

V isua l  - .38*** - .2 3 *

Auditory

A l e r t n e s s

One minute  EEG a v e rages

V a r ia b le  Del ta  Theta Alpha Sigma Beta T o ta l

T o ta l  R eca l l

Thoughts

M o d i f ie r s  - .26**

V isua l  -,3U***

Auditory  - . 2 1 *

A l e r t n e s s

* p < ' .  0 5

** p < . 0 1

£*# p < . 0 0 1

vv##  p < .0001
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. TABLE 17

R e l a t i o n s h i p s  between EEG A c t i v i t y  and Content  V a r i a b l e s

d u r in g  WO

(Each s u b j e c t ' s  mean s e t  to  a s t a n d a r d  mean o f  0)

F ive  minute EEG a v e ra g e s

V a r ia b le  D e l ta  Theta  Alpha Sigma Beta T o ta l

T o ta l  R e ca l l  - .2 3 *

Thouqhts

M o d i f i e r s  - .2 2 *  - .3 6 * * *  - .2 8 * *  - .3 3 * *

V isu a l  - .36***

Auditory  

A l e r t n e s s

One minute EEG ave r a ges 

V a r ia b le  D e l ta  Theta

T o ta l  R e ca l l  

Thouqhts 

Mod i f  i e r s  

V isua l

A udi tory  .25*

A l e r t n e s s  .21*

* p < .05

** p  ̂ .01

**£ p K. .001

vvvv p C .0001

Alpha Sigma Beta T o ta l

- .2 8 **  - . 3 0 * *  - .2 9 * *  - . 2 7 * *  

- .2 5 *
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TABLE 18

R e l a t i o n s h i p s  between  EEG A c t i v i t y  and C o n ten t  V a r i a b l e s

d u r i n g  WO

(Each s u b j e c t ' s  mean and s t d  s e t  t o  a s t a n d a r d  mean o f  0 and a s t d  oi 

F iv e  minute  EEG a v e r a ges

V a r ia b l e  D e l ta  Theta  Alpha Sigma Beta T o ta l  

T o ta l  R e c a l l  - . 2 1 *

Thouqhts

M o d i f i e r s  - .3 1 * *  - . 2 6 * *

V isua l

Audi to ry

A l e r t n e s s  .22*

One minute  EEG aver a ges 

V a r ia b l e  D e l ta  Theta Alpha

T o ta l  R e c a l l

Thoughts - .26**

Moaif i e r s  

V isua l

A ud i to ry  .25* .22*

A l e r t n e s s  - .2 1 *

Sigma Beta T o ta l

-.32** -.36*** —.26**

. 2 0 *

* p < .05

** p < . 0 1

p K. . 0 0 1

p C .0 001
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Attempts t o  r e p l i c a t e  gen e r a l  f i n d i ngs and i s s ues 

Eye moveme n t  a c t i v i t y

To a d d re s s  th e  c o n t i n u i n g  c o n t r o v e r s y  r e g a r d in g  th e  r e l a ­

t i o n s h i p  between eye movement a c t i v i t y  and dream c o n t e n t ,  

eye movement a c t i v i t y  was c o r r e l a t e d  with  t h e  v a r io u s  con­

t e n t  v a r i a b l e s .  C o r r e l a t i o n s  were performed with th e  T o ta l  

R e c a l l  Count s c a l e .  Thought Unit  S c a l e ,  V isua l  and Audi tory  

s c a l e s  and th e  A le r tn e s s  m easu re .  There  were no s i g n i f i c a n t  

r e l a t i o n s h i p s  between any c o n te n t  v a r i a b l e  and eye  movement 

a c t i v i t y .

Time of n i g h t  e f f ec t

Dreams e l i c i t e d  from l a t e r  REM p e r i o d s  have been found t o  

c o n ta in  more a c t i v i t y  th an  dreams e l i c i t e d  from e a r l i e r  

p e r io d s  (Foulkes ,  1966) .  I t  i s  p o s s i b l e  (Schwartz ,  Wein­

s t e i n  and A rk in ,  1978) t h a t  awakenings made from l a t e r  REM 

p e r io d s  a r e  preceded by some REM d e p r i v a t i o n .  REM d e p r i v a ­

t i o n  has been shown to  i n c r e a s e  " d r e a m l ik e n e s s "  o f  REM men­

t a t i o n  r e p o r t s  w i th in  the  n i g h t  (P iv ik  and F o u lk e s ,  1966) .  

C a r tw r ig h t  (1975) a t t em p ted  to  c o l l e c t  REM m en ta t ion  r e p o r t s  

from e a r l y  and l a t e  REM p e r i o d s  w i th o u t  confounding  l a t e r  

r e p o r t s  wi th  th e  e f f e c t s  o f  some REM d e p r i v a t i o n .  She found 

v e ry  l i t t l e  d i f f e r e n c e  between t h e  e a r l i e r  and th e  l a t e r  r e ­
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p o r t s  on t h e  Fou lkes  DF S c a l e .  However t h e  judges  ag reed  

t h a t  on e i g h t  o f  th e  t e n  p a i r s  she c o l l e c t e d ,  th e  fo u r th  HEM 

was d rea m ie r  t h a n  t h e  f i r s t  REM. I n  t h e i r  rev iew of  the  

" t im e  of n i g h t "  q u e s t io n  Schwartz  e t  a l . conc lude  t h a t  n o t h ­

ing  c o n c l u s i v e  can be s a i d  about  th e  changes i n  m en ta t io n  

q u a l i t y  a c r o s s  th e  n i g h t .

In the  p r e s e n t  s t u d y ,  s u b j e c t s  were awakened and asked 

f o r  r e p o r t s  from t h r e e  d i f f e r e n t  REM p e r i o d s  du r ing  the  

n i q h t .  The time o f  n ig h t  e f f e c t  was measured by having the  

r e p o r t  number c o r r e l a t e d  w i th  t h e  d i f f e r e n t  c o n te n t  v a r i ­

a b l e s .  These c o r r e l a t i o n s  were done with  th e  c o n te n t  v a r i ­

a b l e s  u n s t a n d a r d i z e d ,  with each s u b j e c t ’s mean s e t  to  z e ro  

and with each s u b j e c t ’ s mean s e t  t o  z e r o  and s t a n d a r d  d e v i a ­

t i o n  s e t  to  one.

The s i g n i f i c a n t  r e s u l t s  a r e  p r e s e n t e d  i n  Table  19. The 

T o ta l  R eca l l  Count,  V i s u a l ,  and A ud i to ry  r a t i n g s  a l l  show 

s i g n i f i c a n t  p o s i t i v e  r e l a t i o n s h i p s  w i th  r e p o r t  number w ith  

l a t e r  r e p o r t s  having more r e c a l l .  A l l  of  th e  component v i s u ­

a l  and a u d i t o r y  s c a l e s  showed s i g n i f i c a n t  p o s i t i v e  r e l a t i o n ­

s h i p s  as w e l l .  The T o ta l  Word Count measure i s  s i g n i f i c a n t ­

ly  r e l a t e d  t o  r e p o r t  number only when each s u b j e c t ’s  mean 

i s  s e t  to  zero  and s t a n d a r d  d e v i a t i o n  unchanged. The 

Thought Unit  s c a l e  shows no r e l a t i o n s h i p  with r e p o r t  number, 

l a t e r  r e p o r t s  having  t h e  same number o f  Thought U n i t s  a s  r e ­

p o r t s  g iven  e a r l i e r  in  t h e  n i g h t .  The A l e r t n e s s  r a t i n g
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shows no r e l a t i o n s h i p  with r e p o r t  number, s u b j e c t s  d o n ' t  

f e e l  more o r  l e s s  a l e r t  a f t e r  be ing  awakened from REM a s  the  

n i g h t  p r o g r e s s e s .
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TABLE 19

The R e l a t i o n s h i p  between Report  Number and C o n te n t  V a r i a b l e s

V a r ia b le  Unst a n da r d i z e d  Mean=0 Meanf0,  STD=1

T o ta l  Word Count .25*

T o ta l  R eca l l  Count .25* .37*** .36***

Thought U n i ts

V isu a l  .24* ,34*** .24*

Auditory  . 23* .33*** .32**

A le r tn e s s

* p < .05

vKf p (  .01

* * * p < » 0 0 1  

W t t  p  <  . 0 0 0 1



General Dis c u s s io n

Although waking though t  and REM imagery have been r e g a r d ­

ed as q u i t e  d i s t i n c t ,  the  c u r r e n t  r e s e a r c h  a t t em p ted  t o  de­

s c r i b e  them as q u a n t i t a t i v e  d i f f e r e n c e s  in  a s i n g l e  s e t  of 

v a r i a b l e s .  A model of dreaming and r e l a t e d  forms of s p o n t a ­

neous m enta t ion  canno t  be c o n s t r u c t e d  e x c l u s i v e l y  from s l e e p  

r e p o r t  d a t a .  R a th e r ,  i t  must be b u i l t  upon models t h a t  have 

been developed from th e  more e x t e n s i v e  da ta  bases  t h a t  e x i s t  

in  e x p e r im e n ta l  s t u d i e s  of waking c o g n i t i v e  p r o c e s s e s .

I t  has been proposed (Antrobus e t  a l . ,  1984) t h a t  c o r t i ­

c a l  a c t i v a t i o n  and h e ig h te n e d  s e n s o ry  t h r e s h o l d s  a r e  s u f f i ­

c i e n t  to  accoun t  f o r  the  p a r t i c u l a r  c h a r a c t e r i s t i c s  of the  

REM dream r e p o r t ;  t h a t  t h e s e  two v a r i a b l e s  modify c e r t a i n  

c h a r a c t e r i s t i c s  of normal waking th o ug h t  t o  produce  dream­

l i k e  m en ta t io n ;  and t h a t  no a d d i t i o n a l  s p e c i a l  c o g n i t i v e  op­

e r a t i o n s  a r e  r e q u i r e d  to  accoun t  f o r  d ream lik e  m e n t a t i o n . i n  

REM.

This  r e s e a r c h  cons ide red  whether t h e  p ro c e s s  o f  REM men­

t a t i o n  a s  d i s t i n g u i s h e d  from waking m en ta t io n  in  u n d e rs t im u ­

l a t e d  and noisy  c o n t e x t s ,  can be accounted  f o r  by t h e s e  two 

f a c t o r s ,  p e r c e p t u a l  t h r e s h o l d s  and c o r t i c a l  a c t i v a t i o n ,  

which modify waking c o g n i t i v e  p r o c e s s e s .

-  92 -
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The d a ta  p re s e n te d  here  s u p p o r t  the  p o s i t i o n  t h a t  th e  au­

d i t o r y  d i s t r a c t i o n  c h a r a c t e r i s t i c  of  th e  waking environment  

c o n t i n u a l l y  i n t e r r u p t s  what might o th e r w i s e  be a con t inu o us  

a s s o c i a t i v e  flow of c o g n i t i v e  e v e n t s .

In a comparison of m en ta t ion  r e p o r t s  of Waking s u b j e c t s  

wi th  th ose  s u b j e c t s  awakened from REM, th e  major d i s t i n c t i o n  

was t h a t  th e  Uaking s u b j e c t  changes t o p i c s  more f r e q u e n t l y .  

T h is  r e s u l t  i s  c o n s i s t e n t  with  t h e  p r e d i c t i o n  o f  t h e  model 

t h a t  spon taneous  sequences  of  th o u g h t  a re  i n t e r r u p t e d  by 

b r i e f  o r i e n t a t i o n s  t o  e x t e r n a l  s t i m u l i .

When a d d i t i o n a l  e x t e r n a l  s t i m u l a t i o n  was in c lu d e d  in  the  

waking env ironm ent ,  t h e r e  were an even g r e a t e r  number of 

Thought U n i t s .  The i n c r e a s e  in number of Thought U n i ts  ap­

proached s i g n i f i c a n c e  with a p v a lu e  o f  .05*1. Thought U n i t s  

was th e  b e s t  d i s c r i m i n a t o r  of  th e  two waking c o n d i t i o n s  as 

w e l l  as th e  Waking and REM c o n d i t i o n s .  a l th o u g h  Tota l  Re­

c a l l  Count i s  g r e a t e r  in  Waking than  in  REM, i t  was th e  num­

ber  of Thought U nits  t h a t  was t h e  b e s t  d i s c r i m i n a t o r  of  th e  

two s t a t e s .

By c o n t r a s t ,  t h e  two p r e l i m i n a r y  s t u d i e s  showed t h a t  

Thought U ni ts  made l i t t l e  d i s t i n c t i o n  between REM and Stage  

2 r e p o r t s  d e s p i t e  th e  much lo n g er  r e p o r t s  in  REM. S le e p ,  

i n c l u d i n g  both REM and S tage  2, i s  a s s o c i a t e d  w ith  h ig h e r  

t h r e s h o l d s  than Waking. We can c o n c lu d e ,  a s  h y p o th e s iz e d ,  

t h a t  a u d i t o r y  s t i m u l a t i o n  i s  s u f f i c i e n t  to  d i s r u p t  th e  t r a i n  

of though t  in  t h e  waking s t a t e .
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The second p a r t  of t h i s  model h y p o th e s iz e s  t h a t  d i f f e r ­

ences  between REM and Waking m en ta t io n  can be accoun ted  fo r  

by g e n e ra l  c o r t i c a l  a c t i v a t i o n .  The c o r t i c a l  a c t i v a t i o n  

model assumes t h a t  th e  c o r t e x  i s  more a c t i v e  in  Uaking than  

in  REM and more a c t i v e  in  REM than  in  Stage 2. As we were 

a b l e  to  see  from t h e  comparison o f  power i n  EEG bands from 

REM and Waking, The EEG i s  indeed more a c t i v e  d u r in g  Waking 

th a n  REM. There i s  s i g n i f i c a n t l y  more d e l t a  in  REM and s i g ­

n i f i c a n t l y  more sigma, b e t a  and high  f requency  power in  th e  

Waking c o n d i t i o n  (Table 8 ) .  The major  d i s c r i m i n a t o r  of REM 

and Stage 2 m en ta t ion  has been found to be t h e  g r e a t e r  

l e n g th  o f  th e  REM r e p o r t  (IRC) (Antrobus ,  1983) . M enta t ion  

r e p o r t s  from Waking s u b j e c t s  have been found t o  be even 

lo n g e r  than  REM r e p o r t s .  S ince  T o ta l  R e c a l l  Count i s  not  

dependent  on any p a r t i c u l a r  imagery o r  a f f e c t i v e  m o d a l i ty ,  

t h e  REM s u p e r i o r i t y  in  a l l  m en ta t io n  v a r i a b l e s  when compared 

w i th  Stage 2 was a t t r i b u t e d  to  h ig h e r  g e n e r a l  c o r t i c a l  a c t i ­

v a t i o n .

The h y p o th e s i s  t h a t  the  c o g n i t i v e  f e a t u r e s  of  Waking and 

REM a r e  d i s t i n g u i s h e d  by c o r t e x  wide d i f f e r e n c e s  in  a c t i v a ­

t i o n  was s t u d i e d  in t h i s  e x p e r im e n t .  T h is  r e s e a r c h  a t tem p ted  

to  de te rm ine  whether  th e  a s s o c i a t i o n  o f  EEG s p e c t r a l  parame­

t e r s  and c o g n i t i v e  c h a r a c t e r i s t i c s  a r e  c o n s i s t e n t  both be­

tween and w i th in  s t a t e s .



In view o f  t h e  p o s t u l a t e d  r e l a t i o n s h i p ,  i t  was s u r p r i s ­

i n g ,  when lo o k in g  a c r o s s  REM and Waking, t h a t  t h e r e  were no 

s i g n i f i c a n t  r e l a t i o n s h i p s  between I o t a l  R e c a l l  Count and any 

EEG m easure .  There was however a s i g n i f i c a n t  n e g a t i v e  r e l a ­

t i o n s h i p  between d e l t a  power and Thought U n i t s .  There were 

s i g n i f i c a n t  p o s i t i v e  r e l a t i o n s h i p s  between a l p h a ,  s igma,

b e ta  and th e  Thought Unit s c a l e .  T h i s  c o r r e s p o n d s  t o  the

major d i s c r i m i n a t o r s  of th e  two s t a t e s  in  both EEG and con­

t e n t  m easures .  Waking be ing  lower th an  REM i n  d e l t a  and 

h i g h e r  in  a l p h a ,  s igm a,  b e ta  and Thought U n i t s .

The l a c k  of a r e l a t i o n s h i p  between EEG m easures  and T o ta l  

R e c a l l  Count a c r o s s  REM and Waking does  not  s u p p o r t  t h e  gen­

e r a l  c o r t i c a l  a c t i v a t i o n  model .  A t t r i b u t i n g  t h e  REM s u p e r i ­

o r i t y  in  r e c a l l  t o  g e n e ra l  c o r t i c a l  a c t i v a t i o n  when compar­

in g  REM and S taqe  2 m en ta t io n  (Antrobus ,  1983) may have been 

a f a l s e  a t t r i b u t i o n .  The d i f f e r e n c e s  t h a t  A ntrobus  found in 

T o ta l  R e ca l l  Count between REM and S ta g e  2 t h a t  we have been 

c a l l i n q  g e n e r a l  c o r t i c a l  a c t i v a t i o n  may no t  be due to g e n e r ­

a l  a c t i v a t i o n  a t  a l l ,  but may be due to  u n ique  d i f f e r e n c e s

between t h e s e  s t a t e s .  The p r e s e n t  s tu d y  measured EEG in  REM

and Waking and did not  measure  EEG in  S tage  2. A d d i t io n a l  

r e s e a r c h  would be needed to  r e s o l v e  t h e  q u e s t io n  of th e  r e ­

l a t i o n s h i p  between EEG measures of c o r t i c a l  a c t i v i t y  and r e ­

c a l l  a c r o s s  REM and Stage  2 .
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This  s tu d y  f u r t h e r  a t t e m p te d  t o  c o n t r o l  f o r  th e  major  

d i f f e r e n c e s  between s t a g e s  by h o ld in g  s t a g e  c o n s t a n t  and 

comparing m en ta t ion  r e p o r t s  w i th in  s u b j e c t  from i n t e r v a l s  of 

h ig h e r  and lower c o r t i c a l  a c t i v a t i o n  a s  measured by EEG pow­

e r  in  s p e c i f i e d  bands .  This  i s  e q u i v a l e n t  t o  a s k i n g  w h e th e r ,  

f o r  any given s u b j e c t ,  i n c r e a s i n g  power in  any g iven  EEG 

band would be a s s o c i a t e d  with  an i n c r e a s e  in  T o ta l  R e c a l l  

Coun t .

The main h y p o th e s i s  t h a t  c o r t i c a l  a c t i v a t i o n  would a s s o ­

c i a t e  with g r e a t e r  T o ta l  R e c a l l  Count w i th in  s t a t e s  was not  

s u b s t a n t i a t e d .  G r e a t e r  c o r t i c a l  a c t i v a t i o n  did  not  r e l a t e  t o  

T o ta l  R e ca l l  Count w i th in  c o n d i t i o n s .  This  i s  i n  agreement 

w ith  the  r e s u l t s  of a s tu dy  conducted  by A n t robus ,  E h r l i c h -  

man, Weiner and Wollman (19 8 3 ) .  The s tu d y  compared m e n ta t io n  

from REM p e r io d s  w i th  high and low t o t a l  a c t i v a t i o n .  EEG 

was i n t e g r a t e d  over a 2 Hz. to  12 Hz. band. T o ta l  R e c a l l  

Count was ex p ec te d  t o  i n c r e a s e  as t o t a l  EEG a c t i v a t i o n  i n ­

c r e a s e d .  However, To ta l  R e c a l l  Count did  not  va ry  between 

t h e  high and low a c t i v a t i o n  c o n d i t i o n s .  The Antrobus  e t  a l .

(1983) s tu d y  was l i m i t e d  i n  t h a t  t h e  EEG measures  c o n s i s t e d  

o n ly  of a s i n g l e  broad f req u en cy  band .  This  l i m i t a t i o n  has 

been c o r r e c t e d  in  t h e  p r e s e n t  s tudy  by b re a k in g  up th e  s i n -  

q l e  g l o b a l  EEG param ete r  i n t o  s e p a r a t e  b an d w id th s .  I t  was 

expec ted  t h a t  t h e  narrower  bandwidths would be more s e n s i ­

t i v e  to  changes in s p e c i f i c  r e g i o n s  of  t h e  f r eq u e n cy  s p e c ­

t rum. In s p i t e  o f  t h i s  m e th o d o lo g ic a l  improvement,  t h e  p r e s -
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e n t  s tudy  l e a d s  to  th e  same c o n c lu s io n  as  th e  p rev io u s  

s t u d y :  t h a t  t h e r e  i s  no r e l a t i o n s h i p  between T o ta l  R e c a l l

Count and g e n e r a l  c o r t i c a l  a c t i v a t i o n  a s  measured by the

EEG.

While T o ta l  R e ca l l  Count per se  was not r e l a t e d  to  c o r t i ­

c a l  a c t i v a t i o n ,  s i g n i f i c a n t  r e l a t i o n s h i p s  were found between 

EEG a c t i v i t y  and some of t h e  component s u b s c a l e s  of  th e  To­

t a l  R e ca l l  Count v a r i a b l e .  The s c a l e s  measuring v i s u a l  im­

agery  were found t o  be c o r r e l a t e d  with  EEG a c t i v i t y  w i th in  

REM and Uaking. I t  i s  s u r p r i s i n g  t h a t  the  component s c a l e s

of T o ta l  R e c a l l  Count would c o r r e l a t e  with EEG while  the

o v e r a l l  measure does n o t .  Perhaps  v i s u a l  imagery i s  more d i ­

r e c t l y  r e l a t e d  t o  what t h e  EEG measures than i s  T o ta l  R e ca l l  

Coun t .

F ind ing  a r e l a t i o n s h i p  between EEG and v i s u a l  imagery but 

not  f i n d in g  a r e l a t i o n s h i p  between EEG and T o ta l  R e c a l l  

Count s e r i o u s l y  s u g g e s t s  t h a t  a model with g e n e r a l  c o r t i c a l  

a c t i v a t i o n  as  t h e  onl y  n e c e s s a r y  f a c t o r  to a c c o u n t  f o r  d i f ­

f e r e n c e s  in  t o t a l  r e c a l l  i s  no t  an adeq u a te  model . There 

may be o t h e r  forms of c o r t i c a l  or s u b c o r t i c a l  a c t i v i t y  r e ­

l a t i n g  t o  v i s u a l  imagery which a r e  e i t h e r  s p e c i f i c  to  a g i v ­

en s t a q e  ( e .g .  REM) o r  which a re  a c t i v e  in a l l  s t a g e s ,  p o s ­

s i b l y  in  d i f f e r i n g  d e g re e s .

A s p e c i f i c  example of t h e s e  p o s t u l a t e d  a c t i v a t i n g  f a c t o r s  

i s  provided  by Hobson and McCarley (1977).  They have p r o ­
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posed t h a t  p o n t i n e - g e n i c u l a t e - o c c i p i t a l  a c t i v i t y  p ro v id es  an 

a d d i t i o n a l  and unique form of  c o r t i c a l  a c t i v a t i o n  t h a t  a c ­

c o u n ts  f o r  t h e  high i n t e n s i t y  of v i s u a l  imagery du r ing  REM 

s l e e p .  This  may not be obv ious  when comparing REM and Stage  

2 m e n ta t io n .  The magnitude of the  d i f f e r e n c e  in  g e n e r a l  

c o r t i c a l  a c t i v a t i o n  may be so l a r g e  a s  to  obscu re  th e  s m a l l ­

e r  d i f f e r e n c e s  due t o  o t h e r  forms o f  a c t i v a t i o n .  When com­

p a r in g  REM and Waking, th e  d i f f e r e n c e  in  a v a i l a b i l i t y  of ex­

t e r n a l  s t i m u l a t i o n  fo r  p r o c e s s in g  may be so l a r g e  t h a t  i t  

o bsc u re s  o th e r  more s u b t l e  forms of c o r t i c a l  a c t i v a t i o n .  

These s e p a r a t e  a c t i v a t o r s  may be more a p p a re n t  when s tu d y in g  

v a r i a b i l i t y  w i th in  s t a g e s .

The i d e a  t h a t  s p e c i f i c  a c t i v a t i o n  f a c t o r s  a re  needed to  

e x p la in  th e  d i f f e r e n c e s  in m en ta t ion  r e p o r t s  i s  suppor ted  by 

t h e  s tu d y  of  Ehr l ichm an,  A n t rob u s ,  and Weiner (1982) .  When 

comparing menta t ion  r e p o r t s  from REM awakenings with r e l a ­

t i v e  l e f t  or  r i g h t  h e m isp h e r ic  dominance,  a s i g n i f i c a n t  d i f ­

f e r e n c e  between l e f t  and r i g h t  dominant awakenings o ccu r red  

fo r  th e  v i s u a l  s c a l e s .  T h is  was d e s p i t e  t h e  f a c t  t h a t  TRC 

showed no r e sp o n se  t o  h em isph e r ic  dominance.

Summary

The p r e s e n t  model p o s t u l a t e d  two f a c t o r s  t o  accoun t  fo r  

d i f f e r e n c e s  in m en ta t ion  between s t a t e s .  As h y p o th e s iz e d .
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e x t e r n a l  a u d i t o r y  s t i m u l a t i o n  d id  i n c r e a s e  t h e  number of 

Thouqht U ni ts  in  Waking as compared to  REM. However th e  s e c ­

ond f a c t o r ,  g e n e ra l  c o r t i c a l  a c t i v a t i o n ,  d id  not  r e l a t e  t o  

c o g n i t i v e  a c t i v a t i o n  as  o p e r a t i o n a l i z e d  by T o ta l  R e c a l l  

Count .  A more s t r i n g e n t  t e s t  o f  t h e  c o r t i c a l  a c t i v a t i o n  mod­

e l  was to  s e e  i f  r e l a t i o n s h i p s  between EEG and m en ta t ion  

could be found w i th in  s t a t e s ,  h o ld in g  o th e r  v a r i a b l e s  (such 

as  s t i m u l a t i o n )  c o n s t a n t .  These a n a l y s e s  d id  not  su p p o r t

t h e  g e n e r a l  a c t i v a t i o n  model e i t h e r .

The f a i l u r e  t o  f in d  a r e l a t i o n s h i p  between or  w i th in

s t a g e s  might be due to  any o r  a l l  of t h r e e  p o s s i b i l i t i e s :

A) T o ta l  R e c a l l  Count may not  be a gcod measure of c o g n i ­

t i v e  a c t i v a t i o n .  T o ta l  R e c a l l  Count has been found to  vary  

w i th  s u b j e c t  f a c t o r s  ( e .g .  m o t iv a t io n  t o  r e p o r t  (Antrobus,

F e in ,  Jo rd a n ,  Ellman and A rk in ,  1978) and i n d i v i d u a l  d i f f e r ­

ences  in v e rb a l  p r o d u c t i o n ) .

E) The concept  of g e n e r a l  c o r t i c a l  a c t i v a t i o n  has been 

c r i t i c i z e d  (Duffy,  1972; H am il ton ,  Hockey and Rejraan, 197 7 ) .  

Unidimensional  fo r m u la t io n s  of  th e  concep t  of a c t i v a t i o n  do 

not  a d e q u a te ly  model th e  d a t a  (Lacey, 1967) . I t  may be nec ­

e s s a r y  t o  c o n s id e r  a c t i v a t i o n  as  a m u l t id im e n s io n a l  phenom­

enon (Thayer,  1978).

C) There may be o th e r  f a c t o r s  which acco un t  f o r  un ique  

v a r i a n c e  in  d i f f e r e n t  s t a g e s .  For i n s t a n c e ,  i n  REM t h e r e  

a r e  s e v e r a l  v a r i e t i e s  of p h a s i c  e v e n t s  which may be c o r r e ­

l a t e d  with a s p e c t s  o f  m e n ta t io n .  Middle e a r  muscle  a c t i v i t y



has been found to  be a s s o c i a t e d  with  b i z a r r e  and d i s c o n t i n u ­

ous m en ta t ion  (O g i lv ie ,  Hunt ,  Sawick and Sam ahalsk i ,  19 82 ) .  

P e r i o r b i t a l  i n t e g r a t e d  p o t e n t i a l s  have a l s o  been found t o  be 

a s s o c i a t e d  with i n c re a s e d  b i z a r r e n e s s  in  bo th  REM and NREM 

m en ta t ion  (R e ch tsc h a f fe n ,  Watson, Wincor,  H o l i n a r i  and Bar-  

t a , 1972) a l th o u g h  o t h e r  i n v e s t i g a t o r s  have not  c o n s i s t e n t l y  

found th e  same r e s u l t s  ( P i v i k ,  1978) . These p h a s ic  REM

e v e n t s  may be seen as  ana log o us  t o  t h e  e x t e r n a l  a u d i t o r y  

s t i m u l a t i o n  c o n d i t i o n  which i n c r e a s e s  th e  d i s c o n t i n u i t y  of 

m e n ta t io n .  These endogenous n e u ra l  e v e n t s  may i n t r u d e  upon 

th e  ongoing n e u r a l  a c t i v i t y ,  t h u s  d i s r u p t i n g  th e  though t  s e ­

quence and r e s u l t i n g  in  an i n c r e a s e  in  d i s c o n t i n u i t y .  In 

bo th  Waking and REM, t o n i c  l e v e l s  of  EMG a c t i v i t y  show a 

range  of v a r i a t i o n  which may c o r r e l a t e  with mental  p r o c e s s ­

e s .  In Waking, Jones and Lewis (1980) found t h a t  r e l a x a t i o n  

was a s s o c i a t e d  with improved performance  on a r e c a l l  t a s k .  

T h is  f i n d in g  may be r e l e v a n t  to  t h e  s u b j e c t ' s  t a s k  in  th e  

s l e e p  lab  where dream r e c a l l  i s  a t t em p ted  a f t e r  a p e r io d  of 

reduced EMG l e v e l s  in  REM s l e e p .  Capiocco and P e t ty  (1981) 

have r e l a t e d  f l u c t u a t i o n s  i n  EMG a c t i v i t y  t o  a f f e c t  and i n ­

fo rm at io n  p ro ce ss in g  t a s k s  in  human s u b j e c t s .

In c o n c lu s io n ,  whi le  e x t e r n a l  s t i m u l a t i o n  does a f f e c t  th e  

s t ream  o f  th o u g h t ,  a g e n e r a l  c o r t i c a l  a c t i v a t i o n  model i s  

not  s u f f i c i e n t  t o  account  f o r  th e  observed  d a t a  i n  t h i s  

s t u d y .  In th e  f u t u r e  i t  may be more f r u i t f u l  t o  i n v e s t i g a t e  

o t h e r  c o r t i c a l  a n d /o r  s u b c o r t i c a l  forms of a c t i v a t i o n  which 

accou n t  f o r  unique v a r i a n c e  in  human c o g n i t i v e  p r o c e s s i n g .



Appendix A

I n s t r u c t i o n s  t o  S u b j e c t s

I  am i n t e r e s t e d  in  s t u d y i n g  any and a l l  forms of m enta l  

c o n t e n t ,  such a s  t h o u g h t s ,  images,  f e e l i n g s ,  dreams and any­

t h i n g  e l s e  t h a t  might go th ro u g h  your mind. I  would l i k e  

you t o  l a y  down i n  bed,  c l o s e  your e y e s ,  and r e l a x  w i th o u t  

f a l l i n g  a s l e e p .  Try t o  r e l a x  and not  move around to o  much. 

Most peop le  f e e l  u n c o m fo r ta b le  w i th  t h e  room so q u i e t  so  I  

am going t o  be p ip in g  in  w hi te  n o i s e  which w i l l  sometimes 

have p a r t s  of  r a d io  b r o a d c a s t s  mixed i n .  Every once i n  a

w h i l e ,  a f t e r  i n t e r v a l s  of v a ry in g  l e n g t h s ,  you w i l l  hear  me 

c a l l  your name.

When you hear  me c a l l  your name p l e a s e  r e s p o n d .  I w i l l  ask 

you t h r e e  s t a n d a r d i z e d  q u e s t i o n s .  The f i r s t  q u e s t i o n  i s  

" T e l l  me e v e r y th in g  t h a t  was going th rough  your mind b e fo r e  

I  c a l l e d  you".

After  you answer t h a t  q u e s t i o n  I  w i l l  a sk  you "Uas t h e r e  

a n y th in g  e l s e  or was t h e r e  any more d e t a i l  abo u t  what you 

t o l d  me?". I f  you had n o th in g  t o  r e p o r t  I  w i l l  a sk  you,  "Do

-  1 0 1  -
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you f e e l  t h a t  something was t h e r e  t h a t  you c a n ' t  remember or 

was t h e r e  r e a l l y  n o th in g  t o  r e p o r t ? " .  I  want a s  much d e t a i l  

as  p o s s i b l e  in  t h e  r e p o r t s .  P l e a s e  t r y  to answer t h e  q u e s ­

t i o n s  as co m p le te ly  and i n  as  much d e t a i l  a s  p o s s i b l e .  I f

you have any q u e s t i o n s  t o  asK me, p l e a s e  t r y  t o  wai t  u n t i l

a f t e r  y ou 'v e  f i n i s h e d  your r e p o r t .

At t im es  you may f e e l  t h a t  you do not  want t o  t e l l  me

abou t  something t h a t  was go ing  th ro u g h  your  mind.  I f  you

d e c id e  n o t  t o  t e l l  me som eth ing ,  p l e a s e  l e t  me know t h a t

t h e r e  was something t h a t  was going th rough  your mind but 

t h a t  yo u 'v e  decided  to  w i th ho ld  i t .  Of c o u rs e  I  would l i k e  

as  much d e t a i l  a s  p o s s i b l e  about  a n y th in g  t h a t  was going

th rough  your mind, so p l e a s e  t e l l  me as  much a s  you a re  

w i l l i n q  t o  t e l l .

A f te r  you answer th o se  q u e s t i o n s  I  w i l l  ask " I f  z e ro  i s

dead a s l e e p  and t e n  i s  t h e  boundary between waking and

s l e e p i n q ,  can you g iv e  me some number to  show how a l e r t  you

were -just b e f o r e  I  c a l l e d  yo u ?”

Do you have any q u e s t i o n s ?

(The e x p e r im e n te r  answered any q u e s t i o n s  t h e  s u b j e c t  might

h a v e . )

L e t ' s  t r y  t h i s  once to  see  i f  you u n d e r s t a n d .  J u s t  l i e  

t h e r e  q u i e t l y  and I ' l l  a sk  you t h e  q u e s t i o n s  i n  a l i t t l e  

w h i l e .
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(The e x p e r im e n te r  w a i t s  t h r e e  m inu tes  and then  c a l l s  the  

s u b j e c t .  A f t e r  th e  s u b j e c t  answ ers ,  th e  e x p e r im e n te r  a sks  

t h e  t h r e e  q u e s t i o n s .  f t f t e r  th e  s u b j e c t  f i n i s h e s  answering  

th e  e x p e r im e n te r  s a y s  . . . )

Thank you.  The q u e s t i o n s  a re  s t a n d a r d i z e d  so  I  w i l l  a l ­

ways ask them th e  same way. I  w o n ' t  f o r g e t  t h a t  y o u ' r e  in  

t h e  bedroom and I  w i l l  l e t  you know when we a r e  f i n i s h e d  

w i th  t h i s  p a r t  of  t h e  e x p e r im e n t .

Do you have any q u e s t i o n s ?  (The e x p e r im e n te r  answered 

any q u e s t i o n s  t h e  s u b j e c t  might  have . )  We a r e  s t a r t i n g  now. 

C lose  your e y e s ,  l i e  q u i e t l y  and I ' l l  be t a l k i n g  t o  you 

soon .

(A f te r  t h e  s u b j e c t  f i n i s h e s  each r e p o r t ,  t h e  e x p e r im e n te r  

w i l l  s a y ,  "Thank you, I w i l l  t a l k  t o  you a g a in  l a t e r . " .  Af­

t e r  t h e  l a s t  r e p o r t ,  t h e  e x p e r im e n te r  w i l l  s a y ,  "Thank you. 

We a r e  now f i n i s h e d  with t h i s  p a r t  of  t h e  e x p e r i m e n t . ” .



Appendix B

Procedure  for  E l i c i t a t i o n  of  M e n ta t i on Repo r t s

The ex pe r im e n te r  e l i c i t e d  m e n ta t io n  r e p o r t s  by c a l l i n g  

th e  s u b j e c t ' s  name. When th e  s u b j e c t  answered, th e  e x p e r i ­

menter  s a i d ,  " T e l l  me e v e r y th in g  t h a t  was go ing  th rough  your 

mind b e fo re  I  c a l l e d  y o u . " .  I f  no r e p l y  was g iven  by the  

s u b j e c t  w i th in  10 seconds ,  t h e  q u e s t io n  was r e p e a t e d .

Ten seconds a f t e r  t h e  s u b j e c t  f i n i s h e s  r e p o r t i n g ,  the  ex­

p e r im e n te r  a sk e d ,  "Was t h e r e  an y th in g  e l s e  or was t h e r e  any 

more d e t a i l  about  what you t o l d  me?".

I f  t h e r e  was no r e p o r t  i n  r e sp o n se  t o  th e  f i r s t  q u e s t i o n ,  

t h e  e x p e r im e n te r  a sk e d ,  "Do you f e e l  something was t h e r e  

t h a t  you j u s t  c a n ' t  remember o r  was t h e r e  r e a l l y  n o th in g  to  

r e p o r t ? " .

Ten seconds  a f t e r  t h e  s u b j e c t  f i n s h e s  r e p o r t i n g ,  the  ex­

p e r im e n te r  asked ,  " I f  z e r o  i s  dead a s l e e p  and ten  i s  the  

boundary between waking and s l e e p i n g ,  can you g iv e  me some 

number t o  show how a l e r t  you were j u s t  b e fo re  I  c a l l e d  you?"

-  104  -
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Ten seconds a f t e r  th e  s u b j e c t  f i n i s h e d  t a l k i n g  th e  e x p e r ­

im e n te r  s a i d ,  "Thank you* I ' l l  t a l k  t o  you a g a in  l a t e r . ' ' .

A l l  m en ta t io n  r e p o r t s  were tape  reco rded  on c a s s e t t e s  and 

typed t r a n s c r i p t s  were made from th e  reco rd ed  t a p e s .  The 

typed t r a n s c r i p t s  were not  p u n c tu a te d ,  but  th e y  in c lu d e d  no­

t a t i o n s  f o r  long pau ses .



Appendix  C

THOUGHT UNIT SCALE

The Thought Unit  Sca le  used in  t h e  C i ty  C o l lege  Sleep 

L ab o ra to ry  i s  a modif ied  v e r s i o n  of K l i n g e r ' s  (1971) S t r u c ­

t u r a l  Coding System f o r  Verbal  O u tp u t .  The m odif ied  v e r s io n  

of t h i s  s c a l e  has been a p p l i e d  t o  m en ta t io n  r e p o r t s  o b ta in e d  

from wakefulness  and a f t e r  awakenings from s l e e p  s t a g e s .  

In what f o l lo w s ,  we lo o s e ly  quote  from K l i n g e r ' s  d e s c r i p t i o n  

of h i s  S t r u c t u r a l  Coding System f o r  Verbal  O utpu t ,  then  

p r e s e n t  examples of the  a p p l i c a t i o n  o f  t h i s  coding system to  

m en ta t ion  r e p o r t s .

The t a s k  i s  " to  d i v i d e  each p r o t o c o l  i n t o  sepa­
r a t e  u n i t s  d i s t i n c t  i n  th e m a t ic  th o u g h t  c o n te n t  • 
. . (Each though t  u n i t )  by d e f i n i t i o n  c o n t a i n s  a 
d i s t i n c t ,  t h e m a t i c a l l y  homogeneous th ou g h t  s e ­
quence.  The homogeneity c o n s i s t s  of  what t h e  sub­
j e c t  r e p o r t s  he i s  t h i n k i n g  abou t  in  one p a r t i c u ­
l a r  i n t e r v a l :  n o t i c i n g  p a r t i c u l a r  e x t e r n a l
o b j e c t s ,  t h in k i n g  about  a p a r t i c u l a r  p a s t  e x p e r i ­
ence ,  a n t i c i p a t i n g  p a r t i c u l a r  a s p e c t s  o f  t h e  f u ­
t u r e ,  or  c o n c e n t r a t i n g  on a p a r t i c u l a r  a b s t r a c t
n o t io n .  Two c o n t ig u o u s  though t  segments a r e  con­
s id e re d  to  be one u n i t  i f  t h e r e  i s  no way t o  d i s ­
t i n g u i s h  them t h e m a t i c a l l y .  S in c e  v e r b a l  a b i l i t y  
and mode o f  e x p r e s s io n  vary  from s u b j e c t  t o  sub­
j e c t ,  the  coder  must d i s r e g a r d  sh e e r  l e n g t h  and 
look f o r  complete  th o u g h t s  b o rd e red  on e i t h e r  s id e  
by t h e m a t i c a l l y  d i f f e r e n t  s e g m en ts ."  (K l in g e r ,  
1971, p. 97)
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The d i v i s i o n  o f  a m e n ta t io n  r e p o r t  i n to  th o u g h t  u n i t s  i s  

i l l u s t r a t e d  in t h e  f o l lo w in g  r e p o r t s .  The om iss io n  o f  punc­

t u a t i o n  i s  d e l i b e r a t e ,  so t h a t  t h e  t r a n s c r i b e r / t y p i s t  does 

no t  impose h i s / h e r  own i d e a s  o f  v e rb a l  s t r u c t u r e  on th e  men­

t a t i o n  seq u en c e .

The f o l lo w in g  examples a r e  drawn from a pool of waking 

and s l e e p i n g  m en ta t ion  r e p o r t s  from t h e  s l e e p  l a b o r a t o r y  of 

t h e  C i ty  C o l le g e  of New York. In  t h e s e  exam ples ,  i n d i v i d u a l  

th o ug h t  u n i t s  a r e  s e p a r a t e d  by s l a s h  marks ( / ) .  Under l ined  

words r e p r e s e n t  words i n c l u d e d  i n  t h e  T o t a l  R e c a l l  Count 

( see  P s y c h o l i n g u i s t i c  Coding Manual, T o ta l  R e c a l l  Count 

S c a l e ) . The R e ca l l  Count i s  i n te n d e d  t o  be a co u n t  o f  words 

in  which th e  s u b j e c t  was d e s c r i b i n g  t h e  e x p e r i e n c e  t h a t  had 

o ccu r red  d u r in g  th e  i n t e r v a l  p r i o r  t o  be ing asked  fo r  a men­

t a t i o n  r e p o r t .  This  p ro c e d u re  y i e l d s  an e d i t e d  v e r s io n  of 

t h e  t o t a l  r e p o r t  in which v e r b a l  i n t r u s i o n s  (ah ,  urn), c o r ­

r e c t i o n s ,  r e p e t i t i o n s  and commentary upon t h e  e x p e r i e n c e  a re  

d e l e t e d .

The f o l lo w in g  two examples a r e  m en ta t io n  r e p o r t s  e l i c i t e d  

a f t e r  awakenings from REM s l e e p .
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Exampl e  1 .

Um about  uh 5 m inu tes  b e f o r e  you c a l l e d  me 
t h e r e  was a guy in  t h e  room with  me and uh I  
c o u ld n ’ t  imagine  what he was do ing  h e re  I  had no 
th ou g h t  t h a t  I might be dreaming or  a n y th in g  l i k e  
t h a t  uh and I  had j u s t  made a r e q u e s t  t o  him to  go 
to  t h e  bathroom and he was j u s t  k ind  o f  jok ing  
with  me and t a l k i n g  and he was kind  o f  l i k e  your 
a s s i s t a n t  and he worked j u s t  l i k e  a p s y c h i a t r i c  
r e s i d e n t  t h a t  works a t  PI /  um a l s o  I  had a dream 
in  which I was j u s t  h a v in g  j u s t  a c o n v e r s a t i o n  you 
know a woman t h a t  I  know o u t  i n  New J e r s e y  j u s t  
t a l k i n g  t o  her  about  about  j u s t  v a r i o u s  t h in g s  
a bou t  about  our  work /  job t h a t  s o r t  of  th in g  
l e t ' s  l e t ’ s  see  I  was s u r p r i s e d  t h a t  you c a l l e d  me 
because  I th ou g h t  I  was awake f o r  t h e  p a s t  15 min­
u t e s  /  or so uh t h a t ’ s about  i t

The p re v io u s  m en ta t ion  r e p o r t  c o n ta in e d  t h r e e  th o u g h t  

u n i t s ,  a s  i n d i c a t e d  by t h e  s l a s h  m arks .  The next  r e p o r t  

c o n s i s t s  of only one th o u g h t  u n i t .



109

Example 2 .

fi dream with a baby oh yes I  remember t h i s  what 
t h i s  was a s t r a n g e  a d v e n tu re  i t  was someplace up 
in th e  coun try  and I  was w i th  f r i e n d s  and some 
p a r t s  o f  my fam ily  and we were in  what looked l i k e  
a bunqalow colony you know what t h a t  i s  and t h e r e  
was a fen ce  t h a t  d i v id e d  one bungalow colony from 
a n o th e r  and a p p a r e n t l y  t h e  one t h a t  we were s t a y ­
ing in  was fo r  a b e t t e r  c l a s s  of people  t h a n  th e  
one on th e  o t h e r  s i d e  o f  t h e  f e n c e  and we had gone 
on a h ik e  and d u r ing  t h e  h ik e  i t  had r a in e d  very
h e a v i ly  and we were g e t t i n g  l o s t  and when we r e ­
tu rn e d  because th e  ro a d s  were washed ou t  we found 
t h a t  we had come down t h e  h i l l  on t h e  o t h e r  s i d e  
of t h e  fe n c e  and we were in  e y e s i g h t  o f  o u r  own 
bungalow b u t  we w eren ’ t  a b l e  t o  g e t  t o  i t  because  
of th e  r a i n  and we came onto  th e  porch o f  a n o th e r  
bungalow from t h a t  group on t h e  o t h e r  s i d e  and th e  
c h a r a c t e r s  t h a t  l i v e d  in  t h a t  bungalow reminded me 
of t h e  Queen of H e ar t s  and t h e  the  e v i l  Queen of 
H e ar t s  and someone e l s e  from A l i c e  in  W onderland 's  
mad t e a  p a r ty  they were p e o p le  they  w e r e n ' t  
d re s se d  in  costumes b u t  t h a t  was t h e  p e r s o n a l i t y
t h a t  I  d e te c t e d  and i t  was t h a t  baby who was c r y ­
ing  a l o t  and when I  p icked  him up and held  him he 
s topped c ry in g  but  when h i s  m other  t h e  e v i l  Queen 
came came a long and to o k  th e  baby back she  tended 
t o  abuse  i t  and I  remember my grandmother was 
a long  on t h e  t r i p  she was th e  t h e  Queen was very 
h o s p i t a b l e  to  a l l  o f  us though she w a s n ' t  she
d i d n ' t  seem t o  mind us be ing  t h e r e  and i f  you 
d i d n ' t  wake me up I  t h i n k  she  was going t o  h e lp  us 
get back to  our p l a c e  /  t h a t ' s  a l l  I  can remember

The f o l lo w in g  t h r e e  r e p o r t s  were o b ta in e d  from waking 

s u b j e c t s .



110

Example 3 .

OK I was t h in k i n g  abou t  I was t h in k i n g  abou t  my 
r e f r i g e r a t o r  a t  my house with  a l l  o f  t h e  food in  
i t  /  and I was t h in k i n g  about  uh t h e  r a i n  and 
looking ou t  the window when i t  was r a i n i n g  o u t  and 
watching t h e  l i g h t n i n g  and thu n der  /  and I  was 
j u s t  t h in k i n g  about  a book t h a t  my f a t h e r  gave me 
a long time ago when I  was younger when he brought  
i t  back from Alaska abou t  Alaskan fo lk  s t o r i e s  and 
I remember r e a d in g  t h a t  and uh I  was t h in k i n g  i f  
he brought  me back a n y th in g  e l s e  when he was th e re  
/  and uh t h a t ' s  about i t

Example h.

OK I was t r y i n g  t o  t h in k  i f  I  could see  I  was 
s t i l l  t r y i n g  t o  see  i f  I  co u ld  see  my hand i f  
t h e r e  was any l i g h t  coming from around me look ing  
s t r a i g h t  up /  and uh I  was t h i n k i n g  abou t  se e ing  
t h a t  computer I  keep f o r g e t t i n g  th e  name o f  i t  
Wylbur /  I  guess  something  l i k e  t h a t  and uh I  was 
t h in k i n g  about  an um in s t ru m e n t  t h a t  I 'm  buying 
c a l l e d  a Chapman s t i c k  which has t e n  s t r i n g s  i t ' s  
l i k e  a bass  and a g u i t a r  t o g e t h e r  I  was t h in k i n g  
about  t h a t  and p lay in g  t h a t  and a b o u t  going  t o  th e  
s t o r e  t o  pu t  more money down on i t  I 'm a lm os t  paid 
off  on buying i t  /  and uh I  was t h in k i n g  about 
e a t i n g  /  and t h a t ' s  i t  mm I was t h i n k i n g  a bou t  the  
paper c l i p  h o ld in g  t h e  microphone above my head /  
t h a t ' s  about  i t

The p rev io u s  example c o n t a i n s  f i v e  th o ug h t  u n i t s .  The 

r e f e r e n c e s  t o  p lay ing  the Chapman s t i c k  and p u t t i n g  more 

money down on i t  a t  t h e  s t o r e  a r e  c o n s id e re d  p a r t  of  th e  

same thought  u n i t  s i n c e  they  a re  connec ted  by th e  common 

theme of " g u i t a r " .  The fo l lo w in g  example c o n ta in s  t h r e e

th o u g h t  u n i t s ,  as  i n d i c a t e d  by th e  s l a s h  marks.
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E x a m g l e  5 .

A l o t  o f  c r e a t i v e  dreaming I  d o n ' t  know what i t  
i s  about  t h i s  environment  t h a t  i n s p i r e s  such c r e ­
a t i v i t y  I  c e r t a i n l y  d o n ' t  f e e l  t h i s  way a t  home 
uh f i r s t  I s t a r t e d  im ag in ing  s e a l s  a t  t h e  zoo 
where th ey  s i t  up on t h i s  s t o n e  o b e l i s k  t h a t  comes 
out  o f  th e  water  t h e r e ' s  only one s e a l  t h a t  I  saw 
however he was s t r i p e d  red and white  and he was 
b a la n c in g  a s t r i p e d  b a l l  on h i s  nose and he kept 
bouncing i t  to  someone e l s e  i t  c o u l d 'v e  been a n ­
o th e r  s e a l  I  d o n ' t  know but  I on ly  saw one i n  th e  
p i c t u r e  and then  i t  g o t  co ld  a g a in  and and t h e  wa­
t e r  in  in the  s e a l  pond they d o n ' t  r e a l l y  c a l l  i t  
in  th e  zoo with t h e  cage  with  t h e  fence  around i t  
and th e  o b e l i s k  th e  w a te r  began t o  f r e e z e  ove r  /  
and I s t a r t e d  t o  f e e l  t h a t  w in te ry  scene  a g a in  and 
t h e r e  were I  guess  t h e r e  were wolves o r  dogs bark­
ing with  b ig  b ig  t e e t h  and th e y  barked f o r  awhile  
and t h a t  only l a s t e d  a few seconds  though /  and 
a f t e r  t h a t  I  s t a r t e d  t o  f e e l  l i k e  I  g u e s s  I  guess 
every  once in  a while 1 g e t  g e t  a b i t  of insomnia  
i t ' s  c e r t a i n l y  n o t  a f r e q u e n t  t h i n g  but  i t  may 
happen once every  fo u r  months o r  f i v e  months l i k e  
t h e r e ' s  one month t h a t  you f e e l  you j u s t  c a n ' t  ge t  
to  s l e e p  I  suppose i t  happens to  everybody and I  I 
f e l t  l i k e  t h a t  r i g h t  now I s a i d  I  wish I  wish I  
could g e t  to  s l e e p  why c a n ' t  I -w h a t  i s  i t  t h a t ' s  
keepinq  me awake then  I  f e l t  very  d i s s a t i s f i e d  
about  why I  c o u l d n ' t  go to  s l e e p  /  and t h a t ' s  
about  when you c a l l e d  me t h a t ' s  a l l

The f i n a l  example , a l s o  o b ta in e d  from a waking s u b j e c t ,  

i l l u s t r a t e s  d i s c o n t in u o u s  r e p o r t i n g  . The r e p o r t  a c t u a l l y  

c o n ta in s  two thought  u n i t s ,  " g e t t i n g ,  h e r  h a i r  done" and "go ­

ing d a n c in g " ,  but  th e  second though t  u n i t  i s  fo l lowed by a 

c o n t i n u a t i o n  of th e  " h a i r d r e s s e r ” theme when th e  experimen­

t e r  a sk s  f o r  f u r t h e r  d e t a i l  o r  c l a r i f i c a t i o n .
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Example 6 .

S u b j e c t :  I  was t h i n k i n g  o f  t h a t  um I  have to
qo to  the  h a i r d r e s s e r  on Sa tu rd ay  and do I have
enough money f o r  i t  /  and how was my n ig h t  going
to  be um on Sa turday  n ig h t  which I 'm on because  
I 'm p lann inq  on danc ing  /  and t h a t ' s  abou t  i t

E x p er im en te r :  Was t h e r e  a n y th in g  e l s e ,  o r  can
you g iv e  me any f u r t h e r  d e t a i l s ?

S u b j e c t :  Yeah um yeah um t h e r e ' s  two h a i r d r e s ­
s e r s  t h a t  I  u s u a l ly  go t o  and I  was j u s t  dec id ing
on d e c id in g  which one I  want t o  go t o  /  and
t h a t ' s  i t

In  t h i s  r e p o r t  t h e r e  a r e  a c t u a l l y  two though t  u n i t s ,  not 

t h r e e .  The a m p l i f i c a t i o n  g iven  in  r e s p o n s e  to  th e  e x p e r i ­

m e n t e r ' s  q u e s t io n  i s  t h e m a t i c a l l y  p a r t  o f  th e  f i r s t  thought  

u n i t ,  and shou ld  n o t  be counted  as a s e p a r a t e  though t  u n i t

i n  i t s  own r i g h t .



Re fe r e n c e s

A n trob u s ,  J . S .  (1966) I n f o r m a t io n  t h e o r y  and s t i m u l u s -
in d ep en den t  t h o u g h t .  B r i t i s h  J o u r n a l  of P sycho logy. 59,  
423-430.

A n trob u s ,  J . S .  (1983a) REM 6 NREM s l e e p  r e p o r t s :  comparison 
of word f r e q u e n c i e s  by c o g n i t i v e  c l a s s e s .  
Psycho phys i o l o g y ,  20, 56 2-568 .

A n t ro bu s ,  J . S . ,  Ehrl ichraan ,  H . , Weiner ,  M. 6 Wollman, M.
(1983) The REM r e p o r t  and t h e  EEG: C o g n i t iv e  p r o c e s s e s  

a s s o c i a t e d  w i th  c e r e b r a l  h e m isp h e re s :  t h e i r  r a t i o s  and 
sums, c r o s s  t r i a l  c o n t r a s t s  and EEG window d u r a t i o n .
S leep 82 , B a se l :  K a rg e r .

A n t ro b u s ,  J . S . ,  F e i n ,  G. ,  G o l d s t e i n ,  S .  6 S i n g e r ,  J . L .
(1984) Mindwandering:  t i m e - s h a r i n g  t a s k - i r r e l e v a n t  
th ou g h t  and imagery with s i g n a l  d e t e c t i o n  t a s k s .
Submitted f o r  p u b l i c a t i o n .

A n t ro bu s ,  J . S . ,  F e in ,  G. , J o r d a n ,  L . ,  Ellman,  S . J .  and
A rk in ,  A.M. (1979) Measurement and d e s ig n  in  r e s e a r c h  on 
s l e e p  r e p o r t s  (pp. 1 9 - 5 9 ) .  In  A r k in ,  A.M., A ntrobus ,
J . S .  6 E llman,  S. (Eds.) The mind in  s l e e p . H i l l s d a l e ,  
N . J . :  Erlbaum A s s o c i a t e s .

A n t robus ,  J . S . ,  R e i n s e l ,  R. and Wollman, M. (1984)
Dreaming: c o r t i c a l  a c t i v a t i o n  and p e r c e p t u a l  t h r e s h o l d s .  
In Antrobus ,  J . S .  and Ellman,  S. ( e d s . ) ;  The mind in 
s l e e p . (2nd ed . )  H i l l s d a l e ,  New J e r s e y :  Lawrence Erlbaum 
A s s o c i a t e s  ( in  p r e s s ) .

A n t rob u s ,  J . J . ,  Schnee,  R . , Lynn, A . ,  S i lv e rm an ,  S.  & O f f e r ,  
V. (1976) A p s y c h o l i n g u i s t i c  cod ing  manual f o r  r e p o r t s  of 
s l e e p  e x p e r i e n c e .  Educ a t i o n a l  Te s t ing  Se r v i c e Te s t  
C o l l e c t i o n :  1008 7 37, Se t  D. P r i n c e t o n :  ETS.

A n tro b us ,  J . S . ,  S i n g e r ,  J . L .  & Greenberg  (1966) S t u d i e s  i n  
th e  s t r e a m  of  c o n s c i o u s n e s s :  E x p e r im e n ta l  enhancement and 
s u p p r e s s io n  c f  spo n ta n eo u s  c o g n i t i v e  p r o c e s s e s .
P e r c e p tu a l  and Mot o r  Ski 1 1 s , 23, 39 9-417 .

A s e r in s k y ,  E. 6 K le i tm an ,  N. (1953) R e g u la r ly  o c c u r r i n g  
p e r i o d s  o f  eye m o t i l i t y  and co n co m ita n t  phenomena d u r in g  
s l e e p .  Sci e nce.  118, 273-274 .

-  113 -



114

A s e r in s k y ,  E. and K le i tm an ,  N. (1955) Two t y p e s  o f  o c u l a r  
m o t i l i t y  o c c u r r i n g  d u r in g  s l e e p .  Jou r n a l  o f  Applied 
P h y s io lo g y. 8, 1 - i o .

Broughton ,  R. (1968) S leep  d i s o r d e r s :  D i s o r d e r s  of
a r o u s a l ?  S c i e n c e . 159 . 1070-1078.

Buchsbaum, M .S. ,  Mendelson, W.B., Duncan, W.C., Coppola ,  R., 
K e lsoe ,  J .  and G i l l i n ,  J . C .  (1982) T opograph ic  c o r t i c a l  
mapping o f  EEG s l e e p  s t a g e s  d u r in g  day tim e naps in  normal 
s u b j e c t s .  S l e ep 5 ( 3 ) ,  248-255 .

C ap iocco ,  J . T .  and P e t t y ,  R.E.  (1981) Electromyograms as  
measures of e x t e n t  and a f f e c t i v i t y  o f  i n f o r m a t io n  
p r o c e s s in g .  Americ an P s y c h o lo gi s t . 36, 4 ,  441-456 .

C a r t w r i g h t ,  R.D. (1975) I s  REM 4 r e a l l y  d rea m ie r  than  REM 1? 
Paper p r e s e n te d  a t  t h e  m ee ting  o f  t h e  A s s o c ia t i o n  f o r  the  
P s y c h o p h y s io lo g ic a l  Study o f  S le e p ,  E d inburgh .

C a r t w r i g h t ,  R.D. (1981) The c o n t r i b u t i o n  of r e s e a r c h  on 
memory and dreaming to  a 24 hour model o f  c o g n i t i v e  
b e h a v io r .  In F i s h b e i n ,  W. (ed .)  S l eep . d r e a ms and memory. 
New York: Spectrum, pp. 239-247.

Chen, A .C .N . ,  D r a n g s h o l t ,  M .T . ,  Dworkin, S .F .  and C la rk ,
D.W. (1983) Microcomputer  a n a l y s i s  o f  c o r t i c a l  power 
spec t rum :  c a l i b r a t i o n  and c o r r e l a t e s  o f  b e h a v i o r a l  
a r t i f a c t s .  Biol o gi c a l  P sy ch o logy.  16,  181-196 .

Dement, W. C. and K le i tm an ,  N. (1957) C y c l i c  v a r i a t i o n s  i n  
EEG d u r i n g  s l e e p  and t h e i r  r e l a t i o n  t o  eye  movements, 
b o d i ly  m o t i l i t y  and d ream ing .  E l e c t ro en c ep ha log raphy  and 
C l i n i c a l  Neuro p sy ch o l o g y . 9 ,  673-690 (a) .

Dement, W. C. and K le i tm an ,  N. (1957) The r e l a t i o n  of eye  
movements d u r in g  s l e e p  t o  dream a c t i v i t y :  An o b j e c t i v e  
method f o r  t h e  s tu d y  of d ream ing .  J o u rn a l  of 
Exp e r im e n ta l  Psycho l o g y . 53 ,  339-34 6 (b) .

D uffy ,  E. (1972) A c t i v a t i o n .  In  G r e e n f i e l d ,  N .S .  and 
S te r n b a c h ,  R.A. ( e d s . )  Handbook of psychophys i o l o g y .
New York: H o l t ,  R h in e h a r t  and W ins ton .

E h r l ich m an ,  H. A n t robus ,  J . S .  6 W einer ,  M. (1984) EEG
asymmetry and s l e e p  m en ta t io n  d u r i n g  REM and NREM s l e e p .  
M anusc r ip t  su b m i t t e d  f o r  p u b l i c a t i o n .

E hr l ichm an ,  H. and Weiner, M. S. (1980) EEG asymmetry d u r in g  
c o v e r t  mental  a c t i v i t y .  Psychophys i o l o g y . 12# 3,
228-235.



115

F i n d j i ,  F . ,  C a ta n i ,  P. and Leard ,  C. (1981) Topographic  
d i s t r i b u t i o n  o f  d e l t a  rhythms d u r in g  s l e e p :  e v o l u t i o n  
with a g e .  E l e c t r oence p h a lo g r a phy a nd C l i n i c a l  
Neyi2E§Y£!32A22Y» 5l7~65 9 -66 5 .  ~

F o u lk e s ,  D. (1962) Dream r e p o r t s  from d i f f e r e n t  s t a g e s  o f  
s l e e p .  J o u r n a l  of  Abnormal  and Soc i a l  Psy c ho l o gy, 65 . 
14-25.

F o u lk e s ,  D. (1966) The psychology  o f  s l e e p .  New York: 
C h a r le s  S c r ib n e r  and Sons.

F o u lk e s ,  D. (1982) A c o g n i t i v e - p s y c h o l o g i c a l  model of dream 
p r o d u c t i o n .  S l e e p , 5, 169-187.

F o u lk e s ,  D. & F l e i s c h e r ,  S. (1975) Mental  a c t i v i t y  in
r e l a x e d  w a k e fu ln e s s .  J o u r n a l  o f  Abnormal Psyc h o lo g y . 84, 
66-75.

F o u lk e s ,  D. 6 S c o t t ,  E. (1973) An above ze ro  b a s e l i n e  f o r  
th e  i n c i d e n c e  of m om entar i ly  h a l l u c i n a t o r y  m e n ta t i o n .  
S leep Resea r c h . 2 , 108.

F re u d ,  S .  (1900) The i n t e r p r e t a t i o n  o f  dream s. L e i p z i g :  
F ru n z e .  ~

Ham il ton ,  P . ,  Hcckey, G .K .J .  and Rejman, M. (1977) The p l a c e  
of th e  concept  of a c t i v a t i o n  in  human i n f o r m a t io n  
p r o c e s s in g ,  i n  D o r ic ,  S. (Ed.) A t t e n t i o n a nd pe r f o r mance 
VI New York: H a l s t e a d .

H ersch ,  R. G . ,  A n t robus ,  J .  S . ,  A rk in ,  A. M., and S in g e r ,  J .  
L. (1970) Dreaming as a f u n c t i o n  of sy m p a th e t i c  a r o u s a l .  
Psychophys i o logy ,  7, 329-330 ( a b s t r a c t ) .

Hobson, J .A .  6 McCarley, 3 .U .  (1977) The b r a i n  a s  a dream 
s t a t e  g e n e r a t o r :  an a c t i v a t i o n - s y n t h e s i s  h y p o th e s i s  of 
th e  dream p r o c e s s .  The American J o u r n a l  o f  Psych i a t r y . 
134, 1335-1348.

J o n e s ,  D. M. and Lewis , R. (1980) The e f f e c t s  o f  s t r u c t u r a l  
r e l a x a t i o n  on r e t r i e v a l  from long term s t o r a g e :  An EMG 
s tu d y .  Bi o l o g i c a l  P sycho lo gy. 1 1 , 37-44.

Kahneman, D. (1973) At t e n t i o n  and E f f o r t . Englewood 
C l i f f s ,  New J e r s e y :  P r e n t i c e  H a l l .

Kamiya, J .  (1961) B e h a v i o r a l ,  s u b j e c t i v e  and p h y s i o l o g i c a l  
a s p e c t s  o f  d ro w s in e ss  and s l e e p .  In  D. W. F i s k e  and S. R. 
Maddi ( E d s . ) , F unc t ions  of var i e d  e x p e r i e nce . Homewood, 
I l l i n o i s :  Dorsey P r e s s ,  1961.



116

Keefe ,  F .B . ,  Johnson,  L.C. and H unte r ,  E . J  (1971) EEG and 
autonomic re sp o n se  p a t t e r n  d u r in g  waking and s l e e p  
s t a g e s .  Psychophysi o l o g y , 6, 198-212.

Kirk ,  R.E. (1968) Exper i m e n ta l  d e s i gn pro c e dure  f o r  th e  
b e h a v io r a l  s c i e n c e s .  Belmont, C a l i fo rn ia :W a d sw o r th .

K l in g e r ,  E. (1971) S t r u c t u r e  and f u n c t i o n s  o f  f a n t a s y .
N.Y.: Wiley.

Koukkou, M. and Lehmann, D. (1968) EEG and memory s t o r a g e  in  
s le e p  exper im en ts  with humans. EEG and Clj.n4.cai 
Neurophysio logy,  25, 455-46 2.

Koukkou, M., Madey, J.M. and Yeager,  C.L. (1969) Memory and 
v i g i l a n c e :  S p e c t r a l  EEG a n a l y s i s  d u r in g  l e a r n i n g  in  
humans. E lec t r o e n c e p ha log raphy  and C l i n i c a l  
ttey£QB§Y£d2i£9.Y» 26, 63 7.

Lacey,  J . I .  (1967) Somatic re sp on se  p a t t e r n i n g  and s t r e s s :  
some r e v i s i o n s  of  a c t i v a t i o n  t h e o r y .  In  Appley,  M.H. and 
Trumbull ,  R. (eds . )  Psych o l o g ic a l  s t r e s s .  New York: 
Apple ton ,  C en try ,  C r o s t s .

Lehmann, D., Dumeruth, G., Lange, B. 6 Meier ,  C.A. (1981) 
Dream r e c a l l  r e l a t e d  to  EEG s p e c t r a l  power d u r in g  REM 
p e r i o d s .  S le ep ,  10̂ , 151.

Lehmann, D. and Koukkou, M. (1974) Computer a n a l y s i s  of EEG 
wakefulness  s l e e p  p a t t e r n s  du r ing  l e a r n i n g  of novel  and 
f a m i l i a r  s e n t e n c e s .  EEG and C l i n i c a l  Neurop hy s i o logy .
32, 73-84 .

Lehmann, D. (1980) F l u c t u a t i o n s  of f u n c t i o n a l  s t a t e :  EEG 
p a t t e r n s  and p e rc e p tu a l  and c o g n i t i v e  s t r a t e g i e s .  In 
Koukkou, M., Lehmann, D. and A ngs t ,  J .  (eds . )
F u n c t io n a l  s t a t e s  of t h e  b r a i n :  T h e i r  d e t e r mi n a nt s . 
E l s e v i e r / N o r t h  Holland Biomedical  P r e s s .

Lehmann, D. and Koukkou, M. (1980) C l a s s e s  of  spon taneous  
p r i v a t e  e x p e r i e n c e s  and ongoing EEG a c t i v i t y .  In  
P f u r t s c h e l l e r , G., B u se r , P . ,  Lopes da S i l v a ,  F .  and 
P e t s h e ,  H.H. (eds . )  Event r e l a t ed c h a nges in  c o r t i c a l  
r h yt h mic a c t i v i t y ; Be h a v io r a l  c o r r e l a t e s . E l s e v i e r ,  
Amsterdam, pp. 289-298.

Lehmann, D. and Koukkou, M. (1981) Dream fo rm a t io n  i n  a 
p sy c h o p h y s io lo g ic a l  model: A s t a t e  change t h e o r y .  In 
K o e l la ,  U. (ed.)  Sleep  1980, B a s e l :  K a rger ,  p p .  170-174.



117

Lopes d a S i lv a ,  F. (1982) C o m p u te r - a s s i s t e d  EEG d i a g n o s i s :  
p a t t e r n  r e c o g n i t i o n  in  EEG a n a l y s i s ,  f e a t u r e  e x t r a c t i o n  
and c l a s s i f i c a t i o n .  In N iederm eyer , E. & Lopes d a S i l v a ,  
F. (Eds.) E l e c t r o e n c e p h a lo g ra p h y . B a l t im o r e ,  Md.: Urban 
fc Schwartzenberg .  718-732.

MacKenzie, N. (1965) Dreams and Dre a ming. N .Y.:  Van Guard.

M o f f i t t ,  A . ,  Hoffman, R . ,  W el ls ,  R . ,  A rm itage ,  R . , P ig e au ,
R. and S h e a re r ,  J .  (1982) I n d i v i d u a l  d i f f e r e n c e s  among 
pre  and pos t  awakening EEG c o r r e l a t e s  of dream r e p o r t s  
fo l lo w in g  a r o u s a l s  from d i f f e r e n t  s t a g e s  of s l e e p .  Paper  
p re s e n te d  a t  APSS m ee t in g ,  Antonio ,  Texas..

M o r r e l l ,  L.K. (1966) Some c h a r a c t e r i s t i c s  o f  s t im u lu s  
provoked a lpha  a c t i v i t y .  El e c t r o e n c e phal ogr a phy and 
C l i n i c a l  Neurophysi o l o g y , 21, 552-561.

Norman, D. A. and Bobrow, D. G. (1975) On d a ta  l im i t e d  and 
r e s o u rc e  l im i te d  p r o c e s s e s .  Cog n i t i v e  P sycholo g y . 7, 
44-64.

O q i l v i e ,  R .D.,  Hunt, H .T . ,  Sawick, C. S am aha lsk i ,  J .  (1982) 
P sy c h o lo g ic a l  c o r r e l a t i o n s  of m iddle  e a r  muscle  a c t i v i t y  
du r ing  s l e e p .  Sl e e p . 5 , 11-27 .

P i v i k ,  R. (1978) Tonic s t a t e s  and p h a s i c  e v e n t s  i n  r e l a t i o n  
to  s l e e p  m en ta t io n  (pp 245-271) .  In  Arkin ,  A.M., 
Antrobus ,  J . S .  6 Ellman, S. (Eds.)  The mi n d i n  s l e e p . 
H i l l s d a l e ,  N . J . :  Erlbaum A s s o c i a t e s .

P i v i k ,  T. and F o u lk e s ,  D. (1966) "Dream d e p r i v a t i o n " :
E f f e c t s  on dream c o n t e n t .  Sc i ence ,  153, 1282-1284.

Pope, K. S. (1978) How g e n d e r ,  s o l i t u d e ,  and p o s tu re
i n f lu e n c e  th e  s t ream  of c o n s c i o u s n e s s .  In  Pope, K. S. 
and S i n q e r ,  R.L. ( e d s . ) , The s t r e a m o f  cons c i o u s n ess .
New York: Plenum, 259-299.

Rao, C.R. (1973) Li n e a r  s t a t i s t i c a l  i n f e r ence and i t s  
appl i c a t i o n s . (2nd. ed . ) New York: Wiley.

R e c h t s c h a f f e n ,  A. & K ales ,  A ( E d s . ) (1968) A manu a l  of
s t a ndard iz e d  t e rm in o lo g y . t echni q ues and s c or i n g s y s t e m 
fo r  s l e e p  s t ages of human s u b j e c t s .  P u b l i c  Heal th  
S e r v i c e ,  U.S. Government P r i n t i n g  O f f i c e ,  Washington,
D.C.

Rechtschaf  fen .  A. ,  H a u r i ,  P .  and Z e i t l i n ,  M. (1966) Auditory  
awakeninq t h r e s h o l d s  in REM and NREM s t a g e s .  P e rce p t u a l  
and Motor S k i l l s .  22, 9 21-9 24.



118

R e c h t s c a f f e n , A . ,  Verdone, P . and Uheaton ,  J .  (1963)
R epor ts  o f  mental  a c t i v i t y  d u r in g  s l e e p .  Canad ian  
Psych i a t r i c  fisso.ciatj.on J o u r n a l . 8, 409-414 (a) .

R e c h t s c h a f f e n ,  A . ,  Watson, R . r Wincor, M.Z., M o l i n a r i ,  S. 
and B a r t a ,  S.G. (1972) The r e l a t i o n s h i p  o f  p h a s i c  and 
t o n i c  p e r i o r b i t a l  EMG a c t i v i t y  to  NREM m e n t a t i o n .  Sl e e p  
Res e a r c h .  1, 114 ( b ) .

S ch w a r tz ,  D .G . ,  W eins te in ,  L.N. and A rk in ,  fi.M. (1978) 
Q u a l i t a t i v e  a s p e c t s  of  s l e e p  m e n t a t i o n .  In f i rk in .  A., 
A ntrobus ,  J .  S. and Ellman,  S. ( e d s . )  The mind  in  s l e e p .  
H i l l s d a l e ,  New J e r s e y :  Lawrence Erlbaum A s s o c i a t e s ,  
143-241.

S i n g e r ,  J . L .  Exper im enta l  s t u d i e s  of daydreaming and t h e  
s t ream  of t h o u g h t .  In  Pope,  K.S. and S i n g e r ,  R.L. (e d s . )  
The s t r e a m  of  c o n s c i o u s n e s s .  New York: Plenum, 1978, 
187-223.

Solomon, P. (19 61) Sensory d e p r i v a t i o n . Cambridge,  Mass. : 
Harvard U n i v e r s i t y  P r e s s .

S to y v a ,  J .  (1973) B iofeedback  t e c h n iq u e s  and the  c o n d i t i o n s  
f o r  h a l l u c i n a t o r y  a c t i v i t y .  In McGuigan, F . J .  and 
Schoonover,  R.A. (eds .)  : The p s ychophy s i o l ogy of
t h ink i ng . New York: Academic P r e s s ,  pp. 387-414.

T hayer ,  R.E. (1978) Toward a p s y c h o l o g ic a l  th e o ry  of
m u l t id im e n s io n a l  a c t i v a t i o n  ( a r o u s a l ) .  Motiv a t i o n  a nd 
Emo t i o n ,  2, 1-34.

West, L. J .  (1962) H a l l u c i n a t i o n s .  New York: Grune and 
S t r a t t o n .

West, L. J .  (1968) H a l l u c i n a t i o n s .  In J .  G. Howells (ed . )  : 
Modern p e r s p e c t i ves in  wor l d p sy c h i a t r y .  Edinburgh:  
O l iv e r  and Boyd, pp. 265-287.

Wollman, M.C., R e i n s e l ,  R.A. and A n t ro b u s ,  J . S .  (1983) 
P r e d i c t a b i l i t y  of speech  g e n e ra te d  a f t e r  awakening from 
REM and Stage  2 s l e e p .  In  K o e l la ,  W.P. (ed .)  Sleep  
1212., B a se l :  K a rg e r ,  pp. 378-382.

Zimmerman, W.B. (1970) S leep  m en ta t io n  and a u d i t o r y
awakening t h r e s h o l d s .  P sy c h o p h y s io lo g y .  6, 540-549.


