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ABSTRACT

EFFECTS OF STIMULUS UNCERTAINTY ON THE PUPILLARY DILATION 

RESPONSE AND THE VERTEX EVOKED POTENTIAL IN MAN

A d v is o r :  Dr .  Gad Hakerem

Peak p u p i l l a r y  d i l a t i o n ,  the l a t e  p o s i t i v e  component ( P -j) o f  

the a u d i t o r y  evoked p o t e n t i a l ,  and slow b a s e l i n e  s h i f t s ,  were recorded  

s im u l t a n e o u s ly  and s t u d i e d  as a f u n c t i o n  o f  degree o f  s t im u lu s  

u n c e r t a i n t y .  A l l  responses were averaged us ing a Computer o f  Average  

T r a n s i e n t s .  Degree of  s t im u lu s  u n c e r t a i n t y  was m a n ip u la te d  by v a r y in g  

the p r o b a b i l i t y  o f  o ccu r re n c e  o f  two s t i m u l i  from 20 to  80 percent  

p r o b a b i l i t i e s  o f  o c curre nce

N | - P 3 , an o v e r a l l  measure o f  evoked p o t e n t i a l  a m p l i t u d e ,  and peak 

d i l a t i o n  a m p l i tu d e  decreased m o n o to n lc a 1ty as a f u n c t i o n  o f  the rareness  

o f  event  o c cu r re n c e .  This  r e l a t i o n s h i p  h e ld  f o r  N^-P^ in both u n c e r t a i n  

(S guessed the i d e n t i t y  o f  the upcoming s t im u lu s )  and c e r t a i n  (S  was t o l d  

the  i d e n t i t y  o f  the upcoming s t im u lu s )  c o n d i t i o n s ,  but o n ly  In  the  

u n c e r t a i n  c o n d i t i o n  f o r  peak d i l a t i o n .

C o n t in g en t  N e g a t iv e  V a r i a t i o n  (CNV) and p u p i l l a r y  s lope  ( p r e - s t i m u l u s  

e v e n ts )  d id  not v ary  as a f u n c t i o n  o f  p r o b a b i l i t y  in  e i t h e r  c o n d i t i o n .  

C o n t ra ry  t o  K a r l i n ' s  (1 970 )  and N aatan en 's  (1970 )  a rguments ,  no r e l a t i o n s h l  

between CNV a m p l i tu d e  and evoked p o t e n t i a l  a m p l i tu d e  was found.



A l l  response measures d i f f e r e d  m arked ly  in  a m p l i t u d e  between 

c e r t a i n  and u n c e r t a i n  c o n d i t i o n s .  Nj - P j and peak d i l a t i o n  were 

l a r g e r  in  the  u n c e r t a i n  th a n  In  the  c e r t a i n  c o n d i t i o n ,  CNV was more 

n e g a t iv e  In  the u n c e r t a i n  c o n d i t i o n  th an  In  the  c e r t a i n  c o n d i t i o n ,  

and p u p i l l a r y  s lo pe  e x h i b i t e d  more d i l a t i o n  In  the  u n c e r t a i n  th a n  in  

the c e r t a i n  c o n d i t i o n .

R e s u l t s  fo r  p r o b a b i l i t y  m a n i p u l a t i o n  were I n t e r p r e t e d  in  terms  

o f  S o ko lo v 's  (1963)  th e o ry  o f  the  o r i e n t i n g  r e f l e x .  F in d in g s  f o r  the  

e f f e c t s  o f  u n c e r t a i n t y  were i n t e r p r e t e d  as I n d i c a t i v e  o f  g r e a t e r  

arousa l  a s s o c ia t e d  w i t h  the u n c e r t a i n  c o n d i t i o n .
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CHAPTER 1

INTRODUCTION

The '"ecent psychophys I o log I ca t l i t e r a t u r e  Is r e p l e t e  w i t h  

i n v e s t i g a t i o n s  o f  p u p i l l a r y  m o t i l i t y  t h a t  were sparked by Hess 's  (1965)  

i n i t i a l  f i n d i n g s .  A s e p a r a te  body o f  l i t e r a t u r e ,  d e a l i n g  w i t h  the  

e f f e c t s  o f  p s y c h o lo g ic a l  v a r i a b l e s  on the averaged evoked p o t e n t i a l  

recorded  from s c a l p  le a d s ,  has a ls o  become e x t e n s i v e .  I n v e s t i g a t i o n s  

in the l a t t e r  a rea  have been f a c i l i t a t e d  by the average  response com­

p u t e r ,  which e x t r a c t s  s m a l l ,  t i m e - l o c k e d  s ig n a ls  from the h ig h -a m p 1 i t u d e , 

background n o is e .  In  c o n ju n c t io n  w i t h  the e l e c t r o n i c ,  i n f a r e d  p u p i l l o -  

g r a p h , the use o f  the average  response computer has been shown by 

Hakerem and h is  c o l le a g u e s  (Hakerem, 1967, Hakerem and S u t t o n ,  1966,  

Levine  and Hakerem, 1969' to  be a powerfu l  to o l  in  the study of  the  

e f f e c t s  o f  p s y c h o lo g ic a l  v a r i a b l e s  on the p u p i l l a r y  response.

80th evoked p o t e n t i a l  and p u p i l l a r y  responses are s i m i l a r l y  a f f e c t e d  

by e x p e r im e n t a l  v a r i a b l e s ,  such as " ta s k  r e le v a n c e "  (S h e a tz  and Chapman,  

1969; Simpson, 1969) , and s t im u lu s  u n c e r t a i n t y  (L e v in e  and Hakerem, 1969; 

S u t t o n ,  1968 ) However, no a t tem pt  has been made to  re c o rd  both r e ­

sponse processes s im u l t a n e o u s ly .  S t im u 1taneous r e c o r d in g  o f  averaged  

p e r i p h e r a l  measures and the averaged evoked p o t e n t i a l  should y i e l d  

i n f o r m a t i o n  about temporal  and a m p l i tu d e  r e l a t i o n s h i p s  between c e n t r a l  

and p e r i p h e r a l  responses.  The c u r r e n t  e v id en ce  comes on ly  from s e p a r a te  

i n v e s t i g a t i o n s  o f  averaged evoked p o t e n t i a l s  and averaged o u p i l l a r y

1



r e s p o n s e s .

Recent e x p e r i m e n t a t i o n  has shown t h a t  s t im u lu s  u n c e r t a i n t y  

has rem ark ab ly  s i m i l a r  e f f e c t s  on a number o f  p h y s i o l o g i c a l  systems  

(L e v in e  and Hakerem, 1?69; H i g g i n s ,  1971; Lov lbond,  1969; P r a t t ,

1970; S u t to n ,  1 9 6 8 ) .  I t s  e f f e c t s  on th e  a u d i t o r y  evoked p o t e n t i a l  

reco rd ed  from v e r t e x  were f i r s t  s y s t e m a t i c a l l y  s t u d i e d  by S ut ton  

and h is  cot leagues ( Sut t o n , Br aren  , John , and ZubIn , 1965; S ut ton  , 

T u e t l n g ,  Zub in ,  and John ,  1967) .  T h e i r  I n v e s t i g a t i o n s  demonstrated  

t h a t  the t h i r d  p o s i t i v e  component ( P j )  o f  the  averaged  evoked p o te n ­

t i a l ,  which peaks a t  about 300 m i l l i s e c o n d s ,  was r e l a t e d  t o  the  

s i g n i f i c a n c e  o f  the s t im u lu s  t o  the S u b j e c t .  P3 was p re se nt  and o f  

l a rg e  a m p l i tu d e  In the evoked p o t e n t i a l  t o  s t i m u l i  whose oc curre nce  

re s o lv e d  u n c e r t a i n t y  but was absent  or o f  minimal a m p l i tu d e  when the  

s u b j e c t  knew In  advance which s t im u lu s  was t o  be p re s e n t e d .  Except  

f o r  I t s  l a t e n c y ,  P3 appeared to  be Independent  o f  the sensory c h a r ­

a c t e r i s t i c s  o f  the  s t i m u l u s .

In  a more re ce n t  e x p e r i m e n t ,  T u e t i n g ,  S u t to n ,  and Zubin (1 9 71 )  

were a b le  to  q u a n t i f y  the r e l a t i o n s h i p  between degree  o f  u n c e r t a i n t y  

and P3 a m p l i t u d e .  Degree o f  u n c e r t a i n t y  was v a r i e d  by m a n ip u la t i n g  

the  p r o b a b i l i t y  o f  o ccu r ren c e  o f  h i g h -  and l o w - p i t c h e d  c l i c k s .  S 

was t o l d  the s t im u lu s  p r o b a b i l i t y  and asked to  guess what the next  

s t im u lu s  in  a s e r i e s  would be ( u n c e r t a i n  c o n d i t i o n ) .  In  the  c o n t r o l  

c o n d i t i o n ,  ^  was t o l d  what the next s t im u lu s  would be ( c e r t a i n  c o n d i ­

t i o n ) .  The r e s u l t s  showed t h a t  the a m p l i tu d e  o f  the  P3 component was 

an In v e rs e  f u n c t i o n  o f  the r e l a t i v e  p r o b a b i l i t y  o f  the  outcome o f  ^ ' s  

p r e d i c t i o n — the  lower the p r o b a b i l i t y ,  th e  l a r g e r  th e  a m p l i tu d e  of

2



P3 . P3 w* *  m a rk e d ly  reduced In  a m p l i t u d e  In  the  c e r t a i n  c o n d i t i o n  

f o r  a l l  p r o b a b I 11t y  manlpul  a t  I o n s .

Lev ine  and Hakerem ( 1 9 6 9 ) m o d i f i e d  the  e x p e r im e n t a l  des ig n  o f  

Sut ton  and h is  c o l le a g u e s  (19 65 ;  1967) t o  I n v e s t i g a t e  the e f f e c t s  o f  

s t im u lu s  u n c e r t a i n t y  on p u p i l l a r y  d i a m e t e r .  They found t h a t  the  

p u p i l  r e a c t s  to  u n c e r t a i n t y  In  the same manner as the P^ component 

o f  the evoked p o t e n t i a l .  D i l a t i o n  a m p l i t u d e  waa l a r g e r  In  the  

u n c e r t a i n  c o n d i t i o n  f o r  a l l  ^ s , and was reduced In  a m p l i tu d e  or 

absent  In  the  c e r t a i n  c o n d i t i o n .  P r a t t  (1 9 7 0 )  de m onstra ted  t h a t  

p u p i l l a r y  d i l a t i o n  a m p l i tu d e  In c re a s e d  l i n e a r l y  as a f u n c t i o n  o f  

s t im u lu s  u n c e r t a i n t y .

Hakerem and S u t to n  ( 1 9 6 6 ) compared the  e f f e c t s  o f  i n s t r u c t i n g  

Ss to  r e p o r t  o r  not r e p o r t  w h e th e r  a t h r e s h o l d  l e v e l  l i g h t  was seen,  

in  the  " r e p o r t "  c o n d i t i o n  averaged  p u p i l l a r y  d i l a t i o n  c o n t in u e d  be*  

yond the o c cu r ren ce  o f  the l i g h t ;  in  the "no r e p o r t "  c o n d i t i o n ,  the  

d i l a t i o n  l e v e l l e d  o f f .  In  a second e x p e r i m e n t ,  averaged responses  

f o r  the "seen"  t r i a l s  showed a d e f i n i t e  d i l a t i o n .  Averaged curves  

f o r  the "not seen"  t r i a l s  and f o r  t r i a l s  in  which no d i s c r i m i n a t i o n  

was r e q u i r e d  produced smal l  d i l a t i o n s  not s u b s t a n t i a l l y  d i f f e r e n t  

from " b l a n k "  t r i a l  a v e r a g e s ,  in  which the s t im u lu s  energy  was one-  

t e n t h  t h a t  o f  the t h r e s h o l d  s t i m u l u s .  S i m i l a r  r e s u l t s ,  I n  which  

d i l a t i o n  was l a r g e r  when the was r e q u i r e d  t o  make a d e c i s i o n ,  

have been o b t a i n e d  by Simpson and Hale  ( I 9 6 9 ) . P resum ably ,  the  

d i f f e r e n c e s  between th ese  curves r e f l e c t e d  d i f f e r e n c e s  in the degree  

o f  v i g i l a n c e  r e q u i r e d  f o r  the  two ta s k s .

An a n a l y s i s  o f  P3 by R i t t e r  and Vaughan (1 9 69 )  produced r e s u l t s  

comparable  to  those  o f  Hakerem and S u t to n  ( 1 9 6 6 ) .  In  t h e i r  exper  I -
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m e n t , the s ig n e t  s t im u lu s  was a tone b u r s t ,  5 db tower th a n  the  

n o n -s ig n a l  s t i m u l u s .  Averaged evoked responses to  d e t e c t e d  s t i m u l i  

c o n t a in e d  a prominent  l a t e  p o s i t i v e  component ( LPC or P3) , w h i l e  

averaged evoked responses t o  n o n - d e t e c t e d  s i g n a l s  and n o n -5 Igna ts  

had s i m i l a r  waveforms,  but c o n ta in e d  no l a t e  p o s i t i v e  component.

These a u th o rs  concluded t h a t  the l a t e  p o s i t i v e  component was a 

" c o r r e l a t e  o f  c e n t r a l  processes fo r  c o g n i t i v e  e v a l u a t i o n  o f  s t im u lu s  

s i g n i f i c a n c e "  (p 328)

Both Paul ( p e rs o n a l  communication)  and H i l l y a r d ,  S q u i r e s ,  Bauer,  

and L indsay  (1 971 )  have s t u d ie d  P  ̂ In  a s ig n a l  d e t e c t i o n  paradigm  

and have de m onstra ted  a c lo s e  correspondence between 51's p e r c e p tu a l  

r e p o r t s  and P3 a m p l i t u d e .  Paul found d e t e c t e d  s ig n a l s  evoked P3 

am pl i tudes  t h a t  were c o n s i d e r a b ly  l a r g e r  than n o n -d e te c te d  s i g n a l s .  

The averaged evoked p o t e n t i a l  recorded  in  the  H i l l y a r d  e£  a^,  (1971 )  

ex p e r im en t  c o n t a in e d  a l a r g e ,  i a t e  pos t l v e  wave (P3) o n ly  when the  

s ig n a l  was c o r r e c t l y  d e t e c t e d .  P3 was e i t h e r  absent or  marked ly  

a t t e n u a t e d  in  the averaged responses t o  u n d e te c te d  s ig n a l s  , f a l s e l y -  

r e p o r t e d  s i g n a l s ,  or  c o r r e c t l y - r e p o r t e d  n o n - s i g n a ls .

Lovibond (19&9) has found f a s t e r  GSR h a b i t u a t i o n  t o  s t i m u l i  o f  

which the ^  was c e r t a i n ,  H igg ins  ( 1 9 7 0  has found f a s t e r  h e a r t  

r a t e  a c c e l e r a t i o n  to  s t i m u l i  w i t h  a low p r o b a b i l i t y  o f  o c c u r re n c e .  

These f i n d i n g s  c oup led  w i t h  those fo r  the p u p i l  (Lev in e  and Hakerem,  

19^9; P r a t t ,  1 9 7 0 ) ,  would suggest t h a t  an in c re a s e  in  s y m p a th e t ic  

a c t i v i t y  occurs in  response t o  s t i m u l i  whose o c cu r ren ce  is u n c e r t a i n .  

This  e v id e n c e ,  when c o n s id e re d  In  c o n j u n c t io n  w i t h  t h a t  o f  T u e t in g  

e_t a_[. ( 1971) and those e x p e r im e n t a l  paradigms in  which the P3

component and p u p i l l a r y  d i l a t i o n  r e a c t e d  s i m i l a r l y ,  lead one t o  the
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c o n c lu s io n  t h a t  both are  m ed ia ted  by some contnon neurophys I o log I ca 1 

mechanism.

C ont ing ent  N e g a t iv e  V a r i a t i o n

Grey W a l t e r  and h is  co -w o rke rs  ( W a l t e r ,  Cooper ,  A l d r i d g e ,

McCallum, and W i n t e r ,  196M were the f i r s t  to  r e p o r t  the  d e v e lo p ­

ment o f  a s lo w ,  n e g a t i v e  b a s e l in e  s h i f t  In  the averaged EEG 

o c c u r r i n g  between the p r e s e n t a t i o n  o f  two s t i m u l i  which had been 

a s s o c ia t e d  in  a c l a s s i c a l  c o n d i t i o n i n g  paradigm.  W a l t e r  c a l l e d  

t h i s  s h i f t  the  c o n t in g e n t  n e g a t iv e  v a r i a t i o n  ( C N V ) , s in ce  i t s  

development was c o n t i n g e n t  upon the a s s o c i a t i o n  o f  the  two s t i m u l i  

(S j  and S2 ) , He has a l s o  r e f e r r e d  t o  I t  as an e xp ec ta n cy  or "E-  

wave" , s in c e  I t  does not occur a f t e r  Sj Is no longer  p r e s e n t e d ,  

and Is reduced In  a m p l i tu d e  I f  the  p r o b a b i l i t y  o f  $2 occurrence  

is reduced.  doth W a l t e r  ejt  ̂ a_L ( I 96 I*) , and McAdam (1 9 69 )  have 

shown t h a t  when CNV o c c u r s ,  the  c o r t e x  is In an In creased  s t a t e  

o f  e x c 11 ab i I i  ty  .

CNV has been co n s id e re d  i n d i c a t i v e  o f  a r o u s a l ,  due t o  i t s  

appearance under e x p e r im e n t a l  c o n d i t i o n s  designed to  in c re a se  _S's 

arousa l  or a c t i v a t i o n  l e v e l  ( e . g . ,  Connor and Lang, 19^9; Low,

C o a ts ,  R e t t i g  and M c S h e r r y , 1 9 6 7 ) .  Recent I n v e s t i g a t i o n s  have shown

CNV a m p l i tu d e  s e n s i t i v e  t o  changes in  S/s a t t e n t i o n a i  s t a t e

(H I  I l y a r d  e_t 1971 ; Tecce , 1971 ; W i I k i  nson and Hai n^s , 1970) .

Te cc e 's  model c o n s id e rs  a ro u s a l  "a h y p o t h e t i c a l  process t h a t

e n e r g i z e s  beh av io r  u s e l e c t I v e 1y . . . and does not In v o lv e  the  d i r e c t i o n a l ,

a s s o c i a t i v e  f u n c t io n s  o f  a t t e n t i o n "  (p .  13) .  In  support  o f  t h i s  model

C h l o r i n i  ( 1969) has a ls o  Im p l i c a t e d  s lo w ,  n e g a t i v e  p o t e n t i a l  s h i f t s
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in  d i f f u s e  a c t i v a t i o n  o f  the  c o r t e x .  Caspers ( 1963) has s t u d i e d  s lew  

p o t e n t i a l  changes in  an imals  and has dem onstra ted  a c lo s e  correspondence  

between b e h a v io r a l  s igns o f  a rousa l  and n e g a t iv e  p o t e n t i a l  s h i f t s .  

A l th o u g h  the e xa c t  r e l a t i o n s h i p  between the CNV and the se  s te ad y  p o t e n ­

t i a l  s h i f t s  is not known, these  r e s u l t s  a re  s u g g e s t iv e  o f  a common 

m e d ia t in g  mechanism.

The a m p l i tu d e  o f  P^ , p u p i l l a r y  d i l a t i o n ,  and CNV have been r e l a t e d  

t o  " s i g n i f i c a n c e "  o f  the s t im u lu s  t o r  S. CNV ends w i t h  a p o s i t i v e - g o i n g  

process at about 300 msec, f o l l o w i n g  S2 , Th is  r e s o l u t i o n  t im e  c o r r e s ­

ponds to  most r e p o r t s  o f  P-̂  la t e n c y  Thus, as Donchin and Smith (1 9 7 0 )  

p o in t  out , CNV and P^ may be two aspects  o f  the same proces s .  For 

exam ple ,  in  the Lev ine  and Hakerem ( 1969 ) s tu d y ,  had to  w a i t  one second 

in o rd e r  t o  d e te rm in e  i f  he would r e c e i v e  an a d d i t i o n a l  c l i c k .  Th is  

a d d i t i o n a l  c l i c k  in formed him as to  the c o r r e c t n e s s  o f  h is  p r e t r i a l  

p r e d i c t i o n  I t  has r e c e n t l y  been c o n f i rm e d  by Hakerem, (p e rs o n a l  

communi c a t i o n )  t h a t  a CNV deve loped  between the f i r s t  c l i c k s  S r e c e i v e d  

and the a d d i t i o n a l  c l i c k  t h a t  he w a i t e d  fo r  in  o rd e r  to  c o n f i r m  or  

d i s c o n f i r m  h is  guess.

K a r l i n  (19 70) and Naatanen (1 9 6 7 ,  1970) have argued t h a t  the  

frequency  response o f  the a m p l i f i e r  be lowered t o  e n ab le  the e x p e r i ­

menter  to  re c o rd  5 ' ow b a s e l i n e  s h i f t s  as w e l l  as evoked p o t e n t i a l .

They c i t e  s t u d i e s  o f  the e f f e c t s  o f  s e l e c t i v e  a t t e n t i o n  on averaged  

evoked p o t e n t i a l s ,  in  which r e l e v a n t  and I r r e l e v a n t  s t i m u l i  have a l t e r ­

na ted  In such a way t h a t  ^  can a c c u r a t e l y  p r e d i c t  when the r e l e v a n t  

s t im u lu s  Is go ing  t o  occur ( e . g .  , N aa tan en ,  1967 ,  1970; Donchin and 

Cohen, 1967; Donchin and S m ith ,  1 9 7 0 ) .  As the usual  f i n d i n g  In  these  

s t u d i e s  has been the enhancement o f  P-j o n ly  t o  s t i m u l i  which a re  t a s k
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r e l e v a n t ,  K a r l i n  (1 9 7 0 )  has argued t h a t  _S can "gear  h is  r e a d in e s s  t o  the  

I n t e r v a l  so t h a t  on the ave ra ge  h is  re a d in e s s  f o r  r e l e v a n t  s t i m u l i  w i l l  be 

g r e a t e r  th a n  fo r  I r r e l e v a n t  s t l m u 1 I " ( p .  t2*+) . Naatanen (19& 7,  1970) d e f in e s  

CNV as the  " p r e p a r a t o r y  c o r t i c a l  a c t I v a t I o n "  which accounts fo r  the  

enhancement o f  th e  evoked p o t e n t i a l  under ta s k  r e l e v a n t  c o n d i t i o n s ,  be­

cause when r e l e v a n t  and I r r e l e v a n t  s t i m u l i  were randomly p r e s e n t e d ,  rio 

evoked p o t e n t i a l  enhancement o c c u r r e d .  However,  when th e y  were a l t e r n a t e d  

at  r e g u l a r  i n t e r v a l s ,  evoked p o t e n t i a l  enhancement o c curre d  on ly  t o  the  

r e l e v a n t  s t i m u l i ,  CNV a ls o  o c cu r re d  o n ly  p r i o r  t o  the r e g u l a r l y  a l t e r ­

nated  r e l e v a n t  s t i m u l i .  Oonchin and Smith (1970 )  have a ls o  found 

enhancement In  th e  presence o f  CNV which o n ly  o c cu r re d  p r i o r  t o  the  

re leva n t  s t Im u I u s .

Th is  argument has I n i t i a t e d  a g r e a t  deal  o f  c o n t r o v e r s y  ( e . g . ,

Donchin and Cohen, 1969; N a a ta n en ,  1969a ,  1 9 6 9 b ) ,  as we 11 as c o n f l i c t i n g  

r e s u l t s .  I t  has been r e p o r t e d  t h a t  when d i f f e r e n t i a l  p r e p a r a t i o n  Is 

p r e c l u d e d ,  evoked p o t e n t i a l  enhancement s t i l l  occurs (K o p p e l ,  W I t t n e r ,  

and W a r r i c k ,  1969; Eason, H a r t e r ,  and W h i t e ,  1 9 6 9 ) ,  Donald and G o f f  

(1 9 7 1 )  have a ls o  been ab le  to  d i s s o c i a t e  the  two w i t h i n  the  same e x p e r i ­

menta l  c o n t e x t .

T u e t l n g  (1 968 )  d id  not employ a long t im e - c o n s t a n t  EEC re c o r d in g  

t e c h n iq u e  and t h e r e f o r e  c o u ld  not see s to w ,  b a s e l i n e  s h i f t s .  In  her  

exper im ent  S r e c e i v e d  a w arn in g  s ig n a l  f o l lo w e d  by a s p e c i f i e d  t  Inte 

i n t e r v a l ,  a f t e r  which  the  s t im u lu s  was d e l i v e r e d .  A CNV would have been 

e xp e c te d  t o  deve lop  w i t h i n  t h a t  i n t e r v a l ,  but s in c e  the  s t i m u l i  were  

random by t r i a l  and t h e r e f o r e  cou ld  not have been a c c u r a t e l y  p r e d i c t e d ,

CNV c ou ld  not have accounted f o r  the e f f e c t  o f  p r o b a b i l i t y  on the  evoked  

p o t e n t i a l .  N e v e r t h e l e s s ,  in  v ie w  of  the  growing body o f  e x p e r im e n t a l
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d a ta  d e a l i n g  w i t h  the CNV and the evoked p o t e n t i a l ,  the  Importance  o f  

the r e l a t i o n s h i p  between th e s e  two b r a i n  processes cannot  be o v e r lo o k e d .

The Pre sen t  Exper iment

The purpose o f  the p resent  exper im ent  Is t o  r e v e a l  the r e l a t i o n s h i p  

between CNV, , and p u p i i i a r y  d i l a t i o n .  They w l 1 I be s t u d i e d  as a 

f u n c t i o n  o f  degree  o f  s t im u lu s  u n c e r t a i n t y ,  w h ich  w i l l  be produced,  as 

in  the Tuet i ng( 1 9 6 8 : T u e t l n g  e^ , 1 9 7 0  s t u d y ,  by v a r y i n g  the  

p r o b a b i l i t y  o f  o ccurrence  o f  two s t i m u l i .  Four p r o b a b i l i t i e s  o f  o c c u r ­

rence f o r  each s t im u lu s  w i l l  be used: 2 0 ,  1*0, 60 and 80 p e r c e n t .  Each

probab i l l t y  w i l l  be run under c e r t  a l n  and uncer t  ai  n cond i t i o n s , I t  Is e x *

pected  t h a t  the evoked p o t e n t i a l  d a t a  wi I I  r e p l i c a t e  T u e t l n g ' s  (1 968 )  

f l n d i n g s - - P ^  inc re ase s  in  a m p l i tu d e  as s t im u lu s  u n c e r t a i n t y  In c re a s e s .

I t  has been suggested t h a t  CNV Is a f f e c t e d  by the probabi  I 11 y o f  

events  (Low, Borda,  F r o s t ,  and K e l l  away,  1966; W a l t e r  e_t̂  a I . 196^*, 1966,

1 968 ) ,  However, the e f f e c t  o f  p r o b a b i l i t y  on CNV is not a w e l l - e s t a b l i s h e d  

r e l a t i o n s h i p  (see H i l l y a r d  and Galambos, 1967) in W a l t e r ' s  parad igm ,  

the o ccurrence  or  n on -o ccurren ce  o f  $2 was not p r e d i c t e d  by gu e ss in g .  W h i le  

In  a guess ing paradigm (McAdam. K n o t t ,  and P eber t  , 1 9 6 9 ) ,  the r e s u l t s  

showed inc re a s e d  CNV a m p l i tu d e  fo r  an u n c e r t a i n  e v e n t ,  p r o b a b i l i t i e s  were  

not m a n ip u la te d  T h e r e f o r e ,  no p r e d i c t i o n  w i t h  respect  to  the r e l a t i o n ­

s h i p  between CNV a m p l i tu d e  and probabi l i t y  c o u ld  be made. The e f f e c t  on

CNV a m p l i tu d e  when the ^  is guess ing  In  a p r o b a b i l i t y  s i t u a t i o n  (as in  

the present  e x p e r im e n t )  w i l l  demonstrate  the e f f e c t s  o f  p r o b a b i l i t y  

m a n ip u la t i o n  on CNV a m p l i t u d e ,  as we 1 I as p ro v id e  d a t a  on the r e l a t i o n ­

s h ip  between CNV and the evoked potent i a I .

CNV, the t o n i c  process has been c o n s id e re d  a measure o f  a ro u s a l  or
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a c t i v a t i o n  ( e . g . ,  McAdam, 1 9 6 9 ) ,  w h i l e  the evoked p o t e n t i a l  ( s p e c i f i c a l l y  

the  l a t e  c om pone nts ) ,  the  p h a s ic  p ro c e s s ,  has been c o n s id e r e d  necessary  

f o r  the  m e d ia t i o n  o f  s h o r t - t e r m  a t t e n t l o n a l  s h i f t s  (Jenness , pe rsona l  

c o m m u n ica t io n ) .  T o n i c i t y  measures o f  p u p i l l a r y  a c t i v i t y  a re  the p r e -  

s t im u lu s  I n i t i a l  d ia m e te r  (Dureman and S h o la n d e r ,  1962; Lowenste ln  and 

L o e w e n fe ld ,  1950) and somewhat analagous t o  CNV, the  p r e - s t i m u lu s  

p u p i l l a r y  s lo p e .  The phas ic  component Is peak d i l a t i o n  due t o  psycho-  

sensory s t i m u l a t i o n .

The phas ic  processes o f  both responses have been i m p l i c a t e d  as 

components o f  the  o r i e n t i n g  r e f l e x  ( R i t t e r ,  Vaughan and C o s ta ,  1968;  

So ko lo v ,  1 9 6 3 ) .  F u r t h e r ,  m e d i a t i o n  o f  t o n i c  and phasic  processes has 

been r e l e g a t e d  t o  two d i f f e r e n t  c e n t r a l  nervous system mechanisms;

1) t o n i c ,  a sce nd ing  r e t i c u l a r  a c t i v a t i n g  system 2 ) p h a s i c ,  d i f f u s e  

th a la m ic  a c t i v a t i n g  system ( L i n d s l e y ,  i 9 6 0 ) .  The p resent  exp er im en t  

may p ro v id e  i n f o r m a t i o n  on the f u n c t i o n a l  s i g n i f i c a n c e  o f  the dichotomy  

o f  the  t o n i c  and phas ic  p ro c ess es .

The p re s e n t  ex p e r im en t  seeks answers to  the f o l l o w i n g  q u e s t io n s ;

What is the e f f e c t  o f  degree  o f  u n c e r t a i n t y  on the c o v a r i a t i o n  o f  CNV,

P3 , and p u p i l l a r y  d i l a t i o n ?  Are  CNV and p r e - s t I m u lu s  p u p i l l a r y  s lope  

s e n s i t i v e  t o  the p r o b a b i l i t y  o f  s t im u lu s  occurrence? Does the same 

q u a n t i t a t i v e  r e l a t i o n s h i p  found between P3 a m p l i tu d e  and p r o b a b i l i t y  ho ld  

f o r  p u p i l l a r y  d i l a t i o n ?
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CHAPTER I I

METHOD

The equipment and genera l  procedure were designed t o  o b t a in  and 

s t o r e  averaged p u p i l l a r y  responses,  averaged evoked p o t e n t i a l s ,  and 

averaged b a s e l in e  s h i f t s  t o  e x p e r im e n ta l  c o n t in g e n c ie s  in  a guessing  

s i t u a t i o n .  Data were monitored  o n - l i n e  as a check n  the reco rd in g  

and a n a ly s is  p rocedure ,  and were s to re d  on magnet ic  tape f o r  l a t e r  

r e t r i e v a l  and a ve ra g in g .

Subjects

S ix  males and two I d e n t i c a l  female twins served as ^s They 

were paid  at  the r a t e  o f  $ 2 . 5 0  per hour ,  and were o b ta in e d  by a d v e r t i s i n g  

In c o l le g e  placement o f f i c e s .

E q u I p m e n t

Figure  I is a Schematic diagram o f  th^* equipment.  ^  was seated  

c o m fo r ta b ly  In  a c o m p le te ly  darkened ,  sound-damped chamber, which was 

e l e c t r o s t a t i c a l l y  s h ie ld e d  us ing copper mesh.

Programming, The e xp e r im en ter  (E) sat  o u ts id e  the exp er im en ta l  

chamber f a c in g  a programming and s w i t c h in g  u n i t  o f  loca l  d e s ig n ,  and a 

T e k t r o n i x  Type 5&1 dual -beam o s c i l l o s c o p e ,  on which both EEG and pupi l  

could  be m oni tored .  The programming u n i t  enab led  ^  to  I n t e r - c o n n e c t  a 

s e r ie s  o f  t im e rs  (accuracy  *  1 p e rce n t )  In  o r d e r  t o  genera te  a t r i a l
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F igure  I .  S i m p l i f i e d  b lock  diagram o f  the equipment used 

In  the exper Iment
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sequence.  The s w i t c h in g  u n i t  enab led  t  t o  program e i t h e r  o f  the two 

s t i m u l i .  By press ing  one o f  two cho ice  keys S I n d ic a t e d  h is  guess.

These keys were connected i n t o  the  s w i t c h in g  u n i t ,  and genera ted  

e l e c t r o n i c  ta g g in g  pulses which i d e n t i f i e d  h is  guess as e i t h e r  c o r r e c t  

or I n c o r r e c t .  In t h i s  way,  a maximum o f  fo u r  t r i a l  c o n t in g e n c ie s  cou ld  

be g e n era te d  and I d e n t i f i e d :  S was c o r r e c t  or in c o r r e c t  in  h is  guess o f  

e i t h e r  o f  the  two s t i m u l i .

St Imu I I . The s t i m u l i  were two double c l i c k s  t h a t  d i f f e r e d  In  the  

length  o f  t h e i r  i n t e r - c I i c k - I n t e r v a l . The c l i c k s , o f  .5  msec, d u r a t i o n ,  

were o b ta in e d  by a c a p a c i t o r  d is c h a r g e ,  then were a m p l i f i e d  ( a m p l i f i e r  

o f  lo c a l  des ign)  and a t t e n u a t e d  ( H e w le t t -P a c k a r d  a t t e n u a t o r ,  model 

number 3500} t o  a p p ro x im a te ly  6 0 db above t h r e s h o ld  ( f o r  one normal S) , 

and d e l i v e r e d  through a speaker  two and o n e - h a l f  f t .  above ^ ' s  head.  

P r e l i m i n a r y  t e s t i n g  w i t h  two p i l o t  jis , us ing  an ascending and descending  

method o f  l i m i t s ,  e s t a b l i s h e d  a d i f f e r e n c e  o f  6 msec. In  I n t e r - c l l c k -  

I n t e r v a l  as necessary f o r  these Ss to  p e rc e iv e  the two double c l i c k s  as 

u n e q u iv o c a l ly  d i f f e r e n t .  T h e r e f o r e ,  one i n t e r - c I I c k - I n t e r v a l  was f i x e d  

at 2 msec. ( " s I n g l e "  c I I c k )  , and the o th e r  a t  8 msec. ( " d o u b le "  c l I c k ) .

When the two s t i m u l i  were randomly p resented  In  a 5 0 /5 0  p r o b a b i l i t y  paradigm  

In both c e r t a i n  and u n c e r t a i n  c o n d i t i o n s ,  they  produced averaged evoked 

p o t e n t i a l  waveforms and averaged p u p i l l a r y  d i l a t i o n s  which d id  not d i f f e r  

s i g n i f i c a n t l y  w i t h  respect  t o  am pl i tude  or la ten c y  In  the  two p i l o t  

Ss employed.

Extraneous s t i m u l i  were masked by constant  noise genera ted  by an 

a i r - c o n d i t i o n i n g  u n i t ,  exhaust fans lo c a te d  Intfte S 's  chamber,  and the  

p u p l l l o g r a p h  drum. Ambient n o i s e ,  as measured by a t r u e  I and K ja e r  

P r e c i s i o n  Sound Level  Meter  (Type 2203) was determ ined  to  be 65db SPL
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on Sca le  A,

Choice k e y s . The c h o ic e  keys were two m ic ro s w i tc h e s  (Honeywel l  

model number 7A1HI) p la c e d  one Inch a p a r t  I n t o  a s t r i p  o f  p lywood,  

a p p r o x im a t e ly  one f t .  t o  the  r i g h t  o f  S,  and a t  a l e v e l  which a l lo w e d  

him t o  be c o m f o r t a b le  when r e s t i n g  h i s  r i g h t  arm. The l e f t  key r e p r e ­

sen ted  the " s i n g l e "  c l i c k ,  and the  r i g h t  key the  " d o u b le "  c l i c k .  To 

a i d  S In remembering h is  c h o i c e ,  a s i n g l e  bar was p la ce d  pe rm anent ly  on 

the  key r e p r e s e n t i n g  the  " s i n g l e "  c l i c k ,  and two bars were p la ce d  on 

the  key r e p r e s e n t i n g  the " d o u b le "  c l i c k .  The f o r c e  n ecessary  t o  c lo s e  

the s w i t c h  was a p p r o x im a t e ly  one ounce through one c e n t i m e t e r .

Pupl I loqr.aph o p e r a t i o n . The In s t ru m e n t  used was th e  L oew enste ln -  

Lowenfe ld  e l e c t r o n i c  p u p l l l o g r a p h  (L o e w e n s te ln  and Low enfe td ,  1 9 5 8 ) ,  as 

d e s c r ib e d  by Hakerem ( 1 9 6 7 ) .  A m e c h a n i c a l l y - c o n t r o l l e d  spot o f  I n f r a ­

red l i g h t  scans a one and o n e - h a l f  In .  w i d e ,  and a t h r e e - q u a r t e r  In .  h igh  

a r e a  w i t h  a t w e l v e - l i n e ,  s i x t y  c y c l e  per s ec .  r a s t e r .  The Image o f  t h i s  

r a s t e r  Is p r o j e c t e d  on t o  the  i r i s  o f  the r i g h t  e y e .  The I n f r a r e d  l i g h t  

scan is e i t h e r  r e f l e c t e d  by the i r i s  and s c l e r a ,  or  absorbed by the  p u p i l .  

The r e f l e c t e d  l i g h t  scan from j>'s eye Is p icke d  up by a lens system and 

Is  d i r e c t e d  t o  the  s e n s i t i v e  s u r f a c e  o f  a p h o t o m u l t i p l i e r .  When the  I n f r a ­

red scan moves across the  i r i s ,  i t  Is r e f l e c t e d  and th e r e  Is a v o l t a g e  

o u tp u t  from the p h o t o m u l t i p l i e r .  When th e  scan moves I n t o  the p u p i l ,  

the l i g h t  is absorbed by the  eye and the  v o l t a g e  o u tp u t  drops t o  z e r o .

Since the speed w i t h  which the  scan moves in  th e  r a s t e r  Is known, the  

w i d t h  o f  the  r e s u l t i n g  square  wave is p r o p o r t i o n a l  t o  the  len g th  o f  the  

p u p i l  s e c t o r  I t  has c ro s s e d .  The w id e s t  square  wave ,the  d ia m e te r  o f  the  

p u p i l .  Is  d e t e c t e d  by the  In s t ru m e n t  and c o n v e r t e d  I n t o  a p r o p o r t i o n a l  

DC v o l t a g e .  A d ia m e te r  measurement o f  the p u p i l  is thus o b t a i n e d  60



t Imes per s e c .

C a l i b r a t i o n  o f  Averaged P u p i l l a r y  A m pl i tude

A c a l i b r a t i o n  pu lse  e q u i v a l e n t  t o  8 mm. o f  p u p i l ,  was l a i d  down 

on tape a t  the beg in n in g  o f  each t r i a l .  This  was done In  o rd e r  t o  

o b t a i n  a p r e c i s e ,  a b s o lu t e  v a lu e  o f  p r e - s t i m u l u s  p u p i l  s i z e  ( I . e . ,  I n i t i a l  

d i a m e t e r ) ,  so t h a t  the  averaged  p u p i l l a r y  response could  be compared to  

the  c a l i b r a t i o n  p u l s e .  The r e s o l u t i o n  o f  t h i s  system p e rm i ts  the  

d e t e c t a b i l i t y  o f  p u p i l  d ia m e te r  changes o f  t h e  o rd e r  o f  0 .01  mm. in  an 

averaged cu rv e  o f  50 t r i a l s  (Hakerem, persona l  convnun I c a t  I on) .

EEG Amp 11 f  I c a t  I on

One channel  o f  EEG d a t a  was a m p l i f i e d  by a Cyber a m p l i f i e r  (model  

number J l ) .  The a m p l i f i e r  passed a l l  s ig n a l s  w i t h i n  a f requency  range  

o f  .016  to  SO c y c le s  per sec .  The a m p l i f i e r  g a i n  was c a l i b r a t e d  w i t h  a 

s in e  wave o f  known v o l t a g e  a t  the  i n p u t ,  and a d ju s t e d  at  the  o u tp u t  o f  

the  a m p l i f i e r  to  produce a g a i n  o f  1 0 ,0 0 0 .  The band pass c h a r a c t e r i s t i c s  

o f  the amp I I f 1e r  meant t h a t  s Iow  changes ( I . e .  , base l i n e  s h i f t s )  In  a c t i v i t y  

c o u ld  be examined. The c a l i b r a t i o n  o f  the a m p l i f i e r  was checked p r i o r  t o  

th e  b e g in n in g  o f  runn in g  o f  the e x p e r i m e n t ,  and tw ic e  d u r in g  the seven-  

month p e r io d  o f  d a ta  c o l l e c t i o n .

C a l i b r a t i o n  o f  Averaged Evoked P o t e n t i a l  A m pl i tude

A c a l i b r a t i o n  p u l s e ,  e q u i v a l e n t  t o  30 uV o f  s i g n a l ,  was d e p o s i t e d  on 

ta p e  at  the b e g in n in g  o f  e v e r y  t r i a l .  The averaged  evoked p o t e n t i a l  was 

compared t o  t h i s  pu lse  in  o r d e r  t o  o b t a i n  an a b s o lu t e  measure o f  response  

amp 11t u d e .
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Da ta  S t o r a g e .  R e t r i e v a l ,  and A v e ra g in g

The p u p i l  s i g n a l ,  EEG and c a l i b r a t i o n  pu lses  passed th rough  the  

EM d a t a  c o n v e r t e r s  (Mnemetron model number LC) where t h e i r  ana log  

v o l t a g e s  were c o n v e r te d  I n t o  f re q u en cy  code and d e p o s i t e d  on ta p e .  To 

check on the proper  f u n c t i o n i n g  o f  the e q u ip m en t ,  £  was a b le  to  m o n i to r  

the summing by the  Computer o f  Average T r a n s i e n t s  (Mnemetron model CAT 

UOOA) o f  both  EEG and p u p i l  s i g n a l s  “on l i n e "  f o r  a l i m i t e d  number o f  

e x p e r im e n t a l  c a t e g o r i e s .

Our ing  a n a l y s e s ,  the  d a t a  were p laye d  back from tape  a t  15 i n .  per 

s e c . ,  a speed e i g h t  t imes f a s t e r  th a n  t h a t  at which  i t  was reco rd e d .

When r e t r i e v i n g  the  d a ta  from t a p e ,  the FM d a ta  c o n v e r t e r s  changed the  

d a ta  back to  c o n t i n u o u s l y  graded v o l t a g e s .  £  was a b le  to  o b t a i n  the  

p a r t i c u l a r  c o n t in g e n c y  of I n t e r e s t  by programming the ta,>e search  system 

w i t h  a set  o f  d io d e s , t h u s  d e t e r m in i n g  which b i n a r y  coded tag  pulse  would  

I n i t i a t e  a sweep o f  the memory r e g i s t e r s  o f  the average  response computer .  

The sweep speed used was 500 msec. (*+ sec .  o f  r e a l  t im e )  , p ro duc ing  a 

d w e l l  t ime o f  1 . 25  msec, per r e g i s t e r .

The response a v e ra g er  was n e c e s s a r y ,  s in c e  both p u p i l l a r y  and EEG 

t i m e - l o c k e d  s i g n a l s  o f t e n  occur  In  " n o i s e "  t h a t  Is l a r g e r  In  v o l t a g e  than  

the  s i g n a l  I t s e l f ,  The n o is e  component In c re a s e s  p r o p o r t i o n a t e  t o  the  

square  root  o f  N,  w h i l e  the  s i g n a l  v o l t a g e  c o n t in u e s  t o  grow p r o p o r t I o n a t e  

to  N. Since the  r e s u l t a n t  d a t a  In  CAT were sums, averages were o b t a in e d  

by pass ing  the summed o u tp u t  o f  each memory r e g i s t e r  th rough  a p ass ive  

n e tw o rk ,  whose r e s i s t a n c e  c o u ld  be v a r i e d  as a f u n c t i o n  o f  the  number o f  

t r i a l s .  The r e s u l t a n t  averaged  response was then p l o t t e d  on a Mosely  

X-V p l o t t e r  (model number 13 5 M ) .
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E l e c t r o d e  Placement

The EEG was recorded  from a v e r t e x  l e a d ,  Cz a cc o rd in g  t o  the  

t e n - t w e n t y  system ( J a s p e r ,  1 9 5 8 ) .  O ther  I n v e s t i g a t o r s  ( e . g . ,  Low e t  a l . . 

1 9 6 6 ; T u e t l n g ,  1 9 6 8 ; Vaughan and R i t t e r ,  1970; W a l t e r  e t  a [ . , 1964) have 

shown CNV as w e l l  as P3 t o  be maximal In  am p l i tu d e  at t h i s  p la cem en t .

Whi le  t h e r e  Is s t i l l  some c o n t r o v e r s y  as t o  whether  or  not eye movements 

c o n t r i b u t e  t o  CNV genesis  ( s e e ,  fo r  e x a m p le ,  Cohen, 1969; H i l l y a r d  and 

Galambos , 1989; Low et  ̂ a^.  , 1986) , eye movements were m o n i to re d  w i t h  one 

o f  the output  scopes of the  p u p l l t o g r a p h ,  and those t r i a l s  which con­

t a i n e d  eye movements or b l i n k s  were e l i m i n a t e d .

Beckman s ta n d a rd  b i o p o t e n t i a l  s k i n  e le c t r o d e s  (model #  330*+21) were  

used. These e l e c t r o d e s  a re  n o n - p o l a r ( z l n g  and h i g h l y  r e s i s t a n t  t o  move­

ment a r t i f a c t .  They c o n t a i n  a s i l v e r / s i l v e r  c h l o r i d e  p e l l e t  w i t h i n  a 

p l a s t i c  c a s in g .  The s c a lp  a re a  was c le a n e d  w i t h  acetone  In  o rd e r  t o  

remove the o u t e r  l a y e r  o f  dead e p id e rm is  c e l l s .  Beckman e l e c t r o d e  

paste  was squeezed I n t o  the e l e c t r o d e  r e s e r v o i r  in  o rd e r  t o  f a c i l i t a t e  

ion f low  from the dermis t o  the  s I I v e r / s I l v e r  c h l o r i d e  p e l l e t .  The 

e l e c t r o d e  was then secured to  the  s c a lp  by a p p ly in g  M a l l i n c k r o d t  c o l l o d i o n  

around the  edges of the  e l e c t r o d e  w i t h  a hypodermic s y r i n g e .  D r y in g  was 

f a c i l i t a t e d  w i t h  the  use o f  a h a i r  d r y e r .  R es is ta nc es  g r e a t e r  than  

10 ,0 0 0  ohms were not accepted and the procedure  was r e p e a t e d .  The 

r e f e r e n c e  e l e c t r o d e  on the r i g h t  e a r l o b e  was a m i n i a t u r e  model o f  the  

Beckman s ta n d a rd  e l e c t r o d e  (mode! U 6 5 0 3 9 9 ) .  f o r  the e a r l o b e  p la c e m e n t ,  

Beckman adhes ive  c o l l a r s  were used. The neck e l e c t r o d e ,  which was used 

t o  ground the  S, was a ls o  p la ce d  u s in g  a Beckman adhes ive  c o l l a r .
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P lacement o f  Sub ject  In  the Record ing  Chamber

A f t e r  p lacement o f  e l e c t r o d e s ,  r e s i s t a n c e s  were  checked.  JS was 

s e a te d  on a m o d i f i e d  d e n ta l  c h a i r  s t a t i o n e d  In  f r o n t  o f  th e  p u p i I l o g r a p h .

£  then  a d ju s t e d  S so t h a t  h is  eyes were a t  the  c o r r e c t  l e v e l  f o r  p u p i l l a r y  

d a t a  r e c o r d i n g .  The e l e c t r o d e  leads were a t t a c h e d  t o  the  p r e a m p l i f i e r  

u n i t ,  which was a s m a l l ,  p o r t a b l e  u n i t  p la ced  s e c u r e l y  on ^ ' s  s h o u ld e r .

T r i a l  Procedure

The d e c i s i o n  was made not to  r e q u i r e  a motor response t o  the  

o ccu rre n c e  o f  the c l i c k s  due to  th e  p o s s ib le  con found ing  e f f e c t s  o f  a 

motor p o t e n t i a l  d e v e lo p in g  between the key press  and the  c l i c k  s t im u lu s  

(Oeecke,  S che td ,  and K o r n h u b e r , 1969; G l l d e n ,  Vaughan, and C o s ta ,  1 9 6 6 ) .  

F u r th e r m o r e ,  I t  has been shown t h a t  CMV development does not r e q u i r e  a 

motor response (D o n c h in ,  Gerbrandt  , and L e i f e r ,  1 9 7 0 ) ,  a l th o u g h  the  

usual f i n d i n g  has been t h a t  the  a m p l i t u d e  o f  CNV Is lessened w i t h o u t  a 

motor response (Low et  ̂ aj_, , 1966; W a l t e r ,  1 9 6 6 ) .

B l i n k i n g  has been a problem In  a l l  p u p i l l a r y  re s e a rc h  (w he the r  

mentioned In  the  l i t e r a t u r e  or n o t ) .  In  the  p rese n t  e x p e r i m e n t ,  an 

at te m pt  was made to  reduce b l i n k i n g  to  a minimum by l e a v in g  th e  c h o ic e  

o f  i n i t i a t i n g  the e x p e r im e n t a l  sequence t o  Th is  was accompl ished by 

g i v i n g  S adequate  t ime to  ready h i m s e l f  I n  p o s i t i o n  b e f o r e  he made h i s  

key p r e s s ,  by p r o v i d i n g  S w i t h  a four  sec .  t ime p e r io d  (shown In  F ig u r e  

2 as the  " f i x a t i o n  l i g h t  wl ndow") w i th  I n which he c o u ld  press one o f  the  

ch o ice  keys .  I f  f e l t  u n c o m fo r ta b le  or had the  urge t o  b l i n k  , or  a d ju s t  

h i m s e l f  In  any way,  he s im p ly  d id  not press the  key u n t i l  he was r e a d y .

I f  JS f a i l e d  t o  press th e  key w i t h i n  t h a t  t i m e ,  £  s im p ly  r e c y c le d  the  

t r i a l  by t r i g g e r i n g  th e  f i x a t i o n  l i g h t .  In  a d d i t i o n ,  Ss were t o l d  t o
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F igure  2 .  Schematic d iagram o f  events  in  the t r i a l  sequence.  

The f i x a t i o n  l i g h t  b r i g h t e n e d ,  i n d i c a t i n g  t o  S th a t  he had sec.  

( f i x a t i o n  l i g h t  w in d o w ) , w i t h i n  which t o  ready h i m s e l f  and then press  

one o f  the two cho ice  keys,  in  order  t o  I n d i c a t e  his  guess,  which was 

e i t h e r  confi rmed or  d is c o n f l rm e d  when the s t im u lu s  was d e l i v e r e d  t 78 

sec l a t e r .  Sampling t ime began w i t h  the key press and la s te d  *4 sec.  

The I n t e r - t r a i I - I n t e r v a 1 began w i t h  the  end o f  sampling t im e ,  and 

ended 6 sec.  l a t e r  when the f i x a t i o n  l i g h t  b r ig h te n e d .
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" b l i n k  themselves  o u t "  by c o n s c io u s ly  f o r c i n g  themselves  t o  b l i n k  d u r in g  

the  I n t e r - t r I a l - 1n t e r v a l  , in  o rd e r  t o  suppress the  tendency t o  b l i n k  

d u r in g  a c t u a l  sampl ing  t im e .  Th is  procedure  worked w e l l  th roughout  the  

e x p e r im e n t .  Only  about one percent  o f  the t r i a l s  c o u ld  not be used 

because o f  b l i n k i n g .

In  both c e r t a i n  knew In advance which s t im u lu s  he would r e c e i v e  -  

E t o l d  d u r in g  the  I n t e r t r a l l  I n t e r v a l ) ,  and u n c e r t a i n  (Si  did  not know 

which s t im u lu s  would occur)  c o n d i t i o n s ,  S I n i t i a t e d  a l l  t r i a l  e ve n ts  by 

p re s s in g  one o f  the c h o ic e  keys.  P r i o r  to  S 's  key p r e s s ,  a dim red  

f i x a t i o n  l i g h t  a t  o p t i c a l  I n f i n i t y  b r i g h t e n e d ,  i n d i c a t i n g  to  ^  t h a t  he 

was to  go i n t o  p o s i t i o n  in  the  b i t e b o a r d .  v iew e d  the f i x a t i o n  l i g h t  

w i t h  h is  l e f t  e y e ,  w h i l e  a c t u a l  measurement was made on the p u p i l  o f  the  

r i g h t  e ye .  From the t ime the f i x a t i o n  l i g h t  b r i g h t e n e d ,  S had a t o t a l  

o f  four  s e c .  w i t h i n  which he had t o  ready  h i m s e l f  In  p o s i t i o n ,  f i x a t e  

the  l i g h t ,  and press one o f  the c h o ic e  keys .  W i th  h is  p r e s s ,  ^  I n i t i a t e d  

a s e r ie s  o f  t im e r s  which caused a c o n t r o l  p u l s e ,  tag  pulses  ( I n d i c a t i n g  

the  e x p e r im e n t a l  c o n t i n g e n c y ) ,  and c a l i b r a t i o n  pulses  f o r  both EEG and 

p u p i l  t o  be d e p o s i t e d  on ta p e .  The s t i m u l u s ,  e i t h e r  c o n f i r m i n g  or  d i s -  

c o n f l m l n g  ^ ' s  guess ,  was d e l i v e r e d  1 . 7 8  seconds f o l l o w i n g  the  p re s s .

The f i x a t i o n  l i g h t  was programmed to  dim a f t e r  sampl ing  t ime was o v e r ,  

and t h i s  s erv ed  as a cue to  ^  t h a t  the t r i a l  was o v e r .  A f t e r  _S came out  

o f  p o s I t i o n , he t o l d  £  (by means o f  an In te rcom ) the s t im u lu s  he had 

guessed,  and the s t im u lu s  t h a t  a c t u a l l y  o c c u r r e d .  This  was done t o  Insure  

th a t  c o r r e c t l y  I d e n t i f i e d  the s t i m u l i .  These events  a re  s c h e m a t i c a l l y  

p re se n ted  in  F ig u re  2 .

The I n t e r - t r i a  1 -  I n t e r v a I  was f i x e d  at  s i x  sec.  Since S c o u ld  press  

at  any t im e  w i t h i n  the fo u r -se c o n d  window, the maximum I n t « r - $ t i m u l u s
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i n t e r v a l  was 14 s e c s . , a n d  the  minimum was 10 secs.  These I n t e r - s  1 1 mu I us -  

t n t e r v a I  t imes in s u red  t h a t  t h e r e  would he no con found ing  e f f e c t s  due 

to  re c o v e ry  processes In  the v e r t e x  a u d i t o r y  evoked p o t e n t i a l  (see  D a v is ,  

M a s t ,  Y o s h le ,  and Zer I I n ,  1966) .

P r o b a b i l i t y  Programs

F iv e  p r o b a b i l i t y  programs were employed d u r in g  the  course o f  the  

e x p e r im e n t .  The programs were composed us ing  random numbers g e n e ra te d  

by computer to  a s s ig n  s i n g l e  or double in o rder  to  o b t a i n  the d e s i r e d  

p r o b a b i l i t y .  A f t e r  assignment o f  the t r i a l s  to  s i n g l e  or d o u b le ,  the  

p r o b a b i l i t i e s  were made e x a c t  w i t h  the use o f  a random number t a b l e .  On 

Day 1 , S r e c e iv e d  a 5 0 /5 0  program (507. " s i n g l e "  - S -  and 50% "d o u b le "  -D -  

c l i c k )  composed of 300 u n c e r t a i n  t r i a l s ,  and 150 c e r t a i n  t r i a l s .  This  

was d i v id e d  i n t o  th r e e  s e c t io n s  o f  100 u n c e r t a i n  and 50 c e r t a i n  t r a i l s  each.

On Days 2 th ro u g h  5 ,  4 programs were used: 20% S/80% D, 40% S/60% D, 

60% S/40% D, 80% S/20% D. Each u n c e r t a i n  program c o n s is t e d  o f  500 t r i a l s ,  

and each c e r t a i n  program o f  200 t r i a l s .  Each u n c e r t a i n  program was broken  

down I n t o  four  equal  s e c t io n s  o f  125 t r i a l s  each ,  and the  c e r t a i n  programs 

I n t o  four  equal  s e c t io n s  o f  50 t r i a l s  e a c h ,  one f o r  eve ry  day o f  r u n n in g .

Genera l  Procedure

Each p a r t i c i p a t e d  In the expe r im ent  fo r  5 days .  Day 1 served  

as both a means o f  f a m i l i a r i z a t i o n  fo r  Ŝ, and as a means o f  d a ta  c o l l e c t i o n  

f o r  Ê, S had a number o f  a c t i v i t i e s  to  m aster  on Day 1 , each o f  which  

served  to  make the rem ain in g  4 days o f  runn ing  e a s i e r  fo r  both and Ê

Since was run In  complete  d a rk n e s s ,  he had t o  be ab le  t o  move 1 id 

out o f  p o s i t i o n  In the  b i t e b o a r d  e a s i l y  and w i t h o u t  e x c e s s iv e  movement.

At the  same t i m e ,  ^  had t o  l e a r n  t o  f i x a t e  and m a in t a i n  f i x a t i o n  f o r  a 

four  t o  f i v e  second p e r io d  w i t h o u t  b l i n k i n g ,  S had to  l e a r n  to  press
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the key w i t h  a minimum o f  p re s s u r e ,  and t o  r e p o r t  to  £  what he had 

guessed, and which s t im u lus  he had a c t u a l l y  re c e iv e d .  A l l  o f  t h i s  had 

to  be accomplished in a smooth sequence.  For a n a ive  , t h i s  tu rned  out  

t o  be a m o d e ra te ly  d i f f i c u l t  t a s k ,  a l though a l l  ^s became p r o f i c i e n t  

a f t e r  the f i r s t  day,

S t im u l i  were presented In blocks o f  2 5 ,  w i t h  short  r e s t s  between 

blocks .  P r o b a b i l i t y  programs were presented  In sessions l a s t i n g  about 

50 m l n . , w i t h  h a l f - h o u r  r e s ts  between s ess io ns .  The two c e r t a i n  blocks  

were presented  to  Ji f i r s t ,  fo l lo w e d  by f i v e  u n c e r t a in  blocks fo r  each 

session (on Day I ,  each sess ion  c o n s is te d  o f  2 c e r t a i n  and k u n c e r t a in  

b lo c k s ) .  The sessions were co u n te rb a lan ced  over each o f  the four  days 

w i t h  the use o f  a k x k L a t in  Square. T h e r e f o r e ,  each o f  the programs 

appeared as the f i r s t ,  second, t h i r d ,  or f o u r t h  sess ion  once in the  

four days.  ^  used a d i f f e r e n t  L a t in  Square fo r  each , In o rder  to  ass ign  

programs to  s es s io ns .  The a c t u a l  L a t i n  Squares used for  each S appear 

In Table  1 .

I n s t r u c t  Ions

I n s t r u c t i o n s  fo r  the 5 0 /5 0  c o n d i t i o n  were read on Day I ,  and appear

below. On days 2 through 5 ,  S was s im ply  reminded of the genera l  procedure

and the p r o b a b i l i t i e s  In v o lv ed .

This exper iment Is designed t o  measure the e l e c ­
t r i c a l  a c t i v i t y  o f  your b r a in  and the movements 
o f  your pup i l  under d i f f e r e n t  c o n d i t i o n s .  There  
w i l l  be th re e  sessions o f  about 50 mln.  each,  
separa ted  by h a l f - h o u r  r e s t  p e r io d s .
You w i l l  be presented  wi th two types o f  s t Im u 1 1 .
One w i l l  be a s in g le  c l i c k  (demonstrate  s in g le  
c l i c k ) ,  the o ther  w i l l  be a doub!e c l i c k  (demon- 
s t r a t e  double c l i c k ) .  Both types o f  c l i c k  w i l l  
be presented  In  b lo c k s ,  or groups of  t r i a l s  o f  
a p p ro x im a te ly  6 mln.  In le n g th .  There w i l l  be 
a short  re s t  between b locks .

For each s e s s io n ,  the f i r s t  2 blocks w i l l  be
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TABLE 1

Counterba I  

Sub jec t  WC

S ubjec t  PK

Sub jec t  BR

Su b jec t  SP

S ubjec t  SS

Subject MK

S ubjec t  GB

S ubjec t  CB

Code: A -  2 0% s
B- *40% s 
C- 60% s 
0-  80% s

Ing Procedure

ABCD 
BADC 
CDAB 
DC BA

BOCA
DBAC
CADB
ACBD

CABD
ABDC
DCAB
BDCA

DABC
BDCA
ACDB
CBAD

ADCB
CBDA
BCAD
DABC

DSC A 
CABD 
BDAC 
ACDB

ADCB
DBAC
CABD
BCDA

CD BA 
DCAB 
ABDC 
BACD

n g le /8 0 %  d o u b le  
n g ! e / 60% d o u b le  
ng)e/*40% d o u b le  
n g le / 2 0 %  d o u b le
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CERTAIN. Th is  means th a t  you w i l l  know in  ad­
vance which s t im u lu s  w i l l  be p re s e n te d ,  because 
I w i l l  t e l l  you (th rough the  Inte rcom) whether  
a s i n g l e  or a double  c l i c k  w i l l  be p re se nte d .
You w i l l  then press the a p p r o p r ia t e  key (demon­
s t r a t e  key p r e s s ) , so t h a t  you a re  sure you know 
what the next s t im u lu s  w i l l  be. 1 .8  sec.  a f t e r  
you press the k e y ,  the s t im u lu s  w i l l  be p re sen te d .

The la s t  k blocks o f  each s ess io n  w i l l  be UNCERTAIN.
For these b lo c ks ,  I w i l l  not t e l l  you what the next  
stImu 1 us w i l l  b e . I n s t e a d , you w i l l  g u e s s , by 
press ing  one o f  the choice  keys ( d e m o n s t r a te ) ,  which  
s t im u lus  w i l l  be presented n e x t .  For example,  I f  
you p r e d i c t  d o ub le ,  and a double c l i c k  o c curs ,  you 
w i l l  be r i g h t :  i f  the s in g le  c l i c k  oc cu rs ,  you w i l l  
be wrong. A f t e r  each t r i a l  Is o v e r ,  I want you to  
t e l l  me the s t im u lus  you p r e d ic t e d  would o c cu r ,  and 
the s t im u lus  t h a t  a c t u a l l y  d id  occur.  I w i l l  t e l l  
you the number o f  t r i a l s  you p r e d i c t  c o r r e c t l y ,  and 
the number you p r e d i c t  I n c o r r e c t l y  a t  the end o f  
each u n c e r t a i n  b lock.

A l l  3 sessions today w i l l  have 50% s in g le  c l i c k s , a n d  
50% double c l i c k s .  These f re q u e n c ies  were predetermined  
by the use o f  a computer g e n e ra te d ,  random number t a b l e ,  
and w i l l ,  t h e r e f o r e ,  be exact  on ly  in  the long rung  
T h e r e f o r e ,  any p a r t i c u l a r  block  may not have e x a c t l y  
50% s i n g l e  and 50% double c l i c k s .

A f t e r  the f i x a t i o n  l i g h t  b r i g h t e n s ,  you must go i n t o  
p o s i t i o n  In the b i t e  board and f i x a t e  the l i g h t .  You 
w i l l  have k sec.  w i t h i n  which to  do th is  and to  press  
one o f  the keys I n d i c a t i n g  what you p r e d i c t  the next  
s t im u lus  w i l l  be. Your press on the key should be as 
l i g h t  as p o s s i b l e ,  and made w i t h  your index f i n g e r .
1 .8  sec.  f o l l o w i n g  your p re ss ,  the s t im u lus  w i l l  be 
p re sen te d .  A f t e r  you press ,  I t  is e x t re m e ly  Important  
fo r  you not to  move fo r  a k sec.  p e r io d ,  I t  is d j r l n g  
t h i s  p e r io d  th a t  your p u p i l l a r y  and b r a in  a c t i v i t y  are  
being recorded.  Moving inc ludes b l i n k i n g ,  moving the  
head, moving your e y e s ,  moving the body, g asp ing ,  and 
coming out o f  the b i t e  board too soon. I f  you must 
move, 00 NOT PRESS THE KEY When the f i x a t i o n  l i g h t  
dims, t h i s  Is your s i g -  I t h a t  the t r i a l  Is over and 
you may come out o f  pu: ion and r e p o r t  t o  me which
s t im u lus  you guessed and which you re c e iv e d .  Once you 
have pressed the key ,  you MUST NOT MOVE u n t i l  k sec.  
have e la p s e d .  P lease do not count s ig n a ls  at  any t im e .
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Data  A n a ly s is

Each o f  the  response components w i l t  be c o n s id e re d  s e p a r a t e l y .

F ig u re  3 p re se n ts  schematic  evoked p o t e n t i a l  and p u p i l l a r y  d a t a .  The 

components t h a t  were  measured are l a b e l l e d  f o r  each response .  CHV Is  

a 5 tow component,  and so Is p r e s t lm u lu s  p u p i l l a r y  s l o p e ,  whereas the  

evoked p o t e n t i a l  and peak d i l a t i o n  a re  fa s t  components.

N e g a t iv e  s h i f t  ( C H V ) . Due to  the method by which the d a ta  were  

r e c o r d e d ,  I t  was necessary  t o  d e p o s i t  the c a l i b r a t i o n  pu lses  at the  

beg I nn ing  o f  sam pl ing  t i m e ,  because o f  t h i s ,  d a t a  measurement f o r  an 

X-Y readout  cou ld  not be accompl ished u n t i l  a p o in t  180 msec,  f o l l o w i n g  

S's press ( I . e . ,  a t ime I n t e r v a l  corres pond  Ing to  the le n g th  o f  the  

c a l i b r a t i o n  p u l s e ) .  In  o r d e r  to  measure CNV, a b a s e l i n e  was drawn 

through the  averaged  a c t i v i t y  o f  t h i s  160 msec, t ime p e r i o d ,  peak 

n e g a t i v i t y  was d e t e r m in e d ,  and CNV a m p l i tu d e  was d e f i n e d  as the  h e i g h t ,  

in  m i c r o v o l t s ,  from b a s e l i n e  to  t h i s  peak.  I f  the  b a s e f l i n e  s h i f t e d  in  

a p o s i t i v e  d i r e c t i o n ,  the  same procedure  was f o l l o w e d ,  and peak p o s i t I v i t y  

was d e te rm in e d ,

Evoked po ten t  i a I . E s tab l is h m en t  o f  a b a s e l i n e  is an a r b i t r a r y  p ro ­

c e d u re .  F u r t h e r ,  s in c e  maximal CNV a m p l i t u d e  u s u a l l y  o c c u r re d  a t  a p o in t  

where a b a s e l i n e  would  n o r m a l ly  be e s t a b l i s h e d  ( p r i o r  to  s t im u lu s  o n s e t ) ,  

t h i s  p o in t  c o u ld  not be used as a b a s e l i n e  due to  the  f a c t  t h a t  I t  d id  

not r e p r e s e n t  a " r e s t i n g "  l e v e l .  T h e r e f o r e ,  a l l  measurements were made 

peak t o  peak.  F iv e  components were measured and s u b je c t e d  t o  s t a t i s t i c a l  

a n a l y s i s ;  P j - N j ,  N | - P 2 , F2 -N2 , t ^ - P j ,  and P3- N 3 , An o v e r a l  I measure o f  

evoked p o t e n t i a l  a c t i v i t y ,  N1- P 3 , was a l s o  used(see  Jenness , 1970 and 

H i t t e r  e t  a K  , 1968) .

I f  a component was d i f f i c u l t  to  i d e n t i f y ,  th e n  the best  averaged
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F ig u re  3. Schematic d iagram i l l u s t r a t i n g  the components which  

were measured f o r  p u p i l l a r y  and evoked p o t e n t i a l  d a ta .  D o t ted  l in e s  

re p r e s e n t  b a s e l in e s  drawn t o  e s t a b l i s h  a m p l i tu d e s  fo r  p r e - s t i m u l u s  

p u p i l l a r y  s l o p e ,  CNV, and peak d i l a t i o n .
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response (which  c l e a r l y  showed a l l  components)  fo r  any g iv e n  S was 

c o n s u l t e d ,  and the  component in  q u e s t i o n  was i d e n t i f i e d  us ing  t h i s  a v e r ­

aged response .  In  same c a s e s ,  p a r t i c u l a r l y  when was r i g h t  in  p r e ­

d i c t i n g  the  lo w - f re q u e n cy  e v e n t ,  was absent or  j u s t  b a r e l y  I dent i f  i ab le , 

in  t h i s  c a s e ,  l a t e n c y ,  in  c o n j u n c t io n  w i t h  o t h e r  waveforms fo r  the  $ In  

which the  component appeared ,  was used to  l o c a t e  t h i s  component.

P u p i l l a r y  d a ta  measurement. P i l o t  d a ta  had dem onstra ted  the e x i s ­

tence  o f  t h r e e  p u p i l l a r y  "components":  the f i r s t  o f  th e s e  was a d i l a t i o n  

peak ing  a t  about 9 0 0 - 1 0 0 0  msec, f o l l o w i n g  the key press (p ress  d i l a t i o n ) ;  

the  second was a slow component,  which began to  e i t h e r  r i s e  ( d i l a t i o n )  

or f a l l  ( c o n s t r i c t i o n )  f o l l o w i n g  the peak o f  the press d i l a t i o n ;  and the  

t h i r d  was a f a s t  component,  produced by the r e c e p t i o n  o f  th e  s t i m u l u s .

The f i r s t  component d id  not d i f f e r  across c o n d i t io n s  ( c e r t a i n  versus  

u n c e r t a i n ) , and was most c e r t a i n l y  due t o  the  motor movement in v o le d  in  

the  key press (Simpson and P a i v i o ,  1 9 ^ 6 ) ,  The second component d id  d i f f e r  

as a f u n c t i o n  o f  c o n d i t i o n s ,  and was t h e r e f o r e  measured in  the main  

exper im ent  In  o r d e r  t o  measure t h i s  component, a b a s e l in e  was drawn 

through the peak o f  the press d i l a t i o n ,  and the h e i g h t ,  in mm. from th a t  

averaged b a s e l i n e  to  a b a s e l i n e  drawn through averaged p u p i l l a r y  a c t i v i t y  

at  s t im u lu s  onset  was d e te rm in e d .  Th is  was c a l l e d  p r e - s t i m u lu s  p u p i l l a r y  

s lo pe  Peak d i l a t i o n  was measured in  mm from a b a s e l in e  drawn a t  s t im u lu s  

onset to  the peak o f  the  d i l a t i o n .  in  a d d i t i o n ,  i n i t i a l  d ia m e te r  measure­

m ents ,  were o b t a in e d  f o r  each averaged  p u p i l l a r y  response.

P r o b a b i l i t y  e f f e c t s . f i g u r e  *+ p re s e n ts  a h y p o t h e t i c a l  sequence of  

s t i m u l i  and guesses f o r  a 10 t r i a l  80% S/20% D p r o b a b i l i t y  program. L i s t e d  

below each t r i a l ' s  s t im u lu s  and guess is the outcome t h a t  r e s u l t e d .  The 

bottom h a l f  o f  the  f i g u r e  p re se n ts  the 2 x 2 p r o b a b i l i t y  t a b l e ,  in  which
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F ig u re  k .  H y p o t h e t i c a l  sequence o f  s t i m u l i  and guesses and 

r e s u l t i n g  2 x2 p r o b a b i l i t y  t a b l e  fo r  a 10 t r i a l  8 0 / 2 0  program, in  

the  u n c e r t a i n  c o n d i t i o n .
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the t r i a l s  t h a t  were summed t o  o b t a i n  a p a r t i c u l a r  averaged  response  

c o n t in g e n c y  a re  i n d i c a t e d .  In  t h i s  e xa m p le ,  p r o b a b i l i t y  matched.

F ig u re  *+b shows the 3 ways in  which the  d a ta  was a n a ly z e d ;  1) as a f u n c t i o n

o f  s t i mu I us probab I 111 y ( T  A and B) , which g e n e ra te d ;  2) as a f u n c t i o n

o f  guess ing  p r o b a b i l i t y  (*£ A' a n d ^ B ' )  which j> g e n e ra te d ;  and 3) as a

f u n c t i o n  o f  th e  I n t e r a c t i o n  o f  the above two p r o b a b i l i t i e s ,  or the outcome 

p r o b a b i l i t y  ("5_ A 'A , X  A 1 Betc . )  The v a lu e s  b ra c k e te d  in th e  t a b l e  are  

the  p r o b a b i l i t i e s  t h a t  correspond t o  each summed response .  An a m p l i tu d e  

measure f o r  a l l  evoked p o t e n t i a l  components and fo r  peak d i l a t i o n  was ob­

t a i n e d  fo r  each type  o f  p r o b a b i l i t y  r e p r e s e n t e d  in the  2x2 t a b l e .  CNV 

and p r e - s t i m u lu s  p u p i l l a r y  s lo p e  a m p l i tu d e s  were o b t a in e d  f o r  s t im u lu s  and 

guessing p r o b a b i l i t i e s .  Am pl i tudes  c o r re s p o n d in g  t o  s t im u lu s  and guess ing  

p r o b a b i l i t i e s  were  o b t a i n e d  by w e i g h t i n g  the outcome p r o b a b i l i t y  a m p l i tu d es  

by t h e i r  c e l t s  Ns across rows or co lumns.

S ince  t h e r e  were two s t i m u l i ,  p r o b a b i l i t y  f u n c t io n s  were o b t a i n e d  

fo r  both .  The d a t a  t o  be p re se n te d  were averaged across the  two s t i m u l i  , 

s in ce  s t a t i s t i c a l  ana lyses  had shown t h a t  the two s t i m u l i  produced s i m i l a r  

f u n c t i o n s .  T h e r e f o r e ,  the 20% r i g h t  outcome am p l i tu d e  is the mean v a lu e  

o f  the 20% s i n g l e  r i g h t  and the 20% double  r i g h t .  In  the same way,  the  

20% s t im u lu s  a m p l i tu d e  Is the  average  v a lu e  o f  the 20% s i n g l e  a m p l i tu d e  

and the  20% double a m p l i t u d e .

V a r i a b i l i t y  e s t i m a t e s . E s t im a te s  o f  v a r i a b i l i t y  were o b t a in e d  by 

a v e ra g in g  a l l  the even-numbered t r i a l s  and a l l  o f  the odd-numbered t r i a l s  

s e p a r a t e l y .  Th is  was done f o r  N j - P ^ ,  CNV, and peak d i l a t i o n .

The a b s o lu t e  d i f f e r e n c e  between the  am p l i tu d e  o f  the odd averaged  

response and the  even averaged response was used as an e s t i m a t e  o f  the  

v a r i a b i l i t y  o f  the averaged  response f o r  the t o t a l  number o f  t r i a l s .  The 

e s t im a t e s  were averaged across the  two s t i m u l i .  Odd minus even e s t im a t e s
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were  computed fo r  averaged  responses as a f u n c t i o n  o f  s t i m u l u s ,  guess ing  

and outcome p r o b a b i l i t y .

S t a t i s t i c a l  a n a l y s e s . The main s t a t i s t i c a l  a n a l y s i s  employed was 

a s lo pe  a n a l y s i s  ( F l e l s s ,  persona l  communI cat  I o n ) , A s lo p e  term from 

r e g r e s s i o n  a n a l y s i s  was o b t a in e d  f o r  each , f o r  e v e r y  evoked pw L e n t ia l  

component,  Nj -P-j , peak d i l a t i o n ,  p r e - s t i m u lu s  s l o p e ,  and CNV. Slope  

terms were o b t a in e d  f o r  the r e g r e s s io n  o f  these a m p l i tu d es  on s t im u lu s  

p r o b a b i l i t y  and outcome p r o b a b i l i t y  (b o th  h i t s  and misses)  In  the  un­

c e r t a i n  c o n d i t i o n .  These s lo p e  terms were averaged  across j i s , and the  

r e s u l t a n t  mean s lo p e  t e s t e d  f o r  s i g n i f i c a n t  d e p a r t u r e  from z e ro  s lo p e .

The t e s t  per fo rmed was a t - t e s t  , which I f  s i g n i f i c a n t  i n d i c a t e d  t h a t  

the  s lo pe  te rm d i f f e r e d  s i g n i f i c a n t l y  from z e r o ,  and t h a t  mean a m p l i tu d e  

was a monotonic f u n c t i o n  o f  the p a r t i c u l a r  p r o b a b i l i t y  In v o lv e d .

In  the a n a l y s i s  o f  s e q u e n t i a l  averages f o r  the 80% h i t  s i t u a t i o n ,  

Friedman two-way ana ly ses  o f  v a r i a n c e  ( S i e g e l ,  1956) were used to  t e s t  

w hether  o r  not a m p l i tu d e s  v a r i e d  s i g n i f i c a n t l y  as a f u n c t i o n  o f  t im e .

S ince  each S^s s e q u e n t i a l  average  was based upon a d i f f e r e n t  number o f  

t r i a l s ,  I t  was f e l t  t h a t  a n o n - p a r a m e t r ic  te ch n iq u e  would be b e s t ,  due 

t o  the f a c t  t h a t  soma o f  the assumptions o f  p a r a m e t r i c  a n a l y s is  o f  

v a r i a n c e  would not be met.

F i n a l l y ,  s in c e  t h i s  ex p e r im en t  employed a re p e a te d  measures d e s ig n  

(each S s e r v i n g  as h is  own c o n t r o l ) ,  t - t e s t s  f o r  c o r r e l a t e d  means ( G u i l f o r d ,  

196s) were employed t o  t e s t  the  s i g n i f i c a n c e  o f  d i f f e r e n c e s  between a m p l i ­

tudes and l a t e n c i e s  in  the c e r t a i n  and u n c e r t a i n  c o n d i t i o n s ,  and between  

r i g h t  and wrong outcomes fo r  both a m pl i tudes  and l a t e n c i e s .
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CHAPTER I I t

RESULTS

Response D e s c r i p t i o n

The i d e n t t f  c a t i o n  o f  averaged evoked p o t e n t i a l  components Is  

from Davts e t  a l , (1 9 66 )  and T u e t l n g  ( 1 9 6 8 ) .  F ig u re  5 p rese n ts  both  

p u p i l l a r y  and evoked p o t e n t i a l  d a ta  f o r  one In  both c e r t a i n  and 

u n c e r t a i n  c o n d i t i o n s ,

P| was the f i r s t  p o s i t i v e  component and occurred  w i t h  an average  

l a t e n c y  o f  k 8 msec. Nj was the f i r s t  n e g a t i v e  component and peaked at  

about 100 msec.  P? o c cu r re d  a t  a la te n c y  o f  200 m s e c . , Nj at 2 3 0 , P j  at  

320 and a t  k30  msec.  Some ^s showed a f o u r t h  p o s i t i v e  component,  but 

Pli was so v a r i a b l e  both w i t h i n  and between Ss , t h a t  I t  was not s t u d ie d  

f u r t h e r ,

S ix  Ss produced slow n e g a t i v e  DC s h i f t s  (CHV) f a i r l y  c o n s i s t e n t l y  

f o l l o w i n g  t h e i r  key p r e s s ,  one ^  showed no CNV a c t i v i t y  at  a l l ,  end 

anothe r  showed o n ly  p o s i t i v e  s h i f t s  o f  a few m i c r o v o l t s  In  a m p l i t u d e .

In  those ^s t h a t  produced CNV, I t  appeared t o  beg in  w i t h  a l a t e n c y  o f  

a p p r o x im a te ly  5 0 - 1 0 0  msec.

The p u p i l l a r y  response a l s o  c o n s i s t e d  o f  a s e r i e s  o f  components.  

F o l lo w in g  the key p r e s s ,  a l l  Sis showed a d i l a t i o n  peak ing  a t  a p p r o x im a te ly  

1000 msec.( a f t e r  the  press).  Th is  d i l a t i o n  v a r i e d  In  both a m p l i t u d e  and 

shape between S s , but was re m ark ab ly  c o n s i s t e n t  w i t h i n  an S. F o l lo w in g  

t h i s  I n i t i a l  d i l a t i o n ,  the  p u p i l  e i t h e r  c o n t in u e d  t o  d i l a t e ,  c o n s t r i c t e d ,



F iq u re  5 Averaged p u p i l l a r y  and evoked p o t e n t i a l  responses

f o r  s u b je c t  BR. Time z e ro  on the  heavy t ime l i n e  r e p r e s e n ts  the  

p o in t  when $ pressed the  c h o ic e  key .  Time ze ro  on the i n s e r t e d  

t ime  l i n e  r e p r e s e n ts  s t im u lu s  o n s e t .  C a l i b r a t i o n  fo r  each response  

is shown Both sets  o f  d a ta  a re  f o r  the 80% s t im u lu s  p r o b a b i l i t y .
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or remained a t  a s te a d y  l e v e l  (depending  upon the  u n t i l  s t im u lu s  o n s e t . a f t e r  

w hich the  p u p i l  d i l a t e d  w i t h  a l a t e n c y  o f  from 6 0 0 -8 0 0  m s e c . ,  and reached  

peak d i l a t i o n  a t  1200 msec.

C e r t a i n  Versus U n c e r t a i n  C o n d i t io n s  and E f f e c t  o f  P r o b a b i l i t y

A l t  d a ta  w i l l  be p re sen te d  as both I n d i v i d u a l  and group f u n c t i o n s ,

averaged  across the  e i g h t  Jis.

The u n c e r t a i n  c o n d i t i o n  produced two f u n c t i o n s ,  one f o r  s t im u lu s  

p r o b a b i l i t y  and one f o r  guess ing  p r o b a b i l i t y  ( i . e . ,  ^>'s guess ing  r a t e ) .

Both o f  these fu n c t io n s  w i l l  be p re se n te d  f o r  a l l  evoked p o t e n t i a l  compo­

nents  and f o r  peak p u p i l l a r y  d i l a t i o n .

Evoked p o t e n t i a l  f i n d i n g s . F ig u re  6 demonstrates  the e f f e c t  o f  

s t im u lu s  p r o b a b i l i t y  on f i v e  evoked p o t e n t i a l  components.  For k  o f  the  

components,  fu n c t io n s  fo r  the  c e r t a i n  c o n d i t i o n  were g e n e r a l l y  o f  s m a l l e r  

a m p l i t u d e  compared w i t h  t h e i r  u n c e r t a i n  c o u n t e r p a r t s .  The ^2 ‘ N2 comP °-  

nent , however ,  y i e l d e d  the  o p p o s i te  r e s u l t  f o r  a l l  Jis , l a r g e r  a m p l i tu d e

In the c e r t a i n  th a n  In  the  u n c e r t a i n  c o n d i t i o n ,

T - t e s t s  fo r  c o r r e l a t e d  means were  run f o r  each s t im u lu s  p r o b a b i l i t y  

p o in t  t o  t e s t  the  s i g n i f i c a n c e  o f  the d i f f e r e n c e  between c e r t a i n  and 

u n c e r t a i n  mean a m p l i tu d es  f o r  a l l  components o f  the evoked p o t e n t i a l .  For  

Mi — , N2 - ' 3 , *nd P3- H 3 the u n c e r t a i n  c o n d i t i o n  produced l a r g e r  a m p l i tu d e s

than the  c e r t a i n  c o n d i t i o n  w i t h  t - v a l u e s  fo r  each p r o b a b i l i t y  s i g n i f i c a n t  

a t  the  .05  l e v e l ,  w i t h  the  e x c e p t i o n  o f  N j -P^  * t  the  60 and 80 pe rce n t  

p o i n t s ,  where no d i f f e r e n c e  was found . The c e r t a i n  c o n d i t i o n  produced  

l a r g e r  a m pl i tudes  th a n  the u n c e r t a i n  c o n d i t i o n  f o r  and • * x c e Pt

f o r  the  20 p e rc e n t  p o in t  f o r  P | - N (  , where t h e r e  was no d i f f e r e n c e .

N j - P j and N j - P j  produced In v e r s e  s lopes t h a t  d i f f e r e d  s i g n i f i c a n t l y
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F igure  6 , F ive a v e r a g e d , peak to  peak evoked p o t e n t i a l  components 

In  c e r t a i n  and u n c e r t a i n  c o n d i t i o n s ,  p l o t t e d  as a f u n c t i o n  o f  s t im u lu s  

probabI 11t y ,
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from z e r o ,  and I n d i c a t e d  t h a t  both components decreased m o n o t o n lc a l l y  

as a f u n c t i o n  o f  s t im u lu s  p r o b a b i l i t y .  For the  c e r t a i n  c o n d i t i o n ,  o n ly  

N2 - P 3 produced a n e g a t i v e  s l o p e ,  which though s i g n i f i c a n t  was much less  

s t e e p  than I t s  u n c e r t a i n  c o u n t e r p a r t  (mean s lo p e  f o r  the  u n c e r t a i n  c o n d i ­

t i o n  was - 1 2 . 3^ ;  f o r  the c e r t a i n  c o n d i t i o n  - 1 . 31* ) .

F ig u re  7 p re s e n ts  the  same f i v e  evoked p o t e n t i a l  components as a 

f u n c t i o n  o f  S's guess ing  r a t e .  N2 - P 3 a g a in  produced a s i g n i f i c a n t  

n e g a t i v e  s lo p e  ( p < . O S )  , as d id  P3- N 3 ( p < i 0 5 ) ,  but N j - P 2 d id  n o t .

F ig u r e  8 shows the e f f e c t  o f  both s t im u lu s  p r o b a b i l i t y  and guess ing  

p r o b a b i l i t y  on CNV and N j - P ^ ,  The d i f f e r e n c e  between c e r t a i n  and un­

c e r t a i n  fu n c t io n s  a r e  c l e a r l y  marked f o r  a l l  ^s . These d i f f e r e n c e s  were  

a g a in  t e s t e d  at each p r o b a b i l i t y  p o in t  by employ ing  t - t e s t s  f o r  c o r r e l a t e d  

means. A M  u n c e r t a i n  N j -P ^  a m p l i tu d es  were  s I gn i f  l e a n t  ly l a r g e r  than  

t h e i r  c e r t a i n  c o u n t e r p a r t s  a t  a l l  p r o b a b i l i t y  p o in ts  ( p c . O I ) ,  CNV was 

s i g n i f i c a n t l y  more n e g a t iv e  a t  a i l  p r o b a b i l i t y  p o in ts  ( p c . 0 5 ) In  the un­

c e r t a i n  than In  the c e r t a i n  c o n d i t i o n .

A l l  produced n e g a t i v e  s lo pe  va lu e s  o f  a p p r o x im a te ly  the  same 

m a gni tude .  The mean s lo pe  fo r  the r e g r e s s io n  o f  N j -P ^  on s t im u lu s  p r o b a b i l i t y  

was - 10 .99  ( p ^ . 0 0 1 ) ,  and o f  N j -P ^  on g uess ing  p r o b a b i l i t y  was - I U . 6 7  ( p < . 0 0 l ) .  

The s lo pe  f o r  N j -P ^  was a ls o  s i g n i f i c a n t  In  the c e r t a i n  c o n d i t i o n ,  a l th o u g h  

o f  a much s m a l l e r  n ag n i tu d e  (mean s lope  was - 3 . ^ 6 ,  P . 0 5 ) ,

To d e te rm in e  whether  any o f  the  t h r e e  CNV f u n c t io n s  ( s t im u lu s  prob ­

a b i l i t y  in  the  c e r t a i n  and u n c e r t a i n  c o n d i t i o n s ,  and guess ing  p r o b a b i l i t y  

In  the u n c e r t a i n  c o n d i t i o n )  were a f f e c t e d  by p r o b a b i l i t y ,  s lo pe  analyses  

were employed. In  no c a s e ,  d i d  any o f  these  ana lyses  y i e l d  a s t a t i s t i c a l l y  

s i g n i f i c a n t  v a l u e .

Wi t h  r e s p e c t  to  the I n d i v i d u a l  p l o t s  o f  CNV and N j - P ^ ,  an Im p o r tan t
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F i g u r e  7 , F i v e  a v e r a g e d  e v o k e d  p o t e n t i a l  c o m p o n e n t s  p l o t t e d

a s  a  f u n c t i o n  o f  g u e s s i n g  p r o b a b i l i t y  t n  t h e  u n c e r t a i n  c o n d i t i o n .
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F ig u re  9. CNV end a m pl i tudes  p l o t t e d  as a f u n c t i o n  o f

s t im u lu s  p r o b a b i l i t y  In  both c e r t a i n  and u n c e r t a i n  c o n d i t i o n s ,  and 

as a f u n c t i o n  o f  guess ing  p r o b a b i l i t y  In the u n c e r t a i n  c o n d i t i o n .

CNV d a ta  are  p re sen te d  on the l e f t  h a l f ,  and N j -P ^  d a t a  on the r i g h t  

h a l f  o f  the f  i g u r e .
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t r e n d  was noted: CNVs were g e n e r a l l y  more n e g a t i v e  In  the  u n c e r t a i n  than  

In  the  c e r t a i n  c o n d i t i o n  and appeared t o  be m e d ia t i n g  the l a r g e  N^-P^  

d i f f e r e n c e s  between the c e r t a i n  and u n c e r t a i n  c o n d i t i o n s .  That Is BH, 

who showed the g r e a t e s t  d i f f e r e n c e  in  CNV a m p l i t u d e  between c e r t a i n  and 

u n c e r t a i n  c o n d i t i o n s  a l s o  showed the g r e a t e s t  Nj-P^j d i f f e r e n c e .  CB ( who 

produced a very  sm al l  CNV d i f f e r e n c e  a t  a l l  p r o b a b i l i t y  p o i n t s ,  a l s o  

showed one o f  the  s m a l l e s t  N j -P ^  d i f f e r e n c e s .  However,  two Jis , SP and 

GB, who showed no d i f f e r e n c e  In  CNV between c e r t a i n  and u n c e r t a i n  c o n d i ­

t i o n s ,  d i d  show c o n s i s t e n t l y  g r e a t e r  N1- P 3 a m p l i t u d e  in  the  u n c e r t a i n  

c o n d i t i o n ,  and t h i s  appeared to  r u l e  out CNV as the necessary  m e d ia to r  

o f  the  N j - P j  c e r t a i n - u n c e r t a i n  d i s p a r i t y .  In  the same v e i n ,  the  

d i f f e r e n c e s  In  N j -P ^  as a f u n c t i o n  o f  s t im u lu s  or guess ing  p r o b a b i l i t y  

d i d  not appear t o  be r e l a t e d  to  CNV d i f f e r e n c e s  across the  d i f f e r e n t  

p r o b a b i l i t y  p o i n t s ,  s in c e  these CNV d i f f e r e n c e s  were v e r y  s m a l l ,  whereas  

N t -P ^  d i f f e r e n c e s  were r e l a t i v e l y  l a r g e .

P u p i l l a r y  f i n d i n g s . F ig u re  9 shows the e f f e c t s  o f  s t im u lu s  and 

guess ing  p r o b a b i l i t y  on p r e - s t i m u l u s  p u p i l l a r y  s l o p e ,  peak d i l a t i o n  and 

i n i t i a l  d i a m e t e r .  Peak d i l a t i o n  Is o f  much l a r g e r  a m p l i tu d e  in  the  un­

c e r t a i n  th an  in  the  c e r t a i n  c o n d i t i o n  ( p ^ O l ) .  In  f a c t ,  o n l y  fo u r  j>s 

produced peak d i l a t i o n s  in  the c e r t a i n  c o n d i t i o n  which  c o u ld  be d e t e c t e d ,  

and no g e n era l  t r e n d  ( e . g . ,  l a r g e r  peak d i l a t i o n s  fo r  r a r e r  c e r t a i n  e v e n ts )  

was e v id e n c ed  ( p ^ O S ) .  The mean s lo pe  f o r  the r e g r e s s io n  o f  peak d i l a t i o n  

a m p l i tu d e  on s t im u lu s  p r o b a b i l i t y  was - 2 2 . 1 5  ( p <_0 0 1 ) ,  and f o r  guess ing  

p r o b a b i l i t y  was - 2 0 .  36 ( p ^ . 0 0 1 ) .

W i th  resp ec t  t o  i n i t i a l  d i a m e t e r ,  two t re nds  appeared:  1) I n i t i a l  

d iam ete rs  in  the  c e r t a i n  c o n d i t i o n  were s m a l l e r  th an  i n i t i a l  d ia m e te rs  

i n  the  u n c e r t a i n  c o n d i t i o n  a t  a l l  p r o b a b i l i t y  p o in ts  (p < . 0 5 ) i  and 2 ) th e r e
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F ig u r e  9 .  P u p i l l a r y  d a t a  p l o t t e d  as a f u n c t i o n  o f  s t im u lu s  

p r o b a D i l i t y  in  c e r t a i n  and u n c e r t a i n  c o n d i t i o n s ,  and guess ing  

p r o b a b i l i t y  in  the  u n c e r t a i n  c o n d i t i o n
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di d not  appear  t o  be any r e l a t i o n s  Ip  between I n i t i a l  d ia m e te r  and peak 

d i l a t i o n  a m p l i t u d e ,  as would be e xp e c te d  i f  the Law o f  I n i t i a l  V a lue  

( e . g . ,  S te r n b a c h ,  1966) a p p l i e d .  C o r r e l a t i o n s  computed across ^s a t  each  

o f  the fo u r  s t im u lu s  and guess ing  p r o b a b i l i t i e s  between I n i t i a l  d ia m e te r  

and peak d i l a t i o n  produced moderate  n e g a t i v e  v a lu e s  h o v e r in g  about - 0 . 3 , 

which  f e l l  s h o r t  o f  s i g n i f i c a n c e .

P r e - s t im u l u s  p u p i l l a r y  s lo p e  was measured from the  peak o f  the  

d i l a t i o n  f o l l o w i n g  the  key press t o  a p o in t  a t  s t im u lu s  o n s e t .  S ince  some 

Ss showed c o n t in u e d  d i l a t i o n  f o l l o w i n g  the press d i l a t i o n  and some showed 

c o n s t r i c t i o n .  I t  was necessary  to  a s s ig n  a v a lu e  t h a t  would d i f f e r e n t i a t e  

th e s e  o p p o s i t e  movements,  A p o s i t i v e  s ig n  was a p p l i e d  t o  the d a t a  i f ,  

f o l l o w i n g  th e  peak o f  the press  d i l a t i o n ,  S c o n t in u e d  t o  d i l a t e ;  a n e g a t i v e  

s ig n  was a p p l i e d  i f  ^ ' s  p u p i l  c o n s t r i c t e d ,  Since the m a j o r i t y  o f  ^s showed 

c o n s t r i c t i o n  at  t h i s  p o i n t ,  the  average  c u rv e  f o r  the e i g h t  Ss f e l l  In  

the n e g a t i v e  q u a d ra n t .  The c e r t a i n  c o n d i t i o n  produced p r e - s t i m u l u s  p u p i l  

fu n c t io n s  which tended toward  g r e a t e r  c o n s t r i c t i o n  f o l l o w i n g  the  press  

d i l a t i o n  a t  each s t im u lu s  p r o b a b i l i t y  p o in t  (p < . 0 5 ) .  Th is  can be seen in  

the  I n d i v i d u a l  d a t a  o f  6 Ss (SP and MK were e x c e p t i o n s ) .  P r e - s t im u l u s  

p u p i l  appears t o  v a r y  as a f u n c t i o n  o f  guessing p r o b a b i l i t y  in  o n l y  th r e e  

S s . The t h r e e  averaged p l o t s  f o r  p r e - s t i m u l u s  s lo p e  as a f u n c t i o n  o f  

s t im u lu s  p r o b a b i l i t y  In  both  c e r t a i n  and u n c e r t a i n  c o n d i t i o n s ,  and guess ing  

p r o b a b i l i t y  In  the u n c e r t a i n  c o n d i t i o n  were s u b je c t e d  t o  s lp e  a n a l y s i s  

and,  as had o c c u r re d  w i t h  CNV d a t a ,  no s lo pe  v a lu e  was s i g n i f i c a n t .

Evoked P o t e n t i a l  Components and Peak D i l a t i o n  as a F u n c t io n  o f  Outcome 

Probabl11 tv

F i g u r e  10 p re s e n ts  the  f i v e  evoked p o t e n t i a l  components as a

1+8



F lq u re  tO. F iv e  averaged peak t o  peak evoked p o t e n t i a l  

components p l o t t e d  as a f u n c t i o n  o f  j o i n t  or outcome p r o b a b i l i t y  

when was r i ght ( h i t s ) .
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f u n c t i o n  o f  outcome p r o b a b i l i t y  f o r  h i t *  ( S was r i g h t ) .  Three compo­

n e n t*  showed a n e g a t i v e  r e l a t i o n s h i p  t o  outcome p r o b a b i l i t y  when J5 was

r i g h t :  , M2 " P3 * nd P3” N3 ( P <- ° 5 ) .  ,n  ^ I s , ^2 _N2 d e m onst ra t« d

o p p o s i te  t r e n d ,  a m p l i tu d e  Inc re a se d  as outcome p r o b a b i l i t y  I n c r e a s e d ,  

but t h i s  r e l a t i o n s h i p  d id  not a c h ie v e  s t a t i s t i c a l  s i g n i f i c a n c e .

F ig u re  Id  demonstrates  an a d d i t i o n a l  f i n d i n g  which  Is  o f  p a r t i c u l a r  

I n t e r e s t :  not e v e ry  S showed on a m p l i t u d e  decrease  In  N j -p £  or in  ^ - P j ,  

a l th o u g h  the averaged s lopes were s i g n i f i c a n t l y  d i f f e r e n t  from z e r o .

Here e y e b a l l  Ing o f  t h i s  f i g u r e  shows t h a t  HK, CB, and GB produced N j -P^  

fu n c t io n s  which appear to  decrease  as a f u n c t i o n  o f  outcome p r o b a b i l i t y ,  

but t h e i r  N2 - P 3 f u n c t i o n s  do n o t .  The r e m a in in g  f i v e  Ss appear t o  

produce the o p p o s i te  t r e n d :  H j -P ^  fu n c t io n s  w h ich  d e c r e a s e ,  and N1-P 2 

f u n c t io n s  which do n o t .  SS appears t o  be an e x c e p t i o n ,  p roduc ing  

d e c re a s in g  f u n c t io n s  f o r  both N j - P 2 and N2 - P 3 . As a means o f  o b j e c t i f y i n g  

t h i s  o b s e r v a t i o n ,  each ^ ' s  s lo p e  terms f o r  both N j - p 2 and N j -P ^  were r e ­

examined.  I f  one s lo p e  was l a r g e r  th a n  the  o t h e r ,  t h a t  was i d e n t i f i e d  

as b e lo n g in g  to  the group whose component showed the l a r g e r  n e g a t i v e  

s lo p e .  Employing t h i s  c r i t e r i o n ,  four  Ss were p la ce d  In  the Nj * p 2 group  

(HK, CB, GB , SS) , and the  re m a in in g  fo u r  Ss comprised the  N2 - P 3 group.

Each g ro u p 's  average  s lopes  fo r  both N j - p 2 and N2 - P 3 were  t e s t e d  fo r  

s i g n i f i c a n t  d e p a r t u r e  from z e r o ,  w i t h  the  f o l l o w i n g  r e s u l t :  The ^ - P - j  

group produced a mean s lo pe  o f  - 19 ,12  ( p * 1. 01 ) f o r  N2 - P 3 , and a non­

s i g n i f i c a n t  N1-P 2 s lo p e  o f  - 2 . 9 3  ( p - * 0 5 ) .  The N j - P 2 group produced a 

s i g n i f i c a n t  mean N1- P 2 s lo pe  o f  - 1 5 . 5 2  ( p ^ O I ) ,  and a non-s I gnl f  I cant  

N2 - P 3 s lope  o f  - 1 .1 8  ( p > 0 5 ) .  This  same d i s t i n c t i o n ,  however ,  d i d  not  

h o ld  f o r  wrong outcomes,  where the  l a rg e  v a r i a b i l i t y  tended t o  mask any 

e f f e c t  t h a t  appeared t o  be p r e s e n t .  T h e r e f o r e ,  I t  appears , a t  l e a s t  when

51



^  is r i g h t ,  t h a t  the  e f f e c t  o f  p r o b a b i l i t y  is s e l e c t i v e ,  a f f e c t i n g  e i t h e r  

N j -P ^  or  N2 - P 3 , but not b o th .

F ig u r e  I t  p resen ts  the same f i v e  components as a f u n c t i o n  o f  o u t ­

come p r o b a b i l i t y  when S Is wrong ( m i s s e s ) .  As can be seen ,  the d a t a  are  

much more v a r i a b l e  than when h i t s  a re  c o n s id e r e d .  A i l  component average  

s lo p e  v a lu e s  were In the same d i r e c t i o n  as f o r  r i g h t  outcomes, but were  

not s i g n i f i c a n t ,  w i t h  the e x c e p t i o n  o f  P3- N 3 , which produced a s i g n i ­

f i c a n t  p o s i t i v e  s lo p e  v a lu e  ( p * 05 ) .

In  f i g u r e  1 2 ,  both peak d i l a t i o n  and N | - P3 a m p l i tu d es  are  p r e ­

sented  as a f u n c t i o n  o f  both h i t  and miss outcome p r o b a b i l i t y .  There is 

a s t r i k i n g  correspondence  between H j -P ^  and peak d i l a t i o n  when ^  is r i g h t ,  

but a d i s s o c i a t i o n  o f  the two responses in  most Ss when S is  wrong. For 

h i t s ,  the  mean N1- P 3 s lope  was - 2 2 . ^ 3  ( p ^ O O l ) ;  and the mean peak d i l a t i o n  

s lo p e  was - 2 9 . 2 3  ( p ^ O t ) ,  I n d i c a t i n g  t h a t  am p l i tu d e  decreased m onoton lca l  ly  

as a f u n c t i o n  o f  h i t  outcome p r o b a b i l i t y  w i t h  a l l  ^s p roduc ing  v e r y  s i m i l a r  

s lo p e  magnitudes f o r  both peak d i l a t i o n  and N1- P 3 . The d a ta  fo r  misses  

were more v a r i a b l e .  The mean s lo pe  f o r  N j -P ^  was - 2 5 , 5 0 ,  but due t o  the  

l a r g e  i n t e r - s u b j e c t  v a r i a b i l i t y  In  s lo p e  magni tude  and d i r e c t i o n  ( SP,

GB, and SS produced p o s i t i v e  s lo p e s )  t h i s  t r e n d  was not s i g n i f i c a n t  (p>,  0 5 ) ,  

The mean pupi 1 l a r y  s lope was - 8 1 . 0 6  (p^ ,  0 1 ) ,  w i t h  a l l  j>s y i e l d i n g  negat i ve 

s I opes .

Ana lyses  o f  v a r i a n c e  f o r  peak d i l a t i o n  and N^- P ^. I t  has been shown 

t h a t  both N | — P3 and peak d i l a t i o n  decreased  m o n o t o n lc a l l y  as a f u n c t i o n  

o f  s t im u lu s  p r o b a b i l i t y ,  guess ing  p r o b a b i l i t y ,  and t h e i r  i n t e r a c t i o n ,  o u t ­

come p r o b a b i l i t y .  However,  f o r  outcome p r o b a b i l i t y  the s lo p e  was s i g n i ­

f i c a n t  f o r  N | - P3 o n l y  fo r  h i t s .  The s lope  a na lyses  d id  not answer the  

q u e s t io n  w h e th er  be ing  c o r r e c t  or i n c o r r e c t  per se had any e f f e c t  on

5 2



F ig u r e  I I .  F iv e  averaged  peak t o  peak evoked p o t e n t i a l  

components p l o t t e d  as a f u n c t i o n  o f  j o i n t  or outcome p r o b a b i l i t y  

when S was wrong (m isses )
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F ig u re  12 end peak d i l a t i o n  am pl i tudes  p l o t t e d  as a

f u n c t i o n  o f  outcome p ro b a b 11 i t y  when ^  was r i g h t  ( h i t s ) ,  and when 

was wrong ( m i s s e s ) .  d a t a  appear on the l e f t ,  peak d i l a t i o n

d a ta  on the  r i g h t .
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a m p l i tu d e  o f  response (see S u t to n  e t  a l . , 1 9 6 5 ) .  T h e r e f o r e ,  an ana l y s i s  

o f  v a r i a n c e  was designed  t o  check on t h i s  Issue as w e l l  as t o  c o n f i r m  

the  assumption t h a t  the  two s t i m u l i  need not be a n a ly ze d  s e p a r a t e l y .  In  

a d d i t i o n ,  t h i s  a n a l y s is  p r o v id e d  a check on the  a n a l y s t s  o f  the d a t a  In  

terms o f  outcome p r o b a b i l i t y .  The way In  which the  a n a l y s is  o f  v a r i a n c e  

was designed Is p resen te d  In  f i g u r e  13a and 13b.  The d a t a  p re s e n te d  t h e r e  

were averaged across the  8 Jss . Since no o t h e r  means o f  o b t a i n i n g  v a r ia n c e  

was aval  I a b l e  , the odd and even averaged  amp11tudes served  t h a t  p u rp o s e . 

N o t ic e  t h a t ,  In  o r d e r  to examine the  e f f e c t  o f  c o r r e c t n e s s  on the  d a t a ,  

each o f  the c e l l s  o f  a 2x 2 p r o b a b i l i t y  t a b l e  was re a r r a n g e d  so t h a t  each  

rcnv sum was the  sum o f  evoked p o t e n t i a l  or peak d i l a t i o n  a m p l i tu d e  when ^  

was e i t h e r  c o r r e c t  or I n c o r r e c t ,  w h i l e  the column sums remained the  same.

Each o f  the p r o b a b i l i t y  programs ( I . e . ,  2 0 / 0 0 ,  1+0/60 e t c . )  was t r e a t e d  

as the l e v e l  o f  a f a c t o r  which  was c a l l e d  " f r e q u e n c y "  In  a d d i t i o n ,  by 

c o l l a p s i n g  across th e s e  f r e q u e n c i e s ,  i t  was p o s s ib le  to  examine the  e f f e c t  

o f  s t im u lu s  ( s i n g l e  versus d oub le )  and the  e f f e c t  o f  be ing  c o r r e c t  or  

i n c o r r e c t .  Because o f  the way In  which  t h i s  a n a l y s is  was d e s ig n e d ,  

" f r e q u e n c y "  was e s s e n t i a l l y  a "dummy" v a r i a b l e ,  s i n c e ,  o f  I n t e r e s t  was 

the  e f f e c t  o f  a s i n g l e  s t im u lu s  and i t s  a s s o c ia t e d  p r o b a b i l i t y  o f  o c c u r r e n c e ,  

and not the e f f e c t  o f  a t o t a l  p r o b a b i l i t y  program ( I . e . ,  2 0 / 0 0 , 1+0 / 6 0  e t c . ) .  

T h e r e f o r e ,  the r e s u l t s  o f  t h i s  main e f f e c t  w i l l  not be d is cu s s ed .

The main e f f e c t  was ,  o f  c o u r s e ,  h i g h l y  s i g n i f i c a n t  fo r  both N j -P ^  

and peak d i l a t i o n  ( p < , 0 1 ) .  A l l  I n t e r a c t i o n s  I n v o l v i n g  the  ^  v a r i a b l e  

were not e v a l u a t e d  f o r  s i g n i f i c a n c e ,  s in c e  In  t h i s  type o f  a n a l y s i s ,  the  S 

e f f e c t s  are  assumed to  be r e a l ,  due to  the l a r g e  v a r i a b i l i t y  between Ss ,

These j> I n t e r a c t i o n  v a r ia n c e s  were used In  t e s t i n g  o t h e r  main and I n t e r ­

a c t i o n  e f f e c t s .  The f requency  by s t im u lu s  I n t e r a c t i o n  was s i g n i f i c a n t  In
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F ig u r e  13a and b. F o u r - c e l l e d  t a b l e s  f o r  the fo u r  p r o b a b i l i t y  

programs f o r  ( 13a) and peak d i l a t i o n  (13b)  d a ta .  How va lues

r e p r e s e n t  nv»»n a m p l i tu d e s  when ^  was e i t h e r  c o r r e c t  or  i n c o r r e c t .  

Column va lue s  r e p r e s e n t  mean a m p l i tu d es  c o r re s p o n d in g  to  a g lv sn  

s t im u lu s  w i t h  i t s  a s s o c i a t e d  p r o b a b i l i t y  o f  o c c u r re n c e .  C e l l  va lu e s  

are  mean a m p l i tu d e s  r e s u l t i n g  from the  I n t e r a c t i o n  o f  s t im u lu s  and 

guess ing  p r o b a b i l i t i e s .
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both N1- P 3 and peak d i l a t i o n  d a ta  ( p ^ . O t ) ,  and I n d i c a t e d  t h a t  both  

s t im u lu s  p r o b a b i l i t y  f u n c t io n s  produced a p p r o x im a t e ly  the same mean 

a m p l i tu d es  at each s t im u lu s  p r o b a b i l i t y  p o i n t .

N e i t h e r  the outcome o f  the guess,  nor the type  o f  s t im u lu s  was 

s i g n i f i c a n t  f o r  e i t h e r  the N j -P ^  or  p u p i l l a r y  d a t a .  The t r i p l e  i n t e r ­

a c t i o n  o f  f requency  by guess by s t im u lu s  was s i g n i f i c a n t  ( p < . 0 5 ) :  the  

r e l a t i o n s h i p  between a m p l i t u d e  o f  N j -P ^  and s t im u lu s  p r o b a b i l i t y  was 

a f f e c t e d  by the  outcome o f  the  guess o n ly  a t  the ex t rem e f re q u e n c ie s  

( 2 0 / 8 0  and 8o / 2 n) , but not a t  the I n t e r m e d i a t e  f r e q u e n c ie s  ( 4 0 / 6 0  and 

6 0 / 4 0 ) ,  At the ext reme f r e q u e n c i e s ,  wrong outcomes were a s s o c ia t e d  w i t h  

l a r g e r  N ( -P ^  a m p l i tu d e s  at  the 80 pe rce n t  p r o b a b i l i t y  p o i n t s ,  but not 

at  the 20 p e rc e n t  p r o b a b i l i t y  p o i n t s .  No such r e l a t i o n s h i p  e x i s t e d  fo r  

the  In t e r m e d i a t e  p r o b a b i l i t i e s .  The t r i p l e  I n t e r a c t i o n  fo r  the p u p i l l a r y  

d a ta  was s i m i l a r  ( p ^ . O S )  excep t  t h a t .  In  a d d i t i o n ,  t h e r e  was a weaker  

e f f e c t  o f  outcome on the  r e l a t i o n s h i p  between peak d i l a t i o n  a m p l i tu d e  

and s t im u lu s  p r o b a b i l i t y  a t  one o f  the I n t e r m e d i a t e  f r e q u e n c ie s  ( 4 0 / 6 0 ,  

but not 6 0 / 4 0 ) .  Here t o o ,  wrong outcome was a s s o c ia t e d  w i t h  a somewhat 

l a r g e r  a m p l i tu d e  fo r  the 60 pe rcen t  p r o b a b i l i t y  p o i n t ,  but not fo r  the  

40 percent  p r o b a b i l i t y  p o i n t .

B ight  -  wrong d i f f e r e n c e s  as a f u n c t i o n  o f  s t im u lu s  p r o b a b i l i t y . The 

i n t e r a c t i o n  e f f e c t  d iscussed  above can be seen c l e a r l y  when one c o l la p s e s  

across s t i m u l i  and p l o t s  N j -P ^  and peak d i l a t i o n  a m p l i tu d e  as a f u n c t i o n  

o f  s t im u lu s  p r o b a b i l i t y  s e p a r a t e l y  f o r  h i t s  and misses ( F i g u r e  1 4 ) ,  W hi te  

the p u p i l l a r y  d a ta  e x h i b i t e d  t h i s  e f f e c t  more s t r i k i n g l y ,  the d a ta

showed the same t r e n d s .  Both responses d iv e r g e d  at the 80 and 20 percent

s t im u lu s  p r o b a b i 1 11y , but in the  case o f  N ̂  — P ̂  t h e r e  was l i t t l e  d iv e rg e n c e

at  the 40 or 60  pe rc e n t  p o i n t s .  The l a r g e s t  d i f f e r e n c e  fo r  both o c c u r re d

at the  80 percent  p r o b a b i l i t y  p o i n t .
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f i g u r e  1*+, Heart N j -P^  and peak d i l a t i o n  a m p l i tu d e s  f o r  r i g h t  

and wrong outcomes, p l o t t e d  as a f u n c t i o n  o f  s t im u lu s  p r o b a b i l i t y .
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The analyses  o f  v a r ia n c e  d id  not p ro v id e  d a t a  on the  s i g n i f i c a n c e  

o f  d i f f e r e n c e s  between r i g h t  and wrong outcome a m p l i tu d e s  at each  

s t im u lu s  p r o b a b i l i t y  p o i n t .  T h e r e f o r e , t - t e s t s  f o r  c o r r e l a t e d  means were 

employed. At the 80 pe rce n t  p o i n t ,  be ing  I n c o r r e c t  led  t o  a l a r g e r  mean 

N | -  P3 a m p l i t u d e  than be ing  c o r r e c t  ( p < 0 1 ) ,  Being I n c o r r e c t  led  t o  

l a r g e r  mean peak d i l a t i o n  a m p l i tu d es  at  both 60 and 80 pe rcen t  p o in ts  

th a n  be ing  c o r r e c t  ( p < . 0 5 ,  and p<,01 r e s p e c t i v e l y ) .  From th e s e  r e s u l t s ,  

i t  appears t h a t  the r a r e r  the e v e n t ,  the  l a r g e r  the  a m p l i tu d e  o f  response .  

That I s ,  f o r  exa m ple ,  be ing i n c o r r e c t  on the 80 pe rce n t  s t im u lu s  Is a 

much r a r e r  event  than be ing c o r r e c t  on the  80 pe rce n t  s t i m u l u s .  A l though  

not a l l  the  r i g h t - w r o n g  d i f f e r e n c e s  were s i g n i f i c a n t ,  the g e n era l  shape  

o f  the curves  fo r  both N1- P 3 and peak d i l a t i o n  ( w i t h  the e x c e p t i o n  o f  

the  40  p e rcen t  p o in t  f o r  Nj-P^Jshtsvt t h a t  a m p l i tu d e  Is l a r g e r  the r a r e r  

the  outcome.

Odd Minus Even V a r i a b i l i t y  E s t im a te s  f o r  H^-P^ and Peak D i l a t i o n

T a b le  2 presents these e s t im a t e s  as a f u n c t i o n  o f  outcome p r o b a b i l i t y  

f o r  peak d i l a t i o n ,  and T a b le  3 p resen ts  the  e s t im a t e s  f o r  N j - P j , In  both  

p u p i l l a r y  and evoked p o t e n t i a l  d a ta  t h e r e  is a g e n era l  t r e n d  fo r  v a r i a b i l i t y  

t o  decrease  w i t h  i n c r e a s i n g  outcome p r o b a b i l i t y  f o r  both r i g h t  and wrong  

outcomes. Th is  Is p ro b a b ly  due t o  the f a c t  t h a t  t h e r e  a re  more t r i a l s  

in  the  average  as outcome p r o b a b i l i t y  i n c r e a s e s ,  and w i t h  In c r e a s i n g  N,  

the odd minus even e r r o r  w i l l  n a t u r a l l y  d e c re a s e .

Since the  d a ta  c o u ld  a ls o  be viewed as a f u n c t i o n  o f  s t im u lu s  

probabl  I I t y  and _$ 1 s guess i ng probab 11 I t y  , odd mi nus even v ar  I abi  I I t y  e s t  I -  

mates were computed f o r  these d a t a  p o in ts  by w e i g h t i n g  the odd-minus even  

e s t im a t e s  by t h e i r  c e l l  N s . These e s t im a t e s  appear In  T a b le  4 f o r  peak  

d i l a t i o n  and In  T a b le  5 fo r  N j - P j ,  For both p u p i l l a r y  d i l a t i o n  and N1- P 3 

amount o f  v a r i a b i l i t y  Is s i m i l a r  across both s t im u lu s  and guess ing
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TABLE 2

Odd M i n u s  E v e n  V a r i a b i l i t y  E s t i m a t e s  f o r  P e a k  D i l a t i o n  f o r  

E i g h t  S u b j e c t s  as  a  F u n c t i o n  o f  O u t c o m e  P r o b a b i l i t y *

P e a k  D i l e t i o n  (mm)

S u b j e c t  R i g h t  W ro n g

1 2 3 4 1 2 3 4

wc . 0 0 9 . 0 1 9 . 0 0 5 . 0 0 4 . 0 1 3 . 0 0 5 .001 .011

SP .006 .006 .008 .011 .008 . 0 1 3 .006 .008

BR . 0 2 9 .008 . 0 1 3 .001 .008 .006 .008 . 0 0 5

MK .006 , 0 0 4 .010 . 0 0 5 . 0 1 5 .008 .006 . 0 0 9

CB . 0 1 5 . 0 1 5 . 0 1 4 . 0 0 4 . 0 1 9 .020 . 0 1 3 .008

GB .016 .018 .008 . 0 0 4 . 0 3 5 .008 . 0 1 5 . 0 1 3

SS . 0 1 9 . 0 1 4 .001 . 0 0 4 . 0 0 3 .008 .010 .008

PK . 0 0 3 . 0 0 4 . 0 0 9 . 0 0 5 . 0 0 9 .006 .001 .008

X . 0 1 3 .011 . 0 0 9 .006 . 0 0 9 .006 .001 .008

^ N u m e r i c a l  h e a d i n g s  r e p r e s e n t  m a g n i t u d e s  o f  o u t c o m e  p r o b a b i l i t i e s ,  
f r o m  s m a l l e s t ( l )  t o  l a r g e s t  ( 4 )  ,



TABLE 3

Odd Minus Even V a r i a b i l i t y  Est imates fo r  N1- P 3 fo r  Eight  

Subjects as a Function of  Outcome P r o b a b i l i t y

Subjects Right

wc 5 .625 0 .750 1 .3 10

SP 10 .000 2 630 2 .630

BA 3 .560 0 ,9*+0 2 M o

MK 6 .WtO 5 . 100 2 .100

CB it .870 3 .g ito 1 .310

GB it .690 2 .1 0 0 1 .310

SS 1 .690 0 . 560 0..560

PK 2 ,.630 1 .880 2 ..630

X it. .930 2 , 2k0 1 . 780

N1- P 3 (uv)

Wrong

i+ 1 2 3 it

0 .5 60 3.750 2 .2  50 1 .500 1 .500

1.500 1.690 2 .2  50 0 .940 0 .750

1.680 9 .5 6 0 1.880 0 0 4 .  500

1.830 3.000 3 > 0 0 0 .560 1 .690

0 .750 2 .810 0 . 9^0 0 .940 1 .310

0 .560 2 ,810 1 .200 2 . 100 1 .120

0 .750 1 .310 5 .250 2 .250 0 .7 50

1.500 1 .880 0 .560 1.500 2 .630

1 . > 0 3.350 2 .2 10 1 > 1 0 1. 780



TABLE 4

Odd Minus Even V a r i a b i l i t y  Est imates fo r  Peak D i l a t i o n

fo r  Eight Subjects as a Funct ion o f  Guessing end Stimulus P r o b a b i l i t y  

Stimulus P r o b a b i l i t y  Guessing P r o b a b i l i t y ^
Subject

.20 .40 .60 .80 .20 .40 .60 .80
wc .011 .015 .003 .005 .005 .008 ,008 .006

SP .007 .003 .007 .012 .012 .006 .005 .011

BP .009 .006 .010 .003 .016 .007 .009 .009

MK .012 .007 .009 .006 .007 .005 .009 .007

CB .017 .014 .011 .007 .018 .011 .013 .006

GB .010 .016 .009 .008 .02 7 .014 .010 .004

SS .007 .010 .004 .004 .010 .012 .003 .003

PK .007 .006 .006 .005 .005 .002 .008 ,006

X .010 .009 .007 .006 .013 .008 .009 .006

'Numerica l  headings 
tha t  was guessed.

r e f e r  to the probabi 1 i t y  of the stimu lus event



t a b l e  5

Odd Minus Even V a r i a b i l i t y  Estimates fo r  N j -P^  fo r  Eight  

Subjects as a Function o f  Guessing and Stimulus P r o b a b i l i t y  

Stimulus P r o b a b i l i t y  Guessing P r o b a b i l i t y
Subject

,20 > 0 .60 .80 .20 > 0 > 0 .80

wc 4 .1 0 0 1 .150 1 .560 0 .900 2 .550 1 > 1 0 1 > 0 0 > .230

SP 4 .3 4 0 1 .600 1.800 it > 0 0 4 .1 5 0 1.440 1.900 4 > 3 0

BP 4 .6 5 0 3.130 2 .100 2 .5 0 0 5 .170 1.240 3.270 2 .2 8 0

MK * 0 5 0 3.140 1 .600 2 .060 4 .6 1 0 2 .500 1.920 2 .010

CB 3.500 1.850

00

0 .810 1 .950 2 > 5 0 T . 140 1 .130

GB 2 > 5 0 1 .900 1 .300 0 .910 3 .610 1.600 1 > 9 0 0 .660

SS 1 > 2 0 0.61*0 1 . 150 1 .640 4 .2 5 0 1 .540 0 ,620 0 .540

PK 2 .1 60 2 .320 1 .860 1 .500 1.800 1.170 2 600 1.570

X 3.370 2 .00 0 1 .600 1.840 3.510 1.670 1 .800 1.730



p r o b a b i l i t i e s .  A g a i n ,  v a r i a b i l i t y  decreases  w i t h  an in c re a s e  In  e i t h e r  

s t im u lu s  or  g uess ing  p r o b a b i l i t y .

Odd minus even  v a r i a b i l i t y  e s t im a t e s  were a l s o  o b t a in e d  f o r  base­

l i n e  s h i f t s  (CNV) , and these  appear in  T a b le  6 as a f u n c t i o n  o f  s t im u lu s  

and guess ing  p r o b a b i l i t y .  V a r i a b i l i t y  a g a in  decreases  w i t h  in c rea ses  

In p r o b a b i l i t y ,  but t h i s  t r e n d  Is not as marked f o r  CNV as I t  was f o r  

the o t h e r  response m e as u res ,

Latency Analyses f o r  Evoked P o t e n t i a l  Components and Peak D i l a t i o n

L a te n c ie s  f o r  r i g h t  versus wrong responses were t e s t e d  us ing  th e  

t - t e s t  f o r  c o r r e l a t e d  means. The peak a m p l i tu d e  o f  the  P3 component 

o c c u r re d  e a r l i e r  f o r  r i g h t  than f o r  wrong responses o n ly  a t  the 20 p e r ­

cent  s t im u lu s  p r o b a b i l i t y  ( p ^ O I ) .  No o t h e r  d i f f e r e n c e  f o r  any evoked  

p o t e n t i a l  component or  peak d i l a t i o n  reached the c o n v e n t io n a l  l e v e l  o f  

s t a t i s t i c a l  s i g n i f i c a n c e .

By c o l l a p s i n g  across r i g h t  and wrong ,  c e r t a i n  versus u n c e r t a i n  

l a t e n c y  d i f f e r e n c e s  cou ld  be t e s t e d  fo r  s i g n i f i c a n c e .  Nj peaked s i g n i ­

f i c a n t l y  l a t e r  ( p ^ O l )  In the c e r t a i n  c o n d i t i o n  than In  the  u n c e r t a i n  

c o n d i t i o n .  The o n l y  o t h e r  d i f f e r e n c e  t h a t  was s i g n i f i c a n t  was f o r  the  

peak o f  Pj  , which o c c u r re d  l a t e r  in  the  c e r t a i n  c o n d i t i o n  than  In  the  

u n c e r t a i n  c o n d i t i o n  a t  the 60  pe rce n t  p r o b a b i l i t y  p o in t  ( p < . 0 5 ) .

In  the c e r t a i n  c o n d i t i o n ,  o n ly  fo u r  ^s had produced d e t e c t a b l e  

peak d i l a t i o n s ,  and thus o n ly  t h e i r  d a t a  c o u ld  be used t o  t e s t  the  d l f f e r -  

e renee  between mean peak d i l a t i o n  l a t e n c y  In  the  c e r t a i n  and u n c e r t a i n  

c o n d i t i o n s .  None o f  these  d i f f e r e n c e s  reached s i g n i f i c a n c e .  In  the  un­

c e r t a i n  c o n d i t i o n  mean peak d i l a t i o n  decreased in  l a t e n c y  as a f u n c t i o n  

o f  i n c r e a s i n g  s t im u lu s  p r o b a b i l i t y .  Th is  t r e n d ,  as measured by s lo pe  

a n a l y s i s ,  was h i g h l y  s i g n i f i c a n t  (mean s lo pe  ■ - 1 7 5 . 0 0 ,  p < 0 1 ) .  No evoked
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TABLE 6

Odd Minus Even V a r i a b i l i t y  Est imates fo r  CNV Amplitude fo r  Eight  

Subjects as a Funct ion o f  Guessing and Stimulus P r o b a b i l i t y

Subj ect
Stimulus P r o b a b i l i t y  Guessing P r o b a b i l i t y

.20 > 0 .60 .80 ,20 > 0 .60 .80

wc 2 .7 0 0 1 .900 1.310 1.330 3.200 0 .840 2.141 1.140

SP 2 .920 V  200 3.600 2 . 720 4 .0 0 0 0 .580 2 .1 20 0 .600

BR 1 > 0 0 1 .900 0 .730 1.950 2 .920 1.500 1.000 1.540

MK 4 .3 0 0 1.710 0 .910 0 .520 1.130 2 .000 0 .750 1.310

CB 1 .200 0 .900 1.660 1 .100 1.600 0 .990 1.600 1.000

GB 0 .250 2 .000 1.250 2 .230 3.640 1.900 1 .300 1 > 2 0

SS 2 .500 3 > 0 0 3 > 0 0 1 .100 2 .640 1.700 4 .3 00 1 .060

PK 3. 340 2 .400 2 .060 0 .4 0 0 1.520 2 .4 00 2 .1 20 0 .80 0

X 2 .3 20 2 .30 0 1.860 1 > 2 0 2 .580 o o 1 .650 1 .110



p o t e n t i a l  component e v idenc ed  a s i m i l a r  t r e n d  In e i t h e r  c e r t a i n  or  

u n c e r t a i n  c o n d i t i o n s ,  nor d i d  peak d i l a t i o n  In  the  c e r t a i n  c o n d i t i o n  

( p > 0 5 )  .

One f u r t h e r  l a t e n c y  a n a l y s is  was c a r r i e d  o u t .  In a p re v io u s  s e c t i o n ,  

the e f f e c t  o f  outcome p r o b a b i l i t y  upon the evoked p o t e n t i a l  was shown to  

be l o c a l i z e d  in  the N j - P j  component f o r  fo u r  Ss , and In  the N2 - P 3 compo­

nents f o r  the rema i n i ng f o u r , I f  t he evoked po te n t  i a l  is the c e n t r a l  

event  l e a d in g  to  peak d i l a t i o n ,  then I t  might be expe c ted  t h a t  those Ss 

e x h i b i t i n g  e f f e c t *  would produce e a r l i e r  peak d i l a t i o n  l a t e n c i e s ,

than those _Ss e x h i b i t i n g  N2 - P 3 e f f e c t s .  In  o rd e r  to i n v e s t i g a t e  t h i s ,  

mean peak d i l a t i o n  l a t e n c i e s  fo r  r i g h t  and wrong outcomes f o r  the ^s 

showing N j -P^  e f f e c t s ,  and fo r  the Ŝs showing N2 - P 3 e f f e c t s ,  were compared 

and shown to  d i f f e r  in the e x p e c te d  d i r e c t i o n ,  but not s i g n i f i c a n t l y .

F i f t y  Percent  P r o b a b i l i t y

On Day 1, s i x  ^s were run on a 5 0 /5 0  p r o b a b i l i t y  program o f  U50 

t r i a l s  d u r a t i o n ,  s e p a ra te d  i n t o  sess ions  o f  150 t r i a l s  each (100 u n c e r t a i n  

and 50 c e r t a i n  t r i a l s ) .  WC and PK were a ls o  run on a 5 0 / 5 0  program, but 

because o f  b l i n k i n g ,  t h e i r  d a ta  were not u sab le  fo r  the  f o l l o w i n g  a n a ly s e s .

S ince  Sis v a r i e d  in the  p r o b a b i l i t i e s  w i t h  which they  guessed e i t h e r  

o f  the two 50 pe rcen t  s t im u lu s  e v e n t s ,  i t  was p o s s ib le  t o  compute outcome 

p r o b a b i l i t i e s  fo r  the 5 0 /5 0  d a t a .  In  o rde r  to  de te rm ine  I f  outcome p ro b ­

a b i l i t y  a f f e c t e d  a m p l i tu d e  o f  re sp o n s e ,  a p r o p o r t i o n a l  measure o f  am p l i tu d e  

was used. Each S's d a ta  f o r  the ? msec, 1n t e r - c I i c k - I n t e r v a 1 s t im u lu s  

when the guess was c o r r e c t ,  was d i v i d e d  by a w e ig h te d  a m p l i tu d e  o b ta in e d  

f o r  the  U ce I 15 o f  the p r o b a b i l i t y  t a b l e .  When N j -P ^  and peak d i l a t i o n  

a m p l i tu d e  were p l o t t e d  as a f u n c t i o n  o f  outcome f o r  each Si, no t r e n d  in  

the d a t a  p o in ts  was e v id e n c e d .
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Even though t h i s  procedure  y i e l d e d  n e g a t i v e  r e s u l t s ,  an a t te m pt  

was made to  use the  5 0 / 5 0  w e ig h ted  average a m p l i tu d e s  as a c o r r e c t i o n  

f o r  the Nj -P -j  and peak d i l a t i o n  a m p l i tu d es  o b ta in e d  f o r  the main e x p e r i ­

ment.  Each S ’ s outcome a m pl i tudes  were d i v i d e d  by h is  5 0 / 5 0  w e ig h te d  

a m p l i t u d e .  I f  I n t e r ^ S  d i f f e r e n c e s  were due p r i m a r i l y  to  le v e l  d i f f e r e n c e s  

amongst ^s , then t h i s  c o r r e c t i o n  would tend t o  br ng the i n d i v i d u a l  curves  

c lo s e r  t o g e t h e r .  For N j - P j  t h i s  c o r r e c t i o n  procedure  d id  r e s u l t  in the  

I n d i v i d u a l  curves  be ing  brought s l i g h t l y  c l o s e r  t o g e t h e r .  This  e f f e c t  

was g r e a t e r  fo r  misses than I t  was fo r  h i t s .  However,  when the p u p i l l a r y  

outcome a m p l i tu d e s  were s u b je c t e d  to  t h i s  p ro c e d u re ,  the r e s u l t i n g  curves  

were not so e f f e c t e d .  Since the e n t i r e  5 0 / 5 0  program was run on a s i n g l e  

d a y ,  a v a r i e t y  o f  v a r i a b l e s  c o u ld  not be c o n t r o l l e d  by c o u n t e r b a l a n c i n g ,  

as was the case f o r  the re m a in in g  four  programs. Th is  may have accounted  

f o r  the u nsuccessfu l  c o n t r o l  p ro c edu re .  F u r th e rm o re ,  when an a t te m pt  

was made to  p l o t  the  5 0 /5 0  d a t a  w i t h  the outcome p r o b a b i l i t y  f u n c t i o n s ,  

the 5 0 /5 0  d a ta  were always o f  g r e a t e r  a m p l i t u d e ,  s u g g e s t in g  t h a t  h a b i t u ­

a t i o n  ( f ro m  days 2 through 5 ) accounted p a r t i a l l y  fo r  t h i s  r e s u l t .

One o th e r  im por tan t  po in t  w i t h  respe c t  to  the  5 0 /5 0  d a ta  was whether  

or not a s y s t e m a t ic  d i f f e r e n c e  had deve loped  between r i g h t  and wrong  

responses.  Since t h i s  p r o b a b i l i t y  c o n d i t i o n  c o n ta in e d  maximum u n c e r t a i n t y ,  

t h i s  f i n d i n g  wouId s e rv e  as a b a s e l i n e  f o r  those p r o b a b i l i t i e s  in  which  

^  c o u ld  form e x p e c ta n c ie s  as to  which s t im u lu s  would o ccu r .  These r e s u l t s  

appear  in Ta b le  7. The d a ta  f o r  each are  averaged across the two  

s t i m u l i .  Except fo r  one S,  §K , none o f  the  d i f f e r e n c e s  is ta rge in  e i t h e r  

d i r e c t i o n ,  and the  mean d i f f e r e n c e s  were not s i g n i f i c a n t  fo r  e i t h e r  

m easure .
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TABLE 7

R ight  end Wrong Nj - P j and Peak D i l a t i o n  Am pl i tudes  

f o r  Six Su b jec ts  f o r  the F i f t y - F i f t y  C o n d i t io n

Subject V P3 Peak D l l a t 1 on

Righ t Wrong R t ght Wrong

SP M . 9 1 13 .63 .007 ,016

BR 52 21 38.9*1 .073 .055

MK 2 5 .8 2 2 3 85 .032 .037

CB 20.91 2 0 ,8 2 .067

0O

GB 1 8 ,0 8 00 . 03 7 .030

SS 2 5 . Mi 22 . 77 .02 7 .029

X 2 5 .6 9 22 . 72 .090 .038
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Seq u e n t i a l  A n a ly s is  o f  a S in g le  P r o b a b i l i t y

Whi le  both evoked p o t e n t i a l  and peak d i l a t i o n  showed s i m i l a r  r e l a ­

t io n s h ip s  t o  the p r o b a b i l i t y  measures,  the analyses employed d id  not cast  

l i g h t  on whether  one o f  these responses Is dependent on the o t h e r .  Thus,

I t  might be suspected t h a t  peak d i l a t i o n ,  which occurs about a h a l f -s e c o n d  

a f t e r  the evoked p o t e n t i a l  components o f  i n t e r e s t ,  might be a r e s u l t  o f  

the evoked p o t e n t i a l  changes.  In  order  to  shed some l i g h t  on t h i s  q u e s t io n ,  

the 80 percent  p r o b a b i l i t y  fo r  h i t s  only  was chosen for  f u r t h e r  I n v e s t i ­

g a t i o n ,  s in ce  i t  a l lowed the breakdown o f  the da ta  i n t o  s e q u e n t ia l  averages  

over the e n t i r e  four  days o f  runn ing .  For t h i s  a n a l y s i s ,  the da ta  from 

f i v e  Ss were employed. Only those JSs who showed c o n s is t e n t  CNV and 

p u p i l l a r y  d i l a t i o n  were used. This c r i t e r i o n  e l i m i n a t e d  the da ta  fo r  

GB, PK and SP.

Since d e c id in g  on the  number o f  t r i a l s  t o  use In  a s e q u e n t ia l  average  

is a r b i t r a r y ,  I t  was decided t o  use the s m a l le s t  N per i n t e r a c t i o n  c e l l ,  

which tu rned  out In a ? 1 cases to  be one o f  the 20 percent  r i g h t  c e l l s .  Such 

a cho ice  a ls o  p e r m i t te d  t h i s  a n a ly s is  to  r e f l e c t  on the  que st io n  of  whether  

or not the  number o f  d a ta  samples per average was a f f e c t i n g  am pli tude  of  

response.  This cou ld  be done by v e r i f y i n g  t h a t  the am pl i tude  for  the  

20% r i g h t  c e l l  was always l a r g e r  than any of  the 80% s e q u e n t ia l  ave rages ,  

which was composed o f  the same number o f  t r i a l s .  By t h i s  method, i t  was 

conf i rm ed tha t  the number o f  t r i a l s  In the average d id  not in f lu e n c e  the  

r e s u l t s .  In a l l  c a s e s ,  the s e q u e n t ia l  80 percent h i t  average amplitudes  

were s m a l le r  than the 20 percent h i t  average am pl i tudes ,

I n t e r c o r r e l a t i o n s  o f  the  s e q u e n t ia l  averages fo r  the f o l l o w i n g  were 

determ ined  fo r  each N j - P ^ ,  CNV, peak d i l a t i o n ,  and I n i t i a l  d ia m e te r .

These appear In  Table  8.  W i t h i n  the m a t r i x  o f  t h i r t y  c o r r e l a t i o n s ,  no
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TAB LE 8

I n t e r c o r r e t a t  I ons o f  N j - P ^ ,  CNV, I n i t i a l  D i a m e t e r ,  and 

Peak D i l a t i o n  Computed f o r  Each S u b je c t  Across Days o f  Running

N | - P ^ / P D * n , - p 3/ i d * N j - P j / C N V ID/PD ID/CNV PD/CNV

Subj e c t WC .719 - . 6 7 9 .093 - . 5 1 8 - . 2  76 .325

S ubjec t BR .2 32 . 116 -.00*+ .177 . 116 .*+8*+

Sub jec t MK .008 .589 .*+10 . 120 .370 .251

Subj ec t CB - . 132 .631 .123 - . 8 3 6 - . 6 3 1 .*+73

Subj e c t SS - . 7 3 2 .295 - . 8 3 3 -  . M+0 - . 5 8 7 .5 5 8

*PD -  peak d i l a t i o n  

* 1 0  *  I n i t i a l  d ia m e te r
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c l e a r  t rends  emerged. The c o r r e l a t i o n  o f  CNV w i t h  d i l a t i o n  a m p l i tu d e  

produced the  most c o n s i s t e n t  r e s u l t - p e a k  d i l a t i o n  was g r e a t e r  when t h e r e  

was more n e g a t iv e  s h i f t .  A nother  f a i r l y  c o n s i s t e n t  r e s u l t  was the f i n d i n g  

o f  th r e e  out o f  f i v e  n e g a t iv e  r e l a t i o n s h i p s  between I n i t i a l  d ia m e te r  and 

subsequent peak d i l a t i o n  ( I . e . ,  s m a l l e r  peak d i l a t i o n s  when I n i t i a l  

d ia m e te r  was l a r g e r ) .  T h is  appeared t o  f o l l o w  the Law o f  I n i t i a l  V a lu e .  

There were no c o n s i s t e n t  r e l a t i o n s h i p  between Nj -P-j a m p l i tu d e  and any 

o t h e r  v a r i a b l e .

These c o r r e l a t i o n s  gave no I n d i c a t i o n  o f  what was o c c u r r i n g  over  

t ime f o r  each o f  the above v a r i a b l e s .  T h e r e f o r e ,  these  measures were  

p l o t t e d  I n d i v i d u a l l y  as a f u n c t i o n  o f  t i m e ,  and a re  p re s e n te d  in  F ig u re

15.

Friedman two-way a na lys es  o f  v a r i a n c e  were used to  t e s t  s i g n i f i c a n c e .  

Each S> had a d i f f e r e n t  number o f  t r i a l s  in the  s e q u e n t i a l  a v e r a g e ,  and 

the  t o t a l  number o f  averages was a l s o  d i f f e r e n t  f o r  each S> T h e r e f o r e ,  

the f i r s t  n in e  sequences were used,  s in c e  n ine was the  number o f  s e q u e n t i a l  

averages each ^ had in  common.

N)-P-j  and I n i t i a l  d ia m e te r  tended t o  show a decrease in fo u r  o f  

the  f i v e  Ss , but t h i s  t r e n d  was not s i g n i f i c a n t  in  the  averaged d a ta  

( p >.05)  . The P2 - N 2 component o f  the  evoked p t o e n t i a l  demonstrated  i n ­

c r e a s in g  a m p l i tu d e  over  days in  most Jis , and t h i s  was s i g n i f i c a n t  In  the  

averaged d a t a  ( p < . 0 2 ) .  Peak d i l a t i o n  d id  not e v id e n c e  any c l e a r  t r e n d  

( p ^ . 0 5 ) ,  e xce p t  f o r  one S,  WC, fo r  wham peak d i l a t i o n  in c re a se d  over  days.  

Data  fo r  CNV were v a r i a b l e  across S s , and produced no c o n s i s t e n t  t r e n d  

( P > . 05)  .
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F ig u re  15.  CNV, ?2~ ^2  ®nt* w t p t i t u d « s  In  m i c r o v o l t s ,

and I n i t i a l  d ia m e te r  and peak d M a t l o n  a m p l i t u d e  I n ml 11 I m e t e r s , 

p l o t t e d  as a f u n c t i o n  o f  s u cce ss ive  averages o f  N t r i a l s  each  

o v er  the fo u r  days o f  ru n n in g .  The e x p e r im e n t a l  c o n t in g e n c y  a n a ly z e d  

was the c o r r e c t  p r e d i c t i o n  o f  the  80% e v e n t .
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CHAPTER IV

DISCU SSI ON

The evoked p o t e n t i a l  r e s u l t s  c o n f i rm e d  T u e t l n g  (1 9 6 8 )  In  f i n d i n g  

t h a t  th e  P j  component (N2 - P 3 ; N j - P j )  I n c re a s e d  s y s t e m a t i c a l l y  as a 

f u n c t i o n  o f  the ra renes s  o f  the  event  in both c e r t a i n  and u n c e r t a i n  

c o n d i t i o n s .  The c l e a r e s t  e f f e c t  was found f o r  outcome p r o b a b i l i t y ,  but  

o n ly  f o r  t r i a l s  a s s o c ia t e d  w i t h  c o r r e c t  guesses.  The t r i a l s  a s s o c ia t e d  

w i t h  wrong guesses were g e n e r a l l y  c h a r a c t e r i z e d  by g r e a t e r  v a r i a b i l i t y  

w i t h i n  and across S s . The m a jo r  new f i n d i n g  was t h a t  the  averaged peak  

p u p i l l a r y  d i l a t i o n  a ls o  f o l l o w e d  a l l  o f  the  above r e l a t i o n s h i p s ,  except  

in  the c e r t a i n  c o n d i t i o n ,  where d i l a t i o n  was u n r e l a t e d  t o  s t im u lu s  prob ­

a b i l i t y .  In  a d d i t i o n ,  the  In c re ase  o f  p u p i l l a r y  d ia m e te r  w i t h  ra rene ss  

o f  the event  h e ld  f o r  t r i a l s  a s s o c ia t e d  w i t h  wrong guesses.  The u n c e r t a i n  

c o n d i t i o n  produced la r g e r  a m p l i tu d es  than the c e r t a i n  c o n d i t i o n  at a l l  

p r o b a b i l i t i e s  f o r  N2 “ ^ 3 * ^ 3“ ^ 3 * an<  ̂ ^ 1“ ^3 evoked p o t e n t i a l ,  and fo r

averaged peak p u p i l l a r y  d i l a t i o n .

The N j - P j  component decreased  In  a m p l i tu d e  w i t h  an In c re a se  In  o u t ­

come p r o b a b i l i t y  (when 5 was r i g h t ) .  I n s p e c t i o n  o f  the d a t a  fo r  i n d i v i d u a l  

Ss showed th a t  these  average  e f f e c t s  were somewhat m i s l e a d in g .  Four j>s 

showed the  major e f f e c t s  o f  p r o b a b i l i t y  In  NJ-P2 and l i t t l e  in ^ 2 ^ 3 '  w h i l e  

the  o th e r  four  showed the  m ajo r  e f f e c t  In  N2 - P 3 , and l i t t l e  In  N j - p 2 ,

I t  was such d i f f e r e n c e s  among Ss which made the r e s u l t s  most c o n s i s t e n t  fo r  

the  N , - P 3 measure ,  wh ich  spans both components,

The two measures o f  a c t i v i t y  o b t a in e d  p r i o r  t o  the  occurence o f



the s t i m u l u s , CNV and p r e - s t i m u l u s  p u p i l l a r y  a m p l i t u d e ,  were both  l a r g e r  

I n  the  u n c e r t a i n  th a n  In  the  c e r t a i n  c o n d i t i o n .  They d id  not v a r y  as 

a f u n c t i o n  o f  guess ing  p r o b a b i l i t y ,  nor was e i t h e r  measure r e l a t e d  t o  

e i t h e r  Nj - P j a m p l i tu d e  or peak p u p i l l a r y  d i l a t i o n  a m p l i t u d e .

No e v id e n c e  o f  h a b i t u a t i o n  over  the  course  o f  the f o u r - d a y  runn in g  

was found f o r  any evoked p o t e n t i a l  component , except  f o r  an In c re a s e  In  

P2 - N 2 a m p l i tu d e  over  the course o f  the  e x p e r im e n t .  The 5 0 / 5 0  c o n d i t i o n  

produced no d i f f e r e n c e s  between h i t s  and m is s e s ,  nor was th e r e  any 

s y s te m a t ic  i n f l u e n c e  o f  sm al l  v a r i a t i o n s  In  outcome p r o b a b i l i t y .

U n c e r t a i n t y  Versus C e r t a i n t y

Components N j - p 2 , N2 ~P-j, and N j -P ^  were s i g n i f i c a n t l y  l a r g e r  in 

the  u n c e r t a i n  c o n d i t i o n  th an  In  the  c e r t a i n  c o n d i t i o n ,  w h i l e  components 

P1 — N| and P2 - N 2 showed the  re v e r s e  a m p l i tu d e  d i f f e r e n c e .  Peak p u p i l l a r y  

d i l a t i o n  was l a r g e r  In  the  u n c e r t a i n  than In  the c e r t a i n  c o n d i t i o n .  CNVs 

tended t o  be more n e g a t i v e  in the u n c e r t a i n  c o n d i t i o n ,  w i t h  p o s i t i v e  s h i f t s  

assoc I a t e d  w i t h  the c e r t a i n  c o n d l t I  o n . P r e - s t im u l u s  p u p i l l a r y  s lo pe  

appeared to  p a r a l l e l  CNV a c t i v i t y ,  in  t h a t  c e r t a i n t y  was a s s o c ia t e d  w i t h  

c o n s t r i c t i o n  and u n c e r t a i n t y  w i t h  d i l a t i o n ,  These d i f f e r e n c e s  were not 

c l e a r - c u t  In  a l l  jis , and a l t h o u g h  i t  seemed as I f  CNV were c o r r e l a t e d  

w i t h  both the peak d i l a t i o n  and N j -P ^  d i f f e r e n c e s  between c e r t a i n  and un­

c e r t a i n  c o n d i t i o n s ,  two ^s who dem onstra ted  marked N j -P^  and peak d i l a t i o n  

d i f f e r e n c e s ,  showed no c e r t a i n - u n c e r t a i n  CNV d i f f e r e n c e s .

The f i n d in g s  f o r  the  c e r t a i n  and u n c e r t a i n  c o n d i t i o n s  appear to  

r e f l e c t  a d i f f e r e n c e  In p h y s i o l o g i c a l  s t a t e  a r i s i n g  from the  d i f f e r e n c e  

In  t a s k .  ^  invo lvement  was g r e a t e r  in  the  u n c e r t a i n  c o n d i t i o n .  Host ^s 

r e p o r t e d  in  I n f o r m a l ,  p o s t - e x p e r I m e n t a I  I n t e r v i e w s ,  t h a t  th ey  were "b ored"  

d u r in g  the  c e r t a i n  c o n d i t i o n ,  and much more a l e r t  and I n t e r e s t e d  d u r in g
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the  u n c e r t a i n  c o n d i t i o n .  I t  has been shown t h a t  the e x p o n e n t  Is

l a r g e r  In  the c e r t a i n  than In  the  u n c e r t a i n  c o n d i t i o n .  Peak ^  has been 

shown t o  In c re a s e  w i t h  d e c r e a s in g  v i g i l a n c e  ( W i l k i n s o n ,  M or lock  and 

W i l l i a m s ,  1966) as w e l l  as to  In c re a s e  over the  v a r io u s  s tages  o f  s l e e p  

(Wet tzman and K re m ln ,  1965; W i l l i a m s ,  T e p a s , and M o r lo c k ,  1 9 6 2 ) ,

The f i n d i n g  o f  g r e a t e r  CNV n e g a t i v i t y  in  the u n c e r t a i n  c o n d i t i o n  

than In  the  c e r t a i n  c o n d i t i o n  Is in g e n era l  agreement w i t h  those re s e a r c h e r s  

who o b t a in e d  l a r g e r  a m p l i tu d e  CNVs In  more a r o u s in g  s i t u a t i o n s  (Connor  

and Lang, 1969; Low e_t a_[. , 19&7; Tecce and S c h e f f  , 1969) , and In u n c e r t a i n  

s i t u a t i o n s  where had to  make a p r e d i c t i o n  (McAdam et^ aj^, , 1967; W e in b e rg ,  

W a l t e r  and Crow, 1 9 7 0 ) .  CNV has a l s o  been shown t o  d e c l i n e  In  am p l i tu d e  

o ver  the  course  o f  a v i g i l a n c e  e x p e r i m e n t ,  and t h i s  d e c l i n e  was c o r r e l a t e d  

w i t h  a de cre ase  in  s i g n a l s  d e t e c t e d  ( W i l k i n s o n  and H a in e s ,  1 9 7 0 ) .  A r d u in l  

(19 58 )  o b t a in e d  n e g a t i v e  s h i f t i n g  at  c o r t e x  upon r e t i c u l a r  f o r m a t io n  

s t i m u l a t i o n ,  and Caspers (1 9 63 )  found n e g a t i v e  s h i f t i n g  to  occur w i t h  

inc re ase s  in  a r o u s a l .  In the  c e r t a i n  c o n d i t i o n ,  p o s i t i v e  s h i f t s  were  

Seer*. P o s i t i v e  s h i f t s  have been o b t a in e d  by Caspers (1 9 6 3) when h is  ^s 

were f a l l i n g  a s l e e p ,  and by Connor and Lang (1 9 69 )  In drowsy ^ s .

The p u p i l l a r y  response was c h a r a c t e r i z e d  by the  presence o f  a phasic  

component ( d i l a t i o n )  In  the  u n c e r t a i n  c o n d i t i o n ,  compared w i t h  l i t t l e  or 

no d i l a t i o n  In  the  c e r t a i n  c o n d i t i o n .  Since the  c e r t a i n  c o n d i t i o n  was 

a s s o c ia t e d  w i t h  com ple te  knowledge o f  s t im u lu s  e v e n t s ,  no change in  the  

phasic  component shou ld  be e x p e c te d .  Even though i n i t i a l  d ia m e te r  ( t h e  

t o n ic  component) was s m a l l e r  in  the c e r t a i n  c a s e ,  t h i s  smal lness  was not 

accompanied by a change In  peak d i l a t i o n  ( i . e . ,  I f  the Law o f  I n i t i a l  

Value  were o p e r a t i v e ) .  I n s t e a d ,  l a r g e r  peak d i l a t i o n  were a s s o c i a t e d  

w i t h  l a r g e r  I n i t i a l  d ia m e t e r s .  Presumably the  l a r g e r  I n i t i a l  d ia m e te r
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was a s s o c ia t e d  w i t h  Inc re a se d  s y m p a th e t ic  a c t i v i t y  and I n h i b i t i o n  o f  

p a ra s y m p a th e t ic  a c t i v i t y  v i a  the ocu lomotor  n u c leu s .

E f f e c t s  o f  S t im ulus  and Guessing P r o b a b i l i t y

The f i n d i n g  o f  a m p l i tu d e  decrease  as a f u n c t i o n  o f  p r o b a b i l i t y  fo r  

a number o f  components o f  the evoked p o t e n t i a l  and fo r  the peak d i l a t i o n  

component o f  the p u p i l l a r y  response Is r e m in i s c e n t  o f  f i n d i n g s  fo r  o th e r  

systems. Lovibond (1 9 69 )  employing  GSR, found g r e a t e r  response decrement  

o c c u r r i n g  t o  s t i m u l i  w i t h  the  g r e a t e s t  p r o b a b i l i t y  o f  o c c u r re n c e .

H ig g in s  ( 1 9 7 1 ) ,  u s in g  h e a r t  r a t e  as a response m easure ,  found s i g n i f i c a n t l y  

more d e c e l e r a t i o n  a s s o c ia t e d  w i t h  In c reases  In  s t im u lu s  u n c e r t a i n t y ,  and 

P r a t t  (1 9 70 )  o b t a in e d  g r e a t e r  p u p i l l a r y  d i l a t i o n  to  s t im u lu s  c h a r a c t e r i s t i c s  

t h a t  were une xp ec ted .  Evoked p o t e n t i a l  s t u d ie s  have shown s m a l l e r  a m p l i ­

tude evoked p o t e n t i a l s  when s t i m u l i  were most p r e d i c t a b l e  ( e . g . .  B r a z i e r ,  

1967; Fox,  1 9 6 9 ) .

The f i n d i n g  o f  inc re a s e d  a m p l i tu d e  o f  the  N j -P ^  and H j -P ^  components  

In  the c e r t a i n  c o n d i t i o n  w i t h  a decrease  In p r o b a b i l i t y  w o u ld ,  however ,  

be d i f f i c u l t  t o  r e c o n c i l e  w i t h  t h i s  d i s c u s s i o n ,  s in c e  a l l  events  In  t h i s  

c o n d i t i o n  were 100 p e rc e n t  c e r t a i n .  T u e t ln g  e_t aj_. (1 971 )  o b t a in e d  the  

same r e l a t i o n s h i p  between O-P3 a m p l i tu d e  and p r o b a b i l i t y  f o r  the  c e r t a i n  

c o n d i t i o n ,  and made an a t te m pt  to  e x p l a i n  i t  p a r t i a l l y  in  terms o f  

r e f r a c t o r  I n e s s . She used I n t e r - s t I m u 1 u s - I n t e r v a I s  o f  5 to  7 s e c . ,  some­

what less than  o p t im a l  f o r  re co v e ry  o f  th e  a u d i t o r y  evoked v e r t e x  p o t e n t i a l  

a c c o rd in g  t o  Davis e_t a_l_. ( 1966) .  In  the  p re se nt  s tudy  I n t e r - s t  Imu lu s -  

I n t e r v a l s  o f  more th an  10 sec ,  were used t o  In s u re  t h a t  f i n d in g s  would  not 

be confounded by r e c o v e r y  t i m e ,  and the  In v e rs e  r e l a t i o n s h i p  between P3 

a m p l i tu d e  and p r o b a b i l i t y  In  the  c e r t a i n  c o n d i t i o n  was s t i l l  o b t a i n e d .
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T h u s ,  t h i s  f i n d i n g  is p roba b ly  not due t o  Inadequate  r e c o v e r y  t i m e ,  but 

perhpas , t o  " r e l i e f  from boredom", or  " n o v e l t y "  g e n era te d  by a r a r e  

e v e n t ,  even when t h a t  eve n t  is c o m p le t e ly  known ( T u e t I n g  e£  a ^ . , 1 9 7 1 ) .  

F u r t h e r  ,^s r e p o r t e d  t h a t  the c e r t a i n  c o n d i t i o n  was b o r i n g ,  and may have 

p la ye d  t h e i r  own games, such as guess ing  when a p a r t i c u l a r  e ven t  would  

o c cu r {s e e  Mac K a y , 19&9; and S u t t o n ,  I9&9 fo r  a d is c u s s io n  o f  t h i s  p o i n t ) .

A m pl i tude  o f  Response as a F u n c t io n  o f  Outcome

A m pl i tude  o f  N | - P 2 , N2 - P j ,  P3- N 3 and N j - P j  decreased m o n o t o n lc a l l y  

and s i gnl f  le a n t  ly  as a f u n c t i o n  o f  outcome probab i I I t y  when was r i ght ,

but not when ^  was wrong. The s te e p e s t  s lo pe  was found f o r  N j - P j .  The 

e f f e c t s  o f  outcome p r o b a b i l i t y  were ^ - d e p e n d e n t ,  a f f e c t i n g  e i t h e r  NJ-P2 

or N2 - P 3 but never both e q u a l l y  (when S was r i g h t ) .  Th is  accounted fo r  

the la rge  N j -P ^  d e c r e a s e ,  s in c e  t h i s  o v e r a l l  measure spans both the  

^1“ ^2 arK* V P3 cornP ° nent * -  For peak d i l a t i o n ,  a m p l i tu d e  decreased  

m o n o t o n lc a l l y  fo r  both  h i t  and miss outcome p r o b a b i l i t y ,  a l th o u g h  the  

f u n c t i o n  f o r  misses was more i r r e g u l a r  than t h a t  f o r  h i t s .

A l th o u g h  N j -P ^  d id  not produce a s t a t i s t i c a l l y  s i g n i f i c a n t  in v ers e  

s lo p e  when ^  was w rong,  t h i s  v a lu e  approached s i g n i f i c a n c e  ( p <  10) , so 

t h a t  d i f f e r e n c e s  between peak d i l a t i o n  and N j - P ^  f o r  wrong outcomes were  

p ro b a b ly  more apparent  than r e a l ,  and were most l i k e l y  due t o  the  t r e ­

mendous v a r i a b i l i t y  a s s o c ia t e d  w i t h  wrong outcomes both w i t h i n  and between  

Ss, One p o s s ib le  reason f o r  t h i s  g r e a t e r  v a r i a b i l i t y  Is the f a c t  t h a t  

s in c e  knew the a p r i o r i  p r o b a b i l i t i e s ,  he would  be r i g h t  more o f t e n  

than  wrong. This led  to  an a r t i f i c i a l  c o n s t r i c t i o n  o f  p r o b a b i l i t i e s  when 

^  was wrong ( e . g . ,  the averaged  wrong outcome p r o b a b i l i t i e s  v a r i e d  from  

.13 8  to  . 2 ^ 5 ,  a range o f  on ly  . 1 0 7 , and t h i s  range is c o n s i d e r a b l y  l a r g e r
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th a n  the  ranges produced by some J5s) , compared t o  an average  p r o b a b i l i t y  

range o f  ,060  t o  ,624  ( range  o f  .564 )  when jS was r i g h t .  Assuming t h a t  

the  r e l a t i o n s h i p  between a m p l i tu d e  and outcome p r o b a b i l i t y  was l i n e a r  

(as i t  appears t o  be from the I n d i v i d u a l  p l o t s  c f  r i g h t  o u tc o m e s ) ,  t h i s  

r e s t r i c t e d  range o f  p r o b a b i l i t y  va lues  f o r  wrong outcomes may not have 

a l lo w e d  enough v a r i a t i o n  In e i t h e r  response system fo r  the f u n c t i o n  

r e l a t i n g  a m p l i tu d es  and outcome p r o b a b i l i t y  t o  ta k e  on any c o n s i s t e n t  

shape .

The q u e s t io n  be ing  d e a l t  w i t h  here  Is the  same as t h a t  asked In  

a number o f  s t u d ie s  o f  the “ t h r e s h o l d  prob lem " ( S u t t o n ,  1969) :  Is the  

evoked p o t e n t i a l  s e n s i t i v e  to  s u b t l e  changes in  a p s y c h o lo g ic a l  v a r i a b l e  

or Is S h i m s e l f  aware o f  such changes.  S ut ton  ( 19&9) conc luded  t h a t  

" . . t h e  human organ ism ,  even under h i g h l y  c o n t r o l l e d  c o n d i t i o n s ,  cannot  

be made t o  f o l l o w  a s t r i c t  Isomorphism between s t im u lu s  and psycho l o g ! c a I  

e v e n t s "  ( p . 2  3 9 ) . In  o th e r  w o rd s ,  can an outcome p r o b a b i l i t y  o f  .100  be 

p e r c e iv e d  as d i f f e r e n t  ( e i t h e r  In b e h a v io r a l  or  e l e c t r o p h y s I o l o g i c a l  

te rms) from one o f  .120  ?

Righ t -W rong  D i f f e r e n c e s  as a F u n c t io n  o f  S t im u lus  P r o b a b i l i t y

The r e s u l t s  o f  the  t - t e s t s  between h i t  and miss evoked p o t e n t i a l  

and peak d i l a t i o n  a m p l i tu d es  f o r  s t im u lu s  p r o b a b i l i t y  p ro v id e d  support  

f o r  a p o s s i b l e  p s y c h o lo g ic a l  mechanism a c c o u n t in g  fo r  the  d i m i n u t i o n  o f  

response over  p r o b a b i l i t y .  When h i t s  were compared w i t h  misses a t  the  

same o b j e c t i v e  s t im u lu s  p r o b a b i l i t y ,  miss a m p l i tu d es  produced d i f f e r e n t  

fu n c t io n s  than d id  h i t s ,  and t h i s  e f f e c t  was more s t r i k i n g  f o r  the p u p i l .  

Missed a m p l i tu d e s  a t  the  60 and 80 pe rc e n t  s t im u lu s  p r o b a b i l i t y  p o in ts  

f o r  peak d i l a t i o n ,  and at  the 80  p e rc e n t  p o in t  f o r  N j - P } ,  were s i g n i f i c a n t l y  

l a r g e r  th an  h i t  a m p l i t u d e s .  These r e s u l t s  suggest an e x p l a n a t i o n  in  terms
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o f  s u r p r i s a l  ( A t t n e a v e ,  1959) o f  an e v e n t .  In  the p resent  c a s e ,  s in c e  

th e  p r o b a b i l i t y  f o r  both r i g h t  and wrong f u n c t io n s  was the  same a t  each  

p o i n t ,  s u r p r i s a l  as A t t n e a v e  (1959)  e x p l a i n s  would have to  be d e f i n e d  in  

p s y c h o lo g ic a l  terms - -  not as a s im ple  f u n c t i o n  o f  the  o b j e c t i v e  p r o b a b i l i t y  

o f  an e v e n t ,  but dependent upon t h a t  p a r t i c u l a r  e v e n t ' s  p r o b a b i l i t y  

r e l a t i v e  to  the  p r o b a b i l i t i e s  o f  o t h e r  e v e n t s .  Thus ,  w h i l e  be ing correct 

on an 80 pe rcen t  e ve n t  is not s u r p r i s i n g ,  be ing  wrong on t h a t  same 

p r o b a b i l i t y  eve n t  I s ,  s in ce  the  o ccurrence  o f  t h i s  c o n t in g e n c y  is r e l a t i v e l y  

r a r e .  A l thoug h  not a l l  d i f f e r e n c e s  were s i g n i f i c a n t ,  the g e n e ra l  t re n d  

f o r  r a r e  outcomes to  y i e l d  ta rg e r -a m p I  I tu d e  responses seemed t o  ho ld  fo r  

both the p u p i l  and the  evoked p o t e n t i a l .  T u e t i n g  et  ̂ a^,  (19 71 )  employed  

the same a n a l y s is  f o r  t h e i r  d a t a ,  and the d a ta  from the p rese nt  e x p e r i ­

ment tend t o  c o n f i r m  t h a t  a n a l y s i s .

The f a c t  t h a t  the  5 0 / 5 0  d a ta  y i e l d e d  n o n - s I g n i t i c a n t  r i g h t - w r o n g  

d i f f e r e n c e s  coup led  w i t h  the absence o f  an outcome p r o b a b i l i t y  e f f e c t ,  

p o in ts  out the Importance  o f  j>'s e xpectancy  as I t  a f f e c t s  a m p l i tu d e  o f  

response .  Most ^s i n d i c a t e d  t h a t  the *+0/60 and 6 0 / k 0  m a n ip u la t io n s  were  

v e r y  much l i k e  the 5 0 /5 0  c o n f i g u r a t i o n ,  In  t h a t  th e r e  was no way o f  

a c c u r a t e l y  p r e d i c t i n g  e ve n ts  ( I . e . ,  d e v e lo p in g  an e x p e c t a n c y ) .  I t  a p p ea rs ,  

t h e r e f o r e ,  t h a t  Ss must have some bas is  f o r  the  d i f f e r e n t i a l  p r e d i c t i o n  

o f  e v e n t s ,  b e fo re  the  r e l a t i o n s h i p  between outcome p r o b a b i l i t y  and a m p l i tu d e  

o f  response a p p ears .  I t  would be i n t e r e s t i n g  t o  employ p r o b a b i l i t y  programs  

I n whi ch Si Is not I n formed o f  t he a pr i or  I probab l l l t l e s ,  in  o rd e r  to  

d e te rm in e  when in  the  l e a r n i n g  process a m p l i tu d e  of  response would be 

a f f e c t e d .

CNV and P r e - S t im u lu s  P u p i l l a r y  Slope

N e i t h e r  CNV, nor p r e - s t i m u lu s  p u p i l l a r y  s lo p e  v a r i e d  s i g n i f i c a n t l y
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as a f u n c t i o n  o f  guess ing  p r o b a b i l i t y .  P r e - s t im u l u s  p u p i l l a r y  s lo p e  has 

not been I n v e s t i g a t e d  b e f o r e ,  so t h a t  d a t a  d i r e c t l y  comparable t o  t h i s  

e x p e r im e n t  do not e x i s t .  However,  Lev ine  and Hakerem (1 9 69 )  have o b ta in e d  

a la rg e  d i f f e r e n c e  between c e r t a i n  and u n c e r t a i n  c o n d i t i o n s  In a p u p i l l a r y  

component s i m i l a r  t o  the p re s e n t  s lo p e  component.

The r e s u l t s  o f  p r o b a b l 1 1 t y  man!puI  a t  I on on CNV a m p l i tu d e  do not  

support  the f i n d in g s  o f  W i l k in s o n  and Ha ines (1 9 70 )  who o b t a in e d  s m a l l e r  

CNV a m p l i tu d e s  to  s i g n a l  s t i m u l i  w i t h  a low p r o b a b i l i t y  o f  o ccu r re n ce  in  

a v i g i l a n c e  t a s k ,  as compared w i t h  CNV a m p l i tu d es  t o  s ig n a l  s t i m u l i  w i t h  

a h igh  p r o b a b i l i t y  o f  o c c u r r e n c e .  In  a number o f  s t u d i e s ,  the  e f f e c t s  o f  

p r o b a b i l i t y  d i l u t i o n  on CNV a m p l i tu d e  was s t u d i e d  by randomly o m i t t i n g  a 

p re d e te rm in e d  p e rc e n ta g e  o f  S2s.  The e f f e c t  on CNV a m p l i tu d e  was then  

assessed by a v e r a g in g  a l l  s t im u lu s  e v e n t s ,  r e g a r d le s s  o f  w h e th e r  or  not 

S2 had o c c u r r e d .  The g e n era l  f i n d i n g  was t h a t  CNV a m p l i t u d e  was reduced  

as the  p r o b a b i l i t y  o f  S2 o c cu r ren ce  was lowered.  For the p re s e n t  study  

t o  be comparable  t o  th e  " p r o b a b i l i t y  d i l u t i o n "  s t u d ie s  o f  Low e £  aj_. (1966 )  

H l l l y a r d  and Galambos ( 1 9 6 7 ) ,  and W a l t e r  e_t a_[. (196*+) , th e  CNV a m p l i tu d e  

o f  an e n t I  re  p r o b a b i l i t y  program ( I . e . ,  2 0 / 8 0 )  must be c o n s id e r e d .  These  

am p l i tu d e s  were  d e t e r m in e d ,  r e s u l t i n g  In  four  o v e r a l l  CNV a m p l i tu d e  va lues  

f o r  each _S (one f o r  each p r o b a b i l i t y  p rogra m ) .  A c c ord ing  t o  the  a n a l y s is  

o f  Grey W a l t e r  ( W a l t e r  e t  £]_, , 196*+) , CNV should have been s m a l l e r  fo r  

the  programs w i t h  the g r e a t e s t  o v e r a l l  u n c e r t a i n t y  ( I . e . ,  *+0 / 6 0  and 6 0 /**0 ) . 

T - t e s t s  were run t o  t e s t  the d i f f e r e n c e s  between the  2 0 / 8 0  and U 0 /6 0  mean 

CNV a m p l i t u d e s ,  and between the 8 0 / 2 0  and 6 0 /9 0  mean CNV a m p l i t u d e s .

N e i t h e r  t - v a l u e  was s i g n i f i c a n t .  These r e s u l t s  suppor t  those o f  H l l l y a r d  

and Galambos ( 1967) , who found no e f f e c t  o f  d i l u t i o n  on CNV a m p l i t u d e ,  

and c o n t r a d i c t  those o f  Low e_t a^. (1966) ,  and W a i t e r  e t  aj^. (196**). Howeve 

the  e x p e r im e n t a l  paradigms used In  those s t u d i e s  d i f f e r e d  from th e  p resent



s t u d y ,  and In  t h a t  re spec t  th e  d a t a  a re  not d i r e c t l y  c om para b le .  The 

employment o f  the  S1-S2 -  R pared ( t h e  Grey W a l t e r  paradigm) In  a 

guess ing  s i t u a t i o n  when d i l u t i o n  Is In  e f f e c t  has not been I n v e s t ( g a t e d .

CNV and th e  n o t i o n  o f  p r e d i c t a b i l i t y  o f  e v e n t s . Even though  

p r o b a b i l i t y  m a n ip u la t i o n  c r e a t e d  e x p e c t a n c ie s  about f u t u r e  s t im u lu s  e v e n t s ,  

the number o f  t imes an even t  was r e p e a te d  or  a l t e r n a t e d  was not c o n t r o l l e d .  

For e x a m p le ,  m a n ip u la t i n g  the p e rc e n t  o c cu r ren ce  o f  a s i n g l e  c l i c k  

f o l l o w . n g  a s i n g l e  c l i c k  ( r e p e t i t i o n ) , or a s i n g l e  f o l l o w i n g  a double  

( a l t e r n a t i o n )  , g ives  ^  a much more r e s t r i c t e d  way o f  making h is  p r e ­

d i c t i o n s .  Weinberg iet aj_. (1 9 7 0 )  found CNV t o  occur o n ly  on those t r i a l s  

when j>s e x p e c te d  an e ven t  to  o c c u r ,  and not on t r i a l s  when no e x p e c t a t i o n  

was I n d i c a t e d .  Naatarten (1970 )  o b t a in e d  CNV o n ly  when the d e l i v e r y  o f  

r e l e v a n t  s t i m u l i  c o u ld  be a c c u r a t e l y  p r e d i c t e d .  For the p re se nt  e x p e r i m e n t ,  

I t  is d i f f i c u l t  t o  say whether  CNV o c cu r re d  t o  a l l  p r e d i c t e d  e v e n t s ,  or  

se lec t  i ve 1 y t o  e v e n ts  t h a t  j! pred I c t e d  w i t h  c e r t a i n t y  ( i . e . ,  t h a t  3. 

d e f i n i t e l y  e x p e c t e d ) .  However,  when ^  guessed the  80 pe rce n t  even t  he 

was guess ing  w i t h  more c e r t a i n t y  than when he guessed the  20 pe rce n t  e v e n t ,  

and CNV a m p l i tu d e s  f o r  th ese  two p r e d i c t i o n s  d i d  not d i f f e r  s i g n i f i c a n t l y .  

F u r t h e r ,  s in c e  CNVs were reco rd e d  In  a l l  four  c e l l s  o f  5 *  1 2x2 p r o b a b i l i t y  

t a b l e s ,  i t  appears t h a t  CNV o c c u r re d  w i t h  a l l  p r e d i c t i o n s .  N e v e r t h e l e s s ,  

the problem o f  c o v e r t  e x p e c t a t i o n  cannot be r u l e d  out as a p o s s ib le  

confound Ing f a c t o r .

To the e x t e n t  t h a t  any average  c o n t a in s  a preponderance o f  t r i a l s  

In  which ^  was f a i r l y  c e r t a i n  about h is  p r e d i c t i o n s ,  th en  we might expect  

CNV t o  be la r g e ;  t o  the  e x t e n t  t h a t  the  average  c o n ta in s  a preponderance  

o f  t r i a l s  on which ^  was not sure  o f  h is  p r e d i c t i o n s ,  we might e xp ec t  

CNV t o  be o f  lowered a m p l i t u d e .  Thus,  we might be a v e ra g in g  p h y s i o l o g i c a l
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e ven ts  o f  v a s t l y  d i f f e r e n t  p s y c h o lo g ic a l  meaning.  One way t o  examine  

t h i s  problem Is  t o  have ^  employ a c r i t e r i o n  In  p r e d i c t i n g ,  and I n d i c a t e  

hts  degree  o f  c e r t a i n t y  about h is  p r e d i c t i o n  p r i o r  t o  each t r i a l .  Then,  

a v e r a g in g  would  be done by c r i t e r i o n  o f  p r e d i c t i o n .

The most c o m p e l l in g  argument a g a i n s t  the n o t i o n  t h a t  h ig h  p r e ­

d i c t a b i l i t y  Is a s s o c ia t e d  w i t h  l a r g e  CNVs Is  p ro v id e d  by the  compar ison  

o f  the c e r t a i n  and u n c e r t a i n  c o n d i t i o n s  o f  t h i s  e x p e r i m e n t .  H e r e ,  the  un­

c e r t a i n  c o n d i t i o n  y i e l d e d  s i g n i f i c a n t l y  l a r g e r  CNVs —  e x a c t l y  the  

o p p o s i t e  o f  the  p r o b a b i l i t y  d i l u t i o n  l i t e r a t u r e .  W h i le  the  use o f  g uess ing  

in  the p re s e n t  e xp e r im en t  does not a l l o w  d i r e c t  comparison o f  r e s u l t s  

w i t h  the  Grey W a l t e r  paradlcpn, I t  does argue s t r o n g l y  a g a in s t  th e  p r e ­

d i c t a b i l i t y  i n t e r p r e t a t i o n  o f  these  d a t a .

R e l a t i o n  o f  the CNV t o  evoked p o t e n t i a l s  and p u p i l l a r y  d i l a t i o n .

Both p u p i l l a r y  d i l a t i o n  and the  evoked p o t e n t i a l  have been shown t o  in c re a s e  

In  a m p l i t u d e  under c o n d i t i o n s  which make a response ta s k  r e l e v a n t  ( e . g . ,  

Hakerem and S u t t o n ,  1366; Sheatz  and Chapman, 1363; Simpson, 1363,  Simpson 

and H a l e ,  1 9 6 9 ) ,  and when s e l e c t i v e  a t t e n t i o n  Is r e q u i r e d  ( e . g . ,  Donchln  

and Cohen, 1967; Donchln and S m ith ,  1970; Sm ith ,  Donch I n , Cohen and S t a r r ,  

1 9 7 0 ) .  In  both c a s e s ,  S Is r e q u i r e d  t o  make a resp o n se ,  e i t h e r  motor or  

m e n t a l ,  t o  a p a r t i c u l a r  s t im u lu s  o f  a t o t a l  s t im u lu s  c o n f i g u r a t i o n .  The 

mechanism by which evoked p o t e n t i a l  enhancement o c cu r re d  ( i n  s t u d i e s  In  

which r e l e v a n t  and I r r e l e v a n t  s t i m u l i  a I t e r n a t e d ) has been e x p l a i n e d  away 

by K a r l i n  (19 70 )  and Naatanen ( 1 9 6 7 , 1970) on the  bas is  o f  a l t e r n a t i o n  o f  

a t t e n t i o n  produced by accuracy  o f  p r e d i c t i o n  o f  when the r e l e v a n t  s t im u lu s  

would  o c c u r ,  and is based on N a a tan en 's  ( 19 6 7 , 1970) f a i l u r e  t o  f i n d  

evoked p o t e n t i a l  enhancement or  CNV t o  r e l e v a n t  or  I r r e l e v a n t  s t i m u l i  

when the  s t i m u l i  were randomly p r e s e n te d .

86



In  t h i s  s t u d y ,  s t i m u l i  were randomly p re s e n te d  and evoked p o t e n t i a l  

enhancement (N j - P j ) d i d  occur  from c e r t a i n  t o  u n c e r t a i n  c o n d i t i o n s  ( w h i l e  

CNV became more n e g a t i v e ) ,  thus s u p p o r t in g  the  c o n c lu s io n  t h a t  the  d i f f e r ­

ence between these two c o n d i t i o n s  was due t o  d i f f e r e n c e s  in  a ro u sa l  or  

a c t i v a t i o n .  Hcavever , evoked p o t e n t i a l  enhancement o c c u r re d  under c o n d i ­

t io n s  where CNV remained a t  the same a m p l i tu d e  (as in the  u n c e r t a i n  

guess and s t im u lu s  p r o b a b i l i t y  f u n c t i o n s ) ,  and even In  those ^s who p ro ­

duced no CNV a c t i v i t y  a t  a l l ,  thus c o n t r a d i c t i n g  th e  arguments proposed  

by both K a r l i n  (1 9 70 )  and Naatanen ( 1 9 6 7 ,  1970) t h a t  " p r e p a r a t o r y  c o r t i c a l  

ac t  I v a t i o n "  (m  e v ide nced  by CNV)b r e s p o n s i b l e  f o r  evoked p o t e n t i a l  e n ­

hancement.  The p u p i l l a r y  d a t a  lead t o  the same c o n c lu s io n .  Peak d i l a t i o n  

enhancement o c c u r re d  when the c o r t i c a l  p o t e n t i a l  s h i f t e d  In  a n e g a t i v e  

d i r e c t i o n  as we 1 I as In  those Ss who produced no CNV. In  f u r t h e r  support  

o f  the  p re s e n t  f i n d i n g s ,  Eason e t  a_[. (19 69 )  and T u e t i n g  (19 68 )  d id  f i n d  

evoked p o t e n t i a l  enhancement t o  r e l e v a n t  s t i m u l i  when p r e p a r a t o r y  a c t i v a t i o n  

was p re c lu d e d  by randomly p r e s e n t i n g  the s t i m u l i .

From the p re s e n t  r e s u l t s ,  i t  appears as i f  CNV is the c o r t i c a l  

r e p r e s e n t a t i o n  o f  a t t e n t i v e  s t a t e ,  but does not r e f l e c t  changes a lo n g  a 

graded p s y c h o lo g ic a l  continuum ( i . e . ,  e x p e c t a n c y ) .  Something o t h e r  than  

the  v e ry  g e n e ra l  s t a t e  o f  S Is a c c o u n t in g  f o r  changes in  the two response  

systems as a f u n c t i o n  o f  p r o b a b i l i t y .

O r i e n t i n g  as an E x p la n a t o r y  Model

Sokolov ( i 9 6 0 ) has t a l k e d  o f  o r i e n t i n g  responses to  s t i m u l i  t h a t  

c a r r y  i n f o r m a t i o n  ( i  , e ,  , u n c e r t a i n  e v e n t s )  , and so has B r a z i e r  ( 1 9 6 7 ) 

who s t a t e s :  " . . . n o v e l t y ,  the u n e x p e c te d ,  shou ld  convey the most I n f o r m a t i o n ,  

whereas r e p e t i t i o n  o f  a c o m p l e t e l y  p r e d i c t a b l e  e x p e r ie n c e  would convey
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none at  a l l 1' (p . 3 ^ 0 ) .  When ^  makes a p r e d i c t i o n  as In  the  p rese nt  s t u d y ,

I t  Is  based on past  e x p e r i e n c e ,  on i n f o r m a t i o n  s t o r e d  In  the  nervous  

system. I f  the  e ve n t  which Is p re s e n te d  was e x p e c t e d ,  the  ' 'neuronal  model"  

(no  m a t t e r  what I t s  p h y s i o l o g i c a l  b a s is )  Is matched; I f  u n e x p e c te d ,  an 

o r i e n t i n g  response takes  p l a c e .  Th is  type  o f  a n a l y s is  can be a p p l i e d  to  

the  We i nberg et^ aj_. (19 70 )  s tu d y  , I n wh I ch an "eml t  ted  p o te n t  I a 1 "  ( I . e . ,  

phantom wave) , w i t h  p o s i t i v e  peak a t  P j  l a t e n c y ,  o c cu r re d  on ly  when an 

ev e n t  was p r e d i c t e d  and d id  not o c c u r .  S i m i l a r  f i n d i n g s  have been re p o r t e d  

by S u t to n  e t  a_L ( 1 9 6 7 ) ,  by K11 nke , F r u h s t o r f e r ,  and F i n k e r z e l l e r  ( 1 9 6 8 ) ,  

as w e l l  as by Levine  and Hakerem ( 1 9 6 9 ) .  In  the  t a t t e r  s tu  dy ,  a 

"phantom d i l a t i o n "  was p re sent  when ^s p r e d i c t e d  a t r i p l e  c l i c k  would  

o c c u r ,  but r e c e i v e d  a double  c l i c k .

These f i n d i n g s  s u g g e s t ,  as have the f i n d in g s  of o t h e r  I n v e s t i g a t o r s  

( e . g . ,  H a i d e r ,  G r o l 1,  and Studynka,  1968; Lynn, 1966; M ackworth ,  1968,

P r ib r a m ,  19&7; S o ko lo v ,  I 9 6 0 )  t h a t  a b a s ic  f u n c t i o n  o f  the  CNS Is the  

compar ison o f  Incoming i n f o r m a t i o n  w i t h  I n f o r m a t i o n  a l r e a d y  s t o r e d  In  

memory. Th is  comparison Is th en  e x t r a p o l a t e d  w i t h  r e s p e c t  t o  f u t u r e  

s t im u lu s  e v e n t s .  Mackworth (1968)  has p o in te d  out t h a t  e xp e c tan cy  o f  an 

ev e n t  can p r o f o u n d ly  a l t e r  the response to  t h a t  e v e n t .  In  th e  p re se n t  

s t u d y ,  Ss have I n f o r m a t i o n  about the  p r o b a b i l i t y  a s s o c ia t e d  w i t h  an e v e n t ,  

and are  p r e d i c t i n g  f u t u r e  e v e n t s .  As the  outcome p r o b a b i l i t y  f i n d i n g s  

d e m o n s t ra te d ,  the  more unexpected the outcome o f  the  p r e d i c t i o n  , the  

l a r g e r  the a m p l i t u d e  o f  response .

H a b l t u a t I o n

The f a c t  t h a t  th e  N ^-P j  component has been l o c a l i z e d  In  p r im a r y  a u d i t o r y  

c o r t e x  (Vaughan and R i t t e r ,  1 9 7 0 ) ,  In  c o n j u n c t i o n  w i t h  the  f a c t  t h a t  Nj - P 2 

r e f l e c t s  the p h y s ic a l  parameters  o f  the s t im u lu s  ( e . g . ,  Davis  and Z e r t l n ,
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1966; R a p in ,  Schlmmel, T o u rk ,  K ra s n e g o r ,  and P o l i a k ,  1 9 6 6 ) ,  might lead  

one to  p r e d i c t  t h a t  h a b i t u a t i o n  o f  the n j ~p2 comPonent should  have  

o c c u r re d  in the  p re se n t  e x p e r im e n t .  However,  t h e r e  was no d e c l i n e  in  

Nj -P , ,  a m p l i tu d e  as a f u n c t i o n  o f  s t im u lu s  p r o b a b i l i t y  in  the c e r t a i n  

c o n d i t i o n ,  and t h i s  f a c t  m i l i t a t e s  a g a in s t  an I n t e r p r e t a t i o n  in  terms  

o f  h a b i t u a t i o n .  The P^ d a ta  a re  a l s o  d i f f i c u l t  t o  i n t e r p r e t  In  terms  

o f  h a b i t u a t i o n  due to  long la te n c y  and the f a c t  t h a t  i t  Is  c o r r e l a t e d

w i t h  nonsensory f a c t o r s .

Whether or not h a b i t u a t i o n  o f  sensory evoked p o t e n t i a l s  occurs  is 

open t o  q u e s t io n  (see Thompson and S p a n c e r , 1 9 6 6 ) .  N e v e r t h e l e s s ,  many 

i n v e s t i g a t o r s  have r e p o r t e d  h a b i t u a t i o n  o f  the n i _ p2 component o f  the  

a u d i t o r y  evoked p o t e n t i a l  ( r e c o r d e d  from Cz) upon r e p r r a t e d  p r e s e n t a t i o n s  

o f  the same s t im u lu s  ( F r u h s t o r f e r , Sover l  , and J a r v i h l e t o ,  1970; Roth 

and K o p e l l ,  1969; Weber,  1 9 7 0 ) .  Th is  problem is c o m p l ic a te d  by the  f a c t  

t h a t  an In c re a s e  in  r e p e t i t i o n  r a t e  g e n e r a l l y  r e s u l t s  In  reduced response  

a m p l i t u d e ,  which has been I n t e r p r e t e d  In  two ways ( T u e t l n g ,  persona l  

c o m n u n l c a t t o n ) : l )  a decrease  In  re c o v e ry  t im e;  2) an in c re ase  in  h a b i t u a t i o n .  

For e xam ple ,  F r u h s t o r f e r  e t  a l . (1 970 )  d e s c r ib e  the  in c re ased  h a b l t u a t  ion  

o f  averaged evoked p o t e n t i a l s  t o  s t i m u l i  p re se n te d  at a r a t e  o f  one per 

sec .  , as compared w i t h  s t i m u l i  p re s e n te d  at  a r a t e  o f  one per t h r e e  sec .  , 

when, in  f a c t ,  what har been v a r i e d  Is re c o v e ry  t I m c .

The c o n fu s io n  between re c o v e ry  or  r e f r e c t o r  I ness and h a b i t u a t i o n  

has been d iscussed  by R i t t e r  et^ aj^, ( 1 9 6 8 ) .  They found a decrement In  

N j-P ^  a m p l i tu d e  from the  f i r s t  t o  the l a s t  s t im u lu s  In  a s e r i e s ,  when 

a r e p e t i t i o n  r a t e  o f  one s t im u lu s  per two sec ,  was used. When the  r e p e ­

t i t i o n  r a t e  was changed t o  one s t im u lu s  e v e r y  t e n  s e c . ,  no such r e d u c t i o n  

In  a m p l i tu d e  was o b t a in e d .  F u r t h e r ,  th ey  demonstrated  t h a t  the  r e d u c t i o n
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In  a m p l i t u d e  w i t h  a f a s t  r e p e t i t i o n  r a t e  was not h a b i t u a t i o n  o f  re s p o n s e ,  

s in c e  an unexpected p i t c h  change ( i n t e r p o l a t e d  w i t h i n  the  s t im u lu s  s e r i e s )  

d id  not lead t o  an In c re a s e  in  N ^-P j  a m p l i t u d e  ( d I s h a b l t u a t I  o n ) , but i n -  

s te a d  produced a change In  the waveform o f  the evoked p o t e n t i a l .  Thus,  

the  N j - P 2 a m p l i tu d e  r e d u c t i o n  was due s o l e l y  to  th e  f a c t  t h a t  a two sec .

I n t e r - s t I m u l u s - I n t e r v a i  was not s u f f i c i e n t  t o  a l l o w  f u l l  r e c o v e ry  o f  the  

Nj - P j component. Perhaps one should  not a t te m pt  t o  i n t e r p r e t  r e d u c t io n  

in  a m p l i t u d e  as due t o  h a b i t u a t i o n ,  un less  o p t im a l  r e c o v e ry  t ime Is 

a l lo w e d  t o  e la p s e  between s t im u lu s  p r e s e n t a t i o n s .  Due t o  the work o f  

Davis e_t aj^. (1966 )  , we know t h a t  o p t im a l  re c o v e ry  t ime f o r  the v e r t e x  

a u d i t o r y  p o t e n t i a l  Is about te n  sec.

A d d i t i o n a l  i n f o r m a t i o n  from the  a n a l y s i s  o f  the 80 p e rce n t  p r o b a b i l i t y  

when was r i g h t  would a l s o  p re c lu d e  h a b i t u a t i o n  as a m a jo r  f a c t o r  

o p e r a t i n g  in  the  p re se n t  e x p e r i m e n t .  No evoked p o t e n t i a l  component showed 

a s i g n i f i c a n t  decrement o f  response a m p l i t u d e  over  the  fo u r  days o f  r u n n in g ,  

p2 ~N2 d i d  show an I n c r e a s e ,  but t h i s  p ro b a b ly  r e f l e c t s  changes In  a ro u sa l  

a s s o c ia t e d  w i t h  ta s k  f a m i l i a r i t y  ( W i l k i n s o n  et^ a_K , 1966) .

P u p i l l a r y  d a t a  would a ls o  be hard  t o  r e c o n c i l e  w i t h  a pure sensory  

h a b i t u a t i o n  model ,  In  u n p u b l is h ed  s t u d i e s ,  we have shown t h a t  p u p i l l a r y  

d i l a t i o n  to  c l i c k s  Is m arked ly  r e s i s t a n t  t o  h a b i t u a t i o n  o ver  s e v e r a l  

hundred t r i a l s .  Th is  d a t a  Is In  agreement w i t h  t h a t  o f  Clynes ( 1 9 6 2 ) ,  

who a ls o  found no peak d i l a t i o n  h a b i t u a t i o n  over  a l a r g e  number o f  t r i a l s .  

Sokolov ( 1 9 6 3 b ) ,  however ,  has found peak d i l a t i o n  de cre m e n t ,  which o c c u r re d  

upon re p e a te d  p r e s e n t a t i o n s  o f  d a rk  pu lses  t o  the I i g h t - a d a p t e d  e y e ,  a 

s i t u a t i o n  v e r y  d i f f e r e n t  from the p re s e n t  e x p e r im e n t .  Lowenste ln  and 

Loewenfe ld  (1 9 5 2 )  a l s o  o b t a i n e d  h a b i t u a t i o n  o f  peak d i l a t i o n  In  c a t s ,  

but t h i s  was t o  p i s t o l  s h o t s ,  s t i m u l i  much more In te n s e  th an  those  used
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in  the  p re s e n t  s tu d y .

F u r t h e r  e v id e n c e  d e t r i m e n t a l  t o  an I n t e r p r e t a t i o n  in  terms o f  

sensory h a b i t u a t i o n  is the f a c t  t h a t  fo u r  St  showed no d i l a t i o n  t o  any 

o f  the  s t i m u l i  In  the  c e r t a i n  c o n d i t i o n , w h i l e  the  r e m a in in g  fo u r  ^s p ro ­

duced d i l a t i o n s  which  were e x t r e m e ly  smal l  and remained c o n s t a n t  In  

a m p l i tu d e  across s t im u lu s  p r o b a b i l i t i e s .  In  the  u n c e r t a i n  c o n d i t i o n ,  o n ly  

one ^  (WC) showed a decrease  in  peak d i l a t i o n  over  t ime when the 80 p e r ­

c en t  c o n d i t i o n  was exam ined ,  w h i l e  fo u r  ^s showed no chenges I n  peak d i l a t i o n .

The p u p i l l a r y  d a t a  ( In  not e x h I b 1t I n q  h a b i t u a t I o n  o f  response) are  

tn d isagreement  w i t h  s t u d i e s  by Dureman and Sholander  ( 1962) and Lehr  

and Bergum ( 1966) who found s i g n i f i c a n t  p u p i l l a r y  h a b i t u a t i o n  In  the  

phasic  component o ver  the  course  o f  an e x p e r im e n t .  However,  in  these  

s t u d i e s ,  d a ta  were re corded  under d i f f u s e  l i g h t  c o n d i t i o n s .  S eco n d ly ,  

the s t i m u l i ,  at l e a s t  o v e r t l y ,  were not psytlbolo g lc a  1 ly m e a n i n g f u l ,  and 

were s im p ly  p re s e n te d  s e r i a l l y ,  w i t h o u t  change in  c o n d i t i o n s ,  f o r  the  

e n t i r e  e x p e r i m e n t .  F u r t h e r  re s e a r c h  in  t h i s  a r e a  o f  p u p i l l a r y  r e s p o n s i v i t y  

is d e f i n i t e l y  necessary  to  d e te rm in e  the parameters  c o n t r i b u t i n g  t o  response  

d e c re m e n t .

E f f e c t s  Versus Nj - P j E f f e c t s

One f i n d i n g  d i f f i c u l t  to  r e c o n c i l e  w i t h  t h i s  d is c u s s io n  is the  f a c t  

t h a t  e i t h e r  N j - P j  or N2 - P 3 c a r r i e d  the e f f e c t  o f  outcome p r o b a b i l i t y .  I f  

N1- P 2 r e p r e s e n ts  the p r im a ry  response o f  the a u d i t o r y  c o r t e x ,  and r e f l e c t s  

the  p h y s ic a l  parameters  o f  the s t i m u l u s ,  why should t h i s  component,  which  

Is p ro b a b ly  p ro c ee d in g  v i a  c l a s s i c a l  a f f e r e n t  pathways to  c o r t e x ,  be 

a f f e c t e d  In  same I n d i v i d u a l s ,  and not P j , which has the  o p p o r t u n i t y  t o  be 

e la b o r a t e d  upon In  a s s o c i a t i o n  c o r te x ?  Th is  Is e x t r e m e l y  d i f f i c u l t  t o
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e x p l a i n  in  l i g h t  o f  the  e v id e n c e  t h a t  i t  is the  l a t e  components o f  

evoked response which are  a f f e c t e d  by the  e f f e c t i v e  i n f o r m a t i o n  c a r r i e d  

by the  s t im u lu s  ( e . g . ,  B r a z i e r ,  1967; S u t to n  and c o l l e a g u e s ,  1 965 ,  1 96 7 ) .  

N e v e r t h e l e s s ,  I t  Is  the  c o m b in a t io n  o f  these  two components and

N2 — ̂ 3) t h a t  y i e l d s  the  measure which showed the  g r e a t e s t  e f f e c t .

I t  is q u i t e  p o s s ib le  t h a t  T u e t l n g ' s  ( 1968) Ss e x h i b i t e d  e f f e c t s ,

in  the  absence o f  N2 - P 3 e f f e c t s ,  s in ce  the  m easure ,  which she employed,

In c lu d e s  p a r t  o f  the N^-P^ wave.  This would mean t h a t  the  e n t i r e  evoked  

p o t e n t i a l  is a f f e c t e d  by the e x p e r im e n t a l  m a n i p u l a t i o n s ,  w i t h  m o d u la t io n  

o c c u r r i n g  p ro b a b ly  a t  a number o f  l e v e l s  In  the  CNS, the net e f f e c t  be ing  

the  p u l l  o f  the  evoked p o t e n t i a l  toward  g r e a t e r  p o s i t i v i t y ,  whether  by 

N i - P j  enhancement,  or  N j -P ^  enhancement.

i t  Is  I n t e r e s t i n g  t o  note t h a t  both tw ins  belonged t o  the  

component g ro u p .  A l th o u g h  not pursued f u r t h e r  In  the  p re sent  i n v e s t i ­

g a t i o n  t h i s  fa c t  w a r r a n t s  a d d i t i o n a l  s tu d y .  Perhaps the d i f f e r e n t i a t i o n  

o f  these 2 groups o f  j>s on the  basis  o f  evoked p o t e n t i a l  component decrease  

can be r e l a t e d  t o  d i f f e r e n c e s  In  gue ss in g  s t r a t e g y ,  or perh ap s ,  as the  

t w i n  d a t a  suggest the component t h a t  Is a f f e c t e d  Is p a r t  o f  o n e 's  b i o l o g i c a l  

Ind t v i d u a I i  t y ,

N e u r o p h y s l o l o q i c a l  I m p l i c a t i o n s

There  are  two types  o f  p u p i l l a r y  d i l a t i o n ,  each due t o  a d i f f e r e n t  

p h y s i o l o g i c a l  mechanism: 1) a p ass ive  r e f l e x  d i l a t i o n  o f  long l a t e n c y  

due t o  i n h i b i t i o n  o f  the  e f f e r e n t  o u t f l o w  o f  the oculomotor  nuc leus  

( E d in g e r - W e s t p h a I ) by h ig h e r  b r a i n  c e n t e r s ,  and 2)  an a c t i v e  d i l a t i o n  

v i a  the  h y p o th a la m u s , through the  b ra in s te m  t o  the  p u p ) 1 l o d i l a t o r  f i b e r s  

i n  the  c e r v i c a l  cord  t o  the  s u p e r i o r  c e r v i c a l  g a n g l i o n ,  and thence t o
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the d i l a t o r  muscle (L o e w e n fe ld ,  1 9 5 8 ) .  A f u I l y - I n t e g r a t e d  d i l a t i o n  is 

comprised o f  both t y p e s ,  and begins 6 00 -8 0 0  m i e c , f o l l o w i n g  s t im ulus  

onset (L o e w e n fe ld ,  1 9 5 8 ) ,  the same onset la te n c y  found In  the present  

e x p e r I m e n t .

The l o c a t i o n  o f  the  p u p i l l a r y  d i l a t i o n  r e f l e x  c e n t e r  in  the hypo­

thalamus (L o e w e n fe ld ,  1 9 5 8 ) ,  a l lows a number o f  neura l  systems t o  con­

verge upon and modulate p u p i l l a r y  a c t i v i t y ,  f o r  example,  the thalamus  

r e c e ive s  f i b e r s  from the hippocampus (and t h e r e f o r e  from the l imbic  

system) and the r e t i c u l a r  fo rm a t io n  (Truex  and C a r p e n te r ,  1 98 5 ) .  The 

I n t im a t e  r e l a t i o n s h i p  o f  the l imbic  lobe w i t h  the hypothalamus has been 

demonstrated o f t e n  (T ruex and C a r p e n te r ,  1965 ) ,  The I n t r a i a m l n a r  n u c le i  

o f  the thalamus (which are  im p l ic a t e d  in the d i f f u s e  th a lam ic  a c t i v a t i n g  

system, L l n d s le y ,  I960 ;  J a s p e r ,  i 9 60 ) r e c e iv e  ascending Inputs  from the  

r e t i c u l a r  fo rm a t io n  and p r o j e c t  d i f f u s e l y  to  c o r t e x ,  as w e l l  as pass 

f i b e r s  t o  the hypothalamus (J a s p e r ,  i 9 60 ) .

P u p i l l a r y  d i l a t i o n  has been observed upon c o r t i c a l  s t i m u l a t i o n  

( L o e w e n fe ld ,  1958; Slebens and Woolsey,  19^6; Ward and Reed, 1 9 ^ 6 ) ,  upon 

s t i m u l a t i o n  o f  the r e t i c u l a r  fo rm a t io n  ( N a q u e t , F I s c h e r - W i 1 M a m s , and 

cern a n d e z -G u a rd Io I  a , I9 6 0 )  and d ie n c e p h a l i c  s t r u c t u r e s  (Modes and Magoun,

9*+2; Loewenfeld ,  1958) ,  such as the p o s t e r io r  hypothalamus. S t i m u l a t io n  

o f  the amygdaloid complex has a ls o  produced d i l a t i o n  (Ko ikegam i ,  1953) .

The e x i s t e n c e  o f  two " a r o u s a l "  systems,  the Ascending R e t i c u l a r  

A c t i v a t i n g  System (ARAS) , and the D i f f u s e  Thalamic  A c t i v a t i n g  System 

(DTAS) was demonstrated by L ln d s le y  ( i 9 6 0 ) .  S t i m u l a t io n  o f  ARAS w i th  

h ig h - f re q u e n c y  e l e c t r i c  shocks produced EEG arousal  and b e h a v io ra l  arousa l  

of  endur ing  p e r s i s t e n c e ,  whereas s i m i l a r  h ig h - f re q u e n c y  s t i m u l a t i o n  o f  

DTAS produced the same e f f e c t s ,  w i th o u t  the l o n g - l a s t i n g  d u r a t i o n .  L ln d s le y
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conc luded  t h a t  the  e x i s t e n c e  o f  thes e  two systems might r e f l e c t  d i f f e r e n t  

m o d u la t io n  o f  a t t e n t l o n a l  s t a t e s ,  the ARAS produc ing  l o n g - l a s t i n g  s t a t e s  

o f  a l e r t n e s s ,  and th e  DTAS m o d u la t in g  th e  g e n e ra l  s t a t e  on a s h o r t - t e r m  

b a s i s .  Lynn ( 1 9 6 6 ) ,  c i t e s  e v id e n c e  t h a t  s t i m u l a t i o n  o f  the DTAS e l i c i t s  

the  l o c a l i z e d  o r i e n t i n g  response o f  Sokolov ( 1 9 6 3 b ) ,  w h i l e  s t i m u l a t i o n  

o f  ARAS produces autonomic and EEG components o f  the  g e n e r a l i z e d  o r i e n t i n g  

response .  S harp less  and J a s p e r 's  (1 9 56 )  model o f  h a b i t u a t i o n  o f  th e  

aro u sa l  r e a c t i o n  a l s o  In v o lv e s  two mechanisms, a t o n i c  ( g e n e r a l i z e d )  r e ­

a c t i o n  which  is 1o n g - 1a s t I n g , but h a b i t u a t e s  q u i c k l y ,  and a phasic  r e ­

a c t i o n  ( l o c a l i z e d )  which h a b i t u a t e s  v ery  s lo w l y .  They to o  i m p l i c a t e d  

the ARAS as m e d ia t in g  th e  former and the DTAS as m e d ia t i n g  the  l a t t e r .  

So ko lo v 's  t h e o ry  o f  the  o r i e n t i n g  response a l s o  p o s t u l a t e s  two r e a c t i o n  

t y p e s ,  but does not employ two n e u r a l  mechanisms.

The f i n d i n g s  o f  s i m i l a r  averaged evoked p o t e n t i a l  waveforms t o  

som atosensory ,  v i s u a l  and a u d i t o r y  s t i m u l i  at a Cz e l e c t r o d e ,  led  s e v e r a l  

i n v e s t i g a t o r s  t o  conc lude  t h a t  th e  " v e r t e x  p o t e n t i a l "  was m o d a l i t y  non­

s p e c i f i c  ( e . g . ,  D a v i s ,  1968; G o f f ,  1966 ,  1 9 6 7 ) ,  G o f f ,  w o rk in g  p r i m a r i l y  

w i t h  the somatosensory evoked p o t e n t i a l  to  shock s t i m u l i ,  conc luded  from 

a v a r i e t y  o f  e x p e r im e n t a l  ev idence  t h a t  the  v e r t e x  p o t e n t i a l  was p ro b ab ly  

m edia ted  v i a  two n e u ra l  sys tem s,  one r e f l e c t e d  In  e a r l y  components ( p r i o r  

t o  80 msec . )  and m e d ia te d  v i a  the lem nis ca l  system ,  and the  second e x t r a -  

l e m n l s c a l l y  m ed ia ted  and I n v o l v i n g  the r e t i c u l a r  f o r m a t i o n .  Th is  l a t t e r  

system was supposed t o  m ed ia te  the  la rg e  wave o f  the  v e r t e x  evoked

p o t e n t i a l .  Recent e v id e n c e  from G o f f ' s  l a b o r a t o r y  ( W i l l i a m s o n ,  G o f f ,  and 

A l l i s o n ,  1970) has proven t h i s  not t o  be the  c ase .

W h i le  i t  is g e n e r a l l y  agreed t h a t  components e a r l i e r  than  Nj - P j  o f  

the a u d i t o r y  evoked p o t e n t i a l  a re  m e d ia te d  c l a s s i c a l l y  ( e . g .  , C e l e s t a ,
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Broughton ,  Rasmussen, and Branch,  1968; Ruhm, W a l k e r ,  and F l a n l g l n ,  1967) ,  

re ce n t  s t u d i e s  by Vaughan and R i t t e r  (1970)  have dem onstra ted  t h a t  the  

l a rg e  N^-P2 wave o f  t h i s  p o t e n t i a l  Is a ! : o  m ed ia te d  by the  c l a s s i c a l  

ascending  sensory  system.  On the  o t h e r  hand,  th e  l a t e  p o s i t i v e  component 

o r  P-j, which has been i m p l ic a t e d  In  o r i e n t i n g  ( R i t t e r  et^ a_ ,̂ , 1968) has 

been shown t o  a r i s e  in  p a r i e t a l  a s s o c i a t i o n  c o r t e x  (Vaughan and R i t t e r ,  

1 9 7 0 ) .  F u r t h e r m o r e ,  d u r i n g  s l e e p ,  the  a u d i t o r y  evoked p o t e n t i a l  to  c l i c k s  

assumes a c o m p le t e ly  d i f f e r e n t  waveform shape ,  w i t h  loss o f  the P2 com­

p o n e n t ,  and g a in  o f  a l a r g e - a m p l i t u d e  p o s i t i v e  component In  the  la ten c y  

v i c i n i t y  o f  P^ ( S k in n e r  and A n t in o v a ,  1 969 ) .  Th is  f a c t  p ro b a b ly  r e f l e c t s  

the  d i f f e r e n t  n e u r a l  genes is  o f  the P-j wave.

A p i c a l  d e n d r i t e s  In  a s s o c i a t i o n  c o r t e x  a re  known t o  r e c e i v e  p ro ­

j e c t i o n s  from the  n o n - s p e c i f i c  DTAS, and these  a re  m a in ly  a x o d e n d r i t i c  

w i t h  p h y s i o l o g i c a l  e f f e c t s  in the  S u p e r f i c i a l  c o r t i c a l  l a y e rs  ( T r u e x  and 

C a r p e n t e r ,  1965) .  Vaughan (1 9 69 )  has s t a t e d :  'T o  the  degree  t h a t  

a x o d e n d r i t i c  endings r e p r e s e n t  h i g h l y  redundant  I n p u t s ,  the e l e c t r o t o n i c  

p ro p o g a t I  on o f  t h e i r  e f f e c t s  c o u ld  p ro v id e  an im por ta n t  m o d u la t io n  o f  

c e l l u l a r  e x c i t a b i l i t y "  (p .  5 M  . Would i t  not th en  be p o s s ib le  t h a t  P^ is 

g e n e ra te d  by the  a c t i v i t y  o f  the  DTAS whose axons c ou ld  modulate  the  

a c t i v i t y  o f  a p i c a l  d e n d r i t e s  in  a s s o c i a t i o n  c o r te x ?

The f i n d i n g  o f  no CNV d l ' f e r e n c e s  across p r o b a b i l i t i e s  suggest  

t h a t  CNV r e f l e c t s  a more g e n e r a l i z e d  re sp o n s e ,  i n d i c a t i v e  o f  the  o v e r a l l  

l e v e l  o f  a r o u s a l .  P^ and p u p i l l a r y  d i l a t i o n ,  which  were independent o f  

CNV a m p l i t u d e ,  would  then  be l i n k e d  to  phasic  a t t e n t i o n s !  or a rousa l  

processes m e d ia te d  by th e  DTAS, These components would r e f l e c t  t r a n s i e n t  

changes In  a r o u s a l ,  p ro b a b ly  a consequence o f  s e l e c t i v e  a t t e n t i o n  and 

the making o f  a t a s k  r e l e v a n t  response .
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P r ib ra m  (1967)  has s t a t e d  t h a t  a ro u sa l  can v a r y  a lo n g  a cont inuum ,  

r e l a t e d  t o  the  degree  o f  u n c e r t a i n t y  o f  the  o rg an ism ,  and t h a t  the amount 

o f  a rousa l  Is d i r e c t l y  r e l a t e d  t o  the  o r i e n t i n g  re sp o n s e ,  In  t h a t  I t  Is 

shown t o  be "dependent upon the c o n f i g u r a t i o n  o f  the  e x p e c ta n c ie s  

c h a l l e n g e d  by the  novel  In p u t .  'Amount'  is thus v iewed as amount o f  

match and mismatch between c o n f i g u r a t i o n s ,  not on amount o f  e x c i t a t i o n  

or  energy  a v a i l a b l e  t o  the  neurobehavI  o r e  1 system" (p .  8 3 3 ) .  L l n d s le y  

( 1969) has a l s o  I m p l ic a t e d  the  o r i e n t i n g  response in s i t u a t i o n s  o f  

p r e d i c t i o n  and e x p e c ta n c y .  Such a mechanism as t h a t  proposed above 

would account fo r  response decrement as u n c e r t a i n t y  d e c re a se s .
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CHAPTER V

SUMMARY

Averaged p u p i l l a r y  movements,  averaged b a s e l i n e  s h i f t s  and the  

averaged  evoked p o t e n t i a l  from a v e r t e x  s c a l p  lead  were  recorded  

s i m u l t a n e o u s ly  and s t u d i e d  as a f u n c t i o n  o f  degree  o f  s t im u lu s  un­

c e r t a i n t y .  Degree o f  s t im u lu s  u n c e r t a i n t y  was m a n ip u la te d  by v a r y i n g  

the  p r o b a b i l i t y  o f  o ccu r re n c e  o f  two d o u b l e - c l i c k  s t i m u l i ,  which d i f f e r e d  

In  the le n g th  o f  t h e i r  i n t e r - c t l e k - I n t e r v a l . P r o b a b i l i t y  programs were  

c o n s t r u c t e d  so t h a t  each s t i m u l u s ,  In  s e p a r a te  sess ions  c o u n te rb a la n c e d  

across days o f  r u n n i n g ,  was a s s o c ia t e d  w i t h  2 0 , UO, 6 0 , and 80 p e rce n t  

p r o b a b i l i t i e s  o f  o c c u r r e n c e ,  w i t h  the  o t h e r  s t im u lu s  a s s o c ia t e d  w i t h  the  

c onverse  p r o b a b i l i t y  o f  o c c u r r e n c e .  In  t h i s  w ay ,  each s t im u lu s  s erve d  

as a r e p l i c a t i o n .  A 5 0 /5 0  p r o b a b i l i t y  c o n d i t i o n  was run on the f i r s t  

day fo r  each ;S. P r o b a b i l i t y  programs were p re se n te d  In  both c e r t a i n  

(S was In formed o f  the  I d e n t i t y  o f  the next s t i m u l u s )  and u n c e r t a i n  

had to  guess the  i d e n t i t y  o f  the  next s t i m u l u s )  c o n d i t i o n s .

U n c e r t a i n  -  C e r t a i n  D i f f e r e n c e s

There  were c l e a r  and s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  between  

the  c e r t a i n  and u n c e r t a i n  c o n d i t i o n s  tn the s low (CNV and p r e - s t i m u lu s  

p u p i l l a r y  s lo p e )  and f a s t  (evoked p o t e n t i a l  and peak d i l a t i o n )  processes  

o f  both response systems. These d i f f e r e n c e s  were t e s t e d  a t  each s t im u lu s  

p r o b a b i l i t y  p o i n t .  CNV was more n e g a t i v e  In  the  u n c e r t a i n  c o n d i t i o n ,  

w i t h  p o s i t i v e  s h i f t i n g  a s s o c i a t e d  w i t h  the  c e r t a i n  c o n d i t i o n .  P r e - s t im u l u s  

p u p i l l a r y  a m p l i t u d e  p a r a l l e l e d  CNV a c t i v i t y ,  In  t h a t  t h i s  p u p i l l a r y  compo­



nent was c h a r a c t e r  I zed by a s i g n i f i c a n t  t r e n d  toward d i l a t i o n  in  the  

u n c e r t a i n  c o n d i t i o n ,  and a t r e n d  toward  c o n s t r i c t i o n  In  the  c e r t a i n  con­

d i t i o n .  I n i t i a l  d ia m e te r  was c o n s i s t e n t l y  l a r g e r  In  the u n c e r t a i n  c o n d i t i o n .

Peak d i l a t i o n  was m a rk e d ly  l a r g e r  In  the  u n c e r t a i n  c o n d i t i o n  th an  

in  the  c e r t a i n  c o n d i t i o n .  R e s u l t s  f o r  the averaged evoked p o t e n t i a l  were 

dependent upon the  component s t u d i e d .  P | — N| was l a r g e r  In  th e  c e r t a i n  

c o n d i t i o n  a t  a l l  p r o b a b i l i t y  p o i n t s ,  w i t h  the  e x c e p t i o n  o f  the  20% p o i n t ,  

where no d i f f e r e n c e  was found. N j -P ^  was l a r g e r  in  the  u n c e r t a i n  c o n d i ­

t i o n  a t  the  20% and U0% p o i n t s ,  w i t h  no d i f f e r e n c e  at  the  60% and 80% 

p o i n t s .  P2 - N 2 was c o n s i s t e n t l y  l a r g e r  In  a m p l i tu d e  In  the  c e r t a i n  con­

d i t i o n ,  w h i l e  N2 ~P j  was c o n s i s t e n t l y  l a r g e r  In  the u n c e r t a i n  c o n d i t i o n .

N j - F ^  was c o n s i s t e n t l y  l a r g e r  In  the  u n c e r t a i n  c o n d i t i o n .  These r e s u l t s  

ted t o  the  c o n c l u s i o n  t h a t  these  d i f f e r e n c e s  In  slow and f a s t  processes  

were caused by a change In  p h y s i o l o g i c a l  s t a t e  from c e r t a i n  t o  u n c e r t a i n  

c o n d i t i o n s ,  w i t h  the  l a t t e r  r e f l e c t i n g  Inc re a s e d  a r o u s a l .

P r e - S t im u lu s  Events -  CNV and P r e - S t Im u lu s  P u p i l l a r y  Slope

W h i le  CNV appeared to  be c o r r e l a t e d  w i t h  the  l a r g e  N f P j  d i f f e r e n c e s  

between c e r t a i n  and u n c e r t a i n  c o n d i t i o n s ,  these  d i f f e r e n c e s  o c c u r re d  even  

in  those ^s who showed no CNV d i f f e r e n c e s  between c e r t a i n  and u n c e r t a i n  

c o n d i t i o n s .  F u r t h e r  e v id e n c e  In  support  o f  Independence between CNV and 

evoked p o t e n t i a l  a m p l i t u d e  was o b t a in e d  frcm th e  p r o b a b i l i t y  fu n c t io n s  

in which N j - P ^  a m p l i t u d e  v a r i e d  s y s t e m a t i c a l l y  as a f u n c t i o n  o f  s t im u lu s  

and guess ing  p r o b a b i l i t y ,  w h i l e  CNV d id  n o t .  In  a s i m i l a r  f a s h i o n ,  t h e r e  

was no r e l a t i o n s h i p  between p r e - s t i m u l u s  p u p i l l a r y  a m p l i t u d e  and peak 

d i l a t i o n  a m p l i t u d e ,  nor was t h e r e  a r e l a t i o n s h i p  between CNV a m p l i tu d e  

and peak d i l a t i o n  a m p l i t u d e .
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A lth o u g h  not d i r e c t l y  co m p a ra b le ,  these  r e s u l t s  were a n a ly z e d  in  

terms o f  W a l t e r ' s  (Wa 1 t e r  et^ aj_. , 19^4) " p r o b a b i l i t y  di  l u t  I o n "  condl t  Ions 

by computing CNV a m p l i tu d es  f o r  an e n t i r e  p r o b a b i l i t y  program. The r e ­

s u l t s  o f  t h i s  a n a l y s i s  I n d i c a t e d  t h a t  in  t h i s  exp e r im e n t  CNV a m p l i t u d e  

was not a f f e c t e d  by p r o b a b i l i t y  m a n ip u la t i o n s .

St im ulus  and Guessing P r o b a b i l i t y  E f f e c t s

Both p r e - s t i m u l u s  response measures (CNV and p r e - s t i m u lu s  p u p i l l a r y  

s lo p e )  d id  not v a r y  as a f u n c t i o n  o f  s t im u lu s  o r  guess ing  p r o b a b i l i t y  

In  the u n c e r t a i n  c o n d i t i o n ,  or  o f  s t im u lu s  p r o b a b i l i t y  In  th e  c e r t a i n  

c o n d i t i o n .  Peak d i l a t i o n  a m p l i t u d e  was a s i g n i f i c a n t  In v ers e  f u n c t i o n  

o f  both s t im u lu s  and guess ing  p r o b a b i l i t y  In  the  u n c e r t a i n  c o n d i t i o n ,  

w i t h  l a r g e s t  a m p l i tu d e s  a s s o c i a t e d  w i t h  the  lowest s t im u lu s  and guess ing  

p r o b a b i l i t i e s .  N j - P 2 , N2 - P 3 and N j -P ^  produced s i g n i f i c a n t  In v e rs e  

monotonic fu n c t io n s  f o r  s t im u lu s  p r o b a b i l i t y  In  the  u n c e r t a i n  c o n d i t i o n .  

N2 - P 3 and N | - P ^  produced In v e r s e  monotonlc  funct ion**  in  the  c e r t a i n  

c o n d i t i o n  as w e l t ,  w h ic h ,  though s i g n i f i c a n t ,  were m arked ly  less  s te e p  

th an  In  the u n c e r t a i n  c o n d i t i o n .  M2 ~P3 * n<* * 1 ~ P3 Pr<x*uce(  ̂ In v e r s e  monotonic  

f u n c t i o n s ;  P3~N^ a m p l i t u d e  a l s o  decreased s i g n i f i c a n t l y  as a f u n c t i o n  o f  

guess ing  p r o b a b i l i t y .

Outcome P r o b a b i l i t y  E f f e c t s

The d a ta  were a Iso  cons I dered  , in l i g h t  o f  the Tuet I ng e t  (1971 )  

r e s u l t s ,  In  terms o f  outcome p r o b a b i l i t y ,  or the  I n t e r a c t i o n  between  

s t im u lu s  p r o b a b i l i t y  and j>’ s guess ing  p r o b a b i l i t y .  In  a d d i t i o n ,  ana lyses  

o f  v a r i a n c e  o f  both  peak d i l a t i o n  and N j -P ^  a m p l i tu d e s  i n d i c a t e d  t h a t  an 

a n a l y s i s  in  terms o f  outcome was j u s t i f i e d .

The d a ta  f o r  h i t s  were much r ^ r e  c o n s i s t e n t  both w i t h i n  and between
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^s than  were the  d a ta  a s s o c ia t e d  w i t h  m is s e s .  Peak d i l a t i o n  a m p l i t u d e  

v a r i e d  i n v e r s e l y  and m o n o t o n ic a l l y  as a f u n c t i o n  o f  outcome p r o b a b i l i t y  

both when ^  was r l 9ht  and when he was wrong. * * j - P j  produced a s i g n i ­

f i c a n t  in v e rs e  monotonlc f u n c t i o n  o n ly  when S was r i g h t .  Components N1- P 2 , 

N2 - P 3 and p 3~N3 dem onstra ted  n e g a t i v e  monotonlc r e l a t i o n s h i p s  w i t h  o u t ­

come p r o b a b i l i t y  o n ly  when ^  was r i g h t .  P2~^2 showe<* t îe o p p o s i t e  t r e n d  

when S was r i g h t ,  but t h i s  e f f e c t  f a i l e d  t o  reach  s t a t i s t i c a l  s i g n i f i c a n c e .  

When was wrong t re n d s  were g r o s s l y  s i m i l a r  b u t ,  w i t h  the  e x c e p t i o n  o f  

P3- N 3 which  produced a s i g n i f i c a n t  p o s i t i v e  s l o p e ,  no o t h e r  t r e n d  was 

s i g n i f i c a n t .  Mo t r e n d  fo r  outcome p r o b a b i l i t y  in  the 5 0 / 5 0  d a ta  was 

di s c e r n i  b l e .

f t iqh t  -  Wrong D i f f e r e n c e s  as a F u n c t io n  o f  St imulus  P r o b a b i l i t y

A n a l y s i s  In  terms o f  r i g h t  and wrong d i f f e r e n c e s  as a f u n c t i o n  o f  

s t im u lu s  p r o b a b i l i t y  r e v e a le d  s i g n i f i c a n t  d i f f e r e n c e s  f o r  peak d i l a t i o n  

at the  60 and 80 p e rc e n t  p o i n t s ,  w i t h  wrong outcomes a s s o c ia t e d  w i t h  

l a r g e r  a m p l i t u d e s .  For N ^ -P ^ ,  o n ly  the d i f f e r e n c e  at  th e  80 p e rc e n t  p o in t  

was s i g n i f i c a n t ,  and a g a in  l a r g e r  a m p l i tu d e  was found f o r  the wrong e v e n t .  

No r i g h t - w r o n g  d i f f e r e n c e s  were found fo r  the 5 0 / 5 0  d a t a .

D i f f e r e n t i a l  E f f e c t  o f  Outcome P r o b a b i l i t y  on N j - p 2 and H2 - P 3

An a d d i t i o n a l  f i n d i n g  o f  importance  was de m onstra ted  when i n d i v i d u a l  

^  d a t a  were s t u d i e d  f o r  r i g h t  outcomes. Four Ss showed the  e f f e c t  o f  

outcome p r o b a b i l i t y  on the N j - P j  component,  but l i t t l e  e f f e c t  on the  

N2 - P 3 component,  w h i l e  the r e v e r s e  t r e n d  h e ld  f o r  the re m a in in g  fo u r  _Ss . 

Th is  f a c t  accounted f o r  the c l e a r - c u t  t re n d s  in  N | f o r  a l l  ^ s , s in c e  

t h i s  o v e r a l l  measure spans both the N| - P2 * n(* N2~^3 can'Po n e n t f t -
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Latency  F in d i n g !

L a tency  a n a ly s es  o f  a l l  evoked p o t e n t i a l  components and peak 

d i l a t i o n  y i e l d e d  no c o n s i s t e n t  t r e n d s .  N2 component a m p l i t u d e  peaked  

s i g n i f i c a n t l y  l a t e r  In  th e  c e r t a i n  c o n d i t i o n  a t  a l l  p r o b a b i l i t y  p o in ts  

th an  In  the  u n c e r t a i n  c o n d i t i o n .  Peak o f  o c cu r re d  l a t e r  In  the  

c e r t a i n  c o n d i t i o n  th a n  In  the u n c e r t a i n  c o n d i t i o n  o n ly  a t  the 60% 

p r o b a b i l i t y  p o i n t .  In  the u n c e r t a i n  c o n d i t i o n ,  but not In  the  c e r t a i n  

c o n d i t i o n ,  peak d i l a t i o n  l a t e n c y  produced a s i g n i f i c a n t  monotonlc i n ­

v e rs e  t r e n d  as a f u n c t i o n  o f  s t im u lu s  p r o b a b i l i t y .  T h is  d id  not occur  

f o r  any evoked p o t e n t i a l  component in  e i t h e r  c o n d i t i o n .

R ig h t  versus wrong la t e n c y  d i f f e r e n c e s  o c c u r re d  o n ly  f o r  the  Pj  

component,  and t h i s  was r e s t r i c t e d  t o  the 20% p r o b a b i l i t y  p o i n t ,  w i t h  

h i t s  y i e l d i n g  e a r l i e r  peak ing  th a n  m isse s .

An a d d i t i o n a l  l a t e n c y  a n a l y s is  was accompl ished: i t  had been  

p o s t u l a t e d  t h a t  i f  the  evoked p o t e n t i a l  were the  c e n t r a l  event  l e a d in g  

t o  peak d i l a t i o n ,  th a n  those  jis e x h i b i t i n g  p r o b a b i l i t y  e f f e c t s  in  N i -  

might show e a r l i e r  peak d i l a t i o n  l a t e n c i e s  than those showing N2 -P^ e f f e c t s .  

Althoug h  mean peak d i l a t i o n  l a t e n c y  d i f f e r e n c e s  between th e s e  two groups  

o f  Ss were in the  e xp e c te d  d i r e c t i o n ,  th e y  f e l l  s h o r t  o f  s t a t i s t i c a l  

s i gni f Icance .

A d d i t i o n a l  F ind ings

No t r e n d  f o r  the  h a b i t u a t i o n  o f  any evoked p o t e n t i a l  component over  

days was e v id e n c e d ,  as seen by the a n a l y s i s  o f  the 80 pe rce n t  p r o b a b i l i t y .  

P2 ~N2 d id  show a s i g n i f i c a n t  a m p l i t u d e  in c re a s e  over  d a y s ,  and t h i s  was 

I n t e r p r e t e d  as i n d l c a t I v e  o f  lowered a ro u s a l  a s s o c ia t e d  w ! t h  ta s k  f a m i l i a r i t y .  

Peak d i l a t i o n  showed no c o n s i s t e n t  t r e n d  over  days ,  nor d i d  CNV. No
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c o n s i s t e n t  r e l a t i o n s h i p s  amongst four  measures o f  a c t i v i t y ,  N( - P ^ ( 

I n i t i a l  d i a m e t e r ,  peak d i l a t i o n  and CNV, were found.

The e f f e c t  o f  the  number o f  d a ta  samples per average  curve  was 

a ls o  I n v e s t i g a t e d ,  and was shown t o  be n e g l i g i b l e  fo r  th e s e  d a ta .

E x p la n a to r y  Mechanisms fo r  These Data

The r e s u l t s  o f  t h i s  exper im ent  were c o n s id e re d  In  terms o f  

p o s s ib le  e x p l a n a t o r y  mechanisms, such as S o k o lo v 's  (1963b) o r i e n t i n g  

r e f l e x ,  and the r e le v a n c e  o f  h a b i t u a t i o n  was d is cu s s ed .  The re le v a n c e  

o f  these d a ta  t o  th e  a n a l y s is  o f  T u e t ln g  e t  (1971)  In  terms o f

S u r p r i s e )  was a l s o  c o n s id e r e d .  In  a d d i t i o n ,  p o s s ib le  n e u r o p h y s Io lo g lc a l  

mechanisms were d is c u s s e d .
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LITERATURE REVIEW

I . In t ro d u e  1 1 on

This  c h a p t e r  w i l l  a t tem p t  to  r e v ie w  and r e l a t e  a number o f  s t u d i e s  

d e a l i n g  w i t h  t h r e e  d i s t i n c t  response processes: p u p i l l a r y  d i l a t i o n ,

averaged evoked p o t e n t i a l s  (m a in ly  the l a t e  components ) ,  and the  

c o n t i n g e n t  n e g a t iv e  v a r i a t i o n  (CNV) .  A l l  t h r e e  o f  these responses have 

been s t u d i e d  In d e p e n d e n t ly  and have been shown to  r e a c t  s i m i l a r l y  to  

m a n i p u l a t i o n  o f  a v a r i e t y  o f  p s y c h o lo g ic a l  v a r i a b l e s .  For example ,  

m a n ip u la t io n s  des igned  to  in c re ase  the s u b j e c t ' s  a r o u s a l , lead to  i n ­

c reased  response a m p l i tu d e  f o r  a l l  t h r e e  p rocesses .

The p h y s i o l o g i c a l  mechanisms o f  p u p i l l a r y  d i l a t i o n  w i l l  be d i s ­

cussed f i r s t ,  f o l l o w e d  by a rev ie w  o f  the r e l e v a n t  p u p i l l a r y  p s y c h o lo g ic a l  

l i t e r a t u r e .  This w i l l  in c lu d e  a d is c u s s io n  o f  p u p i l l a r y  h a b i t u a t i o n ,  d i l a t i o n  

as i n d i c a t i v e  o f  o r i e n t i n g ,  and a b r i e f  re v ie w  o f  e xp e r im en ts  r e l a t i n g  

t o  the Law o f  I n i t i a l  V a l u e ,  s in c e  t h i s  cou ld  be a co n fo u n d in g  e f f e c t  

in p u p i l l a r y  e x p e r im e n t s .  In  a d o i t i o n  , some m e th o d o lo g ic a l  problems  

in vo lv ed  In  p u p i l l a r y  r e se a rch  w i l l  be d iscus sed .

The next m ajo r  t o p i c  covered  w i l l  be the r e l a t i o n s h i p  between a u to n ­

omic and c e n t r a l  measures o f  a c t i v i t y ,  w i t h  s p e c ia l  r e f e r e n c e  to  the  

v a r i a b l e  o f  s t im u lu s  u n c e r t a i n t y ,  s in c e  t h i s  is the  m ajo r  focus o f  the  

p resent  e x p e r im e n t .  The mechanisms in v o lve d  in CNV genes is  w i l l  be d i s ­

cussed ,  as w e l l  as the  r e l a t i o n s h i p s  between CNV a m p l i tu d e  and psycho­

l o g i c a l  v a r i a b l e s  t h a t  have been m a n ip u Ia te d  in p u p i l l a r y  and evoked  

p o t e n t i a l  e x p e r im e n t s .  Since both and CNV were recorded  in the present
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s t u d y , the f i n a l  S e c t i o n  w i l l  deal  w i t h  the r e l a t i o n s h i p  between CNV 

am p l i tu d e  and P3 a m p l i t u d e .

I I . P up l I  I a r y  0 i 1 a t  I on

The f a c t  t h a t  the p u p i l  d i l a t e s  when an organism is in  an e x c i t e d  

or em o t io n a l  s t a t e  has been known f o r  over 200 years  (L o e w e n fe ld ,  1966),  

In  1765 ,  f-ontana ( c i t e d  by L o e w e n fe ld ,  1958) observed t h a t  the p u p i l s ,  

which a re  c o n t r a c t e d  d u r in g  s l e e p ,  d i l a t e d  upon awaken ing ,  the d i l a t i o n  

occur Ing even in the presence o f  b r i g h t  l i g h t .  He a ls o  observed t h a t  

when a ca t  *s eye was exposed to  1i ght and the  animaI was hur t or  

f r i g h t e n e d  a t  the same t i m e ,  the p u p i l s  d i l a t e d  and remained m y d r i a t i c  

u n t i l  the animal calmed down The mechanisms r e s p o n s ib le  fo r  p u p i l l a r y  

d i l a t i o n  have been h o t l y  debated  as long as the fa c t  t h a t  the  p u p i l  

d i l a t e s  has been c h r o n i c l e d ,  and a re  s t i l l  c o n te s t e d  ( L o e w e n f e ld ,  1 9 5 8 ) ,

A , Phys i o Io q  i c a I  Meehant sms

Lowenste in  and Loewenfe ld  ( 1 9 6 1 ,  19 6 2 ) a t t r i b u t e  p u p i l l a r y  d i l a t i o n  

t o  fo u r  bas ic  mechanisms, two o f  them n eura l  and two o f  them hum ora l .

The f i r s t  n eura l  e lement is s y m p a th e t ic .  Hypotha lamic  d i s c h a r g e s ,  

e l i c i t e d  r e f l e x l y  or due t o  e l e c t r i c a l  s t i m u l a t i o n ,  t r a v e l  v i a  the  b r a in  

stem to  the c e r v i c o t h o r a c i c  s p in a l  c o r d .  The p r e g a n g I i o n i c  f i b e r s  leave  

the cord v i a  the v e n t r a l  roots  o f  the f i r s t  and second t h o r a c i c  segments,  

and e v e n t u a l l y  synapse w i t h  the c e l t s  o f  the s u p e r i o r  c e r v i c a l  g a n g l i o n ,  

and from th e r e  pass t o  the d i l a t o r  muscle o f  the p u p i l .  Rapid and 

e x t e n s i v e  d i l a t i o n  depends upon the i n t e g r i t y  o f  the s ym p a th e t ic  nervous  

system,  as shown by a v a r i e t y  o f  p roo fs  (Lowenste in  and L o e w e n fe ld ,  1950,  

1961 , 1 9 6 2 ) .

The second n e u ra l  e lem ent  Is the r e s u l t  o f  what Lowenste in  and 

Loewenfe ld  c a l l  " s u p r a n u c ie a r  i n h i b i t i o n " .  A c c ord ing  to  these  a u t h o r s ,
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the  Ed In g e r -W e s tp h a I  p o r t i o n  o f  the oculomotor  nucleus (p a r a s y m p a th e t ic  

impulses) is s u b j e c t  to  i n h i b i t o r y  In f lu e n c e s  from s u p r a n u c le a r  s t r u c t u r e s ,  

such as the c o r t e x ,  th a la m u s ,  and hypotha lamus.  Psychosensory s t i m u l i  

cause impulses from h ig h e r  b r a i n  c e n t e r s  to  converge upon the motor  

n u c le u s ,  thus p r e v e n t i n g  i t  from s en d in g  impulses t o  the p u p i l l a r y  

s p h i n c t e r ,  the end r e s u l t  b e in g  d i l a t i o n .  T h i s ,  fo r  e xam p le ,  would  

account fo r  the  d i l a t i o n  o f  the p u p i l  In  b r i g h t  l i g h t .  T h e r e f o r e ,  p u p i l l a r y  

d i l a t i o n  is due t o  the c o n t r a c t i o n  o f  the s ym p a th e t ic  d i l a t o r  and a 

r e l a x a t i o n  o f  the p u p i l l a r y  s p h i n c t e r ,  m ed ia ted  by an i n h i b i t  on o f  the  

t h i r d  nerve  n uc leus .

That two humoral  mechanisms e x i s t ,  is c l e a r l y  e v i d e n t  f o l l o w i n g  

s ym pa the t ic  d e n e r v a t i o n  (L ow enste in  and Loewenfe ld ,  1 9 6 1 ) .  Th is  o p e r a t i o n  

produces a S u p e r s e n s i t I v i t y  to  a d re n e rg ic s  in the d i l a t o r  muscle .  The 

f a c t  t h a t  the p u p i l  d i l a t e s  f o l l o w i n g  sympathectomy has been c a l l e d  

" p a r a d o x ic a l  p u p i l l a r y  r e a c t i o n "  by Lowenste in  and Loewenfe ld .  This  

" rem n an t"  d i l a t i o n  is caused by a d r e n e r g ic  substances r e le a s e d  i n t o  the  

blood r e f l e x l y ,  or in response to  a hy potha lam ic  s t im u lu s  (L o w e n s te in  

and Lo ew en fe ld ,  1 9 6 1 ) .  T h is  d i l a t i o n  Is c o n s i d e r a b ly  longer  in la t e n c y  

(2 to  3 seconds) th a n  the fu I  I y - i n t e g r a t e d  response to  a psychosensory  

s t im u lu s  ( l a t e n c y  o f  6 0 0 -8 0 0  m s e c , ) .  W i th  more in te n s e  or pro longed  

s t i m u l a t i o n ,  adrena l  e p in e p h r in e  reaches the  i r i s  a p p r o x im a te ly  9 t o  IS 

seconds f o l l o w i n g  the s t i m u l u s .

The ana lyses  o f  p u p i l l a r y  d i l a t i o n  in  terms o f  dual i n n e r v a t i o n  

h a ve ,  in g e n e r a l ,  been supported  by a host o f  o th e r  i n v e s t i g a t o r s  

( B a i l e y  and Guth ,  1959,  Guth and B a i l e y ,  1960a,  1960b; Stebens and Wootsey,  

19*+6; Ward and Reed, 19^6; W e in s t e in  and Bender ,  19^+1). However,  t h a t  

t h i s  dual i n n e r v a t i o n  e x p l a n a t i o n  o f  the  mechanism o f  d i l a t i o n  may not be
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so s im p le  has been demonstrated  by Schaepp) and K o e l l a  ( 1 9 6 4 a ,  1964b) .

They have shown, us Inq In  v i t r o  p r e p a r a t i o n s ,  t h a t  both  the  d i l a t o r  and 

the s p h i n c t e r  muscles have c h o l i n e r g i c  as w e l l  as a d r e n e r g ic  r e c e p t o r s .  

W hi le  t h e i r  r e s u l t s  must be q u a l i f i e d  because o f  t h e i r  use o f  In  v i t r o  

p r e p a r a t i o n s ,  these f i n d i n g s  c o m p l ic a te  c o n s i d e r a b ly  the s i m p l i s t i c  dual  

i n n e r v a t i o n  scheme t h a t  has had Such long t e n u r e .

B , P s y c h o lo g ic a l  Experiments  and the Pupi l

Many e x c e l l e n t  rev iews o f  the p u p i l l a r y  l i t e r a t u r e  have r e c e n t l y  

appeared {Daves,  1969; G o ld w a t e r ,  In  press) , and the read er  Is r e f e r r e d  

t o  these fo r  e x t e n s i v e  surveys o f  the l i t e r a t u r e .  For purposes o f  the  

present  r e v i e w ,  on ly  p r o t o t y p i c a l  e x p e r i m e n t s ,  c l a s s i f i e d  by type  o f  

p s y c h o lo g ic a l  v a r i a b l e  In v o lv e d ,  w i l l  be p re s e n te d .

A l thoug h  Lowenstein  and Loewenfe ld  in t h e i r  many papers have d e a l t  

w i t h  p s y c h o lo g ic a l  phenomena, t h e i r  a p p r o a c h , in  terms o f  ana lys  s o f  d a t a ,  

leaves  much to  be d e s i r e d  ( G o ld w a t e r ,  in  p r e s s ) .  Recent i n t e r e s t  f o r  the  

p s y c h o lo g is t  In  p u p i l l a r y  m o t i l i t y  has been k in d le d  bv Hess and h is  

c o l le a g u e s  ( e . g . ,  Hess,  1965; Hess and P o l t ,  1 964 ) ,  P u p i l l a r y  m o t i l i t y  

has even been the  s u b je c t  o f  an a r t i c l e  In a I a r g e - c i r c u I  a t i o n , man's  

magazine ( M a x w e l l ,  1969) .  Using Hess 's  t e c h n i q u e ,  a number o f  i n v e s t i ­

g a to rs  have s t u d i e d  p u p i l l a r y  m o t i l i t y  as a f u n c t i o n  o f  a w ide  spectrum  

o f  p s y c h o lo g ic a l  v a r i a b l e s .  Some o f  these exp e r im e n ts  w i l l  be rev iewed  

in the  f o l l o w i n g  s e c t i o n s ,

1. I n f o r m a t i o n  p ro c e s s in g  t a s k s . Kahneman and B e a t ty  ( 1966) 

presented  t h e i r  Ss w i t h  1) s t r i n g s  o f  d i g i t s  ( 3 - 7  per s t r I n g ) p r e s e n t e d  

f o r  Immediate r e c a l l ;  2) a s t r i n g  o f  fo u r  h i g h - f r e q u e n c y  m o n o s y l la b ic  

nouns p re s e n te d  f o r  immediate r e c a l l ;  and 3) *  s t r i n g  o f  four  d i g i t s  

p re sen te d  fo r  t r a n s f o r m a t i o n  (each S was asked to  add one to  each d i g i t ) .
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The £ ' s  p u p i l  was photographed a t  the r a t e  o f  one frame per second,  in  

l i g h t .  F ive  frames o f  ba se M n e  were ta ken  and then d i g i t s  were p re se n te d

I n  t ime w i t h  the advance o f  the camera.  The _S w a i t e d  f o r  two c l i c k s  o f

the  camera b e fo re  re sp o n d in g .  The r e s u l t s  i n d i c a t e d  t h a t  the p u p i l  

d i l a t e d  w i t h  e v e r y  d i g i t  heard  ( l o a d i n g  phase) , and c o n s t r i c t e d  d u r in g

r e c a l l .  The s i z e  o f  the d i l a t i o n  was d i r e c t l y  r e l a t e d  t o  the  number

o f  d i g i t s  processed.  D i l a t i o n  was a ls o  g r e a t e s t  fo r  the t r a n s f o r m a t i o n  

task  ( I . e . ,  the more d i f f i c u l t  t a s k ) ,  as opposed to  the r e c a l l  o f  words  

or d i g i t s .

In  a second s t u d y ,  B e a t ty  and Kahneman ( f 9 6 6 ) assessed the  e f f e c t  

o f  s h o r t  -  versus long - term memory on p u p i l l a r y  d i a m e t e r .  The s t i m u l i  

f o r  lo n g - t e r m  memory were te lep h o n e  numbers and t h e i r  a s s o c ia t e d  names,  

w i t h  wh i ch was t horough 1 y fami l i a r .  The s h o r t - t e r m  s t i m u l i  were un-  

f  ami l i a r  phone numbers which ji had to  repea t  . To t e s t  fo r  lo n g - te rm  

memory, £  v e r b a l l y  p re se n ted  a name which S had S u p p l ie d ,  and £  had to  

r e p o r t  the a s s o c ia t e d  number. in  both c o n d i t i o n s ,  p u p i l l a r y  d ia m e te r  

Inc rea sed  d u r in g  the In ta k e  of  i n f o r m a t i o n ,  and c o n s t r i c t e d  d u r : ng the  

r e p o r t .  Peak d i l a t i o n  was g r e a t e r  f o r  the long term ta s k  than fo r  the  

s h o r t - t e r m  t a s k .

In  an e f f o r t  to  d e te rm in e  i f  h e a r t  r a t e  and s k in  r e s i s t a n c e  were  

s e n s i t i v e  to  p r o b l e m - s o lv i n g  t a s k s ,  Kahneman, Tursky , S h a p i r o ,  and 

C r i d e r  (19&9) s t u d i e d  these two measures as w e l l  as the p u p i l  d u r in g  a 

d i g i t  t r a n s f o r m a t i o n  t a s k .  Three l e v e ls  o f  t a s k  d i f f i c u l t y  were 

employed, by a s k in g  £s to  add 0 , 1 , or  3 to  the d i g i t s  p re s e n te d  by the  

£ .  A l l  t h r e e  systems produced e x t r e m e ly  s i m i l a r  r e s u l t s ,  w i t h  a sym­

p a t h e t i c - l i k e  inc re ase  in  a c t i v i t y  o c c u r r i n g  f o r  a l l  t h r e e  d u r in g  the  

Input and p ro c es s in g  o f  the i n f o r m a t i o n .  A l though d i f f i c u l t y  l e v e l
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a f f e c t e d  maximal response In  a l l  t h r e e  system s,  the most c l e a r - c u t  

d i f f e r e n c e s  were those o b t a in e d  f o r  the  p u p i l ,

P u p i l l a r y  a c t i v i t y  a p p ea rs ,  on the bas is  o f  the above s t u d i e s ,  t o  

be s e n s i t i v e  to  tasks  des igned  to  m o n i to r  ' foenta l  a c t i v i t y " .  A l l  o f  

these i n v e s t i g a t i o n s  show t h a t  d i l a t i o n  is the p u p i l l a r y  response t o  be 

ex p e c te d  whenever i n f o r m a t i o n  input and p ro c es s in g  ta k e  p l a c e ,  w i t h  

c o n s t r i c t i o n  o c c u r r i n g  d u r in g  the r e p o r t  phase o f  the  t a s k .  However,  

the Kahneman e t  a ) .  (19^9) s tudy  dem onstra ted  t h a t  t h i s  in c rease  in 

s ym p a th e t ic  a c t i v i t y  is not unique to  the p u p i l ,  but occurs  in  o th e r  

systems as w e l l .  Thus ,  d i I  a t i o n  which occurs upon in f o r m a t i o n  p ro c es s ing  

on the p a r t  o f  the organism may s im p ly  be one aspect o f  an o v e r a l l  

response p a t t e r n  which is I n d i c a t i v e  o f  a r o u s a l ,  caused by the f a c t  th a t  

is engag ing in  menta l  a c t i v i t y .

2 .  Task d l f f  i c u 1t y  . A second a rea  in  which numerous s tu d ie s  of  

p u p i l l a r y  a c t i v i t y  have been accompl ished is ta s k  d i f f i c u l t y .  I n i t i a l  

f i n d i n g s  w i t h  t h i s  v a r i a b l e  were p u b l is h e d  by Hess and P o t t  ( 1 9 6 4 ) ,  who 

r e p o r t e d  t h a t  the s i z e  o f  the pup i l  d u r in g  m u l t i p l i c a t i o n  problems i n ­

c reas ed  w i t h  the d i f f i c u l t y  l e v e l  o f  the  problem.

Payne , P a r ry  and Harasymiu (1 9 6 8 )  used percen tage  o f  p u p i l l a r y  

d i l a t i o n  as a measure o f  i tem d i f f i c u l t y .  D i f f i c u l t y  was d e f in e d  as the  

number o f  d i g i t s  in v o lv e d  in  a m u l t i p l i c a t i o n  problem.  Contro l  s l i d e s ,  

s i m i l a r  to  those used by Hess (one o f  the number 1 to  *4 d i s p la y e d  in  each 

c o rn e r  and the number 5 in  the c e n t e r  o f  the s l i d e )  were employed t o  

measure average  p u p i l  fa ry  d ia m e te r  p r i o r  to  t e s t  s l i d e  o n s e t .  The t e s t  

s t im u lu s  was a s l i d e  w i t h  the m u l t i p l i c a t i o n  problem ( e . g . ,  1x 9) d is p la y e d  

in  the c e n t e r .  P ercen tage  o f  p u p i l l a r y  d i l a t i o n  was o b t a in e d  by t a k i n g  

the  d i f f e r e n c e  between the average d ia m e te r  d u r in g  the t e s t  s l i d e  and the
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average  o f  the c o n t r o l  s l i d e s  p re c e d in g  and f o l l o w i n g  the t e s t  s l i d e ,  

d i v i d In g  t h i s  r e s u 11 by the average  o f  the two cont r o l  5 I i  des , and 

m u l t i p l y i n g  by 100.  I t  was found t h a t ,  based on the JSs r a t i n g  o f  I tern 

d i f f i c u l t y ,  percen ta ge  d i l a t i o n  in c re a se d  as d i f f i c u l t y  in c re a se d .

However,  the r e s u l t s  o f  t h i s  s tudy  have to  be co n s id e re d  In  l i g h t  

o f  some f a c t o r s  which were not we I 1- c o n t r o l l e d , F i r s t ,  pe rcentage  

d i l a t i o n  is a measure which Is in f lu e n c e d  by i n i t i a l  d ia m ete r  o f  the  

pu p i l  d u r in g  the c o n t r o l  s l i d e .  I f  th e r e  is any s y s te m a t ic  in c re a s e  

or decrease  In  i n i t i a l  d i a m e t e r ,  then percen tage  o f  d i l a t i o n  Is a poor 

response measure.  A l thoug h  o b t a i n i n g  basal  p u p i l  re ad in g s  b e fo re  and 

a f t e r  the t e s t  s l i d e  Is a c o n t r o l  fo r  changes in  p u p i l l a r y  b a s e l in e  

o c cu r ln g  from c o n t r o l  t o  t e s t  s l i d e  p r e s e n t a t i o n ,  i t  cannot be assumed 

t h a t  p u p i l  d ia m e te r  remains f a i r l y  c o n s ta n t  over the e n t i r e  course  of  

an e x p e r im e n t .  Secondly ,  no a t te m pt  was made t o  match c o n t r o l  and t e s t  

s l i d e s  f o r  o v e r a l l  b r i g h t n e s s .  Since e a s i e r  problems c o n t a i n  fewer  

d i g i t s ,  the s 1 Ide d I s p l a y  i ng an easy probIem w i l l  p roba b Iy  appear  

b r i g h t e r  than one which is more d i f f i c u l t  ( e . g . ,  757^x7) T h e r e f o r e ,  

one would  expect  more d i l a t i o n  d u r in g  the more d i f f i c u l t  task  due to  the  

confounding  o f  s l i d e  i n t e n s i t y  and d i f f i c u l t y .

Bradshaw (1967 )  , as w e l l  as E l s h t a i n  and S c h a e f fe r  (1968)  have 

r e p o r te d  l a r g e r  d i l a t i o n s  w i t h  more d i f f i c u l t  t a s k s .  However,  Bradshaw 

( 1967) employed a key press d u r in g  h is  p ro c e d u re ,  and t h i s  a lone  has 

been shown t o  cause d i l a t i o n  (Simpson and P a i v i o ,  1966)

These I n v e s t i g a t i o n s  have demonstrated  an a s s o c i a t i o n  between task  

d i f f i c u l t y  and p u p i l l a r y  d i l a t i o n ,  w i t h  more d i f f i c u l t  tasks  a s s o c ia t e d  

w i t h  g r e a t e r  d i l a t i o n .  However,  not a l l  o f  these s t u d ie s  have been 

m e t h o d o l o g i c a l l y  sound. As ide  from problems t h a t  a r i s e  w i t h  the use of
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v is u a l  s t i m u l i  ( t h e s e  w i l l  be d iscussed  In  a l a t e r  s e c t i o n ) ,  the  use o f

pe rce n ta g e  d i l a t i o n  as In  the Payne e_t (1968) s tudy  is s u b je c t  to

c r i t i c i s m .  One way t o  overcome problems a r i s i n g  from chang ing  b a s e l in e s

(which a r e  r e f l e c t e d  In the pre centa ge  measure) Is t o  randomize the

appearance o f  c o n t r o l  and t e s t  s l i d e s ,  so t h a t  changes In  b a s e l i n e  from

c o n t r o l  t o  t e s t  s t 1de p r e s e n t a t i o n  are  m in im iz e d ,

3. A r o u s a l . In  a normal a l e r t  man or  a n l m a i , the p u p i ls  a re

l a r g e  in  darkness (L o w e n s te in  and L o e w e n fe ld ,  196*+), They c o n t r a c t

t o  t i g h t  and r e d l l a t e  a f t e r  the s t i m u l u s .  Fven a f t e r  many minutes in

d a r k n e s s ,  the p u p i l s  show very  l i t t l e  o s c i l l a t o r y  b e h a v io r  ( L o w e n s te in ,

F e t n b e r g ,  and L o e w en fe ld ,  1 9 6 3 ) .  When the  5 becomes t i r e d ,  the p u p i l s

beg in  t o  o s c i l l a t e .

In  e v e r  deepening waves o f  sudden, spon­
taneous a ro u sa l  and gradual  s l i p p i n g  
i n t o  a d o ze ,  the p u p i ls  d i l a t e  r a p i d l y ,  
than  r e c o n t r a c t  g r a d u a l l y  in an un s te ad y ,  
w av e r in g  d e c l i n e .  The more the !S Is t i r e d ,  
and the less he t r i e s  t o  suppress h is  
s l e e p i n e s s ,  the s h o r t e r  the t ime o f  I n i t i a l  
m y d r i a s i s ,  and the deeper and more f req u en t  
the f o l l o w i n g  p u p i l l a r y  o s c i l l a t i o n s  
(Low ens te in  and Loe w en fe ld ,  196*+, p. l*+2-1*+3) ,

In  t h e i r  1963 p a p e r ,  Lowenstein  ^ t  a_[. p re sen t  p ro o f  o f  the c e n t r a l

nervous o r i g i n  o f  p u p i l l a r y  waves: a) d i l a t i o n  and c o n t r i c t i o n  c o in c id e

w i t h  c y c l i c  a c t i v i t y  in  o t h e r  systems. Since many e f f e c t o r  systems are

a f f e c t e d ,  t h e i r  s im u l taneous  a c t io n  cannot  be brought I n t o  p lay  by

s e p a r a t e  p e r i p h e r a l  mechanisms; b) the  spontaneous waves o f  c o n t r a c t i o n

and d i l a t i o n  in  normal man are  equal  on both s id e s ;  c) when a decrease  in

a ro u sa l  o c c u r s ,  and the  f a l l s  a s l e e p ,  psychosensory s t i m u l i  w i l l  cause

S t o  awaken, and upon w a k e n i n g  show a l l  the p h y s i o l o g i c a l  e f f e c t s ,

i n c l u d i n g  d i l a t i o n .  However,  upon d e s t r u c t i o n  or b lo c k in g  o f  c o r t i c a l

a n d /o r  d i e n c e p h a l i c  c o n n e c t io n s ,  s t i m u l a t i o n  o f  sensory nerves f a i l s  to
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produce these  e f f e c t s ;  d) cent  r a t i y - a c t I n g  de press ants  or  s t i m u l a n t  

drugs ( e . g . ,  nembutol  or  b e n z e d r in e )  may decrease  or  in c rea se  p u p i l l a r y  

movements. However,  per I p h e r a 1 l y - a c t I n g  drugs decrease  the e x t e n t ,  

but do not a l t e r  the  rhythm o f  the spontaneous movements.

Yoss , M oyer ,  and H o i l e n h o r s t  (1970)  have shown t h a t  p u p i l l a r y  

wave a m p l i t u d e  and d u r a t i o n  in  darkness are  d i f f e r e n t  f o r  the  v a r io u s  

stages o f  a l e r t n e s s .  They i d e n t i f i e d  seven p u p l I l o g r a p h i c  s tages  

c o r re s p o n d in g  t o  d i f f e r e n t  l e v e l s  o f  a l e r t n e s s .  In  g e n e r a l ,  mean 

I n i t i a l  d ia m e te r  decreased  from Stage A through Stage H, w h i le  the  

number and a m p l i tu d e  o f  p u p i l l a r y  o s c i l l a t i o n s  Inc re a s e d  from Stages  

A t o  H ( i n  Stages G and H,  was a s l e e p ) .  Upon awakening from s l e e p ,

V s  pupi I , wh ich was 35 percent  the  s i z e  o f  h is  a l e r t  df ameter , di I a t e d , 

and In  a p p r o x im a t e ly  t h i r t y  seconds reached 05 pe rce n t  o f  h is  a l e r t  

d i a m e t e r .

V ery  l i t t l e  r e s e a r c h ,  o th e r  th an  the work by Lowenste in  and h is  

c o l l e a g u e s ,  has been done In  which p u p i l l a r y  c o r r e l a t e s  o f  s t a t e s  o f  

a rousa l  have been i d e n t i f i e d .  This  becomes an im portant  a rea  o f  

p u p i l l a r y  r e s e a r c h ,  e s p e c i a l l y  s in ce  changes induced by psychosensory  

s t i m u l i  a re  r e l a t i v e l y  s m a l l ,  and might be 'Vviped o u t "  ( e s p e c i a l l y  when 

r e c o r d i n g  p u p i l l a r y  d ia m e te r  w i t h  low sampl ing r a te s  -  see "Methodology"  

s e c t i o n )  by superimposed d ia m e te r  f l u c t u a t i o n s  due to  changes in a r o u s a l .  

I t  thus becomes necessary  f o r  the  I n v e s t i g a t o r  to  d e te rm in e  i f  averaged  

d i l a t i o n  responses a re  exam ple ,  In  some way d i f f e r e n t  ( i n  a m pl i tude

as w e l l  as shape or waveform) d u r in g  s t a t e s  o f  lowered arousal  than they  

are  d u r in g  s t a t e s  o f  h e ig h te n e d  a r o u s a l .  The s u b s t a n t i a l  c o n t r i b u t i o n  

made by Yoss e t  a [ .  (1970)  should  be r e p l i c a t e d ,  us ing  an a v e ra g in g  

t e c h n i q u e ,  w i t h  s im u l tan e o u s  EEG r e c o r d i n g ,  In  o rd e r  t o  d e te rm in e  i f  the
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c ) ass lea  I means o f  cfctermlnfng s t a t e s  o f  a ro u sa l  c o r r e l a t e  w e l l  w i t h  

p u p l 1 I a r y  s t a g e s ,

it. Sensory s t Imu I I . As Loewenfeld  s t a t e s  (1 9 5 8 ) :  " I t  was 

r e c o g n iz e d  a t  an e a r l y  p e r io d  o f  p h y s i o l o g i c a l  re s e a rc h  t h a t  s t i m u l a t i o n  

o f  any sensory  nerve  in  the body w i l l  e l i c i t  p u p i l l a r y  d i l a t i o n .  The 

r e a c t i o n  is so s e n s i t i v e  and r e l i a b l e  t h a t  I t  was o f t e n  used as an 

I n d i c a t o r  f o r  s e n s a t io n  in  p h y s i o l o g i c a l  e x p e r im e n t s "  ( p . 2 7 7 ) .  S t im u l i  

used by Loewenfe1d (1958)  In  e 1 lc11 i ng p u p l I  I a r y  d i 1 a t  i on were a sudden 

sound ( p i s t o l  s h o t ) ,  sudden b lowing  i n t o  the a n i m a l ' s  f a c e ,  or p a in  

( p i n  p r i c k ,  t a l l  s q u e e z i n g ) .

N u n n a l l y ,  K n o t t ,  Duchnowskl,  and Parker  (19&7) i n v e s t i g a t e d  the  

p u p i l l a r y  response t o  a v a r i e t y  o f  sensory and p s y c h o lo g ic a l  s t i m u l i .  

Only the p u p i l l a r y  response to  a u d i t o r y  s t i m u l i  w i l t  be d iscus sed  h e re .  

T h e i r  Ss were p r e s e n te d  w i t h  an ascend ing  and descending s e r i e s  o f  

c o n s ta n t  200 cps tones o f  t e n  dB increments  from 6 4 .2  t o  9 4 . 2  dB, Only  

the  9 4 . 2  dB tone produced a s i g n i f i c a n t l y  l a r g e r  p u p i l  s i z e  th a n  the  

o th e r  t o n e s .

Clynes ( 19 6 2 ) a l s o  r e p o r t e d  d a ta  d e a l i n g  w i t h  the  a u d i t o r y  pup i l  

r e f l e x .  He used an average  response computer to  r e t r i e v e  p u p i l l a r y  

responses .  His ^s were  p re s e n te d  w i t h  500 cps ton s a t  *+0 dB above  

t h r e s h o l d ,  in  b locks  o f  50 t r i a l s .  The d i l a t i o n  response was e x t r e m e l y  

s h o r t  i n I a t e n c y  ( . 1 5  seconds) , and Ia rg e  in  a m p l l tu d e  ( . 5  m i l l i m e t e r ) .  

I n v e s t i g a t i o n s  in  t h i s  l a b o r a t o r y  have found d i l a t i o n s  t o  c l i c k  s t i m u l i  

w e l l  above t h r e s h o l d  w i t h  l a t e n c i e s  from 6 0 0 -8 0 0  m s e c . ,  and a m p l i tu d es  

as l a rg e  as .2 <nn. Our r e c o rd in g s  were made in  darkness , w h i l e  Clynes  

recorded  under ‘M o d era te  l i g h t  c o n d i t i o n s " .  Th is  p ro b a b ly  accounts  f o r  

the d I f f e r e n e e s  in p u p i I  I a r y  d yn am lcs .
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Nunna l ly  e_t aj_. (1967) present d a ta  fo r  an exper iment In which  

the t h r e a t  o f  a gunshot was a n t i c i p a t e d .  Presumably t h i s  was an 

"a ro u s in g "  s t im u lu s .  The gun was never a c t u a l l y  f i r e d ,  but p u p i l l a r y  

d iameter  d u r in g  the t r i a l  on which the gunshot was a n t i c i p a t e d  was 

c o n s id e ra b ly  l a r g e r  than on any o th e r  t r i a l ,

Research d e a l i n g  w i t h  the e f f e c t s  o f  c o g n i t i v e  v a r i a b l e s  on 

p u p i l l a r y  a c t i v i t y  abounds in  the psychophys io tog lca I  l i t e r a t u r e .

However, bas ic  quest ions  are  s t i l l  unanswered, e s p e c i a l l y  about the  

d i l a t i o n  response.  The parameters  o f  s t i m u l a t i o n ,  such as i n t e n s i t y ,  

f re q u en cy ,  and i n t e r - s t i m u l u s - i n t e r v a l , have not been s y s t e m a t i c a l l y  i n ­

v e s t i g a t e d ,  Some work has been done on the " h a b i t u a t i o n "  of  t h i s  

response,  but t h i s  resea rch  has on ly  scra tched  the s u r fa c e .  This  aspect  

o f  the d i l a t i o n  response w i l l  be reviewed in the next s e c t io n .

5.  P u p i l l a r y  h a b i t u a t i o n  and the o r i e n t i n g  re sp o n se . Cont ra ry  to  

Sokolov 's  o r i e n t i n g  response (OR) t h e o r y ,  Clynes (1962) re p o r te d  no 

h a b i t u a t i o n  or d im in u t io n  o f  the d i l a t i o n  response over s eve ra l  hundred 

t r i a l s .  However,  sincr- s t i m u l i  were presented in  blocks of  5 0 ,  the re  

may have been a decrement o f  response w i t h i n  a b lo c k ,  tha t  cou ld  not be 

seen when the averaged response was o b ta in e d  fo r  50 t r i a l s .  In  un­

p ub l ished  d a ta  from t h i s  l a b o r a t o ry  (F r iedm an,  u n p u b l i s h e d ) ,  i t  was found 

t h a t  the d i l a t i o n  response to  o n e - h a l f  second, 500 cps tone s ,  presented  

at a p p ro x im a te ly  60 dB above t h r e s h o l d ,  d id  show a decrement w i t h i n  a 

block o f  twenty t r i a l s ,  but a ls o  showed recovery  w i t h i n  th a t  same block  

o f  t r i a l s .  T h e r e f o r e ,  any decrement across blocks would be p a r t i a l l y  

co u n te rac te d  by recovery  o c c u r r in g  w i t h i n  a b lo ck .

Sokolov (1 9 6 3 a ,  19&3b) l i s t s  p u p i l l a r y  d i l a t i o n  as one component 

o f  the o r i e n t i n g  response.  The o r i e n t i n g  response can be e l i c i t e d  by the
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s t im u lu s  c h a r a c t e r i s t i c s  o f  n o v e l t y ,  I n t e n s i t y ,  c o n d i t i o n e d  s t i m u l i ,  

and s u r p r i s e  (L ynn ,  1966) .  Sokolov ( 19&3b) r e p o r t s  t h a t  p u p i l l a r y  

d i l a t i o n  is an om nipresent  s ig n  o f  the o r i e n t i n g  resp o n se ,  and th a t  I t  

h a b i t u a t e s  r a p i d l y  w i t h  re p e a te d  p r e s e n t a t i o n s  o f  the s t i m u l u s .  Lieberman  

( 1965) r e p o r t s  t h a t  the p u p i l  “ r e a c t s  w i t h  d i l a t i o n  not o n ly  to  the pa in  

o f  a sound s t i m u l u s ,  but a ls o  t o  a v a r i e t y  o f  s t i m u l i  d i r e c t e d  at any 

a n a l y s e r .  This  r e a c t i o n  ex te n g u ls h e s  q u i c k l y  w i t h  r e p e a te d  p r e s e n t a t i o n s  

o f  the same s t i m u l u s . . . the e x t in g u is h e d  r e a c t i o n  re co v ers  q u i c k l y  a f t e r  

a p a u se . "  (p .  188) ,

L ieberman ( 1965) used a d u l t  ^s between the ages o f  20 and , and 

a v a r i e t y  o f  s t i m u l i  (sound,  t a c t i l e ,  thermal  and o l f a c t o r y )  in  s t u d y in g  

the p u p i l  r e f l e x .  A l l  s t i m u l i  were p re sen te d  f o r  1 .5  seconds,  w i t h  the  

e x c e p t io n  o f  the  o l f a c t o r y ,  which was p resen ted  fo r  four  seconds. The 

i n t e r - s t i m u l u s - i n t e r v a l s  v a r i e d  from 10-30  seconds,  and the number o f  

s t i m u l i  p re sen te d  d id  not exceed 1 0 - 1 2 .  The r e s u l t s  showed t h a t  the  

p u p i l  d i l a t e d  to  a l l  s t i m u l i ,  and the  r e a c t i o n  h a b i t u a t e d .  Lieberman  

(1**65) a ls o  r e p o r t e d  t h a t  In  some cases (20%) the  p u p i l  d i I a ted  to  the  

p r e s e n t a t i o n  o f  a v is u a l  t r a n s p a r e n c y  or p i c t u r e .  Th is  has a l s o  been  

r e p o r t e d  by Sokolov (1963b)  , and was i n t e r p r e t e d  as the precedence o f  the  

o r i e n t i n g  response over  the  " p h o t o r e a c t i o n "  ( i . e . ,  the l i g h t  r e f l e x ) .

Quant 1 1 a t i v e l y  , Lieberman (1 6 5 ) found d i l a t i o n  a m p l i tu d es  ra n g in g  from 

,2 to  .8  m i l l i m e t e r s ,  w i t h  l a t e n c i e s  from .15 to  .50 seconds. These 

l a t e n c i e s  and a m p l i tu d es  d id  not d i f f e r  as a f u n c t i o n  o f  the s t im u lu s  

c a t e g o r y .  U n f o r t u n a t e l y ,  no s t a t i s t i c a l  p r e s e n t a t i o n  o f  the d a ta  was 

g iv e n  w i t h  re sp e c t  t o  the h a b i t u a t i o n  o f  the response , but a q u a l i t a t i v e  

d e s c r i p t i o n  w i 1 I g iv e  the re ad e r  some Idea o f  the  s i t u a t i o n :  “A weak b e l l  

at te n -s e c o n d  i n t e r v a l s  y i e l d s  a z e r o  r e a c t i o n  a f t e r  3-*+ p r e s e n t a t i o n s . . .
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A loud b e l t  at  te n -s e c o n d  I n t e r v a l s  r e s u l t s  In a ze ro  r e a c t i o n  a f t e r  

1 2-18  p r e s e n t a t i o n s , "  (p .  1 9 1 ) .  0n« p a r t i c u l a r l y  I n t e r e s t i n g  r e s u l t  was

the f a c t  t h a t  p r e s e n t a t i o n  o f  from 1+5 -6 5  d I f  f e r e n t  s t i m u l i  , changed  

c o n t i n u o u s l y  a t  1 5 -20  second I n t e r v a l s ,  d id  not r e s u l t  in  " e x t i n c t i o n  o f  

the r e f i e x e s " .  Shaknovich (1965)  a ls o  r e p o r ts  t h a t  In  the case o f  

p a i n f u l  s t i m u l i  no h a b i t u a t i o n  o f  the p u p i l l a r y  o r i e n t i n g  response o c c u r r e d .

A l thoug h  not much r e s e a rc h  on p u p i l l a r y  d i l a t i o n  h a b i t u a t i o n  has 

appeared in  o th e r  than t h e f t j r s f M i  l i t e r a t u r e ,  some rece n t  i n v e s t i g a t i o n s  

have r e p o r t e d  a decrement In the d i l u t i o n  response w i t h  r e p e a t e d  e x ­

posures o f  the same s t im u lu s  ( e . g .  , Dureman and S ch o la n d e r ,  1962; Lehr 

and Bergum, 1966; Nunnal 1y e_t aj^, , 196?)

Lowenste in  and Loewenfeld  ( 1952) p rese nt  a curve  d e m o n s t ra t in g  

what they c a l l  " e x t i n c t i o n  o f  s ym pa the t ic  r e f l e x  a c t i v i t y  under re p e a te d  

s y m p a th e t ic  ( sound ) s t i m u 1 I " .  The s t i m u l i  used were p i s t o l  shots and the  

Ss were c a t s .  The e x t e n t  o f  r e f l e x  d i l a t i o n  d im in is h e d  p r o g r e s s i v e l y  

from each s t im u lu s  to  the n e x t .  By the  f o u r t h  p r e s e n t a t i o n ,  the  speed 

as w e l l  as the am p l i tu d e  o f  d i l a t i o n  were about h a l f  t h e i r  I n i t i a l  v a lu e .  

L a te r  r e a c t i o n s  became more and more s lu g g is h  and I n e x t e n s i v e ,  and soon 

subs i d e d .

Lehr and Bergum ( 1966) p resent  d a ta  showing what they  term a f a i r l y  

s y s te m a t ic  " p u p i l l a r y  a d a p t a t i o n  e f f e c t " .  S t im u l i  were c o n t r o l  and te s t  

words ( p l e a s a n t  versus  u n p le a s a n t )  p re se n ted  both v i s u a l l y  and a u d i t o r i l y .  

Each t e s t  word was preceded by the c o n t r o l  word " ro c k " .  Each d a t a  p o in t  

in the  c u rve  they present  was based on the sum o f  tw e lv e  measurements  

made at c o n s i s t e n t  i n t e r v a l s  d u r in g  the te n -s e c o n d  s t im u lu s  p r e s e n t a t i o n  

p e r io d .  For both t e s t  sess ions  o f  ten t r i a l s  e a c h ,  p u p i l l a r y  a d a p t a t io n  

was c o n s i s t e n t  and f a i r l y  l a r g e .  However,  both a u d i t o r y  and v is u a l
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s t im u lu s  responses were averaged In  computing the c u rve s .  U n t i l  more Is 

known about the  n a tu r e  o f  the h a b i t u a t i o n  o f  t h i s  response ,  a v e ra g in g  o f  

responses r e s u l t i n g  from d i f f e r e n t  p r e s e n t a t i o n  modes is not v a l i d ,

Nunna I 1 y e_t a ^ . ( 1967) found s I gn I f  I c a n t  pupl I I a ry  habi t uat  I on us i ng 

sound s t i m u l i  a t  a c o n stan t  f requency  o f  2000 cps.  S t a r t i n g  w i t h  an 

ascending s e r i e s  o f  tones from 6 4 .2  dB and proced lng  in  10 dB steps up to  

9 4 . 2  dB , these  i n v e s t I  g a to rs  observed » s I  g n I f I  cant  drop in  p u p i l  s i z e  from 

the f i r s t  tone to  the next h Ig h e r  t o n e ,  but no d i f f e r e n c e  between the  

second and t h i r d  tone r e a c t i o n s .  In  the  descending s e r i e s  o f  to n e s ,  

none o f  the d i f f e r e n c e s  among the  t h r e e  tone l e v e ls  below 9 4 .2  d l  was s lg n l  

f l e a n t  , but a l l  were s i g n i f i c a n t l y  s m a l l e r  than  the 9 4 , 2  dB tone .

In an e x p l o r a t o r y  s tu d y  o f  what they termed the "psychosensory  

r e f l e x " ,  Oureman and Sholander  (1962)  found s i g n i f i c a n t  p u p i l l a r y  

di I at ion decrement r i d i n g  on a s i g n i f i c a n t  in c rea se  in  i n i t i a l  p u p i l l a r y  

d ia m e t e r .  T h e i r  Ss were 35 s tu d en ts  whose p u p i l l a r y  d ia m e te rs  were ad­

j u s t e d  to  a mean o f  4 . 5  mm, w i t h  the  use o f  a d I f f u s e  I y - J I l u m i n a t e d  screen  

placed  a t  a d is t a n c e  o f  72 c e n t im e t e r s  from j i .  The Ss were exposed to  30 

w h i t e  no ise  s t i m u l i  p re s e n te d  w i t h  d u r a t io n s  o f  .1 second,  and at a con­

s t a n t  i n t e n s i t y  o f  105 dB above t h r e s h o l d .  I n t e r - t r I  a 1 -  I n t e r v a l s  were  

randomly v a r i e d  between 20 and 40 seconds. Oureman and Sholander (1962)  

used two aspects  o f  the psychosensory r e f l e x  t o  d e s c r ib e  t h e i r  d a ta :  a) 

" t o n i c i t y " ,  or the r e l a t i v e l y  p e r s i s t e n t  or s lo w ly  chang ing tonus b a la n c e ,  

and b) " the  acute  or phasic r e a c t i v i t y "  caused by the s t im u lu s .

Measurement o f  the t o n ic  process was in terms o f  p r e - s t I m u lu s  a rea  (mm^) 

and a r e a l  change; measurement o f  the  phasic process was In  terms o f  

maximal a rea  o f  p o s t - s t I m u I  us d i l a t i o n  over  t r i a l s .

This  area  o f  r e s e a rc h  w i t h  the  p u p i l l a r y  d i l a t i o n  response has
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produced the  most I n c o n s i s t e n t  f  I ndl nep. Russ I an work is not e a s i l y  i n t e r ­

p r e t a b l e  due to  the method o f  r e s u l t s  p r e s e n t a t i o n ,  w i t h  t h e i r  lac k  o f  

s t a t i s t i c a l  analyses and q u a n t i t a t i v e  t r e a tm e n t  o f  the d a ta .  In g e n e r a l , 

comparisons among the d i f f e r e n t  s t u d i e s  (w hether  Russian or  no t )  a re  

d i f f i c u l t  t o  m ake , s in c e  s t i m u l i ,  s t im u lu s  d u r a t i o n s ,  i n t e r - s t I m u l u s -  

i n t e r v a l s ,  i n t e r - t r I a l - I n t e r v a I s  , and background s t im u lu s  c o n d i t i o n s  v a ry  

c o n s i d e r a b l y  from study to  s tu d y .  More w o rk ,  In which s y s te m a t ic  manipu­

l a t i o n  o f  the parameters  o f  s t i m u l a t i o n  is done .  Is c l e a r l y  needed.

6 .  The law o f  I n i t i a l  v a lu e  and the  p u p i l l a r y  re s p o n s e . One 

r e s u l t  o f  the Oureman and Sholander  s tudy  (1962 )  Is r e l e v a n t  to  t h i s  

s e c t i o n .  They p o in te d  out the  f a c t  t h a t  w i t h i n  the f i r s t  t h r e e  t r i a l s  

a d e c l i n e  In  a r e a l  change was accompanied by a d e c l i n e  in p o s t - s t i m u l u s  

a r e a ,  and a r i s e  in p r e - s t i m u l u s  a r e a .  This  was I n t e r p r e t e d  by Dureman 

and Sholander  (19&2) as i n d i c a t i n g  t h a t  an In c re ase  in  the i n i t i a l  phase 

o f  the t o n i c  p u p i l l a r y  component induces a r e s i s t a n c e  towards f u r t h e r  

d i l a t i o n ,  t h i s  c a u s in g  a d e c l i n e  in both measures o f  phasic  r e a c t i v i t y .

Th is  r e s u l t ,  o b t a in e d  by Dureman and Sholander  (19&2) Is  d i r e c t l y  

r e l a t e d  t o  a problem conmonly e n co u n te re d  In p s y c h o p h y s io lo g ic a l  r e s e a r c h ,  

t h a t  Is subsumed under the he ad ing  o f  the Law o f  I n i t i a l  Va lue  ( S t e r n b a c h ,  

1 9 ^ 6 ) .  S imply s t a t e d ,  t h i s  law I s ,  "As the f u n c t i o n  o f  an organ r i s e s ,  

the  s i z e  o f  the response to  a g iv e n  s t im u lu s  d i m i n is h e s "  (B lock  and 

B r l d g e r ,  19 62 , p. 1229) ,  In terms o f  the p u p i l l a r y  response ,  t h i s  means 

t h a t  the  l a r g e r  the  i n i t i a l  d i a m e t e r ,  the  s m a l l e r  the  subsequent d i l a t i o n .  

The q u e s t io n  ! s: does the law o f  I n i t i a l  v a lu e  o p e ra t e  in the  p u p i l l a r y  

system? L i t t l e  r e s e a r c h ,  b e a r in g  d i r e c t l y  on t h i s  problem as I t  a f f e c t s  

the p u p i 1, has been done.

Loewenfe ld  and Newsome ( 19&9) m a n ip u la te d  p u p i l l a r y  d ia m e te r  in one
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eye w i t h  autonomic d ru g s ,  us ing  the u n t r e a t e d  eye as a c o n t r o l .  They 

showed t h a t  the p u p i l  o p e ra tes  In a l i n e a r  ra n g e ,  w i t h i n  which d i l a t i o n s  

to  per io ds  o f  darkness moved f r e e l y .  Beyond t h i s  ra n g e ,  the  d i l a t i o n s  

decreased in v e l o c i t y  and e x t e n t ,  and t h i s  decrease oc curred  a t  a 

p a r t i c u l a r  p u p i l l a r y  d i a m e t e r ,  d i f f e r e n t  from ^  t o  S, Th is  decrease  

occurred  r e g a r d le s s  o f  s t im u lu s  i n t e n s i t y  and p r e - s t i m u l u s  p u p i l l a r y  

d i ameter ( i . e . ,  I n i t i a l  d i a m e t e r ) .  T h i s ,  t h e r e f o r e ,  demonstrated  t h a t  the  

p u p i l  was o p e r a t in g  under a mechanical  l i m i t i n g  f a c t o r ,  and not the  Law 

o f  I n i t i a l  V a lu e .

Recent e x p e r i m e n t a t io n  In  t h i s  l a b o r a t o r y  (u n p u b l is h e d )  has shown 

t h a t  the f u n c t i o n  r e l a t i n g  p u p i l l a r y  d i l a t i o n  a m p l i t u d e  and i n i t i a l  

d ia m e te r  is somewhat more c o m p l ic a te d  than  the l i n e a r i t y  o f  the Law of  

I n i t i a l  Va lue  would  imply .  In  a number o f  e x p l o r a t o r y  e x p e r im e n t s ,  we 

have m a n ip u la te d  p u p i l l a r y  d ia m e te r  w i t h  the  use o f  an eye patch  con­

t a i n i n g  a l i g h t  bu lb  and a d i f f u s i o n  p l a t e .  The i n t e n s i t y  o f  the l i g h t  

was a d ju s t e d  by u s in g  a decade r e s i s t a n c e  box.  S ix  r e s i s t a n c e s ,  a l l  

y i e l d i n g  d i f f e r e n t  i n i t i a l  d ia m e t e r s ,  were employed. The r e s u l t s ,  r e p l i ­

c a te d  w i t h  two jis , showed *h a t  the f u n c t i o n  r e l a t i n g  i n i t i a l  d ia m e te r  and 

d i l a t i o n  a m p l i tu d e  was c u r v i l i n e a r ,  w i t h  maximal d i l a t i o n  o c c u r r i n g  a t  

some m id d le  v a lu e  o f  i n i t i a l  d iam ete r  ( a p p r o x i m a t e l y  5 m m ) ,  and ext remes  

o f  i n i t i a l  d ia m e te r  a s s o c ia t e d  w i t h  s m a l l e r  d i l a t i o n s

Although the above exper im ents  were des igned in  an a t te m pt  to  

d e te rm in e  i f  the p u p i l  obeys the Law o f  I n i t i a l  V a l u e ,  the  c o n d i t i o n s  

o f  those exper im ents  were not the same as those o f  the p resent  s tu d y .  In  

the p resent  e x p e r im e n t ,  the p u p i l  was measured in  complete  da rkn e s s .  The 

f o l l o w i n g  exper im ent  had been u n d e r ta k e n  p r i o r  t o  the  above i n v e s t i g a t i o n s ,  

and i t s  d a ta  were r e a n a ly z e d  In o rd er  t o  see I f  the  p u p i l  obeyed the Law
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o f  I n i t i a l  Va lue  In  da rkn e s s .  The s t im u lu s  was a 500 cps tone o f  500  

msec, d u r a t i o n ,  p re s e n te d  r e p e a t e d l y  w i t h o u t  change In  15 b locks  o f  20  

t r i a l s  each .  A m p l i tu d e  o f  peak d i l a t i o n  was p l o t t e d  as a f u n c t i o n  o f  

mean I n i t i a l  d ia m e te r  over  th e  15 b locks  o f  t r i a l s .  T h is  f u n c t i o n  

produced no s y s t e m a t ic  r e l a t i o n s h i p  between I n i t i a l  d ia m e te r  and peak  

d i l a t i o n .  F u r t h e r ,  I n i t i a l  d ia m e te r  v a r i a b i l i t y  was q u i t e  s m a l l ,  

a p p r o x im a te ly  one m i l l i m e t e r  In  range .

In  summary, v e r y  l i t t l e  re s e a r c h  d e a l i n g  w i t h  the  q u e s t io n  o f  the  

r e l a t i o n s h i p  between p r e - s t i m u lu s  d ia m e te r  and p o s t - s t l m u l u s  d i l a t i o n  

a m p l i tu d e  has been accom pl ished .  The s t u d ie s  t h a t  have been done do 

r e p o r t  some r e l a t i o n s h i p  between th ese  two measures.  However,  those  

ex p e r im en ts  were per fo rmed under d i f f u s e  l i g h t  c o n d i t i o n s ,  th e r e b y  In ­

c r e a s in g  th e  c o n s t r i c t o r  tonus o f  the p u p i l .  In  an u n pub l is hed  s tudy  

In  d a r k n e s s ,  no r e l a t i o n s h i p  was found .

7.  Emot lona l  s t a t e s . The use o f  p u p i l l a r y  m o t l l l t l t y  as a r a ­

ft ponse measure In  a t a s k  I n v o l v i n g  e m o t io n a l  phenomena Is not a r e c e n t  

I n n o v a t ' o n ,  B e r r i e n  and H u n t in g to n  (19*+3) t r i e d  t o  use the  d i l a t i o n  

response as a measure o f  d e c e p t i o n .  They r ig g e d  an e x p e r im e n t a l  s i t u a t i o n  

such t h a t  the  e x p e r im e n t a l  group were r e q u i r e d  t o  l i e  t o  a l l  q ue s t ions  

asked them by E ,  w h i l e  the  c o n t r o l  group was " I n n o c e n t " .  A c c ord ing  to  

these  a u t h o r s ,  one o f  th e  £s was ab le  t o  c o r r e c t l y  I d e n t i f y  13 ou t  o f  

16 " c r i m i n a l s "  ( t h e  e x p e r im e n t a l  group) by s im p ly  lo o k in g  a t  the  p u p i l l a r y  

re c o r d s .  However,  s in c e  the  d e v ic e  used to  measure p u p i l l a r y  m o t i l i t y  

was e x t r e m e ly  c r u d e ,  and the  responses were not a v e ra g e d ,  one can see by 

lo o k in g  a t  th e  re co rd s  p re s e n te d  In  the  p a p e r ,  t h a t  th e  d i l a t i o n s  re p o r t e d  

were w e l l  w i t h i n  the  range o f  spontaneous o s c i l l a t i o n  In  l i g h t .

F o l lo w in g  up th e  long-known f a c t  t h a t  th e  p u p i l  d i l a t e s  d u r in g
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e m o t io n a l  s t a t e s ,  Hess and P o l t  ( I 9 6 0 )  I n v e s t i g a t e d  p u p i l l a r y  changes  

t o  p i c t o r i a l  s t i m u l i  In  fo u r  men and two women. These I n v e s t i g a t o r s  

scored  p u p i l l a r y  responses In  terms o f  th e  pe rce n ta g e  In c re a s e  In  p u p i l  

s i z e  t o  a t e s t  s l i d e  over  a p r e c e d in g  c o n t r o l  s l i d e .  On the  a v e r a g e ,  

women gave l a r g e r  d i l a t i o n  responses t o  p i c t u r e s  o f  a oaby , mother and 

baby,  and male nude, w h i l e  men showed g r e a t e r  d i l a t i o n  responses t o  

p i c t u r e s  o f  a fem a le  nude.

In  a n o th e r  e x p e r i m e n t ,  Hes s ,  S e l t z e r  and S h l l e n  (19&5) r e p o r t e d  

t h a t  fo u r  out  o f  f i v e  homosexuals d i l a t e d  t o  a l a r g e r  e x t e n t  t o  p i c t u r e s  

o f  male nudes th a n  t o  those o f  female  nudes,  w h i l e  f i v e  out o f  f i v e  

h e t e r o s e x u a l  males showed g r e a t e r  d i l a t i o n s  t o  p i c t u r e s  o f  fem ale  nudes.

Hess r e p o r t e d  t h a t  the  re p e a te d  p r e s e n t a t i o n  o f  e x t r e m e ly  un­

p le a s a n t  p i c t u r e s  ( e . g . ,  c o n c e n t r a t i o n  camp scenes) w h i l e  I n i t i a l l y  

c au s in g  d i l a t i o n ,  l a t e r  evoked p u p i l l a r y  c o n s t r i c t i o n .  On th e  b a s is  o f  

the se  d a t a ,  Hess (1 9 6 5 )  conc luded  t h a t  the  p u p l I  Is a b l - d l r e c t l o n a l  

i n d i c a t o r  o f  a f f e c t ,  d i l a t i n g  t o  " p l e a s a n t "  s t i m u l i ,  and c o n s t r i c t i n g  t o  

" u n p l e a s a n t "  s t i m u l i .  These d a t a  run c o u n te r  t o  most o f  what Is known 

about r e f l e x  d i l a t i o n  o f  the  p u p i l .  Host e m o t io n a l  s t i m u l i ,  r e g a r d le s s  

o f  t h e i r  a f f e c t i v e  q u a l i t y ,  ten d  t o  evoke d i l a t i o n .  Loewenfe ld  ( 1966) 

has s t a t e d :

The assumption t h a t  p le a s a n t  emot ions  
d i l a t e  th e  p u p i l  whereas u n p le a s a n t  ones 
c o n t r a c t  I t  Is not m e re ly  u n s u p p o r te d ,  
but Is  c o n t r a r y  t o  f a c t .  I t  has been 
known f o r  many decades t h a t  th e  suddenness 
and I n t e n s i t y  o f  an e m o t io n ,  and the  s t a t e  
o f  consciousness a t  the  moment o f  s t i m u l a t i o n  
(drowsy o r  e x c i t e d ,  c o n f o r t a b l e  or  uncom­
f o r t a b l e ,  e t c . )  d e te rm in e  the  e x t e n s iv e n e s s  
o f  th e  r e a c t i o n ,  but not th e  c o n t e n t  o f  t h e  
e m o t io n ,  a nd ,  f u r t h e r m o r e ,  t h a t  a l l  psycho­
l o g i c a l  and sensory  s t i m u l i  , w i t h  the  exce p­
t i o n  o f  l i g h t ,  d i l a t e  th e  p u p i l  and none o f  
them c o n t r a c t  I t .  (p .  2 9 * 0 .
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Bergun and Lehr (1966a )  r e p o r t e d  f i n d i n g  d i l a t i o n  t o  both p le a s a n t  

and u n p le a s a n t  s t i m u l i  ( p i c t o r i a l ) ,  w i t h  u n p le as a n t  s l i d e s  p ro d uc ing  

s l i g h t l y ,  but s i g n i f i c a n t l y  s m a l l e r ,  p u p i l  s i z e s .  However ,  t h e y  use 

t e c h n i c o l o r  s t i m u l i ,  and Bouna (19 62 )  has shown t h a t  p u p i l  s i z e  v a r i e s  

as a f u n c t i o n  o f  w av e len g th  w i t h  luminance h e l d  c o n s t a n t .  In  a second  

s t u d y ,  Bergum and Lehr (1966b)  f a i l e d  t o  r e p l i c a t e  the  s i g n i f i c a n t  

d i f f e r e n c e  In  p u p i l  s i z e  o b ta in e d  between p le a s a n t  and u n p le as a n t  

s t i m u l i  when th e y  used black and w h i t e  s l i d e s .

Woodmansee (19 69 )  a t te m p te d  t o  r e p l i c a t e  Hess 's  c o n s t r i c t i o n  

f i n d i n g s  . In  an e x t r e m e ly  we 1 1- c o n t r o l  led  s t u d y ,  Wocxfcnansee (1 9 6 9 )  

c l a s s i f i e d  22 female  undergraduates  as e i t h e r  s t r o n g l y  ant  I - N e g r o  or  

equal  I t a r  I a n ,  based upon t h e i r  scores  on the  M u l t i - F a c t o r  R a c ia l  

A t t i t u d e  I n v e n t o r y . F ive  t e s t  s l i d e s ,  four  c o n s i s t i n g  o f  Negroes  

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

s u r r o u n d in g s ,  were matched t o  f i v e  n e u t r a l - c o n t e n t  c o n t r o l  s l i d e s  

f o r  o v e r a l l  b r i g h t n e s s .  The r e s u l t s  showed t h a t  on ly  on the  f i r s t  

o f  e i g h t  t r i a l s  d id  the two groups d i f f e r  s i g n i f i c a n t l y ,  and even t h e n ,  

the  a n t i - N e g r o  g ro u p 's  responses were e s s e n t i a l l y  n e i t h e r  d i l a t i o n  nor 

c o n s t r i c t i o n .  In  f a c t ,  In  a l l  e i g h t  p r e s e n t a t i o n s ,  t h e i r  responses  

were e i t h e r  p o s i t i v e  ( I . e . ,  d i l a t i o n )  o r  e s s e n t i a l l y  z e r o .

H u t t  and Anderson (1965 )  s t u d ie d  the  r e l a t i o n s h i p  between p u p i l  

s i z e  and r e c o g n i t i o n  t h r e s h o l d .  A Hess p u p l 11 ometer was used,  In  which  

n e u t r a l -  and e m o t l o n a l l y - c h a r g e d  words were p re s e n te d  f o r  a ten -s eco n d  

p e r io d .  Each e m o t io n a l  word was p a i r e d  w i t h  a n e u t r a l  word matched to  

! t  on the b a s is  o f  T h o rn d Ik e -L o rg e  f r e q u e n c y ,  w i t h  the  r e c o g n i t i o n  

t h r e s h o l d  o f  the  n e u t r a l  word and p u p i l  s i z e  w h i l e  v ie w in g  the  n e u t r a l  

word s e r v i n g  as b a s e l i n e  measures.  The au thors  r e p o r t e d  a c o r r e l a t i o n
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o f  - 0 . 1 0 9  between p u p i l  s i t e  and r e c o g n i t i o n  t h r e s h o l d .  This  Is the  

d i r e c t i o n  o f  the  r e l a t i o n s h i p  t o  be e x p e c te d  I f  the  p u p i l  Is the  

mechanism u n d e r l y i n g  p e r c e p t u a l  d e fe n s e .  However ,  the  magni tude  o f  the  

o b ta in e d  c o r r e l a t i o n  does not a l l o w  th ese  I n v e s t i g a t o r s  t o  s t a t e  t h a t  

" thes e  d a ta  lend unequ ivoca l  support  t o  the  h y p o th e s is  t e s t e d " .  Given  

a l a r g e  enough d f  (h e re  I t  was 2 39) ,  most any c o r r e l a t i o n  w i l l  be 

s I g n I f l e a n t .

In  s iamary  , I n v e s t i g a t i o n s  o f  p u p i l l a r y  m o t i l i t y ,  sparked by 

Hess and c o l l e a g u e s ,  have shown t h a t  the p u p i l  r e a c ts  t o  m a n ip u la t io n s  

o f  a number o f  p s y c h o lo g ic a l  v a r i a b l e s .  However,  many o f  these s tu d ie s  

have p o in t e d  out the n e c e s s i t y  o f  s t r i c t  c o n t r o l  In  p u p i l l a r y  e x p e r i ­

m ents ,  owing to  the I n f l u e n c e  o f  many e x t ran e o u s  v a r i a b l e s  on p u p i l l a r y  

d i a m e t e r .  These problems are  e s p e c i a l l y  marked In  expe r im ents  p e r ­

formed under d i f f u s e  l i g h t  c o n d i t i o n s .  These problems w i l l  be rev iew ed  

In  the  next S e c t i o n ,

8 , M e th o d o lo g ic a l  problems In  p u p i l l a r y  r e s e a r c h . In  v iew o f  the  

many c o m p l i c a t i n g  f a c t o r s  one encou nters  when us ing  p i c t o r i a l  s t i m u l i  in  

p u p l I  I o m e t r I c  r e s e a r c h ,  bas ic  m e th o d o lo g ic a l  problems In h e re n t  In  t h i s  

type o f  e x p e r i m e n t a t i o n  w i l l  be b r i e f l y  rev iewed h e r e .

In  Hess 's  (and I t  must be assumed In  a l l  o th e r  researches  t h a t  

r e p o r t  u s in g  Hess 's  pup 11 1ometer)  , c o n t r o l  and t e s t  s l i d e s  are  matched  

f o r  o v e r a l l  b r ig h t n e s s  In  o r d e r  t o  c o n t r o l  the e f f e c t s  o f  the p u p i l l a r y  

l i g h t  r e f l e x .  As w e l l  as the  m atch ing o f  t e s t  and c o n t r o l  s l i d e s ,  

b r ig h t n e s s  c o n t r a s t s  w i t h i n  a s l i d e  were m in im ized  In  o r d e r  to  reduce the  

e f f e c t  o f  lo o k in g  from a r e l a t i v e l y  d a rk  a re a  t o  a r e l a t i v e l y  l i g h t  a r e a  

w i t h i n  th e  s l i d e .  However,  Woodmansee ( 1 966 ) r e p o r t e d  t h a t ,  u s in g  ph o to ­

g ra p h ic  s t i m u l i  p re p a re d  by Hess 's  I l lu m in a n c e  s t a n d a r d s ,  the j»'s p u p i l
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c o n s t r i c t e d  from one to  f i v e  percent  when he s h i f t e d  h is  gaze from a 

r e l a t i v e l y  dark  t o  a r e l a t i v e l y  l i g h t  a rea  o f  a t e s t  s t im u lu s .

In  v iew o f  the fa c t  t h a t  the p u p i l  e x h i b i t s  a marked degree o f  

" n o is e "  and " u n r e s t "  (Lowenste In  e t  , 1963; S t a r k ,  1959; Woodbnansee , 

1966) ,  these changes due t o  l i g h t  I n t e n s i t y  e f  fects wl th 1 n a s l i d e  are  not 

I n s i g n i f i c a n t .  In  darkness ,  the p u p i l s  o f  young, h e a l t h y ,  a l e r t  Ss are  

la rge  and r e l a t i v e l y  q u ie t  (Lowenste ln  e t  a l . .  1963) .  The p u p i l s ,  how­

e v e r ,  are  never at  r e s t ,  and when observed fo r  a p e r io d  o f  t ime show two 

types o f  osc 111 at  I on (Lowenste ln  e t  a l .  1963):  a) slow waves o f  d H a t l o n  

and c o n t r a c t i o n ,  l a s t i n g  from about four  to  f o r t y  seconds, and measur ing  

up t o  ± .9  mm.; b) superimposed, f a s t  and very  in e x te n s iv e  o s c i l l a t i o n s  

o f  from .5 to  t -second d u r a t i o n ,  and about .1 t o  .3  mm. in  a m p l i tu d e ,  In 

d i f f u s e  l i g h t ,  p u p i l l a r y  " u n r e s t "  Is even more pronounced (L owenste ln  

and Loewenfed, 1962,  Woodmansee, 1 9 6 6 ) .  The p u p i ls  can be expected  to  

change at  le a s t  1 percent  from second t o  second, and o f t e n  as much as 

10-20  percent  over a p e r io d  o f  s e v e ra l  seconds. W i th  in c re a s in g  a re a  and 

I n t e n s i t y  o f  l i g h t ,  the r a t e  o f  o s c i l l a t i o n s  w i l l  In c re a s e ,  becoming 

maximal at about 2 per second. This means t h a t  the s ig n a l  one looks fo r  

In the form o f  a d i l a t i o n  Is o f t e n  s m a l l e r  than the no lse  in  which I t  

Is embedded, making r e l i a b l e  measurement d i f f i c u l t .  Fur therm ore ,  most o f  

the Es using Hess's  te c h n iq u e ,  photograph the p u p i l  at  a r a t e  o f  2 frames 

per second, a sampl ing r a t e  which corresponds t o  the expected  frequency  

o f  o s c i l l a t i o n  o f  the p u p i l  In  l i g h t .

A second important  f a c t o r  In  p u p i l l a r y  exper iments  Is the d is ta n c e  

o f  the s t im u lus  from the W i th  l i g h t  s t i m u l a t i o n  c o n s t a n t ,  th e r e  Is a 

c o n s t r i c t i o n  o f  the p u p i l  which accompanies the convergence o f  the  eyes  

and accommodation o f  the lens when v ie w in g  a near o b j e c t .  In g e n e r a l ,
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t h i s  e f f e c t  becomes more pronounced w i t h  in c r e a s in g  age (Woodmansee , 1 9 6 6 ) .  

Kahneman and B e a t t y  (1 966 )  r e p o r t e d  an enhancement o f  t e n  pe rce n t  o f  p u p l )  

s i z e  when t h e i r  _Ss f i x a t e d  a s t im u lu s  at s i x  f e e t  r a t h e r  than a t  s i x  

f nches ,

T h i r d l y ,  e x t ra n e o u s  s t i m u l i  te n d  t o  d i l a t e  the  p u p i l ,  Any s t im u lu s  

t o  wh ich  S is not adapted  w i l l  cause the p u p i l  to  d i l a t e  ( Woodmansee,

1 9 6 9 ) .  In  many o f  the e xp e r im en ts  so f a r  r e v ie w e d ,  the  p i c t o r i a l  s t i m u l i  

were p re se n te d  t o  ^  by means o f  a f i l m s t r i p  p r o j e c t o r .  In most s ta n d a rd  

p r o j e c t o r s ,  the  f i l m s t r i p  advancement Is accompanied by a loud c l i c k i n g  

noise  c l e a r l y  a u d i b le  t o  This  c l i c k i n g  would p roba b ly  cause the  

p u p i l  t o  d i l a t e ,  a t  l e a s t  f o r  the f i r s t  few p r e s e n t a t i o n s ,  and would  

t h e r e f o r e  c o n ta m in a te  the d a ta .

A re Ia t e d  problem Is the e f f e c t  o f  movement on the p u p l I  I a r y  

response.  This  was shown t o  be a f a c t o r  by Simpson and P a i v l o  (1966)  , 

in  an e xp e r im e n t  in  which a key press enhanced the p u p i l l a r y  d i l a t i o n  

response by about te n  p e rc e n t  o f  the v a lu e  w i th o u t  a key p re ss .

A v e ry  r e c e n t  r e p o r t  (Chapman, Chapman, and B r e l j e ,  1969) des­

c r ib e s  an exper im ent  In  which  the  a t t i t u d e  o f  the E in f lu e n c e d  p u p i l l a r y  

d ia m e te r  to  sexua I  I y - p r o v o c a t I v e  p i c t u r e s .  In  t h i s  s t u d y ,  two g ra d u ate  

s tu d e n t  Es , known t o  d i f f e r  In  t h e i r  manner o f  i n t e r a c t i o n  w i t h  S s , each  

t e s t e d  h a l f  o f  the jis In  the e x p e r im e n t .  A 1 I Ŝs were m a le .  One £  was 

b u s i n e s s - l i k e  and f o r m a l ,  w h i l e  the  o th e r  had a " b r e e z y "  approach to  

I n t e r a c t i o n  w i t h  S s , Both Es used the  same i n s t r u c t i o n s ,  w i t h  the  

e x c e p t i o n  t h a t  the  breezy  J i s a i d  In  a s u g g e s t iv e  t o n e ,  " I  t h i n k  you w i l l  

f i n d  some o f  these p i c t u r e s  I n t e r e s t I n g " ,  ( p .  3 9 8 ) .  F iv e  e x p e r im e n t a l  

s l i d e s  were p i c t u r e s  o f  women, nude or  s em i -n u d e ,  from Playboy or  E s q u i r e .  

Another  f i v e  e x p e r im e n t a l  s l i d e s  were p i c t u r e s  o f  a t t r a c t i v e  men. There
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were a l s o  tw e lv e  c o n t r o l  s l i d e s  p repare d  u s in g  He ss 's  t e c h n iq u e .  The 

d ev ic e  used to  measure the p u p i l  was a Hess p u p ! I l o m e t e r , m o d i f i e d  t o  

c o n t r o l  the  c l i c k i n g  no is e  produced by the advancement d e v ic e  on the  

p r o j e c t o r .  Bothe E 's  Ss d i l a t e d  t o  both  the  male  and female  s l i d e s .  

However ,  f o u r t e e n  o f  E^ 's  ( bus 1 n e s s - I I k e )  t w e n t y - t w o  Ss showed l a r g e r  

pup I 1 s I ze wh i l e  v i ewIng female  s11 das t han wh i le v iew Ing maIe s I i  d e s , 

Twenty o f  E j ' s  ( " b r e e z y " )  t w e n t y - f i v e  Ss showed l a r g e r  p u p i l  s i z e  w h i l e  

v ie w in g  female  s l i d e s  than  w h i l e  v ie w in g  male s l i d e s .  Th is  d i f f e r e n c e  

in  number d i l a t i n g  t o  female  s l i d e s  was s i g n i f i c a n t  fo r  but not f o r  

, The au thors  concluded t h a t  t h e i r  r e s u l t s  were c o n s i s t e n t  w i t h  the  

h y p o th e s is  t h a t  " d i f f e r i n g  modes o f  I n t e r a c t i n g  w i t h  % produce d i f f e r i n g  

p u p i l l a r y  re spons es"  (p .  399) Of I n t e r e s t ,  is the f a c t  t h a t  M+ o f  h ?  

male Ss d i l a t e d  t o  male s l i d e s  as w e l l  as female s l i d e s .  T h is  is in  

c o n t r a d i c t i o n  t o  Hess 's  (19&5) f i n d i n g s .

In  summary , a g r e a t  dea l  o f  c o n t r o l  in p u p l I  1o m e tr ic  re s e a r c h  is 

necessary  I f  one uses p i c t o r i a l  s t i m u l i  , and i f  one records under d i f f u s e  

l i g h t  c o n d i t i o n s .  Record ing  in  darkness e l i m i n a t e s  some o f  these  problems  

(Hakerem, 1967) , e s p e c i a l l y  when coup led  w i t h  the  use o f  an e l e c t r o n i c  

p u p i l l o g r a p h  which a l lo w s  v e r y  fa s t  sampl ing r a t e s  (60 t imes per second) .  

However,  In  darkness the p u p i l  is m a x im a l ly  d i l a t e d ,  and we have seen Ss 

whose p u p i l s  d id  not r e a c t  under th ese  c o n d i t i o n s .  I f  one wants to  in sure  

maximal d i l a t i o n  re sp o n s e s ,  then some i l l u m i n a t i o n  ( r e s u l t i n g  In  s m a l l e r  

i n i t i a l  d ia m e te r )  appears n e ce ssa ry .  T h i s ,  o f  c o u r s e ,  then leads to  the  

problems a s s o c ia t e d  w i t h  r e c o r d in g  under l i g h t  c o n d i t i o n s .  One s o l u t i o n  

is to  employ o n ly  those JSs whose d a r k - a d a p t e d  p u p i l s  e x h i b i t  d i l a t i o n  to  

psychosensory  s t i m u l i ,  but t h i s  would In t ro d u c e  sampl ing  b ia s e s .  An
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a l t e r n a t i v e ,  which appears f e a s I L l e ,  Is to record  under t i g h t  c o n d i t i o n s ,  

us ing f a s t e r  sampling r a t e s ,  In  o rd e r  t o  Insure  th a t  what Is recorded Is 

not s im p ly  p u p i l l a r y  o s c i l l a t i o n s  In  l i g h t .  We have done t h i s  us ing  the  

Lcwenste ln -Loewenfe Id  e l e c t r o n i c  p u p l t lo g r a p h  (see s e c t i o n  on Law o f  

I n i t i a l  V a l u e ) ,  and p r e l i m i n a r y  t e s t i n g  has y ie l d e d  prom is ing  r e s u l t s ,

I I I .  R e l a t i o n s h i p  Between Autonomic and C en tra l  Measures of  A c t i v i t y

In  a number o f  p a pers ,  p u p i l l a r y  m o t i l i t y  and the e l e c t r i c a l  s t a t e  

o f  c o r t e x  have been compared and found t o  be h ig h ly  r e l a t e d .  These 

s tu d ie s  f a l l  in  t o  two c a t e g o r i e s ,  those us ing  gross EEG and p u p i l l a r y  

measures ( f re q u e n c y  c h a r a c t e r i s t i c s  o f  the EEG, and s i t e  o f  the pup i l  

to  the naked e y e ) , and those s tu d ie s  employing a ve ra g in g  techniques fo r  

both the pup i l  and the EEG, In  a d d i t i o n ,  o th e r  autonomic systems have 

been s tu d ie d  as a f u n c t i o n  of  s i m i l a r  v a r i a b l e s  and these papers w i l l  

a ls o  be re v ie w e d ,  s in ce  these r e s u l t s  appear to  In d i c a t e  a communal!ty  

o f  response w i t h  p u p i l l a r y  r e a c t i v i t y ,

A , Gross EEG and P u p i l l a r y  R e la t io n s h ip s

Naquet , R e g is ,  F i s h e r - W i 11 Iams and F e rn a n d ez -G u a rd lo la  ( I 9 6 0 )  

s tu d ie d  p u p i l l a r y  and EEG responses to  n o c ic e p t iv e  s t i m u l a t i o n  ( t a l l  

pinch) and r e t i c u l a r  fo rm a t io n  s t i m u l a t i o n .  Upon e i t h e r  form o f  s t im u ­

l a t i o n ,  c o r t i c a l  EEG became desynchron ized .  At the same t im e ,  the pup i l  

d i l a t e d ,  remain ing m y d r i a t i c  throughout the p e r io d  o f  s y n c h r o n iz a t io n .  

When c o r t i c a l  a c t i v i t y  s lowed, the pup i l  became p r o g r e s s iv e ly  s m a l l e r ,  

remain ing myot ic  throughout  the p e r io d  of  s y n c h r o n iz a t io n .

»er  I ucchi , Moruzzi  , Sabi and S t r a t a  (196A) I n v e s t i g a t e d  p u p i l l a r y  

a c t i v i t y  dur ing  the s le e p -w a k e fu In e s s  c y c le  in b l in d ed  c a t s .  Whi le  the  

animal was awake, the EEG was desynchronous and the p u p i l  w id e ly  d i l a t e d .
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When ^  assumed a s l e e p i n g  p o s t u r e ,  a p r o g r e s s iv e  r e d u c t io n  In  d ia m e te r  

was n o t i c e d ,  u s u a l l y  b e g in n in g  p r i o r  t o  the  appearance o f  slow rhythms  

I n  t h e  EEG. Upon EEG s l o w i n g ,  and d u r in g  s p i n d l i n g ,  the  p u p i l s  became 

p r o g r e s s i v e l y  c o n s t r i c t e d .  Dur ing  t h i s  p e r i o d ,  I t  was p o s s i b l e  t o  

evoke an a ro u s a l  r e a c t i o n  w i t h  a u d i t o r y  s t i m u l i , Th is  was accompanied  

by a " s t r i k i n g  p u p i l l a r y  d i l a t i o n " .

V i l l a b l a n c a  ( 1966) o b t a in e d  s i m i l a r  r e s u l t s .  He employed two 

p r e p a r a t i o n s  o f  the  c h r o n ic  d e c e r e b r a t e  c a t :  f )  a low p r e p a r a t i o n  

( p o s t - c o l  I I c u I a r ) ; and 2) a h ig h  p r e p a r a t i o n  ( p r e - c o l  I I c u I a r ) . I n  the  

" h ig h "  m esencepha l ic  S t changes in  the e l e c t r o c o r t  Icogram were c o r r e ­

l a t e d  w i t h  changes In  p u p l 1 I a r y  di ameter  ( I . e .  , a rousa l  -  mydrI as I s ; 

s le e p  ■ m y o s ls ) ,  in  the " lo w "  mesencephal ic  p r e p a r a t i o n ,  p u p i l l a r y  

a c t i v i t y  and e I s c t r o c o r t I c o g r a m  were d i s s o c i a t e d .  This  " low "  p r e p a r a t i o n  

Is  accompl ished by t r a n s e c t i o n  caudal  t o  the  t h i r d  nerve  n u c le u s ,  thus  

i n t e r r u p t i n g  i t s  ascending r e t i c u l a r  f o r m a t io n  I n f l u e n c e s .  T h e r e f o r e ,  

t h i s  s tudy  supports  those o f  Lowensteln  and lo e w e n fe ld  in  d e m o n s t ra t in g  

the  n e c e s s i t y  o f  an i n t a c t  t h i r d  nerve  fo r  a f u 11y - 1n t e g r a t e d  p u p i l l a r y  

d i l a t i o n .  V i l l a b l a n c a  ( 1966) concluded t h a t  m y d r ia s is  in  the d e c e r e b r a t e  

c a t  Is r e l a t e d  t o  w a k e f u 1 n e s s , and Is p ro b a b ly  due t o  in f lu e n c e s  o f  the  

r o s t r a l  m e d u l la  and mesencepha l ic  r e t i c u l a r  f o r m a t io n  I n h i b i t i n g  the  

c o n s t r i c t o r  tonus o f  the  Ed In g e r -W e s tp h a I  n u c l e i .

The s t u d ie s  rev iew ed  above,  dem onstra te  a marked correspondence  

between spontaneous EEG and p u p i l l a r y  m o t i l i t y .  Th is  correspondence  Is  

e v id e n c e  in  averaged evoked a c t i v i t y  in both system s,  as wi 1 1 be seen in  

the next s e c t i o n s .
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* •  R e l a t io n s h i p s  Between Averaged Evoked P o t e n t i a l s  and Averaged  

P u p i l l a r y  Responses

Independent  s t u d ie s  o f  averaged evoked p o t e n t i a l s  and averaged  

p u p i l l a r y  responses have shown both o f  these responses t o  be h i g h l y  

r e l a t e d .  S p e c i f i c a l l y ,  In  the s t u d ie s  t o  be r e v ie w e d ,  e f f e c t s  o f  

p s y c h o lo g ic a l  v a r i a b l e s  on the  l a t e  p o s i t i v e  component ( P 3) o f  the  

evoked p o t e n t i a l  have been shown t o  be s i m i l a r  t o  the  e f f e c t s  of  

these  v a r i a b l e s  on the  p u p i l l a r y  d i l a t i o n  response .  These s tu d ie s  

w i l l  be d iscussed  s e p a r a t e l y ,  a c c o rd in g  to  the type o f  v a r i a b l e  

man! puI a t e d .

1. V i g i l a n c e  and d i s c r i m i n a t i o n . Hakerem and Sut ton  (19 66 )  

I n v e s t i g a t e d  the  e f f e c t s  o f  v i g i l a n c e  on the  d ia m e te r  o f  the p u p i l  by 

comparing sessions in which was I n s t r u c t e d  t o  r e p o r t  whether  a 

t h r e s h o l d - l e v e I  l i g h t  was seen ,  to  sess ions  In which S was not r e ­

q u i r e d  t o  r e p o r t  the l i g h t  as Seen. Averaged p u p i l l a r y  curves d i f f e r e d  

i n  a m p l i t u d e ,  depending upon whether  or not was r e q u i r e d  t o  r e p o r t .

In  the  " r e p o r t "  c o n d i t i o n ,  the d i l a t i o n  c o n t in u e d  beyond the  occurrence  

o f  the l i g h t ;  In  the "no r e p o r t "  c o n d i t i o n ,  the d i l a t i o n  l e v e l l e d  o f f .  

Presumably ,  the d i f f e r e n c e s  between th ese  curves  r e f l e c t e d  d i f f e r e n c e s  

In  the degree  o f  v i g i l a n c e  r e q u i r e d  fo r  the  two ta s k s .

In  a second e x p e r i m e n t ,  a v e ra g in g  o f  the p u p i l l a r y  response was 

based upon whether  the S had "s een"  or  "not s e e n "  the  l i g h t .  In  t h i s  

c a s e ,  c o n t r a c t i o n  to  the  l i g h t  appeared o n ly  on those t r i a l s  on which  

the l i g h t  was r e p o r t e d  as seen.  In  a s i m i l a r  e x p e r i m e n t ,  w i t h  l i g h t  

I n t e n s i t y  a t  a t h r e s h o l d  l e v e l  ( r e p o r t e d  as seen f i f t y  pe rcen t  o f  the  

t i m e ) , Hakerem and S u t to n  ( I 9 6 6 ) asked t h e i r  £s t o  press  a key on h a l f  

the  t r i a l s  o n ly  when the  l i g h t  was seen ,  In  the  o th e r  h a l f  t o  press on ly



when the  l i g h t  was not seen.  In  a second s ess io n  o f  the some e x p e r i ­

m ent ,  Ss were r e q u i r e d  t o  press whe the r  or not the l i g h t  was seen.

Blank t r i a l s ,  I n  which the  s t im u lu s  energy  was o n e - t e n t h  t h a t  o f  the  

th r e s h o l d  s t i m u l u s ,  were I n t e r s p e r e s e d  a t  random throughout  the  f i r s t  

s e s s io n .  The averaged  curves  fo r  the  "seen" t r i a l s  showed a d e f i n i t e  

d i l a t i o n .  The averaged curves  fo r  the "not seen"  t r i a l s ,  and t r i a l s  In  

which no d 1 s c I m l n a t i o n  (seen  versus not seen) was r e q u i r e d  produced  

averaged d i l a t i o n s  not s u b s t a n t i a l l y  d i f f e r e n t  from " b la n k  t r i a l "  

a v e r a g e s .  In which the  s t im u lu s  was p ro b a b ly  never seen.  Hakerem and 

Sutton  (1966 )  concluded t h a t  t h i s  d i l a t i o n  o c c u r re d  o n ly  when two 

c o n d i t i o n s  were met:  I )  the  t h r e s h o l d  s t im u lu s  was seen by S,  and 2) 

the  d e t e c t i o n  o f  the s t im u lu s  had s i g n i f i c a n c e  ( I . e . ,  a d i s c r i m i n a t i o n  

was r e q u i r e d ,  and on ly  th en  d id  d i l a t i o n  o c c u r ) .

Using the  averaged evoked p o t e n t i a l  r e co rd ed  from s c a l p ,  R i t t e r  

and Vaughan 0 9 6 9 )  o b t a in e d  e x t r e m e ly  s i m i l a r  r e s u l t s  to  those o f  

Hakerem and S ut ton  (1 966 )  , w i t h  an a n a l y s is  o f  a l a t e  p o s i t i v e  component 

o c c u r r i n g  a t  9 5 0 - 5 5 0  msec,  a f t e r  the  s t i m u l u s .  R i t t e r  and Vaughan (1966)  

used both a u d i t o r y  and v i s u a l  d i s c r i m i n a t i o n  t a s k s ,  w i t h  a c t i v e  e l e c t r o d e s  

placed  a t  v e r t e x  and m i d - o c c i p u t .  Only the  r e s u l t s  o f  the a u d i t o r y  ta sk  

w i l l  be p re se n te d  h e r e .  In  the a u d i t o r y  c o n d i t i o n ,  the  s ig n a l  and non- 

s ig n a l  s t i m u l i  were tone bu rs ts  s e p a r a te d  by a 5 dB I n t e r v a l  ( t h e  non- 

s ig n a l  was louder than the  s i g n a l ) .  ^  was i n s t r u c t e d  t o  press a key  

whenever he d e t e c t e d  the  s i g n a l .  The averaged evoked response fo r  

d e t e c t e d  s ig n a ls  c o n ta in e d  a prominent l a t e  p o s i t i v e  component,  w i t h  

peaks from *+50-550 msec. , w h i l e  averaged evoked responses t o  n o n - d e te c te d  

s ig n a ls  and n o n - s ig n a ls  had s i m i l a r  waveforms,  but c o n t a in e d  no l a t e  

p o s i t i v e  component.
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These s t u d ie s  have shown t h a t  both p u p i l l a r y  d i l a t i o n  and the  

l a t e  p o s i t i v e  component o f  the evoked p o t e n t i a l  occur o n ly  when 

d e t e c t s  the s i g n a l ,  and Is r e q u i r e d  t o  make a d e c i s i o n  based on t h a t  

d e t e c t i o n .  S i m i l a r  r e s u l t s  have been o b ta in e d  by H l r s c h  (1970)  fo r  

the  component o f  the  evoked p o t e n t i a l ,  and by Simpson ( 1 9 6 9 ) fo r  

the  pupl I , Pau I (unpub 11 shed d a ta )  , and HI 1 l y a r d  e£  aj_. ( I n  p ress )  

have shown t h a t  P3 is l a rg e  In  a m p l i tu d e  In  a s ig n a l  d e t e c t i o n  

ex p e r im en t  when the  s ig n a l  Is d e t e c t e d ,  but t h a t  P j  Is absent when 

responses t o  c o r r e c t  r e j e c t i o n s ,  n o n -d e te c te d  s i g n a l s ,  and f a l s e l y -  

r e p o r t e d  n o n - s ig n a ls  are a ve ra g ed .  Thus ,  ta k e n  t o g e t h e r ,  these  

i n v e s t i g a t i o n s  demonstrate  a c lo s e  correspondence  between S s 1 p e r c e p t u a l  

r e p o r t s  and both P 3 and d i l a t i o n  response a m p l i t u d e s .

2 ,  P u p i l l a r y  c o r r e l a t e s  o f  s t im u lu s  u n c e r t a i n t y . S i m i l a r i t y  o f  

response between p u p i l  and evoked p o t e n t i a l  has been demonstrated  w i t h  

the  v a r i a b l e  o f  s t im u lu s  u n c e r t a i n t y .  In  t h i s ,  and the  next s e c t i o n ,  

these  s t u d i e s  w i l l  be re v ie w e d .  In  a d d i t i o n ,  recen t  r e p o r t s  have 

shown t h a t  h e a r t  r a t e  and GSA are a ls o  a f f e c t e d  s i m i l a r l y  by t h i s

v a r i a b l e .  These s t u d ie s  w i l l  a l s o  be d is cu s s ed .

Assuming t h a t  In t r o d u c i n g  s t im u lu s  u n c e r t a i n t y  i n t o  an e x p e r i ­

menta l  s i t u a t i o n  Inv o lv e s  e m o t i o n a l i t y ,  a t t e n t i o n  and menta l  a c t i v  t t y  

fo r  Lev ine  ( 1969) and Levine  and Hakerem (1 9 69 )  s t u d i e d  the  

p u p i l l a r y  d i l a t i o n  response as a f u n c t i o n  o f  s t im u lu s  u n c e r t a i n t y .  

S t i m u l i  were a u d i t o r y  c l i c k s  d e l i v e r e d  a t  60 dB above t h r e s h o l d .  There  

were t h r e e  types o f  c l i c k  s t i m u l i :  I )  a s i n g l e  c l i c k  never f o l lo w e d  by 

a n o th e r  c l i c k ;  2) a double  c l i c k  w i t h  an I n t e r - c I I c k - I n t e r v a l  o f  50 

m sec . ,  and 3) a t r i p l e  c l i c k ,  c o n s i s t i n g  o f  the  double c l i c k  as

d e s c r ib e d  In  2 , f o l lo w e d  one second l a t e r  by a t h i r d  c l i c k .  There were
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th r e e  c o n d i t i o n s  In  the  e xp e r im en t :  1) T o ld  condi t i o n . in  which the  £  

t o l d  w+t#t the  next  c l i c k - t y p e  wouid be; 2) Cuess c o n d i t i o n . In  which  

S was r e q u i r e d  t o  guess the i d e n t i t y  o f  the  upcoming c l i c k - t y p e .  in  

t h i s  c o n d i t i o n ,  the  s i n g l e  c l i c k  r e s o lv e d  a l l  u n c e r t a i n t y .  However,  i f  

_S was p resen te d  w i t h  a double  c l i c k ,  he would have t o  w a i t  one second In  

o rd e r  t o  r e s o lv e  h is  u n c e r t a i n t y .  At t h a t  t i m e ,  the t h i r d  c l i c k  would or  

would not o c cu r ,  and 3) Guess /To ld  c o n d i t i o n . In  which S. was r e q u i r e d  

to  guess what the  next  s t im u lu s  wouid be,  but Im m edia te ly  a f t e r  h is  guess ,  

and p r i o r  t o  s t im u lu s  p r e s e n t a t i o n ,  he was t o l d  b o th ,  whether  he was 

r i g h t  or wrong,  and e x a c t l y  what t h a t  t r i a l ' s  s t im u lu s  would be.

The r e s u l t s  o f  the  Levine  and Hakerem (19&9) s tudy  showed t h a t ,  In  

a l l  c a s e s ,  d i l a t i o n s  averaged across s t i m u l i  w i t h i n  the same i n d i v i d u a l  

were l a r g e r  in  the  Guess c o n d i t i o n  than  in e i t h e r  o f  the o t h e r  two 

c o n d i t i o n s .  Both the T o ld  and the  Guess /To ld  c o n d i t io n s  y i e l d e d  s i m i l a r  

averaged d i l a t i o n  responses .  When the responses were averaged w i t h  

re sp e c t  to  s t i m u l i  w i t h i n  a c o n d i t i o n ,  the e f f e c t  o f  s t im u lu s  u n c e r t a i n t y  

was c l e a r l y  seen.  For the To ld  and the Guess /To ld  c o n d i t i o n s  responses  

t o  the th r e e  c l i c k - t y p e s  were I d e n t i c a l ,  a small  i n i t i a l  d i l a t i o n  to  the  

s i n g l e  c l i c k  and the r a p id  double c l i c k ,  w i t h  no d e t e c t a b l e  response to  

the  t h i r d  c l i c k .  In the u n c e r t a i n  or  guess ing  s i t u a t i o n ,  the response  

depended upon the  s t im u lu s  and the  amount o f  i n f o r m a t i o n  I t  conveyed.  

D i l a t i o n s  t o  the  t h r e e  s t i m u l i  were I d e n t i c a l  up to  the p o in t  In  t ime  

at  which the amount o f  i n f o r m a t i o n  conveyed was s i m i l a r .  Thus ,  a l l  t h r e e  

averaged responses showed an i n i t i a l  d i l a t i o n ,  but on ly  the curves fo r  the  

double  and t r i p l e  c l i c k s  showed a c o n t in u e d  d i l a t i o n ,  l a s t i n g  u n t i l  the  

pot nt In  t ime when u n c e r t a l n t y  was r e s o lv e d  ( I . e .  , when the  t h i r d  c l i c k  

d id  or  d id  not o c c u r ) .  Thus,  In  the  case of  the double c l i c k ,  a "phantom11
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d i l a t i o n  was produced whenever £  had t o  w a i t  f o r  c o n f i r m a t i o n  t h a t  

the double  c 1 Ick  was , In  f a c t , a double  c i I c k .

Bradshaw (1 9 6 8 )  s t u d i e d  p u p i l l a r y  and r e a c t i o n - t i m e  changes 

a s s o c ia t e d  w i t h  s t im u lu s  u n c e r t a i n t y .  He employed t h r e e  c o n d i t i o n s :

1) No w arn in g  s ig n a l  was g i v e n ,  and the  s ig n a l  to  which ^  had to  

respond was randomly e i t h e r  v i s u a l  or  a u d i t o r y ;  2) A w arn in g  s ig n a l  was 

g i v e n ,  but the f o r e p e r io d s  p re ce d in g  the response s ig n a l  were randomly  

long (5 and 1/2 seconds) or  s h o r t  (2 and 3/*+ seconds) ;  3) A w arn in g  

s ig n a l  was g i v e n ,  and the f o r e p e r io d  was always s h o r t .  As one would 

expect from the l a rg e  body o f  r e a c t i o n  t ime l i t e r a t u r e  ( e . g . ,  Hyman,

1953) ,  the longest  r e a c t i o n  t imes were o b ta in e d  in  c o n d i t i o n  one,  the  

next longest  in  c o n d i t i o n  two,  and the s h o r t e s t  fo r  c o n d i t i o n  t h r e e ,  

Cont inuous p u p i l l a r y  records  were o b ta in e d  at 2 . 7  i n t e r v a l s  per second.  

The mean h ig h e s t  p o in t  In  the  p u p i l l a r y  curve  w h i l e  S was r e s p o n d in g , 

was c o n s i s t e n t l y  and s i g n i f i c a n t l y  lower f o r  the no -w arn ing  c o n d i t i o n .

The l a s t  t e n  p u p i l l a r y  records  showed the o p p o s i te  r e s u l t :  a s i g n i f i ­

c a n t l y  h ig h e r  mean a m p l i tu d e  fo r  the no -w arn ing  c o n d i t i o n  than f o r  the  

o th e r  two c o n d i t i o n s .

The p o in ts  in  t ime fo r  which Bradshaw (1968 )  does r e p o r t  d a t a  are  

s u b je c t  to  c r i t i c i s m ,  s in c e  He recorded p u p i l  s i z e  w h i l e  ^  was making  

a motor resp o n se ,  and t h i s  has been shown t o  enhance p u p i l  s i z e  (Simpson,  

and P a i v l o ,  1966) .  S ince S has no Idea  which i n t e r v a l  w i l l  o c c u r ,  the  

l o g i c a l  p o i n t  in  t ime fo r  which p u p i l l a r y  d a ta  should  be r e p o r t e d  are  

d u r in g  or at  the  end o f  th e  two i n t e r v a l s .  Bradshaw ( 1 9 6 8 ) commented 

t h a t ,  " I n  t h r e e  _Ss t h e r e  was a smal l  peak in  p u p i l l a r y  d i l a t i o n  fo l lo w e d  

by a d r o p ,  In the  v a r  1 a b t e - l o n g  c o n d i t i o n ,  a t  t h a t  p o i n t  in  t im e  when a 

response s ig n a l  would have o c curred  had t h a t  i n t e r v a l  been v a r i a b l e
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s h o r t "  (p .  7 0 ) .  Th is  comment by #radshaw (1968) is e x a c t l y  what was 

found fo r  the  p u p i l l a r y  d i l a t i o n  response by Levine and Hakerem { 1969) .

P r a t t  (1970) found a s i g n i f i c a n t  l i n e a r  Increase  In peak p u p i l l a r y  

d i l a t i o n  as s t im u lus  " u n p r e d i c t a b i l i t y "  ( P r a t t  a ls o  c a l l s  t h i s  

" c o g n i t i v e  u n c e r t a i n t y " )  Inc re a se d .

The above I n v e s t i g a t i o n s  ex tend  the con c lu s io n  drawn e a r l i e r  

( S e c t io n  I I A ) , t h a t  p u p i l l a r y  d i l a t i o n  Is a p h y s io lo g ic a l  c o r r e l a t e  

o f  In fo r m a t io n  p rocess ing  In  man. This was c o n v in c in g ly  demonstrated  

by Levine and Hakerem ( 1 9 6 9 ) ,  whose r e s u l t s  showed the e x is te n c e  o f  

a "phantom d i l a t i o n "  at  the p o in t  In  t ime when a s t im u lus  was e xp e c te d ,  

but d id  not occur .  These da ta  s u g g e s t ,  as have the d a ta  o f  o th e r  

I n v e s t i g a t o r s  ( e . g . ,  Sokolov ,  1963a,  1963b ) ,  th a t  a bas ic  f u n c t io n  of  

the CNS is the comparison of  Incoming In fo r m a t io n  w i t h  In fo r m a t io n  

a l r e a d y  s to re d  In  memory. This  is not s imply  a q u a l i t a t i v e  f i n d i n g .

P r a t t  (1970) was ab le  to  demonstrate the e x i s t e n c e  o f  a l i n e a r  r e l a t i o n ­

s h ip  between d i l a t i o n  am p l i tu d e  and u n c e r t a i n t y .  These r e s u l t s  have 

a ls o  been o b ta in e d  w i t h  the P-j component o f  the averaged evoked p o t e n t i a l ,  

and suggest t h a t  the evoked p o t e n t i a l  might be m e d ia t in g  the " p e r i p h e r a l "  

d i l a t i o n  response.  The next s e c t i o n  discusses f in d in g s  fo r  t h i s  component 

o f  the evoked p o t e n t i a l .

?. Evoked p o t e n t i a l  c o r r e l a t e s  o f  s t im u lus  u n c e r t a i n t y . Of c o n s i d e r ­

ab le  I n t e r e s t  has been the f i n d ' n q  o f  a l a t e  p o s i t i v e  component (2 50-  

350 msec.)  o f  the s c a lp  evokeo p o t e n t i a l ,  which seems t o  be a c o r r e l a t e  

o f  the c o g n i t i v e  e v a l u a t i o n  o f  the s t im u lus  complex.  This  has been 

termed the P j  component by S ut ton  and h is  c o l le a g u es  (S u t t o n  « ! £ ] _ . ,  1965,  

1967 ) .  Except fo r  l a t e n c y ,  t h i s  l a t e  p o s i t i v e  component appears to  be 

Independent o f  the sensory m o d a l i t y  o f  the s t im ulus  which d e l i v e r s  the
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I n f o r m a t i o n  ( S u t to n  e £  aj_. , 1 9 ^ 7 ) .

S u t ton  i L .  (19 65 )  I n v e s t i g a t e d  the  e f f e c t s  o f  s t im u lu s  un­

c e r t a i n t y  on the P j  component o f  the  a u d i t o r y  evoked p o t e n t i a l  recorded  

from v e r t e x  e l e c t r o d e s .  In  one e x p e r i m e n t ,  a c u e in g  s t im u lu s  i n d i c a t e d  

to  S t h a t  a sound would always o c c u r ,  or  a l i g h t  would always occur  

f o l l o w i n g  a random I n t e r v a l  o f  3 to  5 seconds. In  t h i s  s i t u a t i o n ,  

was c e r t a i n  o f  the  n a tu re  o f  the  s t im u lu s  t h a t  f o l lo w e d  the  c u e .  A 

second c u e in g  s t im u lu s  I n d i c a t e d  to  t h a t  e I t h e r  a sound or a l i g h t  

would o c c u r .  There were d i f f e r e n c e s  between the waveforms e l i c i t e d  

by c e r t a i n  and u n c e r t a i n  s t i m u l i  In  a l l  o f  the components measured.  

However,  the most marked d i f f e r e n c e  o c c u r re d  f o r  P j , t h i s  component 

be ing  l a r g e r  in  the  u n c e r t a i n  than  In  the c e r t a i n  c o n d i t i o n .  In  a 

second exper im ent  o f  the same p a p e r ,  degree o f  u n c e r t a i n t y  was v a r i e d  

by chang ing the  p r o b a b i l i t y  w i t h  which a sound or a l i g h t  f o l lo w e d  a 

c u e in g  s t i m u l u s .  One cue was f o l lo w e d  33 p e rc e n t  o f  the t ime by a 

l i g h t  and 66 p e rc e n t  o f  the  t im e  by a sound. A d i f f e r e n t  cue ing  

s t im u lu s  was fo l lo w e d  by the  In v e r s e  r a t i o .  In  a l l  c a s e s ,  P^ was 

p r e s e n t ,  s in ce  was always u n c e r t a i n .  However,  P^ was g r e a t e r  In  

a m p l i tu d e  fo r  the lower p r o b a b i l i t y  s t i m u l u s .

In  a l a t e r  s t u d y ,  S u t to n  ejt̂  a_[. (19 67 )  were a b le  t o  demonstrate  

t h a t  the  l a t e n c y  o f  the  P^ component corresponded t o  the  p o in t  In  t ime  

when S's  u n c e r t a i n t y  was r e s o l v e d .  S was e i t h e r  t o l d  In  advance 

( c e r t a i n )  or had t o  guess ( u n c e r t a i n )  what the  next s t im u lu s  would be.

The s t im u lu s  was a s i n g l e  c l i c k ,  which cou ld  or c o u ld  not have been 

f o l lo w e d  180 msec,  l a t e r  by a second c l i c k .  In  the  c e r t a i n  c o n d i t i o n ,

P j  was e i t h e r  absent or o f  minimal  a m p l i t u d e .  In  the  u n c e r t a i n  c o n d i t i o n ,  

the o ccurrence  o f  P^ corresponded to  t h a t  p o in t  In  t ime when Ji's
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u n c e r t a i n t y  was r e s o lv e d  ( I . e . ,  300 msec,  f o l l o w i n g  the  second c l i c k ) .  

When the c o n d i t i o n s  were changed, and the second c l i c k  o c c u r re d  580 

msec, f o l l o w i n g  the  f i r s t ,  P3 was de layed  u n t i l  300 msec,  f o l l o w i n g  the  

second c l i c k .

A f i n a l  s tu d y  o f  the same paper (S u t to n  e_t a^. , 19^7) c o n v i n c i n g l y  

demonstrated  t h a t  P^ l a t e n c y  was r e l a t e d  t o  t ime o f  Si's u n c e r t a i n t y  

r e s o l u t i o n .  ^  was p rese n ted  w i t h  two c l i c k  s t i m u l i , s e p a ra te d  by e i t h e r  

a s h o r t  ( 180 msec. )  , med i um {580  msec. )  , or  1ong (980  msec.)  I n t e r v a l . 

P r i o r  to  each t r i a l  was r e q u i r e d  to  guess the len g th  o f  the upcoming 

I n t e r - c I I c k - 1n t e r v a 1. Th is  r e s u l t e d  In  a m a t r i x  o f  9 c o n t in g e n c ie s  

(3  guesses by 3 i n t e r v a l s ) .  P^ was l a r g e s t  In  a m p l i t u d e .  In  a l l  c a s e s ,  

when the  presence o f  the second c l i c k  d e l i v e r e d  a l l  the I n f o r m a t i o n  

( e . g . ,  when S had guessed lo n g " ,  but r e c e iv e d  " s h o r t " ) .  Where the  

absence o f  the second c l i c k  ( e . g . ,  guess " s h o r t " ,  but r e c e i v e  " lo n g "  

d e l i v e r e d  the I n f o r m a t i o n ,  P3 was r e l a t i v e l y  f l a t t e n e d .  This  was 

a t t r i b u t e d  to  the  p r e c i s e  t i m e - l o c k i n g  o f  P-j when the s t im u lu s  was 

p r e s e n t ,  as opposed t o  t ime J i t t e r  a s s o c ia t e d  w i t h  i n f o r m a t i o n  d e l i v e r y  

v i a  the  absence o f  the second c l i c k .

R i t t e r ,  Vaughan, and Costa ( 1968) s t u d ie d  whether  the P2 component 

o f  the  a u d i t o r y  evoked p o t e n t i a l  was s u b je c t  to  h a b i t u a t i o n .  These  

i n v e s t i g a t o r s  a t te m p te d  t o  demonstrate  h a b i t u a t i o n  by p r e s e n t i n g  ^ w i t h  

the  same a u d i t o r y  s t im u lu s  f o r  30 t r i a l s .  Using an a v e ra g in g  tec h n iq u e  

which a l lo w e d  them t o  look at changes w i t h i n  a b lock  o f  30 t r i a l s ,  they  

found P  ̂ am p l i tu d e  decrement when u s in g  1n t e r - s t I m u 1 u s - i n t e r v a I s  ot 2 

seconds. However,  when th ey  sw i tch e d  to  an I n t e r - s t i m u I  u s - I n t e r v a )  o f  

10 seconds,  no decrease in  P a m p l i t u d e  o c cu r re d  across s t i m u l i .  In  

o rd e r  t o  d e te rm in e  I f  the a m p l i tu d e  decrement found u s in g  2 -second
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I n t e r - s t I m u l u s - 1n t e r v a l s  was t r u e  h a b i t u a t i o n ,  a p i t c h  change was 

In t ro d u c e d  w i t h i n  the s t im u lu s  s e r i e s  t o  e l i c i t  d l s h a b l t u a t I o n .

In s te a d  o f  f i n d i n g  an enhancement o f  P2 a m p l i tu d e  w i t h  p i t c h  change  

(which would be i n d i c a t i v e  o f  t r u e  h a b i t u a t i o n ) ,  they  found a change  

in  waveform ,  which c o n s is t e d  o f  a l a rg e  p o s i t i v e  component ( P 3) peak ing  

at  about 350 msec.  F u r t h e r  exper im ents  led these  I n v e s t i g a t o r s  t o  

conc lude  t h a t  P3 r e f l e c t e d  a s h i f t  o f  a t t e n t i o n  a s s o c ia t e d  w i t h  the  

o r i e n t i n g  response t o  u n p r e d i c t a b l e  changes In  p i t c h .  However,  in  

these e xpe r im ents  S was a l s o  u n c e r t a l n  as to  when the p i t c h  changes  

would o c c u r ,  and t h e r e f o r e  o r i e n t i n g  may not w h o l ly  account f o r  the  

resu  I t s .

T u e t ln g  (1 9 68 )  measured P3 a m p l i tu d e  ( 0 — P3) as a f u n c t i o n  o f  

degree o f  u n c e r t a i n t y .  She v a r i e d  the f requency  o f  o ccurrence  o f  highl­

and l o w -p i tc h e d  t o n e s ,  w h i l e  was r e q u i r e d  to  guess ( u n c e r t a i n )  or  

was t o l d  ( c e r t a i n )  what the  next s t im u lu s  would be.  Four p r o b a b i l i t i e s  

o f  o ccurrence  were used: 2 0 ,  140, 60 and 80 p e r c e n t .  P^ a m p l i tu d e  v a r i e d  

i n v e r s e l y  and m o n o t o n ic a l l y  as a f u n c t i o n  o f  the p r o b a b i l i t y  o f  the  

s t i m u l u s .  A ls o  employed was an outcome p r o b a b i l i t y  measure ( t h e  I n t e r ­

a c t i o n  o f  S ’ s guess ing  r a t e  and the  s t im u lu s  r a t e ) .  When Pq ^ n p l l t u d e  was 

p l o t t e d  as a f u n c t i o n  o f  outcome p r o b a b i l i t y ,  t h i s  same r .onotonic  and i n ­

verse  r e l a t i o n s h i p  was p r e s e n t .

Fox (1961+) has shown t h a t  11 g h t - d e p r  I ved Phesus monkeys show 

d i f f e r e n t  r a t e s  o f  t e r m i n a t i o n  o f  sequences o f  l i g h t  depending upon the  

n a tu re  o f  the l i g h t  sequence.  He used t h r e e  such sequences: 1) r e g u l a r  

sequences -  r e p e t i t i v e  f l a s h e s  o f  0 . 5  seconds d u r a t i o n ,  w i t h  an i n t e r ­

f l a s h -  t n t e r v a )  o f  2 seconds; 2) random sequence -  0 . 5  s e c o n d s - d u r a t io n  

f l a s h e s  w i t h  randomly v a r y i n g  i n t e r v a l s ,  hav ing  a mean o f  2 seconds and
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a range o f  0 - 4  seconds; 3) d e r i v e d  se 1 f -s e q u e n c e  -  c o n s is t e d  o f  Si's own 

p a t t e r n  as he hod g e n e ra te d  I t  on a p re v io u s  t e s t  day by b a r - p r e s s i n g  

f o r  l i g h t  r e in f o r c e m e n t .  The monkeys were p la ce d  In  a c o m p l e t e l y -  

darkened chamber and exposed t o  each s t im u lu s  sequence.  A bar press  

t e r m in a t e d  l i g h t  f o r  30 seconds. T h e r e f o r e ,  the h ig h e r  the number o f  

p r e s s e s ,  the  less p r e f e r r e d  was the sequence.  T e r m in a t io n  r a t e s  were  

h ig h e s t  f o r  the r e g u l a r  sequence,  next f o r  the random sequence and 

l e a s t  f o r  the d e r iv e d  sequence.  W i th  these r e s u l t s ,  Fox (1 964 )  reasoned  

t h a t  these t h r e e  sequences o f  sensory change should be d i f f e r e n t i a l l y  

re p re s e n te d  in the  CNS, He then  Im p lan ted  h is  Jis w i t h  r e c o r d in g  

e l e c t r o d e s ,  and a g a in  exposed them t o  the  t h r e e  sequences.  The main  

f i n d i n g  was t h a t  evoked p o t e n t i a l  a m p l i tu d e  recorded  from a v a r i e t y  

o f  s t r u c t u r e s  h a b i t u a t e d  d r a m a t i c a l l y  f o r  the s e l f - s e q u e n c e  and the  

r e g u l a r  sequence.  No h a b i t u a t i o n  was apparent f o r  the random sequence,  

thus le a d in g  Fox (1964)  t o  a t t r i b u t e  these  r e s u l t s  t o  the amount o f  

u n c e r t a i n t y  In  the random sequence.

C l e a r l y ,  i n f o r m a t i o n  p ro c e s s in g  Is r e f l e c t e d  in the  evoked p o t e n t i a l ,  

e s p e c i a l l y  the l a t e  components.  Th is  Is both a q u a l i t a t i v e  ( P j  p re se n t  

in  u n c e r t a i n  c o n d i t i o n ,  but not In  the c e r t a i n  c o n d i t i o n ) , and a q u a n t i ­

t a t i v e  f i n d i n g  (P^ am p l i tu d e  decreased  as ev e n t  frequency  I n c r e a s e d ) .

These q u a n t i t a t i v e  r e l a t i o n s h i p s  appear to  ho ld  f o r  o th e r  p h y s i o l o g i c a l  

measures,  such as h e a r t  r a t e  and GSR.

3. H e a r t  r a t e  and GSR c o r r e l a t e s  o f  s t im u lu s  u n c e r t a i n t y . H ear t  

r a t e  changes as a f u n c t i o n  o f  s t im u lu s  u n c e r t a i n t y  have a l s o  been I n v e s t i ­

g a te d .  A very  re c e n t  r e p o r t  by H ig g in s  (1971)  has shown changes In  h e a r t -  

r a t e  d e c e l e r a t i o n  as w e l l  as a c c e l e r a t i o n  as a f u n c t i o n  o f  degree o f  un­

c e r t a i n t y .  H ig g in s *  expe r im ent  was designed  t o  m a n ip u la te  S 's  expectancy
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as to  whether  a s ig n a l  or  a n o n - s ig n a l  would o c c u r .  The s t im u lu s  con­

f i g u r a t i o n  was a h o r i z o n t a l  a r r a y  o f  f i v e  l i g h t s .  Every 27  seconds,  one 

o f  the f i v e  l i g h t s  would come on a t  f u l l  i n t e n s i t y  and th e n  dim. The 

o rd e r  o f  1 1 g h t -o c c u r re n c e  was random over 100 t r i a l s .  As the  l i g h t  went  

o f f ,  a tone o c c u r re d  -  e i t h e r  the  Ts ( s i g n a l )  a t  13^3 H z ,  or the  Tns 

( n o n - s I g n a l ) a t  1265 Hz.  The p r o b a b i l i t y  o f  the Ts f o l l o w i n g  each o f  the  

f i v e  l i g h t s  was m a n ip u la te d  so t h a t  i t  was most l i k e l y  t o  f o l l o w  the  

l e f t - m o s t  l i g h t  ( L | ) ,  and le a s t  l i k e l y  to  f o l l o w  the r i g h t - m o s t  l i g h t  

( L 5 ) , w i t h  a graded p r o b a b i l i t y  o f  occurrence  between these  extremes  

( f ro m  a p r o b a b i l i t y  o f  1 .0  -  0 . 0 ) .  The TnJ to o k  on the r e v e r s e  p ro b ­

a b i l i t i e s  o f  the  T s a t  each o f  the f i v e  l i g h t s .

S was In fo r m e d ,  as In  the  p re s e n t  e x p e r im e n t ,  o f  the e xa c t  p rob ­

a b i l i t i e s  a t  each l i g h t .  Two groups were fo rmed,  group VIG s im p ly  d e lay ed  

t h e i r  b u t to n  press t o  the  T w h i l e  group AT had to  respond to  the Ts as 

q u i c k l y  as p o s s i b l e .  Mo response was t o  be g iv e n  to  the  Tns In  e i t h e r  

group.  R e a c t io n  t ime In  group RT was a d e c re a s in g  f u n c t i o n  o f  the  T$ ‘ s 

1 1 g h t -g e n e r a te d  e x p e c ta n c le s  ( I . e . ,  RT t o  L j ,  I n  which S was 100 percent  

c e r t a i n  t h a t  the Ts would o c c u r ,  was f a s t e r  th a n  at , where the  prob­

a b i l i t y  was .2 t h a t  the  Ts would o c c u r ) .  The h e a r t  r a t e  curves  f o r  both

groups were t r i p h a s i c  w ave form s,  c o n s i s t i n g  o f  an I n i t i a l  a c c e l e r a t i o n ,  

f o l lo w e d  by a d e c e l e r a t i o n  l a s t i n g  u n t i l  tone o n s e t ,  and f o l lo w e d  by a 

f i n a l  a c c e l e r a t o r y  phase.  Only the  f i r s t  two h e a r t  r a t e  components were 

s u b je c t e d  t o  a n a l y s i s ,  and both were s i g n i f i c a n t l y  r e l a t e d  t o  the  s t im u lu s  

u n c e r t a i n t y  engendered by the  l i g h t s ,  w i t h  f a s t e r  a c c e l e r a t i o n  and 

d e c e l e r a t i o n  o c c u r r i n g  p r i o r  t o  the Ts which f o l lo w e d  the  l i g h t  hav ing  

maximal u n c e r t a i n t y .  A l thoug h  the  f i n a l ,  p o s t - s t i m u l u s  a c c e l e r a t o r y  phase 

was not measured,  I t  appears from the curves p re sen te d  In  f i g u r e s  and 5
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o f  H i g g i n s '  { 1 9 7 0  p *p « r  t h a t  t h i s  a c c e l e r a t i o n  was a l s o  a f f e c t e d  by 

u n c e r t a I n t y .

Lovlbond (1969 )  has p rese n ted  r e s u l t s  f o r  m u l t i p l e  s t im u lu s  

sequences.  Employing the  o r i e n t i n g  response as a t h e o r e t i c a l  m o de l ,  

Lovlbond (1 969 )  p r e d i c t e d  t h a t  an In v e r s e  f u n c t I  on wouId  best d e s c r ib e  

the r e l a t i o n s h i p  between GSft h a b i t u a t i o n  and s t im u lu s  u n c e r t a i n t y .

S t i m u l i  were p r e s e n te d  In  p a i r s  In  a c 1 ass l e a l - c o n d l t l o n l n g  pa rad ig m ,  

w i t h  S2 o c c u r r i n g  a t  S) o f f s e t .  The p r o b a b i l i t y  t h a t  S2 would f o l l o w  

Sj was v a r i e d  f o r  seven groups o f  ^ s , r e p r e s e n t i n g  0 ,  10 ,  2 0 ,  5 0 , 8 0 ,

9 0 ,  and 100 p e rce n t  r e in f o r c e m e n t .  The r e s u l t s  were In  accord w i t h  

Lov lbond 's  p r e d i c t i o n ,  the  100 and 90  p e rc e n t  groups h a b i t u a t i n g  more 

r a p i d l y  th an  th e  80 or 20  p e rce n t  g ro u p s ,  which h a b i t u a t e d  f a s t e r  

than  the 50 pe rcen t  group.  Lovlbond ( 1969) concluded t h a t  h is  r e s u l t s  

were “c o n s i s t e n t  w i t h  S o k o lo v 's  neurona l  model o f  the  o r i e n t i n g  r e s p o n s e , 

and o f f e r e d  f u r t h e r  support  f o r  the v ie w  t h a t  human i n f o r m a t i o n  p r o ­

c e s s in g  In v o lv e s  a form o f  p r o b a b i l i t y  a n a ly s is  s i m i l a r  t o  t h a t  p o s tu ­

l a t e d  by I n f o r m a t i o n  t h e o r y "  (p ,  9 3 8 ) .

In  sumnary,  r e s u l t s  o f  s t u d i e s  em ploy ing  s t im u lu s  u n c e r t a i n t y  

as the main Independent  v a r i a b l e  have shown rem ark ab ly  c o n s i s t e n t  and 

s i m i l a r  e f f e c t s  In  a v a r i e t y  o f  p h y s i o l o g i c a l  system.  Th is  would appear  

t o  i n d i c a t e  t h a t  some common n e u r o p h y s i o l o g i c a l  mechanism m edia tes  these  

r e s p o n s e s .

IV .  The C o nt ing ent  N e g a t iv e  V a r i a t i o n

C o n s id e ra b le  re s e a r c h  i n t e r e s t  has been In v e s te d  l a t e l y  in  the  

study  o f  a s lo w ,  n e g a t i v e  DC s h i f t  t h a t  seems t o  be the c o r r e l a t e  o f  

“e x p e c t a n c y " ,  a t t e n t i o n .  I n t e n t i o n ,  and c o n a t i o n .  Th is  n e g a t i v e  s h i f t  

has been c o r r e l a t e d  w i t h  such a wide v a r i e t y  o f  p s y c h o lo g ic a l  s t a t e s ,
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t h a t  the  l i t e r a t u r e  d e s c r i b i n g  i t  does not lead t o  any g enera l  

c o n c lu s io n s  r e g a r d i n g  I t s  s i g n i f i c a n c e  o r  g e n e s is .  Grey W a l t e r  et_ a I .

( 196*+) were  the f i r s t  t o  d e s c r ib e  t h i s  n e g a t i v e  s h i f t  as d e v e lo p in g  be­

tween two s t i m u l i ,  S1 and , when a c o n t in g e n c y  between S| and S2 had 

been e s t a b l i s h e d  by r e q u i r i n g  to  make a motor response as q u i c k l y  as 

p o s s ib le  t o  $2 , T h e r e f o r e ,  W a l t e r  e t  a_K (1 96*0  c a l l e d  I t  the " c o n t in g e n t  

n e g a t iv e  v a r i a t i o n  "  (C N V) , I t  has a ls o  been c a l l e d  an "e x p e c ta n c y "  or  

"E-wave" ( W a l t e r ,  1966) , s in ce  I t  supposedly  r e f l e c t s  the  a t t i t u d e  o f  S 

to  the a n t i c i p a t e d  p a i r i n g  o f  and $2 .

H l l l y a r d  and Galambos ( 1 9 6 7 ) ,  Low, B o r d a , F rost  and Ke11 away ( 1966) ,  

and W a l t e r  et  ̂ _aK (1964)  have I n d i c a t e d  t h a t  a motor response Is not 

necessary  fo r  CNV o c c u r re n c e .  However,  some i n v e s t i g a t o r s  r e p o r t  a 

somewhat l a r g e r  CNV when a motor response (a  key press) Is I n s t r u c t e d  

t o  S2 ( e . g .  , Low et  ̂ a_L , 1966) , Some response , e i t h e r  menta l  ( e . g . ,  

e s t i m a t i o n  o f  t ime o c cu r ren ce  o f  S2 ) , or  motor ( e . g .  , key press) Is 

r e q u i r e d  f o r  main tenance  o f  CNV,

G e n e r a l l y ,  the f i e l d  o f  the CNV over  the s c a lp  is maximum 

a n t e r l o r a l l y  and m e d i a l l y ,  a l t h o u g h  I t  can be re corded  over  the  e n t i r e  

head (Low e t  aj_. , 1966; W a l t e r  e_t , 1964) . 11 Is usual  1y o f  maximal

a m p l i t u d e  a t  the  v e r t e x  e l e c t r o d e  (Cohen, O f f n e r  and B l a t t , 1965; Cohen 

and W a l t e r ,  1 9 6 6 ; Low e t  a l . ,  1 96 6 ) ,  I t  has a ls o  been r e p o r t e d  t h a t  CNV 

Is  Independent o f  the m o d a l i t y  o f  the s t i m u l i  used,  and Is not a f f e c t e d  

by t he I ntens I ty  o f  the  s t  I niu 1 us ( Low ejt a^.  , 19 6 6 ; Wat t e r  e t  aj_, , 1961+) .

That thes e  s h i f t s  are  Indeed c e r e b r a l  a c t i v i t y  has been demonstrated  

by W a l t e r  (1 965b)  , and W a l t e r  and Crow (1961+) who recorded  them from 

c o r t e x  In  p a t i e n t s  w i t h  c h r o n ic  im p lan ted  e l e c t r o d e s .  A CNV has been 

recorde d  from th e  c o r t e x  o f  Rhesus monkeys , when Sj and S- were a s s o c ia te d
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in  an escape c o n d i t i o n i n g  p a ra d ig n  ( Lew ( Borda and K e l law a y  ( 1966) .

Low e t  (1 9 66 )  and W a l t e r  (1965a )  have dem onstra ted  t h a t  the  CNV is  

not due t o  eye movements,  and Low, B o r d a , F ros t  and Ke l la w ay  ( 1966) have 

produced CNV In  an e n u c le a t e d  $,

A . P h y s i o l o g i c a l  Mechanisms

A c t i v i t y  t h a t  Is w id e - s p r e a d  and synchron ized  over  c o r t e x  is 

a t t e n u a t e d  o n ly  about o n e - h a l f  from s c a lp  leads (C o oper ,  W i n t e r ,  Crow,  

and W a l t e r ,  196*+). The CNV Is Just such a c t i v i t y ,  and has been seen  

In  depth r e c o r d i n g  from the human b r a i n  ( W a l t e r  and Crow, I 96A ) , These 

responses to  s i n g l e  s t i m u l i  show marked h a b i t u a t i o n  w i t h  monotonous 

r e p e t i t i o n ,  but are  r e - e s t a b l i s h e d  upon s t im u lu s  change,  a n d /o r  c o n d i ­

t i o n a l ,  a s s o c i a t i o n  between the  re p e a te d  s t im u lu s  and another  one.

Slow p o t e n t i a l  changes in the b r a i n  have been s t u d ie d  In  a 

number o* s i t u a t i o n s  i n v o l v i n g  pronounced changes In  l e v e l  o f  a r o u s a l .  

A r d u l n l  (1 958 )  o b t a in e d  a stow n e g a t i v e  DC s h i f t  In  c a t  c o r t e x  In  

response t o  e l e c t r i c a l  s t i m u l a t i o n  o f  a sensory n e r v e ,  as w e l l  as to  

n a t u r a l  s t i m u l i ,  such as s t a r t l i n g  n o is e s .  He h y p o th e s iz e d  t h a t  these  

e n d u r in g  changes were m ed ia ted  by the  r e t i c u l a r  f o r m a t io n .  S t i m u l a t i o n  

o f  m i d b r a l n  r e t i c u l a r  f o r m a t i o n ,  whe the r  superimposed on a background o f  

s y n c h ro n iz e d  or  desy nchron ized  EEG a c t i v i t y ,  ted to  n e g a t i v e  p o t e n t i a l  

changes s i m i l a r  t o  those o c c u r r i n g  d u r in g  sensory  s t i m u l a t i o n .  These 

responses were o b t a in e d  over the  e n t i r e  c o r t e x ,  but w i t h  h ig h e s t  

a m p l i tu d es  In  f r o n t a l  a r e a s .  Both the sensory and r e t i c u l a r  e f f e c t s  

were b locked  by n e m b u to l , which d id  not a f f e c t  the  p r im a r y  response of  

the  s p e c i f i c  p r o j e c t i o n  a r e a s .  A r d u i n i  a t t r i b u t e d  th ese  p o t e n t i a l  change'  

t o  p o s t - s y n a p t l c  a c t i v i t y  o f  c o r t i c a l  neurons u n d e r l y i n g  the  r e c o r d i n g  

e I ec t r ode ,
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Caspers (1 9 63 )  has shown a re m arkab ly  cons I s t e r t  r e l a t  fonshl  p 

between the  s le e p - w a k e f u ln e s s  spectrum and s t e a d y - p o t e n t i a l  s h i f t s  In  

u n r e s t r a i n e d ,  f r e e l y - m o v i n g  r a t s .  In the  awake a n im a l ,  these  DC s t e a d y -  

p o t e n t i a l  s h i f t s  e x h i b i t e d  c o n s i d e r a b le  f l u c t u a t i o n ,  which  were s t r i c t l y  

s yn c h ro n ize d  w i t h  b e h a v io r a l  a c t i v i t y  changes.  These p o t e n t i a l  changes  

were n e g a t i v e  and o c c u r re d  e s p e c i a l l y  In  c o n n e c t io n  w i t h  e ve n ts  which  

Caspers c l a s s i f i e d  as " o r i e n t i n g  movements".  At the t r a n s i t i o n  from 

w ake fu lness  to  s l e e p ,  the  s tead y  p o t e n t i a l  o f  the  c o r t e x  s h i f t e d  t o  the  

p o s i t i v e  s i d e ,  r e l a t i v e  t o  the  mean wak ing l e v e l .  F u l l  a r o u s a l ,  evoked by 

a p e r i p h e r a l  s t i m u l u s ,  was always a s s o c ia t e d  w i t h  a complete  r e t u r n  o f  

th e  DC component t o  the  n e g a t iv e  waking l e v e l .  Dur ing the  t r a n s i t i o n  

from s le e p  t o  w a k e f u l n e s s ,  the  s teady  p o t e n t i a l  o f  the c o r t e x  s h i f t e d  

t o  the n e g a t iv e  s i d e .  These s h i f t s  were recorded  from a l l  a reas  o f  

the c o r t e x .

The c o r t e x  c o n s i s t s  o f  v e r t i c a l l y - o r i e n t e d  neurons ,  sending d e n d r i t i c  

processes to  the  s u r f a c e .  T h e r e f o r e ,  e i t h e r  n e g a t iv e  or  p o s i t i v e  changes  

might deve lop  when th e  s u b su r fac e  d e n d r i t e s  and deeper neuron somata  

become u n e q u a l l y  p o l a r i z e d .  Sur face  n e g a t i v i t y  may be caused by 

d e p o l a r i z a t i o n  o f  a p i c a l  d e n d r i t e s ,  or  cou ld  be cause by h y p e r p o l a r I z a t I  on 

o f  deeper  neuron c e l l  bodies (O 'L e a r y  and G o l d r i n g ,  1 9 & M , Evidence  

s u p p o r t in g  t h i s  i n t e r p r e t a t i o n  has been p ro v id e d  by fronvn and Bond ( 19^ 4) .  

They observed t h a t  p o s i t i v e  s h i f t s  In  c o r t i c a l  p o t e n t i a l  were a s s o c ia te d  

w i t h  f a s t e r  f i r i n g  o f  s i n g l e  c o r t i c a l  neurons th a n  d u r in g  n e g a t i v e  s h i f t s ,  

In  which case r a t e s  o f  f i r i n g  were much s lower  or n o n - e x i s t e n t .  They 

assumed they  were r e c o r d i n g  from p yram ida l  neurons.  T h e r e f o r e ,  I n h i b i t o r y  

n e u ra l  mechanisms appear t o  p la y  a r o l e  In  the  genes is  o f  n e g a t i v e  s h i f t s .



B. Psychological C orre la te *

CNV a m p l i tu d e  has been s t u d i e d  as a f u n c t i o n  o f  a wide  spectrum  

o f  p s y c h o lo g ic a l  v a r i a b l e s ,  the  most common o f  which have been m o t i ­

v a t i o n  and a t t e n t I o n - a r o u s a l . As s t a t e d  p r e v i o u s l y ,  CNV has been 

I m p l i c a t e d  as the  c e r e b r a l  c o r r e l a t e  o f  " e x p e c t a n c y " , so t h a t  some 

I n v e s t I  g a to rs  have s t u d i e d  CNV d u r in g  expectancy  s i t u a t i o n s ,  

p a r t i c u l a r l y  " p r o b a b i l i t y  d i l u t i o n " .  In  v ie w  o f  the  f a c t  t h a t  both  

CNV and P3 have been recorde d  in  the  same expe r im ent  and have been 

found t o  c o v a r y , th e s e  s tu d ie s  w i l l  a ls o  be rev ie w ed .

1. A t t e n t I  o n . About the o n ly  c o n c lu s io n  one can make r e g a r d in g  

the  CNV and I t s  r e l a t i o n s h i p  t o  p s y c h o lo g ic a l  v a r i a b l e s  Is t h a t  when 

a ta s k  ts g iven  t o  S which r e q u i r e s  an assumed a t t e n t l o n a l  s t a t e ,  CNV 

I '  p r e s e n t ,  and Is u s u a l l y  o f  g r e a t e r  a m p l i tu d e  when ^  must "pay a t t e n t i o n "  

than when he r e la x e s  < is a t t e n t i o n .

Ae ber t  , McAdam, Knot t  and I r w i n  (19 67 )  v a r i e d  the  d i f f i c u l t y  o f  

d e t e c t i n g  Sj by m a n ip u la t i n g  I t s  I n t e n s i t y .  Sj was a tone w h ic h ,  i f  

preceded by a l i g h t  f l a s h  on S^s l e f t  was f a i n t ,  but d e t e c t a b l e  w i t h  

d i f f i c u l t y  (S j  was a d ju s t e d  f o r  each S ) . I f  preceded by a l i g h t  f l a s h  

on ^ ' s  r i g h t ,  the  tone  was o f  moderate  I n t e n s i t y  ( t h e  same f o r  a l l  Ss), 

and e a s i l y  d e t e c t a b l e .  CNVs were s i g n i f i c a n t l y  l a r g e r  p re c e d in g  the  

moderate to n e .  These au thors  I n t e r p r e t e d  t h i s  r e s u l t  as showing t h a t  the  

d i f f i c u l t y  l e v e l  o f  the d i s c r i m i n a t i o n  Inc re ase d  ^ ' s  m o t i v a t i o n ,  and 

t h e r e f o r e  led  to  g r e a t e r  CNV a m p l i t u d e .  However, these  r e s u l t s  a re  

e n t i r e l y  c o n s i s t e n t  w i t h  those s t u d ie s  dem o n st ra t in g  In creased  a m p l i ­

tudes o f  evoked p o t e n t i a l s  under v i g i l a n c e  c o n d i t i o n s  ( e . g . ,  R i t t e r  and 

Vaughan, 1 9 & 9 )  , as  w e l l  as those s t u d i e s  showing Inc re a s e d  CNV a m p l i tu d e
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d u r in g  v i g i l a n c e  c o n d i t i o n s ,  c o r r e l a t e d  w i t h  pe rce n t  d e t e c t io n s  ( e . g . ,  

W i lk in s o n  and H a in e s ,  1 9 7 0 ) .  R e q u i r in g  S to  d e t e c t  a f a i n t  tone would  

tend t o  In c re a s e  h is  v i g i l a n c e  a n d /o r  a r o u s a l ,  and,  un less  he is p a i d ,  

not h i s  l e v e l  o f  m o t i v a t i o n .

McAdam (19&9) s t u d ie d  c o r t i c a l  e x c i t a b i l i t y  d u r in g  CNV genes is  

by i n t e r p o s in g  a shock t o  the  median nerve d u r in g  CNV p r o d u c t i o n .  The 

e x p e r im e n t a l  group was r e q u i r e d  t o  respond t o  S2 , thus p roduc ing  a CNV, 

w h i l e  In  the  c o n t r o l  group were g iv en  the same s t i m u l i ,  but d i d  not  

respond t o  S2 (p ro d u c in g  minimal CNVs w i t h  a m pl i tudes  between ze ro  and 

f i v e  m i c r o v o l t s ) .  Each group r e c e iv e d  t h r e e  types o f  t r i a l s :  1) tone  

a l o n e . In  which tone onset  served  as Sj , tone o f f s e t  as ; 2) medI an 

nerve shock a l o n e ; and 3) median nerve  shock d e l i v e r e d  one second a f t e r  

tone onset ( i . e . ,  d u r in g  CNV g e n e s i s ) .  A n a ly s is  o f  peak t o  peak ampl-  

tudes w i t h i n  the two groups between the shock a lo n e ,  and the shock plus  

tone c o n d i t i o n s ,  shewed no d i f f e r e n c e s  between CNV and non-CNV groups.  

However,  a n a ly s t s  o f  changes In  peak l a t e n c i e s  showed s i g n i f i c a n t l y  

s h o r t e r  l a t e n c i e s  In  the l a t e r  components o f  the somatosensory evoked  

p o t e n t i a l  d u r in g  the  tone  plus shock th a n  d u r in g  the  shock a lo n e ,  and 

these changes were un ique t o  the CNV group.  The au thor  I n t e r p r e t e d  his  

r e s u l t s  as s u p p o r t in g  the  h y p o th e s is  advanced by W a l t e r  e£  (1 9 & M  t h a t

the  CNV r e p r e s e n ts  the " e l e c t r i c  s ig n  o f  c o r t i c a l  p r i m i n g " ,  and t h e r e f o r e  

Inc re a se d  e x c i t a b i l i t y  o f  the CHS. In  support  o f  HcAdam’ s (19&9) f i n d i n g s ,  

H i l l y a r d  ( 1 9 & 9 ) ,  and Tecce and S c h e f f  (19^9) have r e p o r t e d  s h o r t e r  r e a c t i o n  

t imes t o  $2 a s s o c ia t e d  w i t h  l a r g e r - a m p l I t u d e  CNVs,

W i lk in s o n  and Haines (1970)  s t u d ie d  CNV a m p l i tu d e  changes as a 

f u n c t i o n  o f  v i g i l a n c e  decrements ( p e r c e n t  d e t e c t i o n s ) .  Sj was a w arn in g  

c l i c k ,  f o l lo w e d  1 .92  seconds l a t e r  by an " I n s p e c t i o n  c l i c k " ,  w h ic h ,  I f
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s o f t e r  than u s u a l ,  was the  s i g n a l .  $ had t o  r e p o r t  a s ig n a l  by

p re s s in g  a key as f a s t  as p o s s i b l e .  CNV as w e l l  as p e rc e n t  s ig n a l

d e t e c t  to**  dec I I n e d  over  q u a r t e r s  o f  an e x p e r im e n ta l  run .  Thus ,  CNV 

was c o r r i  -.ted w i t h  a d e c l i n e  In  v i g i l a n c e .  I t  Is I n t e r e s t i n g  to  

note  t h a t  one o f  t h e i r  ^s showed no CNV a c t i v i t y  at a l l , but d i d  show 

p o s i t i v e  s h i f t i n g ,  a p p a r e n t l y  u n r e l a t e d  t o  the t a s k .

McCattum and W a l t e r  ( 1968) ,  In  a s e r i e s  o f  e x p e r im e n t s ,  were ab le  

t o  demonstrate  CNV a m p l i tu d e  r e d u c t io n  d u r in g  " d i s t r a c t i o n "  c o n d i t i o n s .  

These c o n d i t i o n s  v a r i e d  from I n t e r s p e r s i n g  a tone between Sj and S j , to  

t a l k i n g  by £  d u r in g  CNV p r o d u c t i o n .  W i th  I n s t r u c t i o n s  to  c o n c e n t r a t e  on

o b t a i n i n g  f a s t  r e a c t i o n  t im es  t o  S CNV In c re a se d  in  a m p l i t u d e .

I n  an ex p e r im en t  des igned  t o  de te rm ine  th e  r e l a t i o n s h i p  between  

CNV and "a t  t e n t  I v e n e s s - a l e r t n e s s " , Low, C o a ts ,  R e t t l g ,  and McSherry  (1967 )  

m a n ip u la te d  the  i n t e s n l t y  o f  $2 around a t h r e s h o l d  v a l u e .  j»s were g iv e n  

a s e r i e s  o f  f l a s h - c t t c k  p a i r s  In  runs o f  2k  t r i a l s ,  from c l e a r l y  a u d i b le  

t o  I n a u d i b l e ,  and v i c e  v e r s a .  The d a ta  r e p o r t e d  were averaged over  the  

two runs at each I n t e n s i t y .  These I n v e s t i g a t o r s  r e p o r t e d  t h a t ,  a f t e r  

t h e i r  _Ss had been p e r fo rm in g  f o r  some t i m e ,  or d u r in g  p e r io d s  when the  

c l i c k s  were i n a u d i b l e ,  the  g r a p h i c a l l y - r e c o r d e d  EFG showed s ig ns  o f  

d e c re a s in g  a l e r t n e s s .  Th is  was a ls o  r e f l e c t e d  In  the number o f  I n c o r r e c t  

responses to  c l i c k s  known t o  be a u d i b le  or i n a u d i b l e .  Low e t  aj^. (1967 )  

demonstrated  t h a t  CNV v a r i a b i l i t y  tended t o  d e c r e a s e ,  and CNV a m p l i tu d e  

In c re a s e  as c l i c k  I n t e n s i t y  neared t h r e s h o l d .  These d a t a  support  those  

o f  Rebert  e t  aj_. ( 1 9 6 7 ) .

Connor and Lang ( 1969) I n v e s t i g a t e d  the r e l a t i o n s h i p  between CNV 

and h e a r t  r a t e  In  a r e a c t i o n - 1 ime e x p e r im e n t .  F o l lo w in g  Lacey 's  ( 19 6 7) 

p o s t u l a t i o n  t h a t  the degree o f  h e a r t - r a t e  s lo w in g  r e f l e c t s  an a t t e n t l o n -
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f a c i l i t a t i n g  e f f e c t  o f  c a r d i o v a s c u l a r  feedback on c o r t i c a l  a c t i v i t y  

(as ev id e n c ed  by a n e g a t i v e  c o r r e l a t i o n  between degree o f  h e a r t - r a t e  

s lo w in g  and r e a c t i o n  t i m e ) ,  th e y  a t te m p te d  t o  d e te rm in e  i f  CNV was the  

c o r t i c a l  consequence o f  h e a r t - r a t e  s lo w in g .  In  Experiment 1 o f  t h e i r  

r e p o r t ,  two n o n - s ig n a l  c o n d i t i o n s ,  in  which S s im p ly  l i s t e n e d  t o  a 

s e r i e s  o f  t o n e s ,  were compared t o  a s im ple  r e a c t  Io n - t Im e  t a s k .  In  which  

S had t o  respond to  Sj by p r e s s in g  a m l c r o s w l t c h ,  and t o  a d i s j u n c t i v e  

r e a c t  Io n - t I m e  t a s k  In  which ^  responded t o  o n ly  i f  I t  was the  same 

as S j , Exper iment 11 was e s s e n t i a l l y  the  same, w i t h o u t  the  use o f  a 

d i s j u n c t i v e  t a s k ,  and w i t h  the  a d d i t i o n  o f  the  r e c o r d in g  o f  v e r t i c a l  

and h o r i z o n t a l  EOG. The r e s u l t s  o f  both ex p e r im en ts  were s i m i l a r .

There  was h e a r t - r a t e  a c c e l e r a t i o n  f o l l o w i n g  S j , and in  the  r e a c t  Io n - t i m e  

t a s k s ,  t h e r e  was c o n t in u e d  d e c e l e r a t i o n  t o  S j , w h i l e  In  n o n -s ig n a l  con­

d i t i o n s  t h e r e  was a r e t u r n  to  b a s e l i n e .  CNV showed s i g n i f i c a n t l y  more 

n e g a t i v i t y  In  the s ig n a l  c o n d i t i o n s ,  w i t h  t re n d s  toward p o s l t l v i t y  In  

the  n o n -s ig n a l  c o n d i t i o n s .  The c o r r e l a t i o n  between c o r t i c a l  n e g a t i v i t y  

and downward EOG was 0 . 6 2 .  W i t h i n - ^  ana lyses  demonstrated  s i g n i f i c a n t l y  

more h e a r t - r e a t e  s lo w in g  f o r  fa s t  r e a c t i o n  t imes than f o r  slow r e a c t i o n  

t im e s .  The same was t r u e  o f  CNV: more n e g a t i v i t y  fo r  f a s t  than f o r  slow  

r e a c t i o n  t im e s .  Connor and Lang (1 9 69 )  a ls o  had t h e i r  _5s r a t e  t h e i r  

l e v e l  o f  a l e r t n e s s .  There was no a s s o c i a t i o n  between h e a r t  r a t e ,  or  EOG 

and r a t i n g s ,  but CNV tended  toward g r e a t e r  p o s i t l v l t y  In  Ss who r a t e d  

themselves  as drowsy.

In  summary, most s t u d i e s  d i r e c t e d  s p e c i f i c a l l y  at t h i s  problem  

have shown t h a t  CNV does r e f l e c t  the  a t t e n t i o n s )  s t a t e  o f  _S.

2 .  S t im u lus  u n c e r t a i n t y . CNV a m p l i tu d e  has a l s o  been found to  

vary  w i t h  the  p r o b a b i l i t y  o f  o ccu r ren c e  o f  $2 , a l th o u g h  th e r e  a re
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c o n t r a d i c t o r y  r e p o r t s  o f  the  e f f e c t  o f  " p r o b a b i l i t y  d i l u t i o n "

( W a l t e r  et  ̂ a]_. , 1964) on CNV. W a l t e r  (1 965a ;  1966) and W a l t e r  et_ aj_. ,

(1 964 )  r e p o r t  t h a t  the CNV Is reduced In  a m p l i t u d e  d u r i n g  p r o b a b i l i t y  

d i l u t i o n  o f  S2 ( I . e . ,  S2 o m i t t e d  on a c e r t a i n  p e rc e n ta g e  o f  t r i a l s ) .

However,  HI 11 yard  and Galambos (1 9 67 )  In  more s y s t e m a t ic  s t u d i e s ,  were

unable  to  r e p l i c a t e  t h i s  f i n d i n g .  Low, B o r d a , F r o s t ,  and K e l la w a y  ( 1966) 

c o n f i rm e d  the  f i n d i n g  o f  s m a l l e r  CNV a n p l t t u d e  d u r in g  p r o b a b i l i t y  d i l u t i o n  

o f  S2 .

In  a d d i t i o n a l  support  o f  W a l t e r ' s  (19 65 a ,  1966) d i l u t i o n  f i n d i n g s ,  

W i l k i n s o n  and Ha ines  ( 1 9 7 0 ) ,  in  a v i g i l a n c e  s e t t i n g ,  o b ta in e d  l a r g e r  

CNV a m p l i tu d e s  to  s ig n a l  s t i m u l i  w i t h  a h igh p r o b a b i l i t y  o f  o c c u r re n c e  

than  t o  those w i t h  a low p r o b a b i l i t y  o f  o c c u r re n c e .

Cohen and W a l t e r  ( 1966) have shown In c re a s e d  CNV am p l i tu d e  to  

p i c t o r i a l  s t i m u l i  w h ich  were m e an in g fu l  or s ym b o l ic .  CNV was l a r g e r  

when s t i m u l i  shown were  randomly v a r i e d  and a l l  d i f f e r e n t ,  than  when 

the  s t i m u l i  were  a l l  th e  same ( r e p e a t e d  from t r i a l  to  t r i a l ) ,  or  when 

b lank  s l i d e s  were p r e s e n t e d .  Cohen and W a l t e r  (1966)  a t t r i b u t e d  t h i s  

to  the  v a r i a t i o n  In  s t im u lu s  p a t t e r n ,  and the I n t e r e s t  v a lu e  o f  the  

s t i m u l i ,  but i t  c o u ld  a l s o  be argued t h a t  S was more u n c e r t a i n  In  the  

s i t u a t i o n  where the  s l i d e s  were a l l  d i f f e r e n t  th a n  he was when they  

were a l l  the  same.

In  another  s tu d y  I n v o l v i n g  u n c e r t a i n t y ,  McAdam, K n o t t  and Rebert

( 1969) asked t h e i r  to  p r e d i c t  the  le n g th  o f  th e  I n t e r v a l  in te r p o s e d  

between and t h a t  th ey  were t o  r e c e i v e .  There were two I n t e r v a l  

l e n g t h s ,  long (2400  m s e c . ) ,  and s h o r t  (1 200  m s e c , ) ,  CNVs and r e a c t i o n  

t imes t o  S2 were measured In  each o f  the  fo u r  p o s s i b l e  c o n t i n g e n c i e s :  

p r e d i c t  s h o r t - r e c e l v e  s h o r t ;  p r e d i c t  s h o r t - r e c e i v e  long; p r e d i c t  long-
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r e c e iv e  long; p r e d i c t  l o n g - r e c e i v e  s h o r t .  R e a c t io n  t im es  were s i g n i ­

f i c a n t l y  longer  when ^s r e c e i v e d  an i n t e r v a l  o t h e r  th an  t h a t  which  

they had p r e d i c t e d .  CNVs were measured at  two p o i n t s ,  th e  p o in t  at  

which the s h o r t  i n t e r v a l  ended (1 2 0 0  m s e c . ) ,  and the  p o i n t  a t  which  

the long I n t e r v a l  ended (2*+00 msec, f o l l o w i n g  S j ) .  When measured at  

the 1200 msec, p o i n t ,  CNVs were l a r g e s t  fo r  the p r e d i c t  s h o r t - r e c e I v e  

long c o n t in g e n c y ,  than fo r  any o t h e r  c o n t in g e n c y .  Th is  is  t o  be 

e x p e c t e d ,  I f  CNV a m p l i t u d e  and u n c e r t a i n t y  a re  r e l a t e d ,  s ince  1200 msec,  

is the  p o in t  in  t im e  at which is u n c e r t a i n  about the I n t e r v a l  he Is 

t o  r e c e i v e .  At t h a t  p o in t  he cou ld  e i t h e r  r e c e i v e  a s h o r t  or a long  

i n t e r v a l .  When measured at  both " s h o r t "  and " lo n g "  p o in ts  fo r  on ly  

the r e c e i v e  long c o n t i n g e n c i e s ,  CNV a m p l i tu d e  d e c l i n e d  between the  

1200 and 2^00 msec,  p o in ts  f o r  the p r e d i c t  lo n g - r e c e l v e  long t r i a l s ,  

i t  a ls o  d e c l i n e d  f o r  the  p r e d i c t  s h o r t - r e c e I v e  long c o n t i n g e n c y ,  but  

was l a r g e r  at  the  1200 msec,  p o in t  f o r  t h i s  c o n t in g e n c y  than f o r  the  

former c o n t i n g e n c y ,  and was s m a l l e r  In  am p l i tu d e  at the 2^00 msec,  

p o in t  f o r  the  p r e d i c t  s h o r t - r e c e i v e  long t r i a l s  than f o r  the  p r e d i c t  

io n g - r e c e l v e  long t r i a l s .  The au thors  r e l a t e d  t h i s  f i n d i n g  t o  the  

c o r r e c t n e s s  o f  Si's p r e d i c t i o n .  However ,  t h i s  f i n d i n g  can be e x p l a i n e d  

w i t h o u t  In v o k in g  c o r r e c t n e s s  o f  ^ ' s  guess as an e x p l a n a t i o n .  In  both  

these  c o n t in g e n c ie s  ( r e c e i v e  long) j i ' s  u n c e r t a l  n ty  is d i s p e l l e d  a t  the  

1200 msec,  p o i n t .  I f  CNV a m p l i tu d e  is r e l a t e d  to  u n c e r t a i n t y ,  th a n  i t  

would be e x p e c te d  t h a t  the CNV would d e c l i n e  In  a m p l i tu d e  from s h o r t  t o  

long p o in ts  In  both these  c o n t i n g e n c i e s ,  s in ce  maximal u n c e r t a i n t y  Is 

re s o lv e d  a t  the  s h o r t  p o i n t s .

In  a s tudy  s i m i l a r  t o  th e  p re s e n t  e x p e r i m e n t ,  W e in b e rg ,  W a l t e r  

and Crow (1970)  recorde d  CNV and evoked p o t e n t i a l s  from I n t r a c e r e b r a l
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e l e c t r o d e s  lo c a te d  In  o r b l t e - f r o n t a l , c i n g u l a t e  and s u r fa c e  s u p e r l o -  

f r o n t a l  c o r t e x ,  In  p a t i e n t s  undergo ing  ps yc h o s u rg ica l  p ro c ed u re s .  

Weinberg  e t  a l . ( 1 9 7 0 )  r e q u i r e d  t h e i r  Sato guess whether  o r  not th e y  

e xp e c te d  a s t im u lu s  t o  o c c u r .  S t i m u l i  e i t h e r  d id  or d id  not occur  on 

a g iv e n  t r i a l .  _Ss used a l e v e r ,  which  was pressed  t o  the  r i g h t  I f  a 

s t im u lu s  was e x p e c t e d ,  and pressed t o  the l e f t  I f  no s t im u lu s  was 

e x p e c te d .  Ŝs r e c e i v e d  s ixp en ce  f o r  t h r e e  c o n s e c u t iv e  c o r r e c t  guesses,  

whether  they  were a f f i r m a t i v e  (yes s t i m u l u s )  or  n e g a t i v e  (no s t im u lu s )  

guesses.  The o ccu r ren c e  or  non -o cc u r ren ce  o f  the s t i m u l i  was p r e ­

programmed, and the s t im u lu s  was e i t h e r  a c l i c k ,  a f l a s h ,  or a m i l d  

e l e c t r i c  shock.  The r e s u l t s  c o n f i rm e d  those  o f  S ut ton  e_t £]_. (19&7)  

in  d e m o n s t ra t in g  the p r o d u c t io n  o f  " e m i t t e d "  p o t e n t i a l s  (phantom wave)  

when a s t im u lu s  was e x p e c t e d ,  but d id  not o c c u r .  They o b t a in e d  P-j In  

th e  e xp ec ta n cy  c o n d i t i o n  ( I . e . ,  when S i n d i c a t e d  he expected  a s t im u lu s  

to  o c c u r )  , but not when th e  c o n t in g e n c y  was such t h a t  had p r e d i c t e d  

no s t im u lu s  would o c c u r ,  and no s t im u lu s  d i d  o c cu r .  Weinberg ejt a l  .

(1970)  a ls o  o b t a i n e d  CNVs p re ce d in g  evoked as w e l l  as " e m i t t e d "  responses  

under e xp ec ta n cy  c o n d i t i o n s ,  but none In  which ^  I n d i c a t e d  t h a t  he d id  

not expec t  a s t im u lu s

To s u n m a r iz e ,  CNV does appear to  r e f l e c t  the  expectancy  o f

Th is  was d e f i n i t i v e l y  shown by Weinberg et  ̂ £l_, ( 1 9 7 0 ) .  However,  the

" p r o b a b i l i t y  d i l u t i o n "  paradicpn does not employ the guessing o f  whether  

or  not $2 w i l l  o c c u r .  P r o b a b i l i t y  d i l u t i o n  Is more l i k e  an e x t i n c t i o n  

process In  a c la s s  l e a l - c o n d i t I o n l n g  e x p e r i m e n t .  Whether or  not CNV 

a m p l i tu d e  is a f f e c t e d  by p r o b a b i l i t y  m a n i p u l a t i o n  in  a guess I n g -  

e xp e c tan cy  s i t u a t i o n  ts one o f  the  fo c i  o f  th e  p re se nt  e x p e r im e n t .

3. Hot I v a t  I o n . Hany I n v e s t i g a t o r s  have im p l ic a t e d  CNV as a
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p h y s i o l o g i c a l  c o r r e l a t e  o f  m o t i v a t i o n  ( e . g . ,  I r w i n ,  K n o t t ,  hcAdam and 

Rebert  , 1966; R e b e r t ,  McAdam, Knot t  and I r w i n ,  1 9 6 7 ) .  In  e xp e r im en t  I 

o f  t h e i r  r e p o r t  , I r w i n  e t  ( 1966) I n s t r u c t e d  t h e i r  _Ss t o  a) not

respond to  s e r i a l  p a i r i n g s  o f  a tone ( S | )  and a f l a s h  ( $ 2 ) ;  b) press

the  response key as q u i c k l y  as p o s s ib le  In response t o  the  f l a s h  when 

the  tone was heard  on S ' s  r i g h t ,  and not to  press the key when the

tone was on S's l e f t  and c) not to  respond to  the f l a s h  re g a r d le s s

o f  where Sj was heard .  An a n a l y s is  o f  CNV a m pl i tudes  i n d i c a t e d  t h a t  

when no response was i n s t r u c t e d  t o  the f l a s h ,  the  CNV was s m a l le r  than  

when a response was r e q u i r e d .  There were no d i f f e r e n c e s  between magni ­

tudes o f  the  s h i f t s  in  any o f  the no-response  c o n d i t i o n s .  One s u r p r i s i n g  

r e s u 11 , not In  l i n e  w i t h  o t h e r  dat a ( e . g . .  H i l l  y a r d , 1 9 6 9 ; Lans i n g ,

S w ar t *  and L l n d s l e y ,  1959; W a l t e r ,  1966) was the  f i n d i n g  t h a t  the te n  

f a s t e s t  r e a c t i o n  t imes to  Sj were not accompanied by s i g n f I c i a n t l y  

h i g h e r - a m p I i t u d e  CNVs then  the  ten  s lo w e s t  r e a c t i o n  t im e s .

In Experiment I I  o f  the same p a p e r ,  the  two s t i m u l i  were tone  

fo l lo w e d  by shock.  In c o n d i t i o n  A,  30 l e f t  w arn in g  s i g n a l s  were fo l lo w e d  

by weak shock to  the m idd le  f i n g e r  o f  the l e f t  hand, w h i l e  30 r i g h t  

w arn in g  s ig n a l s  were f o l lo w e d  by s t r o n g  shock.  No response was r e q u i r e d  

t o  S2 . In  c o n d i t i o n  8 , the same c o n d i t i o n s  p r e v a i l e d  exce pt  t h a t  

was r e q u i r e d  t o  respond t o  S2 by p r e s s in g  a key .  Both shock l e v e l  and 

response i n s t r u c t i o n s  were s i g n i f i c a n t  v a r i a b l e s  which a f f e c t e d  the  

a m p l i tu d e  o f  CNV. A l a r g e r  CNV was p rese nt  p re ce d in g  s t r o n g  shock than  

p re ce d in g  weak shock ,  as was a l a r g e r  CNV found fo r  response than f o r  no 

response c o n d i t i o n s .  R e a c t io n  t imes f o r  s t r o n g  shock were s i g n i f i c a n t l y  

s h o r t e r  th an  fo r  weak shock.
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R e q u i r in g  5 t o  e x e r t  more p re ssu re  In  making h is  key press  (2  

pounds versus 1^ pounds o f  f o r c e )  r e l l a b l l y  inc re a s e d  the  magnitude  

o f  the  CNV (R e b e r t  e t  «1 ,  , 1 9 6 7 ) .  Th is  was I n t e r p r e t e d  as an 

o p e r a t i o n  d es igned  t o  In c re a s e  £ ' s  m o t i v a t i o n .  C o r r e l a t i o n s  between  

CNV a m p l i tu d e  and r e a c t i o n  t imes  w i t h i n  the  h i g h -  and l o w - e f f o r t  

c o n d i t i o n s  y i e l d e d  c o e f f i c i e n t s  o f  - 0 . 3 8 , end - 0 .3 9  r e s p e c t i v e l y ,  both  

s i g n i f i c a n t .  S i m i t a r  r e s u l t s  fo r  a n t i c i p a t e d  emergy o u tpu t  were r e ­

p o r te d  by Low and McSherry ( 1 9 6 8 ) .

HcAdam, I r w i n ,  Rebert  and K not t  (1 966 )  p re se n ted  r e s u l t s  which  

I n d i c a t e d  t h a t  a m p l i tu d e  o f  th e  CNV c ou ld  be a f f e c t e d  by ask ing  Ss 

t o  " t h i n k  h i g h "  or  " t h i n k  low" a m p l i t u d e .  However,  t h i s  e f f e c t  seemed 

t o  be r e l a t e d  t o  the  s t a t e  o f  v i g i l a n c e  S c r e a t e d .  When " t h i n k i n g  

lew" a m p l i t u d e ,  Ss r e p o r t e d  r e l a x i n g  t h e i r  speed e f f o r t s  and v i g i l a n c e ,  

w h i le  Im ag in in g  t h a t  Sj was d i f f i c u l t  t o  d e t e c t  when " t h i n k i n g  h i g h "  

a m p l i tu d e  CNVs.

A f a c t  t h a t  c o m p l ic a te s  the p i c t u r e  o f  the CNV as the  r e p r e s e n t a t i o n  

o f  c e r e b r a l  e ven ts  r e l a t e d  t o  c o g n i t i v e  f u n c t i o n i n g  ( e . g . ,  m o t i v a t i o n ) ,  

is  t h a t  s lo w ,  s u r f a c e - n e g a t i v e  p o t e n t i a l  s h i f t s ,  maximal a t  v e r t e x ,  are  

a l s o  reco rd e d  p r i o r  t o  v o l u n t a r y  movement (Deecke ,  S c h e ld ,  and Kornhuber  , 

1969; G i t  den ,  Vaughan and C o s ta ,  1966) .  CNV, however ,  has been shown to  

deve lop  w i t h o u t  a motor response t o  $2 (D o n ch ln ,  Gebrendt , and L e i f e r ,  

1 9 7 0 ) .  When a motor response Is r e q u i r e d ,  the  r e s u l t a n t  CNV might be 

a c o m b in a t io n  o f  motor p o t e n t i a l  and ' foenta l  p o t e n t i a l " .  T h e r e f o r e ,  

r e q u i r i n g  ^  t o  e x e r t  more p re s s u re  In  making h is  response (as In  the  

Rebert  £ t  aj_. , 1967 s tudy)  m ight  have n o th in g  t o  do w i t h  m o t i v a t i o n .

T h is  req u i re m en t  may have s im p ly  inc re a se d  the  'h to to r"  p o r t i o n  o f  the  

CNV. Ss i n  the  HcAdam e t  al^, ( 1966) s tudy  were ab le  t o  g e n e ra te  h lg h -
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a m p l i tu d e  CNVs by pushing the  key as hard and as f a s t  as p o s s i b l e .

Thus ,  the  v a r i a b l e s  o f  f o r c e  and speed shou ld  be c o n t r o l l e d  b e fo re  

a m p l i tu d e  changes in  CNV a re  a t t r i b u t e d  t o  i n t e r v e n i n g  c o g n i t i v e  

v a r I a b l e s .

k . The CNV and th e  i a t e  p o s i t i v e  wave o f  the  averaged evoked  

po te n t  1a l . A nunber o f  s t u d i e s  have r e c e n t l y  been p u b l is h e d  which  

d em onst ra te  a marked c o v a r i a t i o n  between CNV and P^. That I s ,  when 

CNV is p r e s e n t ,  so is P j .  Since P j  has been r e l a t e d  t o  such v a r i a b l e s  

as the  " s i g n i f i c a n c e "  o f  the  s t im u lu s  t o  ^  ( S u t t o n  e t  £]_. , 1967) , and 

s in c e  S2 In W a l t e r ' s  CNV paradlcpn Is u s u a l l y  " t a s k - r e l e v a n t " ,  o r  

'^meaningful" t o  S,  CNV ends w i t h  a p o s i t i v e - g o i n g  p ro c e s s ,  p eak ing  

at  a p p r o x im a t e ly  300 msec, f o l l o w i n g  S2 . Th is  r e s o l u t i o n  corresponds  

t o  most r e p o r t s  o f  P j  l a t e n c y .  Thus ,  as Donchin and Smith (1 9 7 0 )  p o in t  

o u t ,  CNV and P j  may be two aspects  o f  the  same p r o c es s ,  due t o  the  f a c t  

t h a t  in  most s t u d i e s  t h a t  r e p o r t  P^ enhancement,  a CNV might be expected  

t o  deve lop  p r i o r  t o  the s t i m u l u s .

in  o r d e r  to  t e s t  t h e i r  h y p o t h e s i s ,  Donchin  and Smith (1 9 7 0 )  

r e p l i c a t e d  an e a r l i e r  s tudy  o f  t h e i r s  (Donchin  and Cohen, 1967) , In  

which two f i g u r e s  a l t e r n a t e d  ra ndon ly  w i t h  an average  r a t e  o f  once ev e ry  

two seconds, Ss viewed the  s t i m u l i  In  a t a c h is t o s c o p e .  Superimposed on 

the  a l t e r n a t i n g  f i g u r e s  was a square f l a s h  o f  t i g h t .  Th is  was done at  

the  r a t e  o f  once e v e r y  two seconds. had two ta s k s :  l )  I n  Task  PC . 

had t o  respond t o  the  f a l s h e s  by p r e s s in g  a s w i t c h  as f a s t  as p o s s i b l e ;

2) In  Task RC. ^  had t o  press  the  s w i t c h  each t ime the two f i g u r e s  

a l t e r n a t e d .  As Donchin and Smith (1970 )  e x p l a i n ,  when f l a s h  was r e l e v a n t  

I t  s e rve d  not o n ly  as a response c u e ,  but a l s o  t o  I n d i c a t e  t h a t  ano ther  f l a s h  

c o u ld  be a x p e c ta d  w i t h i n  a c e r t a i n  t im e  p e r i o d .  They reas o n e d ,  t h e r e f o r e ,
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t h a t  a CNV might deve lop  between successive  f l ash es  In  the FC c o n d i t i o n ,  

but not when f la s h e s  were I r r e l e v a n t .  The same would ho ld  f o r  the  

development o f  a CNV between successive  a l t e r n a t i n g  f i g u r e s .  In  the  

1967 study (Donchin and Cohen 1 9 6 7 ) ,  the I n t e r - s t I m u ' u s - l n t e r v a l s  

were not c o n s t a n t ,  nor was the t ime constan t  o f  the a m p l i f i e r s  long 

enough t o  a l lo w  them t o  record  s low,  b a s e l in e  s h i f t s .  In the 1970 study  

(Donchin and Smith ,  1 9 7 0 ) ,  band pass at the low end was 0,1 cps , f ig u r e s  

a l t e r n a t e d  every  two seconds, and 50 msec, f la sh e s  were p re sented  every  

2 .2 5  seconds. The r e s u l t s  conformed t o  p r e d i c t i o n ;  when the e l i c i t i n g  

s t im u lus  was t a s k - r e l e v a n t ,  a CNV deve loped between the successive  

r e le v a n t  s t i m u l i ,  and cu lm in a te d  In  a p o s I t I v e - g o t n g  s h i f t  (P^) 300 msec,  

f o l l o w i n g  the s t im u lu s .

Naatanen ( 1 9 7 0 ) ,  us ing  a very  s i m i l a r  d e s ig n ,  o b ta in e d  s i m i l a r  

r e s u l t s .  He a l t e r n a t e d  loud and s o f t  c l i c k s  at  a r e g u l a r  r a t e  o f  one 

per second. jS knew which s t imulus  would occur .  There were two c o n d i ­

t i o n s :  t )  in  C o n d i t io n  S . loud c l i c k s  were r e l e v a n t ,  2) In  Cond111 on W 

s o f t  c l i c k s  were r e l e v a n t .  A t o t a l  o f  50 r e le v a n t  and 50 i r r e l e v a n t  

s t i m u l i  were d e l i v e r e d  In  each s e r i e s ,  ^ ' s  task  was to  determine which  

5 out o f  the 50 r e l e v a n t  c l i c k s  d i f f e r e d  In  I n t e n s i t y .  _$ In d ic a t e d  t h i s  

w i t h  a key p re s s .  These f i v e  ' ' s i g n a l "  s t i m u l i  were not employed In  the  

averag in g  process.  Naatanen used an o v e r a l l  measure o f  evoked p o t e n t i a l  

a m p l i t u d e ,  which appears to  correspond t o  an N1- P 3 measure o f  the v e r t e x  

a u d i t o r y  evoked p o t e n t i a l .  He found In creased  evoked p o t e n t i a l  ampli tude  

t o  t a s k - r e  lev a n t  c l i c k s  as w e l l  as l a r g e r  CNVs preced ing  the r e le v a n t  

c l i c k .  Naatanen a ls o  measured the l a s t  267 msec, o f  background EEG 

a c t i v i t y  preced ing  the s t i m u l u s ,  and found a s i g n i f i c a n t  decrease In  

ampli tude  preced ing  the  r e le v a n t  s t im u lus  compared to  t h a t  preceding
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the  I r r e l e v a n t  s t i m u l u s .  From t h i s  c o m b in a t io n  o f  r e s u l t s ,  Naatanen  

concluded t h a t  evoked p o t e n t i a l  enhancement was due t o  " p r e p a r a t o r y  

c o r t i c a l  a c t i v a t i o n "  as e v id e n c e d  by l a r g e r  CNVs and d ecreased  "raw"

EEG a m p ) I t u d e .

W h i le  th e s e  two s t u d i e s  have demonstrated  p a r a l l e l i s m  between  

CNV and , t h i s  c o v a r i a t i o n  may be due s o l e l y  t o  the  e x p e r im e n t a l  

c o n d i t i o n s .  I t  I s ,  t h e r e f o r e ,  p o s s ib le  t h a t  the  f a i l u r e  t o  d e l i n e a t e  

d i f f e r e n t i a t i n g  c o n d i t i o n s ,  under w h ic h ,  f o r  exa m ple ,  CNV Is  p rese nt  

and Is n o t ,  has accounted fo r  th e  a s s o c i a t i o n  between CNV and P j ,

Small  and Small  (1 9 70 )  examined the  r e l a t i o n s h i p s  between CNV 

and evoked p o t e n t i a l  us ing  f t a f e h - c l i c k  p a i r i n g s  w i t h  r  ,5  second 

1n t e r - s t I m u l u s - l n t e r v a l . They r e q u i r e d  t h e i r  ^s t o  e i t h e r  respond  

t o  S2 by a b u t t o n  p r e s s ,  or  not t o  respond t o  S2 . Whether or not a 

response was r e q u i r e d  produced no d i f f e r e n c e  in e i t h e r  the  v is u a l  

evoked p o t e n t i a l  or the  a u d i t o r y  evoked p o t e n t i a l  ( r e c o r d e d  from v e r t e x ) ,  

w h i t e  re s p o n d !n g  d l d  produce t a r g e r - a m p l i t u d e  CNVs. I t  appears from  

t h e i r  d a t a  t h a t  P^ was In c lu d e d  In  t h e i r  measurement o f  the a u d i t o r y  

evoked p o t e n t i a l ,  a l th o u g h  no p r e s e n t a t i o n  o f  a t y p i c a l  evoked p o t e n t i a l  

is g i v e n ,  and measurement procedure  Is r a t h e r  vague.

In  a w e l l - c o n t r o l l e d  s t u d y ,  Donald and G o f f  ( 1 9 7 0  were a b le  t o  

d i s s o c i a t e  CNV and P3 . They had t h e i r  _Ss p e r fo rm in g  a d i f f i c u l t  tone  

d i s c r i m i n a t i o n ,  w i t h  a two-second f o r e p e r l o d .  Sj was a .1 msec, c l i c k  

and Sp was a 32-msec,  tone p i p ,  which v a r i e d  in  100 Hz s teps  from 100-  

1500 H z ,  wh ich  S I d e n t i f i e d  by p r e s s in g  the  a p p r o p r i a t e  k ey .  The press  

was d e la y e d  t o  p re v e n t  con found ing  o f  motor  p o t e n t i a l  w i t h  P3 , Dur ing  the  

two-second f o r e p e r l o d ,  averaged evoked p o t e n t i a l s  t o  l e f t  median nerve  

shock were  re c o re d e d  a t  5 0 0 , 1000 ,  and 1500 msec ,  (when shock would
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occur was unknown t o  5) a f t e r  S j . On shock I r r e l e v a n t  t r i a l s ,  S's  

t a s k  was s im ply  t o  I d e n t i f y  the tone  by an a p p r o p r ia t e  key p re ss ,  

even I f  they v re shocked. Shock-re  Ie v e n t  t r i a l s  occurred  on ly  when 

no shock was g iv e n .  In  t h i s  c a s e ,  ^s were t o l d  t o  press a "no shock"  

b u t t o n ,  r a t h e r  than t o  I d e n t i f y  the  tone .  CNV ampli tudes  d id  not d i f f e r  

on s h o c k - r e le v a n t  or s h o c k - i r r e l e v a n t  t r i a l s ,  w h i l e  P^ ampli tudes were  

s i g n i f i c a n t l y  l a r g e r  on s h o c k - r e le v a n t  t r l s l s ,  These I n v e s t i g a t o r s  

then d iv id e d  the r e l e v a n t  and I r r e l e v a n t  t r i a l s  f o r  each S I n t o  CNV 

ampli tudes  above (H igh) and below (Low) t h a t  j i ' s  median CNV a m p l i tu d e .  

Regardless o f  CNV a m p l i t u d e ,  P-j was always l a r g e r  on r e le v a n t  t r i a l s .  

Donald and G o f f  ( 1971 ) concluded t h a t  the  c o r r e l a t i o n  between Pj  and 

CNV cou ld  be e i t h e r  z e r o ,  n e g a t i v e ,  or p o s i t i v e ,  depending upon 

e x p e r im e n ta l  c o n d i t i o n s ,

H i l l y a r d  e t  a l . (1971) s tu d ie d  CNV and P^ In  a d e t e c t i o n  e x p e r im e n t .  

In  which the s ig n a l  occurred  on 50 percent  o f  the t r i a l s ,  S| was a 

warn ing  f l a s h ,  fo l lo w ed  500 msec, l a t e r  by a s ig n a l  (1000  Hz tone p ip  o f  

50 msec, d u r a t i o n )  on 50 percent  o f  the t r i a l s .  CNV am pli tude  as w e l l  as 

P^ am pl i tude  were l a r g e r  on t r i a l s  In  which the s ig n a l  was c o r r e c t l y  

d e t e c t e d .  For c o r r e c t  r e j e c t i o n s ,  undetected  s i g n a l s ,  and f a l s e l y -  

re p o r te d  s ig n a ls  P^ was o f  minimal a m pl i tude  or absent c o m p le t e ly ,  CNV 

preced ing  h i t  t r i a l s  was "s ev e ra l  t imes s m a l l e r "  than P^. CNV was a ls o  

present on c o r r e c t  r e j e c t i o n  t r i a l s ,  w h i l e  P^ was no t .

The H i l l y a r d  ejt a K  (1971) , «  w e l l  as the Weinberg e t  a\_, (1970)  

study discussed under a d i f f e r e n t  t o p i c ,  and the Donchin and Smith 

(1970) s tudy  demonstrated p a r a l l e l i s m  between CNV and P3 . However In  

the  H i l l y a r d  M  £l^. (1971) study t h e r e  was a d i s s o c i a t i o n  between P^ 

and CNV In  the case o f  c o r r e c t  r e j e c t i o n s .  CNV was p r e s e n t ,  w h i l e  P3
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was n o t .  CNV a p p e a r e d , t h e r e f o r e ,  to  be m e d ia t i n g  a t t e n t i o n  d i r e c t e d  

toward the  s t i m u l u s ,  w h i l e  re p r e s e n t e d  an e v a l u a t i o n  o f  the  

st  imu 1 u s .

To summarize ,  most s t u d i e s  In  which  concomitant  re c o r d in g  o f  CNV 

and P3 has been done have demonstrated  t h a t  th ese  two responses r e a c t  

s i m i l a r l y  'n  response t o  the same e x p e r im e n t a l  o p e r a t i o n s .  However,  

as Donald and G o f f  ( 1 9 7 0  have shtxvn, t h i s  does not mean t h a t  they  

are  c a u s a l l y  r e l a t e d .  I n s t e a d ,  they  appear t o  be Independent p ro c es ses ,  

a f f e c t e d  In s i m i l a r  ways by the  same e x p e r im e n t a l  p roc edu re s .

1 5 8
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