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\ . 
d ABSTRACT 

atten-* of t h e  f o & i p q e n t  I a t i v e  V a r i a t i o n  (CIW) h a s  '4 
been  r e p o r t e d  to occGr as a f u n c t i o n  of i n c ~ e a s e d  levels of 

a r o u s a l ,  task d i f f i c u l t y  a n d  d i s t r a c t i o n .  The presen t  study 

examined  t h e  p o s s i b i l i t y  t h a t  a f o u r t h  variable, i n f o r m a t i o n  * 

p r o c e s s i n q / l o a d ,  m i q h t  provide so a l t e r n a t i v e  explanation of €BY 

ThkeJ c o n d i t i o n =  r e q u i r i n g  three d i f f c s e n t  lewels o f  

processing l o a d  were run.-  I n  t h e  B A S T  c o n d i t i o n  f o u r  
- - - - - - - - - - -- -- 

one number s -  (stimuli A,B,C, a n d  D )  were p r e s e n t e d ,  The A-B 
- 

; t h e  C-D i n t e r y a l  was two 
/ 

s e c o n d s .  A t o n e  a n d  a 'series o f  clicks Mere p r e s e n t & d  
r .. 

s i r u l t a n e o u S l y  with s t i m u l i  C and  D, T h e  subject had  to  - 
t e r n i n a t e  t h e  c l i c k s  v i t h  a b u t t o n  press and  t h e n  v e r b a l l y  report 

c o n d i t i o n  was i d e n t i c a l ,  e x c e p t  t h a t  t h e  numbers  were two d i g i t  

number s  {from 11 t o  191, I n  t h e  S T A I D A R D  c o n d i t i o n  s t i m u l i  A , B , C  

a n d  D vere not  p r e s e n t e d ,  l e a v i n g  a f i x e d  i n i e r r a l  (3  s e c c n d s )  

r e a c t i o n  time task u s i n g  t h e  tone a n d  c l i c k s  as t h e  w a r n i n g  and  

P i m p e r a t i v e  s t i m u l i .  I n f o r m a t i o n  p r o c e k s i n g  l c a d  uas e x p e c t e d  t o  

i n c r e a s e  be tween  t h e  S T A H D A B  D, EASY a n d  DIFFICULT c o n d i t i o n s ,  

Tonic aroasal  level, d e t e r m i n e d  by the n o v e l t y  of the 
- - --- -- -- - - -- - -- - - - - - -- -- --- - 

s i t u a t i o B ,  was h a b i t u a t e d  by r u n n i n g  t h e  f o u r  male a n d  f o u r  
- -- - - - - - - 

female subjects on four separate days. Incentive a r o u s a l  was 



a - l s o  nanipula ted  b y  osinp monetary rewards which were r o t ?  high 
- # 

on two o f  t h e  f o u r  d a y s  ( f . 1 5  f o r  t ~ e ~ ~ c o r s e c t  puns) a n d  v e r y  l o r  . 
-- a 

on the o t h e r  t w o  days (S.01 f o r  correct sums). For e a c h  s u b j e c t  

m o n e t a r y  r q w a r d  was c o n s t a n t  u i t h f n  each day, I i i qh  a n d  Lou  

sequences of - r ewards .  ores t h e  f c u r  d a y s  were c o u n t e r b a l a n c e d  

across subjects. +- - 
' 4  

B i p o l a r  r e c o r d i n g s  e r e  nade a t  f o u r  a i d l i n e  e l e c t r o d e s ,  
z 

- r a n g i n g  frca f r o n t a l  t o  parietal placements (Ppz,  Pz, Cz and  Pz), 

and an eye e l e c t r o d e .  P o u r  a e a s u r e e  were taken fro* the CW 

waveform: - e a l y ,  -&iddle, l a t - ~ ~ * a i t & e .  
*\ 

-- 

amp11 tude, a  p o s i t i v e  p o t e n t i a l  o c c u r r i n g  300 m i l l i s e c o n d s  after 
d .r 

a s t i m l u s ,  and an indicant of i n f o r m a t i o n  p r o c e s s i n g  load. was 

also measured. Beart rate was r e c o r d e d  d u r i n g  t r i a l s  a s  a 

B e a s u s e  of b o t h  arousal ( w h i c h  p r o d u c e s  c a r d i a c  accelera t i c n )  

a n d / o r  a t t e n t  on (cardiac d e c e l e r a t i o n )  . 6 a l t a n i c  S k i n  P o t e n t i a l  ;r 
/ 

- - 
- -- - 

- -- - -  - - - - 

and r e a c t i o y ' t i ~ e  *&re also . r e c o r d e d .  Analyses of variance were 
7 

\ i - - 
It was h y p o t h e s i z e d  that t h e  CBV v o a l d  decrease i n  

negativity and P308 i n c r e a s e  i n  p o s i t - i v i t y  a s  i n f o r m a t i o n  

p r o c e s s i n g  l o a d  i n c r e a s e d .  Second ,  asasares of arousaL soch as 

the Galvanic Skin P o t e n t i a l  aad h e a r t  r a t e  would i n i t i a l l y  b e  

p o s i t i v e l y  r e l a t e d  to i n f o r m a t i o n  p r o c e s s i n g  load, but after 

h a b i t u a t i o n  -- - - no r e l a t i o n s h i _ p _ - w u l d - ~ t .  fi,i z&-s+yx - . t s at------ 

different i n c e n t i r e  le -1s would c o o t i n  ae~o~show- 
- -  - 

in - ---. 
ckv nagn i t s d a  fo h a b i t u a t i o n .  -\ 

1.i 

e / 

i v  



u h i f e  a clear  difference b e t u e e n  the S T A I D A B D ,  and the  

Easy and DlPFICULT , c o n d i t i o n s  o c c u r r e d  for reaction times for . - 

I - b a t h  sexes, - o n l y  t h e  females shored  effects of infocmalion 
d : .  - p r ~ c e s s i n @  l o a d  as i n d i c a t e d  b~ the CIY and P300 measures ( t h e  

d , fosmer showinq s i g n i f i c a n t  a t t e n u a t i o n s  between t h e  three 
' 4  

i 
. conditions and the latter s i g n i f i c a n t l y  i n c r e a s i n g  i n  a a p t i t u d e  - 

between  the S T l E D A R D  and ,I&$pFIcqT w s d i t i o n s ,  ritb the amplitude 
H 

-. 
f n  t h e  EAST -. c o n d i t i o n  being intermediate) . 

. ' Heart r a t e  decreased over days and reflected i n c e n t i v e  

level (cardiac deceleration c c c u r r i n g  for th-w i a c a n t i v e  
e 

-- - -  - . . 
subjects) f o r  b o t h  seies, but .ales shoved heart rate'increases 

vith increasing levels cf i n f o r m a t i c n  processing. ~ a l v a n i c  s k i n  

potential v a r i a b i l i t y  d e c r e a s e d  a s  i n f o r m a t i o n  processing load 

increased. 

It was concluded t h a t  in o r m a t i o n  processing load uas t h e  t * - 

b e s t e x p l a n a t i o n  of C Z P  dttenuit ioj for  -~.yl%~;&j&t;. -%e 

p & e s s i n g  l oad  a f f e c t e d  t h e  males hross 1 lewels, b u t  n o t  t h e i r  I 
sroked p o t e n t i a l s .  Is levels  of arousal bar@ n o t  been r e c o r d e d  

Y 

in previous s t u d i e s  investigating i n f o r m a t i o n  p r o c e s s i n g ,  the 

r e s u l t s  conflict h y p o t h e s e s  t b a +  attenu in t h e s e  s i t u a t i c n s  
7 

is due to variat ions  in arousal .  
I 
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~ l f P O D U C T I O l  
P 

-+ 

* - 

The c c n t i n g k t  llegatire v a r i a t i o n  ( C W )  is a n e g a t i v e g o i n g  

p o t e n t i a l  which  may be seen in an E l e c t r o e n c e ~ h a l o q r a p h i c  record 

b e t o e e n  t h e  evoked p o t e n t i a l s  t c  t h e  warning and imperat ive  ' 

stimuli i n  a  f ixed-foreperiod r eac t i on  time task, The a m p l i t u d e  

o f  t h e  CEV' is u s u a l l y  l a rges t  when it is recorded a t  t h e  v e r t e x .  , 

and neither t h e  i n t e n s i t y  n o r  t h e  m o d a l i t y  of t h e  s t i m u l i  affect 

CIV r a r k a t i o n s  t o  any - -- e x t e n t .  - - - - Xnstead, variations in-- 
- 

\ 

p s ~ c h o l o q i c a l  constructs a t t r i b a t e d  ta t b e  s n b j k t  show t h e  
*, 

clearest effects. The  CEV h a s  been h y ~ t h e s i z e d  t o  reflect many. 
e 

pspcho log i ca l  c c w t r n c t s ,  inc luding:  m o t i v a t i o n  ( I r w i n  e t  ale, . 

1966; B e b e r t  et al. , 1967) , a t t e n t i o n  (IlcCaUnm a n d  Walter, 

19681, expectancy (Yalter, 3966)'. conation (low +et al, , 1966) , 
/ 

- 
- - - - - - - - - - - - - - -  

stress ( E n o t t  and I r w i n ,  196'7, 1968 ) .  a r o u s a l  {Tecce, 1971). 

distraction (Tecce e t al.. 19'76) a n d  i n f o r m a t i o n  processing 

from an e x t e n s i r e  r e v i e w  of the CIV literature,. J o s e p h  Tecce 

h a s  r e c e n t l y  proposed fFecce 1970, 1971, 1972; .Tecce and 

Baai i ton,  1973, Tecce et al., 1976) a  two p r o c e s s  t h e o r e t i c a l  

aadel  to account for ClirV varia t ions .  According t o  t h i s  a o d e l ,  

t h e  a m p l i t u d e  cf t h e  C I V  is  p o s i t i v e l y  and monotonically ra1atedddd- 
- -- - - - - -- - - 

* 
to attention a n d  ncn-ronotonically r e l a t e d  ( i n v e r t e d - U )  t c  

-- - 

a r o a s a l  l e v e l s .  

A corol lary  of  this h y p c t h e s i s  is t h a t  a t t e n t i o n  i m p r o v e s  a s  

l sre l s  of arousa l  increase u p  t c  a cptimom level, and  becomes 



impaired' y i t h  further i n & r a a s e o  i n  arousal. Excessire a r o u s a l  

evokes d i s t r a c t i o n  ste6fng ZEoii -iatera%f 4%- .--. Furthersore ,  
4 d (I ~ e c c e  s u g g e s t s  t h a t  d i s t r a c t i o n ,  however  initiated, tends to - 

p r o d u c e  e l e v a t e d  l e v e l s  of a r o u s a l , -  A p u s i t f r e  feedback cycle 
* 

a r i s i n g  from a c o m b i n a t i o n  of aroma1 a n d  d i s t r a c t i o n  could be 

c o n s t r a i n e d  by f o c u s e d  f n a r r o w e d )  a t t e n t i o n  fPecce st al- , 1976) . 
- - 2 . T h e r e t o r e ,  according to this hypothesis, uistraction 1s not 

simply a r e d u c e d  l e v e l  of a t t e n t i o n .  It may be g i v e n  i m p e t u s  by 

a r o u s a l  and a c t i v e l y  o p p o s e  a t t e n t i o n a l  p r o c e s s e s .  A mors 
- 

- -- - -- - -- 

precise d e f i n i t i o n  of t h e  h y p o t h e t i c a l  n a t u r e  of d i s t r a c t i o n  is 

qiven  b y  T e c c e  e t  a l .  (1976). who s t a t e  t h a t  "the C I V  

d i s t r a c t i o n  effect i s  a c e n t r a l  p r o c e s s  i n v o l v i n g  & f o r m a t i o n  

processing and  semory f u n c t i o n s "  (p. 284). 

On t h e  basis of t h i s  t h e o r y ,  i t  is possible t o  p r e d i c t  t h a t  
* 

t h e  p roc inc t ion  of h f gh fe.rs3e of ipformatha-pmcessing a& - .  < 
memory f u n c t i o n s  mould be a s s o c i a t e d  w i t h  CBV a t t e n u a t i o n  d u e  t o  < 

- 
related i n c r e a s e s  i n  a r o u s a l '  levels. It i s  u n f o r t u n a t e  t h a t  a 

theoretical . a n a l y s i s  of t h i s  p r e d & c t i o n  is l i m i t e d  by a  s c a r c i t y  

of e x p e r i a e n t a l  d a t a .  The  a a j o r i t y  of C I V  e r p e r i n e n t s  r e q u i r e  

o n l y  s i m p l e  perceptual  d e c i s i o n s ,  such as a x e  found  i n  

d i s c r i m i n a t i v e  r e a c t i o n  time t a s k s .  L 
CEV s t u d i e s  h a v e  t y p i c a l l y  been b a s e d  upcn a s t a n d a r d  

r e a c t i o n  t h e  paradig.. Two s t i h i  ( S 1  a n d  S 2 )  are  p r e s e n t e d  
5- 

c o n s e c u t i v e l y '  with a s h o r t  (1 - 2 s e c o n d s )  i n t e r s t i m u l u s  i n t e r v a l  
+--6- 

- a >  
{ I S I )  . T h e  first s t i a t k l o s  w a r n s  t h e ,  subject cf t h e  imminen t  ' 

occurrence of 5 2 ,  t o  w h i c h  t b e  s u b j e c t  mas t -  make a motor 



r e s p o n s e .  s i i t h i , n  t h i s  paradigm, t h e  t a s k  may v a r y  i h  complehtg. 

For e x a m p l e ,  t h e  subject may be r e q u i r e d  t o  r e s p o n d  to- o n l y  o n e  - 
of_ t u g  s2s. An e x a m p l e  of a t y p i c a i  CBY u a r e f o r m  i n  a r e a c t i o n  ' ' 

-. 

' time task may be seen i n  Pigare -1 (page 44). (Yote t h a t  on - t h e  

+% ' v e r t i c a l  axis, d i s t a n c e  a b o v e  
A- 

i n c r e a s i n g  n e g a t i v i t y , )  

- .  
t h e  b a s e l i n e  i n c r e a s e s  u i t h  

Even w i t h i n  t h e s e  s i m p l e  t a s k s ,  however ,  the a m p l i t u d e  

v a r i a t i o n s  of t h e  C I V  h a v e  s u g q e s t e d  a  c o m p l e x  n e u r o ~ o q i c a l  
\ 

P 
B a s i s .  They apftestf +ke reflect -the s-tioh tiFacth% fr-- 

4 

number of  f u n c t i o n a l l y  i n d e p e n d e n t  a n d  s p a t f a l l y  d i s t i n c t  

p.rocesses.* 1.p o n e  of t h e  f e u  s t u d i e s  o f  r e c o r d e d  CEV v a r i a t i o n s  

d u r i n g  h i g h  l e v e l s  c I" f o r m a t i o n  p r o c e s s i n g ,  CIV a m p l i t u d e s  a n d  

topographical d ' s t x i b u t i o n s  - d i f f e r e d  b e t w e e n  a n  &tire problem 

s o l v i n g  task a n d  a d i s j u n c t i v e  r e a c t i o n  t i n e  task (Pdon e t  a , 
- - - - - - - - - - - i - 

1974) .  The. authors f o u n d  a T i a l l  p a r i e t a l - d o m i n a n t  C l V  i n  t h e  i 

task r e q u i r i n g  a considerable a m o u n t  of i n f o r m a t i o +  p r o c e s s i n q  
-c 

and  a c e n t r a l - d c u n a n t  CUV i n  t h e  t y p e  o f  t a s k  m o r e ^ u s u a l  i n  t h e  
< 

C B V  l i t e r a t u r e .  

w i l l  p r i m a r i l y  i n v e s t i g a t e  tbe hypothesis t h a t  

CEV a t t e n u a t i o n  i s  d u e  t o  i n f o r m a t i o n  



TEE CEV AID AROUSAL 

CEIV' a t t e n u a t i o n  may o c c u r  when t h e  s . u b j e c t  e x p e r i e n c e s  v e r y  
I 

4;Lr QE verz la -u  levels of u o u s a L _ d u r i n g  t h e  p e r f o r m a p c e  od a 

reacti%n time t a s k .  A l t h o u g h  t h e  e f fects  of h i g h  levels of 

a r o u s a l  ( t y p i c a l l y  i n d u c e d  by electr ical  shocks )  have been g i v e n  
- - - - - - - - - - - - 

.ore a t t e n t i o n  t h a n  t h e  effects of l o u  arousal levels, r e s u l t s  

h a v e  cgeneralll b e e n  i n  a q h y i e n t  r - h  Tecce's p r o p o s a l  that a n  
C I +8 - * - 

t d 
i n v e r t e d - U  r e l a t i o n  h i p  o c c u r s  b e t w e e n  CEV w q n i t u d e  and  a r o u s a l  

levels. I h . '  
I- 

T h e  well-obser t e n d e n k y  f o r  t h e  CPV t o  d e c r e a s h  o v e r  ' e  J 

t r i a l s  ( K a q i c h i  et a1 1975; - - Borda, 1970; - -  HcAdam, - 1967) - has - been 

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

and s i t - u a t i o n a l .  ad  j a s t m e n t s .  Lou e t  a l .  (1967) investigated t h e  / 
i, 

relationship b e t u e e n  ClsV a r p l i t u d e  .and a m e a s u r e  of a l e r t n e s s ,  

8 8  t e p x r t a d  t h a t  when the EEG s h o r e d  signs of d e c r e a s e d  a l e r t n w s  4 

(f r a q m e n t a t  i o n  of t h e  a l p h a  d i y  thm, a p p e a r a n c e  of c e n t r a l  t h e t a ) ,  

t h e r e  was a n  i n c r e a s e  i n  t h e  variability and a decrease i n  t h e  

m a g n i t u d e  of thWi?liV, ; F u r t h e r m o r e ,  TecCe, Cole- a n d  
i 

I t u o  and t h r e e  hours aft-er d r u g  a d m i n i s t r a t 2 o n .  

A l t h o u g h  t h e  above s t u d i e s  show a d e c r e m e n t  i n  C 0 V  

a m p l i t u d e s  f r o m  t h e  ncr. w i t h  low levels of a r o u s a l ,  o t h e r  



. . s t a a e s  have shovn t h a t  i n d u c e d  e n h a n c e m e n t s  i n  m o t i v a t i o n ,  
C 

interest, o r  a t t e n t i o n  appear  t o  be a - o c i a t e d  w i t h  i n c r e a s e d  CHV 

m a g n i t u d e s .  A common factor i n  t h e  l a t t e r  studies i s  a  presumed 

i n c r e a s e  i n  a r o u s a l  l e v e l s .  

aebert  41972) used two different S2s in a reaction time - 
p a r a d i g a .  I n  separate blocks of t r i a l s ,  t h e  subject r e s p o n d e d  t o  

t e r m i n a t e d  b y  t h e  s u b j e c t ' s  S e s F o n s e ,  An i n c r e a s e  i n  CB 

a m p l i t u d e  o c c u r r e d  i n  the t r i a l s  wi th  the B o r e  i n t e r s q t i n g  S 2  
- - - 

( t h e  f l i c k e r  s t i m u l u s ]  . I n c r e a s e d  CNV a m p l i t u d e s  also f o l l o o e d  

t h e  i n t r o d u c t i o n  of a m o n e t a r y  reward f o r  correct responses 
. 

(McAdam and Searles, 1969). F i n a l l y ,  Bebert at al. (1967) 

r e p o r t e d  i n c r e a s e d  CRV a m p l i t u d e s  uken  52 was made rare d i f f t c u l t  

t o  detect o r  uhe'n the m u s c u l a r  e f f o r t  n e c e s s a r y  t o  r e s p o n d  t o  S2 

was increaseb c h v  a m p l i t  odes -were smUor -when &Be- s u b j e c t  uas 

not r e q u i r e d  t o  r e s p o n d  t o  52 than in t h o s e  t r i a l  b l c c k s  where a 

response was required. 

- In t h e  a b o v e - s t u d i e s  t h e  a r o u s a l  g e v e l q  of 

i n d i r e c t l y  v a r i e d .  Iruin et a l .  { I 9  

d i f f e r e n t  a r o u s a l  l e v e l s  d u r i n g  t h e  ISI - t b r o u q h n  the/& of 
* 

d i s c x i m i n a b l e  Sls t o  s igna l  two . Q i f f e r e n t  l e r o l s  of shock. C N V  . $  
=T a m p l i  ndes were augmen ted  when S1 p r e d i c t e d  (and was f o l l o u e d  by) 

- 

Two studies b y  K n o t t  a n d  I r w i n  ( 967, 1968) were t h e  f i rs t  r 
ta show t h a t  as arousal l e v e l s  became\er$i&&'/& a t t e n u a t i o n  b 

could o c c u r .  I n  a d d i t i o n  t o  u s i n g  high and low l e v e l s  of s h o c k ,  



,. - t h e y  used h i g h  ard low anxiety s u b j e c t s  ( a n x i e t y  uas measured by 

4E 
t h e  ~ e n d i g  Scale of e m o t r o n a l i t y ,  B e n d i g ,  1962) .  In tie high 

i 

% 
shock c o n d i t i o n ,  t h e  h i q s  a n x i e t y  subjects had smaller Clls t h a n  

the lou-snristy s u b j e c t s 3  P r e r i o u s . s t u d i a s  had s h k t , a  p o s i t i v e  
- 

r e l a t i o n s h i p  between CEV a  m p l i  t o d e  and a r o u s a l  lerels, t h e r e f  o r e  ;. 
, t h i s  c o d b i n a t i o n  of h i g h  a n x i e t y  sot jec ts  and a h i g h  

a r o u s a l - i n a u c i n q  s i t u a t i o n  h a d  been  expected t c  produce t h e  

h i g h e s t  l e v e l  of a r o u s a l  and h e n c e  t h e  l a r g e s t  a m p l i t u d e  CBY. I n  . 
# 

+ f a c t ,  the amplitude of the C I V  w i t h  this p a r t i c u l a r  combination 
L - - - - - - - - 

was e& smaller t h a n  f o r  t h e  same h i g h  anxiety subjects i n  t h e  
i 

low s h o c k  condition, 

, The a u t h o r s  generated a new t h e o r y ,  t h e  " c e i l i n g  
Y 

h y p o t n e s i s n ,  which s u g g e s t e d  t h a t  the r i s i n g  n e g a t i v i t y  of t h e  

C I V  rest* upon a s t a n d i n q e e g a t i v e  p o t e n t i a l  which uas r a i s e d  t o  
\ -  

near the-ph;sicfogicaf l i l i t  of naqatf ~ i t *  bF bIg6 I e v d l s  of 
P B a n x i e t y  o r  a r o a s a l .  Thu* w h i l e  a p o s i t i v e  , r 8 l a t i o n s h i p  b e t u k e n  

a r o u s a l  a n d  C Y V  m a g n i t u d e  u a s  still  a s s u m e d  t o  occur, a t  h i g h  

--? * l e v e l s  of a r o u s a l  t h e  additional n e g a t i v i t y  cf the CUV uas 

a t t e n u a t e d .  A 

'. I . - 

. - Thesa  results sere replicated by K n a t t  and I r w i n  (1973) i n  a 
P 

similar study. A s t u d y  r e p o r t i n g  c a m p a r a b l e  results v i t h c u t  t h e  
- . {  

use of a l e c t s i c a l  s h c c k s  r a s  t h a t  of Low and s k t  (1971).  .The 
- - - -- - 

- 

1 0 l h i g h e s t - a n d  -10 lowest scorers o n  a Eaoifest  Anxiety Scale  
-- - - 

(IPAT self-analysis:-  ~ g r m f  were r u n  on a d i s c r b f  nat ion  paradigm 

which b e c a n e  p r o g r e s s i v e l ~  mcre d i f f i c u l t .  Errors were punished 
7 

w i t h  a l o ~ d ' b l z z e r .  In t h i s  study the cav  was a g a i n  s h o r n - t o  



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

stress, a n x i e t y  or t a s k  dif f i c n S t y ,  i n c r e a s e d .  

Tecce ( I W t )  proposed a n  a l t e r n a t i v e  e x p l a n a t i o n  to t h e  

4: - * " -  

h y p o t h e s i s  b y  s u q g e s t i n g  t h a t  h l  h anxiety  s u b j e c t s  are  - 

t r a c t e d  b y  i r r e l e v a n t  s t i m u l i  a n d  e a n t i c i w t i o n  of  

, T. 
painful shock ,  a n d  t h u s ,  i n  a c c o r d a n c e  w i t h  h i s  d i s t r a c t i o m -  

- aronsal A h g p o t 6 e s . s ,  s h o w  CYV a t t e n u a t i o n .  A s  w i l l  be reviewed i n  

a la ter  s e c t i o n ,  a majority of r e c e n t  studies h a v e  f o u n d  a , 

/ - 
, n e g a t i v e  r e l a t i o n s h i p  to o c c u r  between d i s t r a c t i o n  l e v e l s  a n d  C I Q  

- - - 

a m p l i t u d e .  Boueve r ,  w h i l e  t h i s  p r o ~ o s a l  h a s  the a d v a n t a t j e  -of . - -  - # 
t y i n g  t o g e t h e r  t h e  r e s u l t s  of a r o u s a l  and* d i s t r a c t i o n  studies, a  

number of  ' s t u d i e s  i n  t h e  l i t e r a t u r e  r e p o r t  f i n d i n g s  r h i c ~ a r e  

consistent w i t h  neither Tecces s d i s  t r a c t i o n - a r o u s a l  h y p o t h e s i s ,  

nor t h e  c e i l i n g  h y p o t h e s i s  of K n o t t  a n d  Iruin, 

Kaott e t  a l e  ft973) replicated the-priXziz~ur~,of K n o t t  and 

I r w i n  (1967, 1968) a n d  f o u n d  t h e  r e s u l t s  to  be o f  a much more 

e t h a n  p r e v i o u s l y  assumed. They, a n d  Van Yeen et  
, 

concluded oq t h e  b a s i s  of i n d e p e n d e n t  e x p e r i m e n t s  

a 1  mode, sex and ~ h e t h e r  o r  not  t h e  s u b j e c t  must 
- -~~-p~- 

respdnd to the i m p e r a t i v e  s t i m u l u s  have,  i r i  a d d i t i c n  t o  a n x i e t y  

p r o n e n e s s ,  been shuun . to  inf l u e n c e  C I V  a m p l i t u d e .  ?or example ,  

K n o t t  a n d  Peters (1973, 1974) f o u n d  t h a t  t h e  C l V  a m p l i t u d e  of t h g  - 
- --  -- ----- - P A  -- - -- 

feaale  subjects was a t t e n u a t e d  more t h a n  t h a t  of males i n  h i g h  
- 

stress c o n d i t i o n s ,  
\ 

The r e l a t i o n s h i p  be tween  a r o u s a l  l e v e l s  and  C I V  m a g n i t u d e  is 
* 

therekore i n  need  of further research. It is n o t a b l e  t h a t  i n  



.L I 
t h e s e  studies t h e  use cf the term *arqusalA bas r a r e l y  been 

defined by c o n c u r r e n t  measurement  rious a u t o n o m i c  m e a s u r e s  * - \ 

of, a r o u s a l  such as heart r a t e  a n d  GSB. I n  fact, Irwin and K n o t t  
t 

(1 967) f o u n d  n o  relationship, t e t u e e n  t h e  l = w e l s  of arousal 

I 
3 d e f i n e d  by their p r o c e d u s e s  and r e c o r d e d  G2B a c t i r i t y .  

The  s e c o n d  majcr fac tor  r e l a t e d  t o  CBlV v a r i a t i o n  i s  
- - - - - - - -- 

a t t e n t i o n ,  which ,  i n ; e c m b i n a t i o n  w i t h  m o d e r a t e  1- arousal, 

ippears t o  show a p o s i t i v e  a n d  m c n o t o n i c  r e l a t i o n s h i p  w i t h  CIV 

ampl i tude ,  

T e c c e s s  p r o p o s a l  t h a t  C3V a m p l i t Q d e  a n d -  the a t t e n t i o n  l e v e l  
,.--' 

a of - the subject are positively r e l a t e d  - reflects a l o n g  h i s t o r y  of 
-- - - -- - - - - - - - - -- 

- -  - -  

expe r i t e - r r t a t i o r r ,  f nmerous a u t h o r s -  h a v e  f o u n h - i n c r e t s n t s  hr-CH,V 
* 

a m p l i t u d e  r e s u l t i n g  from i n c r e a s e d  l e v e l s  of a t t e n t i o n .  , f a l t e r  
- 4 

(1 965) varied 5 2 ,  so  t h d t  the t a s k  b e c a n e  more i n t e r e s t i n g ;  + 

. 
s i m i l a r l y ,  E l l i s  (1971) u s e d  f o c u s e d  a n d  un focused  s l ips  as S2. 

R e s e a r c h e r s  have a l s c  u s e d  p r o c e d u r e s  which n e c e s s i t a t e d  

i n c r e a s e d  a t t e n t i o n  levels i n  c e r t a i n  t r i a i s .  F o r  example ,  
t 

>/' 
Rebert  e t  a l .  (1967) used as S2 a n  easy o r  d i f f i c u l t - t o - d e t e t t  

a u d i t o r y  stirulns,  onc chin e t  al, (1972) had t h e  s u b j e c t  
- - - - - 

r e s p o n d  to o n l y  one o f  two p o s s i b l e  S2s. A i m i l a r l y ,  Gatchal and 

Lang (1973)  n a d e  the s i d a l e  t h r e e  t c n e s  i n  a series of f i v e  t h e  

most d i f f i c u l t  t o  r a n k .  A t h i r d  procedure has  b e e n  t o  sqlect 
- 2 

e 

those t r i a l s  which  o n  t h e  b a s i s  of post -hot a n a l y s i s  s h o v e d  
' 



evidence of  increased a t t e n t i o n .  l o r  example. B i l l y a r d  (1969) 

a 2 - -  - 

c o a p a r e d  trials with correct a n d  i correct responses i n p a  & p a l  

a e t e c t i o n  t a s k . -  Coben ~ 1 9 7 3 )  c h o s d t h o s e  fria.ls i n  which t h e  . 

s u b j e c t  had c o r r e c t l y  i d e n t i f i e d  vo@s a n d - p i c t u r e s  used as S2, 
2 

A l l  of t h e s e  studies found i n c r e a s  d CUP a m p l i t u d e  w i t h  induced . 

- +i 
i n c r e a s e s  i n  a t t e n t i o n  l e v e l s .  . . 

- 
-- a ~ f e t ~ ~ e r ,  LQU et a ~ .  (1967) t o u n d  t h a t  there was a t en i i ency  

+A 

f o r  t h e  g r e a t e s t  a m p l i t u d e  C I V s  t o  cccur when the stimuli a t  S2  

vere near t h r e s h o l d  a u d i t o r y  s t i m u l i ,  subjects vere making 
--  - - - - - - - - - - - -- -- -- - - - 

c o n s i s t e n t l y  c o r r e c t  r e s p o n s e s  t o  -SI a n d  EEG s h o r e d  a , 

despnchronized p a t t e r n  s u g g e s t i n g  i n c r e a s e d  alertness. T h i s  

t r a t e s d h a t ,  w h i l e  a t t e n t i o n  and a r o u s a l  are p r e s u n a b l y  

p r o c e s s e s ,  a n  e x p e r i m e n t a l  oced~re d e s i g n e d  t o  

increase t h e  a t t e n t i o n  l e v e l s  of.  the- s u  iects nay a l s o  r a i s e  
- - - - - - 3 - - -- - 

~ h e  studies i n  t h i s  s e c t i o n  s h d t b e  c o u r s e  of the C Y V  

Gaveform i n  what are, e s s e n t i a l l y , (  r e a c t i o n  time tasks. Xg t h e  
L. ,kt" s&t s e c o n d s  t h a t  c o n p r i s e  the CBV i n t e z v a l  ( t h e  i n t e r v a l  

between s1 a n d  s Z ) .  t h e  s u b j e c t  i s  only r e q u i r e d  t o  wait (and 
- - - 

p r e p a r e )  f o r  ~ 2 .  ~ i f f e r e n t i a l  CIV n a g n i t u d a s  i n  d i s t i n b u i s h a b l e  
a * 

tasks must  reflect d i f f e r e n t i a l  p r e p a r a t i o n .  The s u b j e c t  is n o t  

r a q u i r e d  t'o g k o c e s s  a n y  i n f o r a a t i o n  d a r i n g  t h e  CIV i n t e r v a l .  It  - 
- - - - -  - -  -- 

- r q  aiqht, in fact, be proposed t h a t  a s  performance lerel i n  thi 
-- 

a t t e n t i o n  t a s k  improved, a n y  u n n e c e s s a r y  i n f o r m a t i o n  p r o c e s s i n g  
- 0  

o c c u r r i n q  vo-kld t e n d  t; d e c r e a s e  as the y u b j e c t 8 s  i n r o l v 9 m s n t  i n  
\ I ,  b ' 

the task a t  hand fncreased. - 



I n  the studies c o n t a i n e d  i n  t h e  p r e r i o o s  s e c t i o n ,  a few 

could b e  s a i d  t o  show e n h a n c e ~ e n t  of CBB a m p l i t u d e  uith i n c r e a s e s  
- 

i n  t a s k  d i f f i c u l t y ,  However, e x p e r i m e n t s  w a t i n g  t h i s  

r e l a t i o n s h i p  have found CBV e n h a n c e m n t  t o  be positively related 
.-+, 

--easing task d i r t i c u i t y  in some e x p e r i i e n t s ,  and  n e g a t i v e l y  

r e l a t e d  i n  o t h e r s .  T h i s  apparent c o n t r a d i c t i o n  between results 

may be r e s o l v e d  by. a n  examination o f  t h + i n f o r r a t i o n  p r o c e s s i n g  
-- -- -- - - -- - 

level r e q u i r e d  of t h e  s u b j e c t  daring t h e  I S 1  b y  the e x p e r i m e n t a l  

paradigms.  
L 

An example o f  a s t u d y  i n v o l v i n g  i n c r e a s i n g  t a s k  d i f f i c u l t y  

w i t h o u t  increased amounts  of i n f o r m a t i o n  p r o c e s s i n g ,  i n  add i t ' i on  

to the g t u d i e s  b y  B e b e r t  et a l .  (1967)  and  onc chin e t  al, 

f t 9 7 2 )  o u t l i n e d  in the prevkotrs ~ ~ c * ~ o I I ,  is-t-bat-of-acCaIlur a m -  ---- 

P a p a k o s t o p o u l o s  (1 973) , who used s i t u a t i o n s  of i n c r e a s i n g  
- 

c o n p l e x i t y .  

I n  t h e  l ea s t  c o a p l e x  t a s k ,  p a i r e d  s t i m u l i  were p r e s e n t e d  to 

t h e  s u b j e c t s  u i t h  a s h o r t  331. After r e c o r d i n g  the CBV t c  t h e s e  

s t i m u l i ,  t h e  r e s e a r c h e r s  - added  the r e q u i r e m e n t  of making a motor 

r e s p o n s e t o  52. I n  a t / i r d ,  a n d  more c o i p l e x  c o n d i t i o n ,  a third 

t h e  s u b j e c t  t o  cancel t h e  r e s p o n s e  to 5 2 .  Tuc t r i a l  b l o c k s  o f  
-- , 

t h e  t h i r d  c o n d i t i o n  mere r u n ;  i n  the ,first, S 2  would occur miduay 

in the ISI; i n  t h e  second ,  S3 somet imes  occurred late i n  t h e  ISI. 

CBV a m p l i t u d e  tended to i n c r e a s e  when t h e  t h i r d  s t i ~ u l u s  .&s 
C 



r2 
- 

A 

t n u s  s s a r  rrrrgIw & 151, 
-3 

t h e  CIV i n c r e a s e d  f o r  so= s u b j e c t s  and decreased for others, - - - 

R e a c t i o n  times d e c r e a s e d ,  The  aathcrs pointed o u t  a t e n d e n c y  for 
- ' 

t h o s e  whose C N Y  a m p l i t u d e s  i n c r e a s e d  in t h e  last c o n d i t i o n  t o  be , 
A 

A 

less a n x i o u s  t h a n  other s u b j e c t s  ( a c c o r d i n g  t o  t h e  H i d d l e s e x  - 

s 

Hospi  t a l  Q u e s t i o n a i r e )  . Thus h i g h  a r o u s a l  l eve l s  +are associated 3 
d 4 ", 

% % i t h  CBV a t t e n u a t i o n  i n  t h e  more d i f f i c u l t  tdsk- 4 

- 

a n x i o u s  subjects, a p o s i t i v e  r e l a t i o n s h i p  b e t w e e n  C I V  a m p l i t u d e  

and  t a s k  d i f f i c u l t y  occurred'.  

Mafren (7964) f o u n d ~ K v  m i x d ? s d %  be larger  i n  d i f f i c u l t  

v i s u a l  d i s c r i a i n a t i o h  t a sk% t h a n  i n  easier d i s c s i n i n a t i o n  tasks, 

I n  t h i s  study, S 1  (a h i q h  on low t o n e )  i n f o r m e d  t h e  s u b j e c t  

w h e t h e r  a d i f f i c u l t  o r  a n  e a s y  v i s u a l  d i s c r i m i n a t i o n  would  . 
f o l l o u ,  T h e  subject was r e q u i r e d  t o  s t a t e  w h e t h e r  52 a n d  53 were 

d i f f e r e n t  o r  i d e n t i c a l  circles. The EHV was recorded i n  the 
- - - - - -- - - - - - - 

I n  contrast t o  t h e  two s t u d i e s  o u t l i n e d  above, a d e c e p t i v e l y  

s i m p l e  experiment c o n d u c t e d  by Delse et  a l .  (1972) f o u n d  t h a t  
__C 

1- 

C B V  a m p l i t u d e  decreased as task  dif f i q n l t y  i n c r e a s e d .  The 

d - ~ ' S t ~ c C i o f i e t  ween t h e  two levels, of d i f f  i c u l t y  was t h e  ease of 
k 

d e c i d i n g  u h e t h e r  or n o t  52 had t h e  sane pitch as S1. The two 

l e v e l s  of d i f f  i c n l t y  were randomly mixed, The s a b  jects uere 

~ 0 t h  male and  f e n a l e  @cts were ked .  b u t  n o  d i f f e r e n c e s  

1 - b e t w e e n  c o n d i t i o n s  u e r e  f o  nd forbthe male  s u b j e c t s .  F o r  t h e  



- 

f e ~ a l e  s n b j e  u s, 

compared to easy t r i a l s ,  and the greatest a t t a n m & o n  of t h e - C l V  
+ 

[ h e i g h t  and area neasnres) r o c c u r r e d  for female subjects in the 

- d i f f i c u l t  p i t c h  d i s c r i m i n a t i o n  ta_& when the  response was 

correct. The a u t h o r s  attributed this attenuat4an to t h e  
- - 

regaireaent of having to resaber S t  dur ng  t h e  St-S2 i n t e r v a l .  t 
- . 7 

e 

r e p r e s e n t a t i o n  was unnecessary; incorrect t r i a l s  implied no 

memorization o f  S1. The a u t h o r s  s u g g e s t e d  that t h e  distraction 
.I - 

-- -- 

1 
3 

- -- --- 

hypothesis of Tecce might explain tbe,attenuation; a l t h o u g h  no 

difference in r e a c t i o n  ti.es(&carred b e t  ween the trc c o n d i t i o n s  

I i {a requirement of Tecce's t h  ory) . 
S i n i l a r l y ,  Roth et al. 975) presented  from one t o  four 

digits, a t o n e  (St)  and t h e n  a probe digit (S2) ,  Tbe s u b j a c t * s  
- 

- task uas to respond unl+ i;f ~ t t e - - g r o ~ d & g i + h a ~ ~ ~ ~ ~ d  

within the preceding diqits, g i t h  a more difficult - t a s k  (more 
- 

digits t o  remember), t h e r e  were fewer and smaller C l V s .  

I t  might b e  c o n c l u d e d  t h a t  CHV enhancement occurs uhen the 
* 

subject need o n l p  w a i t  for S 2  i n  the C I V  interval, and CPP 

a t t e n u a t i o n  when sub  j e  a c t i i e l y  p r o c e s s  i n f o r m a t i o n  i n  

this i n t e r v a l .  Howewer, t h e  s u b j e c t ' s  t a s k  i n  a s t u d y  by Poon et 

al. ( I  976) r e q u i r e d  only a  state of expectancy during the IS1 
- - -- 

--- 

apd CIV attenuation cccttmeit i n  t h e  d i f f e r e n t i a l  a s  compared to 
- - - - - - - - 

the s imple  r e a c t i o n  t h e  t a s k .  f a  

2 

I n  this s t u d y  a red warping l i g h t  ( S t )  uas i l l u m i n a t e d  for 

1 . 4  s e c o n d s  preceding t h e  visual presentation of t u o  l e t ters  



- . + -  P -. 
t. 

t s L f .  In t h e  react2 om tl-3- aade an i m d e d i a t e  
- 

response to  the onset of S2. In tBe roqel-consonant task a . 

rotor r e s p o n s e  was made, indicating the  s i l i l a r i t p  - - 
-* 

or difference of the tuo let ters  (S2) with-respect  to t h e i r  - 

. 
t< i 

c a t e q o r i z a t f o n  as vowels or consohants. The d i f f e r e n t i a l  

reaction tire task resolted i n  a shift towards sma~ler C S V s  and - 

In a s t u d y  by Poon et a l .  (1974) the s t lb jec t s  sere t o l d  

t h a t  they were i n  a binary choice gambling s i t u a t i o n .  They were 
- -- - - - - -  -- - 

- - - - -- - - - 

required t o  predict u h e t h r  S2 would be a red or a green f l a s h ,  

A tone, separate from s1, s i g n a l l e d  t h e  beginning of the trial. 
& 

In the 3-5 seconds before t h e  o n s e t  of S 1  the subject announced 

h i s  choice and @laced a bet. TQ respond correctly, t h e  subject 

had to d i s c o v e r  t h e  pattern of presentat ion  of the red and &reen- 

flashes, I n i t i a l l y ,  t h e E e d a n d & q ~ ~ ~ ~ ~ ~ p - - ~ - - ~ t  

a l t e r n a t e d .  Then t h e  pattern was changed to a repeating sequence 

of f i v e  red or green I f g h t s .  I n  coaparisoa to a standard - 

raaction time task (ns in&only sl and S 2 )  t h e ~ e  uas CBV 

3'- attenuation 

a v i g i l a n c e  

eouem it 

in the prediction t a s k .  A s  i n  prev ious  s t u d i e s  o n l y  

t a s k  was required of t h e  s u b j e c t  i n  the CaV interval. 
4 

is apparent t h a t  the p a t t e r n  identification task 
0 

required m e m x y ,  encoding and recall processes u h i l e  the reaction 
pp - - 

-- 

tine t a s k  af d nat, 

It is n o t a b l e  t h a t  C I I  enhancement appare 9 occurs i f  
- 3 1 *- 

4 

s i m p l e  perceptual d e c i d c n s  are reguired  a t  ~ 2 ;  and C B V  
iQ 

attenuation if the t a s k  i n w o l r e ~  b a s i c a l l r  )&her order proces se s  
cC * - 



s u c h  a s  recaif o r  p a t t e r n  a n a l y s i s .  It, is p o s s i b l e  that a l t h o u g h  

t h a =  s u b j e c t  need o n l y  wait fcr 5 2 ,  t h e  p r e p a r a t i o n  for  s i ~ ~ l e  
- 

reaction time or p e r c e p t u a l  d i s c r i m i n a t i o n  t a s k s  a t  52  and t h a t  

f o r  more complex  a n a l y t i c a l  tasks may require q u a l i t a t i v e l y  o r  
9 

q u a n t i t a t i v e l y  different c o g n i t i r e  p r o c e s s e s ,  - 

- -- - =  

Studies i n v e s t i i a t i n q  . t h e  effects of d i s t r a c t i o n  on cnv 

a i p l i t u d e  typically recessitate mar€ informaticn p r o c e s s i n g  i n  

one c o n d i t i o n  than i n  t h e  other ( c o r t r o l )  c o n d i t i o n .  Tbe - 
- - - - - - -- - - 

- - I-- - - 

distractors ma7 be i r r e l e v a n t  s t i m u l i  p r e s e n t e d  d u r i n g  t h e  CBV W 
9 

interval which r e q u i r e  only a s i m p l e  p q r c e p t u a l - d e c i s i o n  b y  * t h e  
a 

subject, or ,  i n  a sore d i f f i c u l t  s i t u a t i o n , ,  &he - subjec t  mar be 
/ 

r e q u i r e d  t o  count or recall t h e  d i s t r a c t o r s ,  Tbese studies w i l l  
P 

allow t h e  h y p o t h e s i s  t o  be far ther  pursued t h r o u g h  t h e  selection j 

of reports of p r e v i o u s  s t u d i e s ,  * 

THE C I V  1 # D  DISTRACTIOP 

Uhen tasks or s t i m u l i  i n  a d d i t i o n  t o  the s t a n d a r d  r e a c t i o n  

time pa rad ig .  a re  p r e s e n t e d ,  t h e y  map be seen a s  d i s t r a c t o r s .  

T h e  immediate effects l a y  i n c l u a e  i n c r e a s e d  stress, d e c r e a s e d .  

attention to t a s k  s t i m u l i ,  and increased task d i f f i c u l t y .  On the 
- - - -- - -- - ---- - -- - 

- 
b a s i s  of t b e  results cf p r e v i o n ~  s t u d i e s ,  CEV a t t e n u a t i o n  is t o  

-- 

be expected. This h a s  gene ra l2 .y  been found t o  occur .  

D i s t r a c t i n g  and  i r r e l e v a n t  s t i m u l i  hare been p r e s e n t e d  
L 

wit hi^ t h e  i n t e r s t i ~ u l u s  o r  i n t e r t r i a l  i n t e r v a l s ,  i n c l u d i n g  

buzzes (Palter, 19681, a6d t o n e s  ,and music (McCallnm and S a l t e r ,  



f 
y r l l a s t r a t i o n s  have been used as S1, w i t h o u t  

i n s t r u c t i o n s  t o  the subject ( 8 c C a f l a m  and  Halter, 1968) 5 These 

r e s u l t e d  i n  decreasqd C H V  a m p l i t n d e s .  

I n  o t h e r  studies the subject p e r a r m e d  a specific task 

dur ing  the IS1 in addition t o  t h e  s t a n d a r d  reaction t i m e  t a s k .  

The a m p l i t u d e  of t h e  f 10 was attenuated in s l toa t i cns  i n r o l v i n q  

was required t o  a t t e n d  to, a n d  l a t e r  recal l ,  nuibers or- le t ters  

p r e s e n t e d  w i t h i n  or bafore t h e  IS1 [Tecce and S c h e f f ,  1969). 
- - - - - - -  

Houever, mental c a l c u l a t i o n  I G a o t h i e r  and Got t e sman ,  1976)  d i d  

not r e k u l t  i r  CHV a t t e n u a t i o n .  

Tasks continued t h r o u g h c u t  t h e  entire trial. h a r e  i n c l u d e d  

conrersaticn (Halter et a l e ,  1967 ;  E c C a l l n 8  and H a l t e r ,  l 9 6 8 ) ,  

readiigg (Ualter et a l . ,  1967),  w a t c h i n g  TV ( o n l y  one subject 

showed CHV atteooation i n  t h i s  sitaati~a;&z€all~* a& gal - 

1968), and adding sevens ad seriatum (Tecce a n d  B a d l t o n ,  1973). 

Other *distractors i  that hare  decreased CRV a r ~ l i t u d e  i n c l u d e  

walk ing  about ( ~ a l t e r " e t  a l i ,  1967). o r  h a v h q  a f u l l  b l a d d e r  o r  
1 --. 

p e r s p a 1  problems ( f f c ~ a l l a ~  a n d  Halter ,  1968) . 
Certain of  these resalts r e q u i r e  comaent .  F i r s t ,  i n  t h e  

@ 

Halter stndp (1968), t h e  b u z z  r e l i a t l p  came before S 2  and ray 
- . 

h a v e  been used by  t h e  s u b j e c t s ,  instead of S 1 ,  t o  prepare for t h e  
- - - - -- 

- 

response to S2. T h e  CSV woeld thus have le& time t o  develop a n d  
- -- - -- - 

voaIa be of  smaller ampl i t od&.  Second, when t h e  s u b j e c t  was 

corrtrsinq (ualter st a l e .  be s o 8 e t i . e s / d i d n 8  t r e s p o n d ,  

i m p i y i n g  t h a t  h e  d i d n ' t  attend the s t i m u l i  in these trials. 



Decrements in C I P  a a p l i t d a s  in t h e s e  cases need not d~$ 

attribute4 to  ' t h e  effects of distraction, 

I n  c o n t ~ z t d i c t i o n  t o  t h e  h y p o t h e s i s  a t  t h e b o n d  sf ., 

the p r e v i o u s  $ & t i o n ,  sor'e of t h e  above s t a d i e s  report C I I -  

a t t e n u a t i o n  when only s i r p l e  p e t c e p t a a l  d e c i s i o n s  are required i n  

uerer, the a t t e n u a t i o n  c b s e r r e d  mag be o n l y  

t e ~ p o r a r p ,  t h e  study by LlcCallum and @ a l t e r  (1968) a l l  

subjects 5bo 4 m a s k e d  reduction of t h e  CUV f o r  t h e ' f i r s t  f e u  

r r i a i s .  bdt at t h e  end of 25 t r i a l s  t h e  a m p l i t u d e  was a b o u t  7 C X  

a • ’  its orjqiml'vdutr ,  It  i s  reasanabl_e to-ass+nseekbt _a_ pppp 

considerable a m o u n t  of i n f  o r m t i o n  processing rcccurs daring 

initial t c i a i 9  w h i l e  the sydject interprets t b s  d i k t r a c t o r s ,  a 

process u h i c h  mag tie onqed i f  t h o  e x p e r i m e n t a l  task i n  very  T 

d u l l ,  In t ; h i s  c a s e ,  a t t e a n a t i p n  would only o c c u r  i n i t i a l l y ,  a s  I 

uas r e p d t ~ e d .  
- - -  

B c C a l l u m  and salter (1968) suggested that the amount o f  N I V  

decrement i n  d i s t r a c t i o n  experiaentr reflected t h e  amount of 

a t t e n t i o h  directed t o  t h e  d i s t r a c t i n g  s t i m u l i ,  I t  was c l a i a e d  

t h a t  d i s t $ a c t i n g  s t i m u l i  which were v e r y  s i m i l a r  t o  t h e  

.erperimeacal stimli u t i l i z e d  nore cf t h e  subject's attention and 

caused greater decrerents. 

Yet, another study, by rl i l ler  et al, ( 1973 ) .  found C 4 V  
9 

ezhancerept 1% -f 

5 2 ,  and C $ l  - 

1 

was e i t b e g  a tcne or an e l e c t r i c a l  shock (the use -of an 

electrical shock tended t o  i n c r e a s e  ClsV a m p l i t u d e )  ; t h e  task was 
YL \ 



e was largest  
- 

when S2 uas a tone and sasic u,as us 

&uthors  d i s t i n c t i o n  b e t w e e n  focused and d i v i d e d  a t t e n t i o n a l  
- 

processes, houever, p o i n t s  t c  the' f a c t  that d i v i d e d  a t t e n t i o n  

( c lose  s i m i l a r i t y  between s t i m u l i  i n  tbd ac&llam and Walter 
* 

study or a t t e n t i o n  to both music and the impending s h o c k  in t h e  

A l a t e r  s t u d y  i l l n d a t e d  both C I V  a t t e n u a t i o n  and . i 
f 

enhancemenf  i n  a s s o c i a t i o n  wif h d i s t r a c t i o n .  Tecce et a l .  5 - 
- --- - 

[I9761 i n t r o d u c e d  d i s t r a c t i n q  l e t t e r s  i n  the IS1 of the c o n t r a 1  

c o n d i t i o n  (a reaction time t a q k ) .  I n  o n e  c o n d i t i o n  t h e  subjects 

were i n s t r u c t e d  to ignore these s t i m u l i .  In  a s e c o n d  condition 
i 

t h e  s u b j e c t s  were reqoired t c  r e c a l l  the letters, In all three 

c o c d i t i o n s  the subjects h a d  t o  make a aotor resFonse as quickly - - 

r * 
as .possible to t h e  o n s e t  of 52.  A t - C z  [the e M r & e - s i * e  used 

ir all p r e v i o u s  studies referred to in t s review) the 
. . 2= 

, letters-no recall was larqer t h a n  t b e  contrpl condition, which 

was larger than t h e  recall c c n d i t i o c .  B e a c t i c n  times i n  the 
' I 

recall c o p d i t i o n  were significantly s n a l l e f  t h a n  i n  the 
- 

letters-no recall anh c o n t r o l  c o n d i t i o n s .  .. 

h ~ p o t h w  process w h i c h  directs a t t e n t i o n  toward task 
\ _-_ - - -  - -- 

itrsIetant s t r a u h  i n  the enriron.ent ,  t h e r e b y  i n t e r f e r i n g  w i t h  a 

-- 

tk s ~ & u r r o r ~ ~ ~ ~  r ~ e m t - % G ~ i  ~ G ~ l t i n q  i n  a rr 

*% * 
- 

response d e c r e n e n t  t o  t h e  relevant ~ t i m n l i .  AS expected, CEV 

a m p l i t u d e  Mas a t t e n u a t e d  w h a  tte sub jectr were required to 



a t t e n d  t o  t h e  d i s t r a c t i n g  s t i m u l i  f i n  t h e r e c a l l  condition) i n  
I*==-- 

=E% 

c o a p a r i s o n  t o  t h e  ccntrol c o n d i t i o n .  Eiowe~er, *the CBV m a g n i t u d e  

i n c r e a s e d  mh& t h e  s u b j e c t  was specifically i ~ s t r o c t e d  to  i g n o r e  
f .  

the d i s t r a c t i n g  stimuli. 

It appears  reasonable t c  theorize t h a t  a l l  of t h e  . 
e 

) d i s t r a c t 0  s are i n t e r p r e t e d  by the s u b j e c t  m d  t h u s  i n f o r m t i o n  f 
- - 

p r o c e s s i n g  6ccers. rot,  .when t h e  s u b j e c t  is l i t t l e  i n c l i r k d  to 

react t o  the d i s t r a c t o r ,  either because t h e  s o b j a c t  uas 
* 

i r r s t r u c t e d  t o  disregard t&se s t i r k  ar h v - i k  is ZL - -  -- 

c o n t i n u o u s  s t i ~ a l a s  of  the sale m o d a l i t y  a s  t h e  impetatire 

sti&ulus,  the^ CIV enhancement occurs, I n  t h i s  type of 
3, 

s i t u a t i o n ,  o n l y  s t i ~ a l n s  * f i l t e r i n g m  is o c c a r r i n q .  The s u b j e c t  
* 

dogs n o t  ha te  a t t e n t i o n a l ,  and hence  response, c o n f l i c t s .  

Donald and Coif  $1973) suggested t h t  t h e  ClT is re lated to 
- -  - 

response set and state t h a t  *processing i n t e r y c s e d  $ t i m u l i  does - 

n o t  b l o c k  t h e  C B V , .  . unless t h e  s t i m u l i  trigger - a c o n f l i c t i n g  

r e s p o n s e  set.* fp, 376). i h e ~  p r e s e n t e d  a study (Donald,  1970) 

i~ which t h e  s u b j e c t  e u l t i p l i e d  p number by  a constant axid gave a 

A l t h a u g h  they uere o b r i o u s l y  d i s c u s s i n g  a matar response, t h i s  

s a s t  be  m d e ,  or w i t h  t h e  level of t h e  s e n t a l  processes b e i n g  

t a p p e d .  

I n t e r p r e t a t i o n s  of t h e  ' C ~ Y  h a v e  now b e c o n e  m u l t i t u d i n o u s ,  



p a r t i c a l a g l y  v i t h  respect t o  t h e  numerous -  inferred m e n t a l  

activities of the subject .  A t t e n u a t i o n  of t h e  CIV h a s  o c c u r r e d  . 
i n  s t u d i e s  i n v o l v i n g  memory s torage a n d  recall; r e s p o n s e  - 

I decisions, arid i n f a r m a t i o n  processing. ~ b r  ' is  t h i s  p r o l i f e r a t i o n  . 
\ ) of aenta l  prcce&es l i a f t ; ?d  t o  t h e  C W .  1 l a t e  p o s i t i v e  

c g n p o n e n t  of the evoked p o t e n t i a l ,  f r e q u e n t l y  d e s i g n a t e d  P300, a 

h a s  a r s o  been' a s s o c i a t e d  with thes , e  c o n c e p t s .  Evoked p o t e n t i a l s  
. . 

-occur t o  b o t h  s t i m u l i  i n  a  s t a n d a r d  CNV p a r a d i g m ,  thu; a l l o v i n q  

t h e  p u s s f v l i t y  >of a P300 potential o c c u r r i n g  t o  e i t h e r  o r  b o t h  
1 - - -- - -- 

st.inuli. '~bere fdre ,  the  a n p l i t . d e  cf ~ 3 0 0  m i q b t  s e r v e  a s  a 

m e a s u r e  .cf i n f o r m a t i o n  p r o c e s s i n g  loads, a l t h o a h  the ' r e s e a r c h  i n  

t h i s  a rea  d o e s  n o t  d e c i s i v e l y  s u p p o r t  t h e -  o c u r r e n c e  of a p o s i t i v e  

r e l a t i o n s h i p  b e t w e e n  P300 a r ~ l i t n d e  a n d  i n f o r m a t i o n  p r o c e s s i n q  
- 

load. 

g i t h i n  t h e  evoked p o t e n t i d .  (EP) t o  a s t i m u l u s ,  a l a t e  

positive c o m p o n e n t  w i t h  a p e a k  latency of a p p r o x i m a t e l y  250 . to  

500 m i l l i s e & n d s  (P300) m y  to r e c o r d e d  from v e r t e x  and p o s t e r i o r  

s c a l p  l o c a t i o n s .  I n  g e n e r a l ,  i t  o c c u r s  when t h e  s t i m u l u s  

p r o v i d e s  s i g n i f i c a n t  inf o r l a  t i o c  o r  i s  i n  soBe way s a l i e n t  for 
- - - - - - - -- - - - -- - - - 

the s u b j e c t  (Sutton e t  al.; 1965; S u t t o n  et al., 1967; P a u l  and 

S a t t o n ,  1972;  Pictcc a n d  B i f  l p a r d ,  1974; DonaJd a n d  G o f f ,  1971). 

P300 a m p l i t u d e  is g e n e r a l l y  l a r g e r  f o r  r e l e v a n t  t h a n  

i rre l evant  s t i a a i i  fsheatz and Chapaan, 1969; D o n c h i n  a n d  Cohen,  



L 

1 9 6 7 ;  Donchin  and s m i t h ,  1970; Debecker  a n d  Des-dt ,  1966; 
,.- - 

Squires e t  a l . ,  1973,  1975;  Picton and  Iii l lyi&d, 1974; Donald  a n d  
\ i 

 off, 1971. 1973). 1n' s v n a l  d e t e c t 3 o u 2 6 s k s .  P300 is l a r g e s t  
n 

f o r  d e t e c t e d  signals ( h i t s )  and  small or a b s e n t  fcr f a i l u r e s  to 

. de.tect s i q n a l s  (misses), i n c c r r e c t  r e p o r t s  of s i g n a l s '  (false 
. 

a l a r m s )  , a n d  c o r r e c t  ' r e p o r t s  of  S i g n a l  a b s e n s e  (correct 
- r e f e c t i o n s )  ( H i l l y a r d  e t  a l . ,  197r;aftltter and Vaughan, 1969) , 

I f  a v i g i l a n c e  t a s k  is v e r y  difficult, E300 will occur t o  both. 

hits and mikses (si t ter  a n d  Vaughan, 1969) .  Cael e t  a l .  (1974) 
- - , - - - - 

7 

f o u n d  P300 ii a l l  b u t  t h e  false alarm c a t e g o r i e s  of r e s p o n s e .  
' 

T h e  o c c u r r e n c e  of a Sarge P300 Eor h i t s  b u t  not f o r  f a l s e  

a l a r m s  n i g h t  be t h o u g h t - t o  suggest t h a t  a s t i r u l n s  is  n e c e s s a r y .  

However, P300 nay also o c c u r  when a- s t i m u l u s  is  e x p e c t e d  but d o e s  - 
n o t  o c c u r  ( S u t t o n  pt ,al., 1967; K1-inke e t  al. ,  1968; H e i n b e r g  et 

\ & - 
- - - - 

al., 1 9 7 0 ) .  .. - 

k 

I n  such e x p e r i m e n t s ,  t h e  i n t e r ~ r e t a t i o n  bas been t h a t  P300 
, -- 

r e f l e c t e d  c o n f i d e n c e  i n  t h e  r e s p o n s e  ( H i l l y a r d  e t  a l . ,  1971,  P a u l  

a n d  s u t t o h ,  1972)  ,. s t i m u l u s  s i g n i f i c a n c e  ( B i t t e r  a n d  va-ughan, + 

1969) , and  r e s o l u t i o n  of o n c e r t a i n t  y o r  i n f o r m a t i o n  d e l i v e r y  

(Donchin  a n d  Cohen, 1967; S u t t o n  e t  al. ,  1965, 1967; T u e t i n g  et 
1 

- a l . ,  1 9 7 1 ) .  

i n f o r m a t i o n  p r o c e s s i n g  (Donchin e t  al . , '  1975, 1973;  Donchin  and 
- - - - - - - - - - - - - --- 

Cohen, 1 9 6 7 ) ,  a s  h a r e  o t h e r  authors ( ~ o h r b a u g h  e t  al . ,  1974; 

p r i c e ,  1974; J e n n e s s ,  1972; R i l l y a r d  e t  a l . ,  1971) .  Donchin e t  

a l .  (1975)  suggest t h a t  t h e  r e s u l t s  of Donchin a n d  Cohen (1967) 



c' 

4---. 

975) .show enhancement of PSOO ohen the 

e l i c i t i n g  s t i m n l a s  i n v o k e s  i n f o r m a t i o n  p r o c e s s i n g  a c t i v i t i e s  and . 
t h a t  t h o s e  of S u t t o n  et  a l .  ( 1  967) , K l i n k e  et al. (1968)  a n d  7+ 

S e i n b 4 r g  et al.' (1970)  show that P300 re~resesedts ' endogenous  

c o r t i c a l  p r o c e % s e s  invoked  b y  t h e  i n f o r m a t i o n  p r o c e s s i n g  
4 

regnireaents  of the task fp. 449) . 
,. 

s i t u a t i o n s  where d i s c r i m i n a t i v e  d e c i s i o n s  are r e q u i r e d  (Davis, 

1964; Spong et a l , ,  1965; Donchin  a n d  Cohen, 1967; Haa tanen ,  
- - - - -  

1967; Bi t te r  and Vaughan, 1969) . when s t i m u l i  r e q u i r e  c o g n i t i v e  

p r o c e s s i n g  (Chapman a n d  gdon ,  1964)  a n d  when s t i m u l i  a r e  
* ' , . 

.. n e c e s s a r y  and  saff i c i e n t  - ( i n  c o n  j u n c t i o n  with ~ p r e v i o u s  s t i m u l i )  
a 

t o  sc lve  a problem r a t h e r  t h a n  vhen it i s  s i m ~ l y  n e c e s s a r  

- % \  ' * 
s tore  them ( S h e a t z  a n d  Chapman, 1969) . f u r t h e r m o r e ,  Squires 

al, 11973) found P300 i n c r e a s e d  with increasing disparity 

between  judgement  and f e e d b a c k  i n f o r m a t i o n  (also fonnd by S n t t o n  
- .  

et al.. 1965) . ,  . 
T h e  p o s s i b i l i t y  cf a p o s i t i v e  r e l a t i o n s h i p  o c c u r r i n g  -be tueen  ' 

0300  a n d  i n  t o r  n a t i o n  p r o c e s s i n q l o a d  i s  f ~ r t h e r  s u p p o r t e d  by a 
-nZ - A *  

study b y  ~ o n c b i n  e t  a l ,  f l 9 7 3 ) ,  who used'a tcne  f o l l o w e d  by. a 

flash which  i l J u a i n a t e d  an *Am or a a B w .  Subjects gues;ad w h a t  

52 would be p r e c e d i c q  the o n s e t  of S1. P3OO a m p l i t u d e  d e c r e a s e d  
- -- - - - - -- - -- - 

a s  t i e  predictability of S? increased,  In a s c e n d i n g  o r d e r  w i t h  
- - - - 

r e s p e c t  t o  P300 a m p l i t o d e  the c o n d i t i o n s  were: the ~2 s t i ~ u l n s  

a l t e r n a t e d ;  s o b  jects were told t h e  p a t t e r n  of S 2  p r e s e n t a t i o n  

before t h e  c o n d i t i o n  began; sat  j e c t s  were t o l d  t h a t  t h e r e  was-a a 



- L - 
p a t t e r n  (nost  sab.jects ea@J y d i s c a v e r e d ' 4 h e  paate rn) ; subjects  

1, 
. 

uere t o l d  t h e r e  was a  p a t i e r n  b u t  t h e  p a t t e r n s  uere a c t u a l l y  . . . 
F ,  

A 
m 

random; p a t t e r n s  were rando., T h e  n u m b e r ' o f  errors hi e a c h  - 

series c o r r e l a t e d  well w i t h  P300 a m p l i t u d e ;  but i f  o n l y  'correct" 

t r i a l s  a r e  averaged, t h e  same r ~ s u l t s  o c c u r .  The  a u t h o r s  argue 

t h a t  .if the subject i s  attempting t c  d i s c o v e r  t h e  p a t t e r n  then - 
L 

W c t  ~~~c~ , a .  

They p a t  - , 

f o r w a r d  the h y p o t h e s i s  t h a t  nP300 eflects t h e  a c g i v i t y  of a f 
C . 

g e n e r a l  p u r p o s e  processor which  is i n v o k e d  on  d e a a n d  by a host-of 

X - 

d a t a  . (which)  . . may b i n v o k e d  whenever 

c e r t a i n  a c c u r a c y n  (pp. -' 322-323). . 

T h e y  a l s o  suqgest that t h e  c o m p l e x i t y  bf aemory s e a r c h  m,ag be  

i m p o r t a n t ,  b u t  do not e l a b o r a t e  .oh this. 

P3110 i s  a l s o  , s e e n  t o  o c c u r  i n  r e s p o n s e  t o  n o v e l  s t i m u  i. i 
Bitter et al .  (1968)  found a la-te p o s i t i v e  c o a p o ~ e s t - ~ ~ ~ ~ ' , ~ a - -  

1- .& 
e .  

- p d i t i v e  component o c c u r r i n q ' i n  t h e  same l a t e n c g  r a n g e  as P300, , 

t h e  terms n o t  b e i n g  m i t o a l l y  e x c l u s i v e )  o c c u r r e d  when s u b j e c t s  
b 

were r e a d i n g  a n d  u n p r = d i c t a b l e  s t i m u l u s  c h a n g e s  o c c u r r e d  r a n d o a l l  ; o 
61 

embedded i n  a  series o f  s t a n d a r d  s t i m u l i  (which d i d  n o t  e l i c i t  a  

LPC) . The a u t h o r s  felt t h a t  t h e  LPC c o u l d  r e P l e c t  momentary - 

b 
shifts, of a t t e n t i o h  and t h e y  suggested t h a t  the LPC was a 

cerebral c o r r e l a t e  o f  -the o k e n t i n q  r e s p o n s e .  

A number  of s t u d i e s  h a v e  found P300 a m p l i t u d e s  t o  be ve ry .  
m 

b 
1965; T u e t i n g  et 'al., 1971; P u c h k i n  e t  a l . ,  1975; S q u i r e s  e t  al . ,  

1975;  onc chid e t  a l , ,  1973,  1975; Bitter e t  a l . ,  1968; Both et 



3 
T n e t i n g  11969) s h o v e d  t h a t  even i f  the s u b j e c t s  sere t o l d  what a e - 3 

* -Y 

stimuli t o  expect, 2 3 0 0  was s t i l l  l a r g e s t  i n  "response t o  the low Y 

$ '9- 
. p r o b a b i l i t y  s t i m u l i ,  4 

i 

One  e x p l a n a t i o n  of t h i s  effect was given  b y ' t u e t i n c j  e t  al .  . 
(1971),  who f o u n d  t h a t  P300 a m p l i t u d e s  increased a s  the 

-A - -- Drobabilit-9-Qf-.occurr.enceIf.aar.differe.k 
291 

". 

e x c e p t  i n  c o n d i t i o n s  where t h e  p r o b a b i l i t y  of s t i m u l i  b e i n g  
# 

r e p e a t e d  mas hiqh: I f  t h e  s u b j e c t s  were t o l d  what  s t i m u l d  t o  
- - - - - - - - - 

e x p e c t  i n  each t r i a l ,  o r  i f  the p r o t a b i l i t y  o f b l t e r n a t i o n  o r  
4 
J 
f 

r e p e t i t i o n  was h i g h ,  t 'he a m p l i t u d e  was a t t e n u a t e d .  T h e  r e s u l t s  
Q 

fo r  misses &re s i m i l a r ,  but more complex ,  T h i s  l e d  t o  a 
i 

r e a n a l y s i s  of r e s u l t s ,  and lead to  t h e  c o n c l u s i o n  t h a t -  P300 '4 
, 

a m p l i t u d e  is large when t h e  subject a a k e i .  a h i g h  risk g u e s s .  
\ 
\ & 

~ h u s ,  i f  t h e y  g u e s s  t h a t  a h i g h  - -  p r o t a b i l i t y  -- - s t i m u l u s  - - - -  -- w i l l  - occur, - 

t h i s  is a low risk g u e s s ,  If t h e y  guess t h a t  a low p r o b a b i l i t y  
I 

s . t i a a l u s  w i l l  occur  t h e n  i t  is a h i g h  r i s k  g u e s s ,  A l t e r n a t e l y ,  . 

P300 i s  l a r g e  uhen t h e  oa t come  Frobabi l i ty  ( t h e  j o i n t  p r o b a b i l i t y  

of s t i m u l u s  a n d  g u e s s i n g  f r e q u e n c i e s ,  o r  the .  probability of being 

correct w i t h  r e s p e c t  t o  t h e  p a r t i c u l a r  s t i m u l u s  e v e n t )  i s  l o u  and 

s a a l l  when t h e  ou tcome p r o b a b i l i t y  is h i g h .  
* 

A l t h o u g h  t h e s e  r e s u l t s  c o u l d  b e  explained by a s s u m i n g  t h a t  a 
- - - - --- 

p&i ti y e  relatioPshiPGistsbetweenP3o0 magnitude and -- - 

i n f o r m a t i o n  processing levels, P300 has been b ~ p o t h e s i z e d  t o  i 

a c t u a l 1  y reflect  a t  l eas t  two f u n c t i o n a l l y  a n d  s p a t i a l l y  d i s t i n c t  

gene ra to r s .  squires e t  al, (1 975) d i s t i n g u i  shed  an early 



p o d t i v e  peak a t  a s l i g h t l y  earlier l a t e n c y  than P300, 

a p p r o x i m a t e l y  270 milliseconds (labelled P3a) . Its o c c u r r e n c e  

d i d  n o t  re la te  t o  s t i m u l u s  r e l e r a n c e .  b d t  may be p a r t  of an 

o r i e n t i n g  r e s p o n s e  t o  u n e x p e c t e d ,  i r r e l e v a n t  s t i m u l i .  

C o u r c h e s n e  et a l .  (19751 f o u n d  a l a r g e  P300 w i t h  a 

c e n t s o f r o n t a l  t o p o g r a p h y  t o  novel. unrecoghi tab le  s t i m u l i  (P3OO. 

- c e n t  roparietai  t o p o g r a p h y )  . Z t  these s t i m u l i  were 

p r e s e n t e d  r e p e a t e d l y ,  t h e  ua re shif t a d  towards t h e  p a r i e t a l  

\ region, A p o s t e r i o r l y  d i s t r i b u t e d .  p o t e n t i a l  ( l a t e n c y  380-430 

m i l l i s e c o n d s )  was e v o k h  b y  e a s i l y  r e c o g n i z e d  i r r e l e v a n t  a n d  
I 

r e l e v a n t  s t i m u l i ;  t h e s e  parame ters s u g g e s t  t h a t  t h i s  p o t e n t i a l  i s  

P300. The l a t e n c y  of t h e  f r c n t a l  r e s p o n s e  was 360 t o  450 

u l l i s e c o n d s ,  t h u s  d i s a l l o w i n g  a d i k t i n c t i o n  soley on t h e  b a s i s  

o f  l a t e n c y ;  b u e v e r  t h e  more a n t e r i c r  p o t e n t i a l  was t y p i c a l l y  

preceded- by a farge n e g a t i v e  p o t e z r t i a i  tWf .  D t m  t c ~  t h e  f a c t  , 

that most  s t u d i e s  d i d  n o t  u s e  a series of m i d l i n e  e l e c t r o d e s .  a 
I 

l i t e r a t u r e  s e a r b h  n e i t h e r  c o n f i r m s  n o r  d i s c o n f i r m s  s u g g e s t i o n s  
/ / 

t h a t  o n l y  p a r i e t a l l g  c e n t e r e d  l a t e  psitiwe p o t e n t i a l s  a re  of 
/ 

i m p o r t a n c e  w i t h  r e s p e c t  t o  higher processes. 
' 2 .  

> 

P300 AED TEE CIV 

- - - - - - - -- - -- - - -- - -- - 

s i n c e  P3OO does show i n d i c a t i o n s  of an  associat ion w i t h  
- - -- - 

i n f o r m a t i o n  p r o c e s s i n g  l o a d ,  t h e n  t h e  effect of t h i s  l o a d  upon 

CBV a m p l i t u d e  may be assessed i n  s t u d i e s  which measure  both P3OO 

and CW a m p l i t u d e s ,  



A s  p r e v i o u s l y  s t a f s d ,  i t  is  p o s s i b l e  that ~ 3 0 6  s a y  occur to - 
e i t h e r  S 1  or S 2  of a CllV p&adigm. In fac t ,  t h e  p o s i t i v i t y  "- 

associated with  t h e  r e s o l u t i o n  .of the CEI has-been suggested to  

be the cause of the P300 t o  5 2  (fox e x a s p l e ,  see & i l k i n s o n  and 
.6 

Lea. 1972; @nchin et a l ; .  1-975) a l t h o u g h  the' resolto of numerous 
w 

experiments  show them t o  be separate *and d i s t  inga i shab le  entities , 

nuaber of a u t h o r s  h a r e  suggested t h a t  CEV and ~ 3 5 0  amplitudes 

reflect e l e c t r o c o r t i c a l  arousal L u h k h L s  iWf - r e h k & A ~ ~ L l +  
' s 

or i n d i r e c t l y  t o  a t  t e n t i o n )  rather than processes invoked  by the 
/ 

stimuli: Karlin, 1970; Yaatanen, 1967; ~ a ~ a k o s k o ~ o u l o s  and 

McCallus, 1973; Donchin and S m i t h .  1970; UcAdam. 19P9; and 

- If c o t ~ e l a t i o n s  between CII andB300  a a p l i t u d e s  are 

/ -  - - -  - - -  - - 

coapated,  t h e y  may range from a h gh negative c o r r e l a t i o n  (Both 
E 

et al,, 1976) ,  t o  none (Donchin et a l , ,  1975; Donald and Goff, 

S t u d i e s  have  usually- aeasured b o t h  P300 and CIV without 

c o r r e l a t i n g  their: ampl i tudes .  It Bas been r e p o r t e d  t h a t  

s i g n i f i c a n t  rariat ioas  in P3 00.  can occur without c o r r e s p o n d i n g  

changes i n  t h e  ClV ( ~ o m l ~  and Coff, 1971; D o s h i n  et a l e .  1972). 

and the C I V  large and P300 small  for a s s e c t  rejections. 

Donald and G o f f  (1973) i n v e s t i g a t e d  t h e  r e l a t i o n s h a p  betueen 



.L 

d 
P300 and c b V  amelitedeo i n  a n  allaitery d i s c r i a i n a t i o n  task. S l  

' - was q click "and S2 was a t o n e  of a n y  one of six d i f f e r e n t  
a 

f r e q u e n c i e s  immediately f o l l o w e d  by a click t r a i n  t e r m i n a t e d  by 
i-' 

,the subjects motor r e s p o n s e  (pressing t h e  lccrrect, of sf r, 
1 

b u t t o n s )  , On 75s of t h e  * t r i a l s  a shoc was administered dus inq  

t h e  151, In some t r i a l s  the s h o c k .  uas i r r  l e v a n t  t o  t h e  task, "i 
I n  o t h e r s ,  t h e  n c n - o c c u r r e n c e  of t h e  shock r e q u i s e d  t h e  s u b j e c t  

t o  oait the e x p e r i s e n t a l  task a n d  p r e s s  a   no-shockft button 

i n s t e a d ,  

correlated better with accuracy t h a n  v i t h  e a c h  other.  The ". 

authors s u g g e s t  that P300 is r e l a t e d  to n o n - s p e c i f i c  facilitation 

of sensory i n f o r m a t i o n  p r o c e s s i n g ,  and  t h e  CBV i s  a s t ab le ,  

r p r o a c t i v e  mechanism r e l a t e d  t o  r e s p o n s e  set. They o u t l i n e d  f i v e  

d i f f e r e n c e s  between the CHV and P300: 
- 

- - - - - 
- 

(1) a m p l i t u d e  f l u c t u a t i o n l s  were n o t  c l e a r l y  assoc ia  - -- (2) t h e  f l u c t u a t i o n s  of P300 rare zapid and l a b i l e ,  
+ 

while t h e  CHV c h a n g e s  mere more g r a d u a l  and 

s table  

(3) P300 a n d  C3P correlated highly v i t h  task a c c u r a c y ,  

bat  less u e l l  v i t h  each other 

(4) a c h a n g e  i n  t a s k  ra1e ;ance  affected P300 and 
f l  

- - - - - p e r f o s l u r ~ - & ~ * t  a f f e c t  t h - W  

15) t h e  task relevance o f  a s - o - u -  

recovery of P300 from a previous s t i m u l u s ,  

but inc~easbd C I V  a m p l i t u d e  Bad no c o m p a r a b l e  



effect. 

Another- s t u d y  ubich d i d  not find a r e l a t i o n s h i p  t o  occur 

between P300 and CIV a m p l i t u d e r  uas t h a t  of Friedman et al. 

(1973). Subjects were tol '8- 'uhich of two stf m u l i  k u l d  occur - 

next,  o r  were required to &ess. T h e  relative probab i l i ty  of -1  
e a c h  s t i m u l u s  i n  a trial b l o c k  raried such t h a t  each occ sat - )  

-\_/ 
,, =, * 

2 0 ,  40, 60, and 805 probabi l i i t ies ,  A n e g a t i v e  and m a o t o a i c  

r e l a t i o n s h i p  bctueen s t i m h l u s  p r o b a b i l i t y  and P300  occarre - Y i t h  

no c o n s i s t e n t  C I B  r e l a t i o n s h i p .  al tbough CIVs were large i f  t h e  
- 

- - - - - - - -- - 

s a b j e k t s  had t o  guess uhat S 2  would be. 

It is i m p o r t a n t  t o  n o t e  t h a t  t h e s e  s t u d i e s  r e q u i r e d  t h e  

subjects t o  perform f e u  higher  o r d e r  a n a l y t i c a l  p r o c e s s e s .  Ia 

certain r e c e n t  papers ,  there a r e  i n d i c a t i o n s  t b a t  higher order 

c o g n i t i r e  a c t i v i t i e s  may r=ult i n  an i n c r e a s e  i n  P300  and a 

*crease i n  e ~ r  a r p l f  tades - t t k o ~ - ~ t t f ~ c o ~ ~ a n ] - - a ~ & - a  - - -- - - - - 

- , d i f f e r e n t  d i s t r i b u t i o n  on t h e  scalp  (Donchin e t  al. 1 9 7 5 ) .  

Peters et al. (1976) found the CIlV t o  decrease a n d  t h e  EP . 
t o  increase during a n  a n t i c i p a t o q  Faired a s s c c i a t e s  &bal 

l e a r n i n q  paradiqr.  S i a i l a r l y ,  Poon et al, (1976, see section on  

task d i f f i c u l t y ) ,  found t h a t  i n  the condition r e q u i r i n g  a 

d i s c r i m i n a t i v e  r e s p o n s e  t o  l e t t e r - p a i r  stimli, i n  c o n t r a s t  to 
* 

the simple r e a c t i o n  time e x p e r f d n t ,  the CBV and t h e  first 
- - - -- - - - - - - - - - -- - - - - - - -- -- 

n e g a t i v e  ware of t h e  evoked potential (81) t o  S 1  decreased, and 
- - - 

t h e  late p o s i t i v e  coaponeitts of tie evoked p o t e n t i d l  t o  52 (P2 

and ~ 3 )  increased. ZBat is, t h e r e  was a shift t o  greater 



Poon et al. (1974) f o u n d  greater ampl i  de P300s in  a 9 
p a t t e r r  l earn ing  e x p e r i m e n t  d u s i n g  a c g u i s i t  4. in than d u r i n g  

o v e r - l e a r n i n g  ( v h e r e  the amount of c o g n i t i v e  ~ r o c e s s i n g  c P""\, 
assumed to decrease) . Ioterest inglp,  t h e  l a t e  p o s i t i v e  component \ i 

1 
was larqer i n  incorrect t r i a l s  daring acquis i t ion,  than i n  

L 
correct t r i a l s .  P h i s  s a p ~ o r t r  its r e l a t i o n s h i r  t o  ccgni t i v e  \ 

prucessinq,  a l though  the authore suqgest t h a t  its relation i s  to 
e 

i 

3 
certainty and i ~ m e d i a t e  e v e n t  outccres. I n  t h i s  s t u d y  there uas 

a e s a l t s  conf l i c t inq  w i t h  the hypothesis ;hat a p o s i t i v e  

relatiozship occurred b e t u e e n  in•’ orration processing load and 

. P33Q ampl i tude  were reported by B o t h  et a l .  (1975, see p r e v i o u s  

section for outl ixke cf expikrimental paradigm) . T h e  a m p l i t u d e s  of 
- 

3 3 0 0  and t h e  CEV decreased a s  the s ize  of the t a r q e t  set 

increased, 

In conclnsior, ClC ard EP amplitudes aay  - b e  n d g a t i v e l y  

corre la ted ,  bat there is enough e v i d e n c e  of d i s a s s a c i a t i c n  ( e g .  

a n a i d  and G o f f ,  $973) to conclade t h a t  t h a t  t h e ?  are not 

i s f i e c t i n g  the same processes or constructs, fbe p a t t e r n  of - 

o f  ~ 7 0 0  a ~ p l i t u d e  in aPasikts requiring s i q n i f i c a r t ,  i n f o r m a t i o n  

2 r ~ c e s s i n g  loads. 

mreurer, i t  nast be e m p h a s i z e d  t h a t  t h e  ~ o s i t i v i t l  .'or 

z t q a t i v i t y  of t h e  C S v  is reasored against  a b a s e l i n e  c a l c u l a t e d  



from t h e  average a m p l i t u d e  d u r i n g  a short (for example ,  ope 

second)- i n t e r v a l  preceding S1.  The C I V  a m p l i t u d e  simply reflects 

t h e  change  i n  t h e  reccrd d u r i n g  the S1-S2 interval. Hovewet, as 

man?~oned i n  the in trcdact iorr ,  t h e  C B V  i s  held to b e  the .c 
f 

summation o f  a c t i v i t y  f 108 _-umber o f  f ancti c n a l l y  i n d e p e n d e n t  
P 

\ -  and s p a t i a l l y  distinct Frocesses  o r  g e n e r a t o r s .  ' It i s  possible 

t h a t - ~ ~ ~  a t t e n u a t i o n  reflects, n o t  decreased n e g a t i v i t y ,  b a t  

increased positivity of t h e s e  processes. 

HEART EATga-S A 8 E A S O B E  OF A T T E B T I O I  A1D A4OUSAL 
- 

/" 

-In c o n  j u n c t i o r .  with the i n t e r e s t ,  i n  r e l a t i n g  the C I V  to. 

a r o u s a l ,  a t t e n t i o l ; ,  distraction and i n f o r m a t i c n  proceseing 

l e v e l s ,  t h e s e .  constructs hare been i n v e s t i g a t e d  with respect to  

heart r a t e ,  

A r o a s a l  is, of coarse, t h e  c o n c e p t  u s u a l l y  related to h e a r t  

r a t e  variations, S t u d i e s  by Walter  et al, 11964) ,  H a l t e r  (7965) 

and ncca l lnm aad Ualtes (1968) found t h a t  an i n v e r s e  r e l a t i o n s h i p  

occurred betweec the C l l l  apd aatonomic f u a c t i , c n ;  t h a t  i s ,  a s  the 

CHv d e v e l o p e d  i n t o  a stable response ( d e c r e a s e d  i n  a m p l i t u d e  

v a r i a b i l i t y )  , there was a d e c r e a s e  i n  g e n e r a l  autonomic  

a c t i v i t y .  I n  a d d i t i a r ,  chronic a n x i e t y  p a t i e n t s  hare lower C I V  
- -- --- -- 

a i p l i t  odes and higher h e a r t  r a t e  levels t h a n  normal subjects 

( E c C a l l a a  and Paiter , 1968) , 

 ist traction has been shcwn f'iecce and S c h e f f ,  1969; -11c~alltm 



. and i n c r e a s e d  heart rate, a l t h o u g h  this my be-due t o  a p a s i t i v e  
- 

r e l a t i o n s h i p  be tween  d i s t r a c t i o n *  and a r o u s a l  l e v e l s .  

The m a j o r i t y  of h e a r t  r a t e  e x p e r i m e n t s  i n  r e c e n t  pears h a v e  - 
- been c o n c e r n e d  w i t h  orienting and  a t t e n t i o n ,  The h e a r t  rate is 

- 
recoqded, b e a t  by beat,  during t h e  i n t e r v a l  between t u o  p a i r e d  * 

-- - s t i m u i i .  -- A t r i p b a s i c  p a t t e r 3  tpp- 

rate d e c r e a s i n q ,  i n c r e a s i n g ,  and d e c r e a s i n g  a q a i n .  T h e  

e x p e r i a e n t s  have u s n a l l y  e m p l o g ~ d  s i m p l e  r e a c t i o n  time pa rad igms ,  
- - - - - - - - - - - 

a2thowjh-wi th  a lonqer ISI {for  example ,  f o u r  s e c o n d s )  t h a n  CBV 

erperiaent  so St,rong h e a r t  r a t e  decelerations, a s s o c i a t e d  w i t h  
- 

strong CBB amplitudes and s h a z t  r e a c t i o n  times h a v e  been r e p o r t e d  

by ~ o d a e r t  et al, (1973) and  Lacey a n d  Lacey (1970)- 

K l o r a a n  e t  a, 11975) o u t l i n e d  some p a r a l l e l s  between CPV 

a m p l i t u d e  and  cardiac deceleraticn i n  a reaction time task: late 

cardiac and CXV uaveE c o v a r i e d  across sessions, t h e r e  was a  

parallel betueen early h e a r t  rate and e a r l y  CrV h a b i t u a t i o n ,  and  
. i. 

rhero was a parailel b e t r e e n  l a t e  Yaart ra te  a n d  late C l V  , 
deve lopmen t .  f h e  e a r l y  c o m p c n e n t s  i n  b o t h  caEes p e r h a p s  relate' 

to o r i e n t a t i c n  t c  erterrial s t i m u l i  (see Borda, 1970). 

I n  a r e  c o a p l e x  tasks, cardiac d e c e l e r a t i o n  h a s  been found 

to occur preced ing  d i  f f k u l t  p e r c e p t u a l  d i s c r i m i n a t i o n s  ( G a t c h e l  
. - - - - - - - - --- -- -- -- --- 

i?cd L a g + *  3973; P i f s a n  and Iluerfeldt, 1967). 

Lacet anT-GaSy t Z L  (1963) s u q g e s t e d  t h a t  t h e  

direction of t h e  c a r d i a c  r e s p a n -  v a r i e d  with p e r c e p t u a l  set. 
b 

a c c e l e r a t i o n  was related to rejection of e n v i r c n m e n t a l  input 



reflected sustg ined a t t e n t i o n  t c  e x t e r n a l  v i s u a l  o r  a u d i t o r y  
- -- - - 

/- 

- 

s i g n a l s .  T h i s  c l e a r l y  p a r a l l e l s  t h e  h y p o t h e s i z e d  d i s t i n c t i o n  

b e t w e e n  Cnv e n h a n c e m e n t  a n d  a t t e n u a t i o n  i n  s t u d i e s  of task 

d i f f i c u l t y .  I n  a rinilar v e i n ,  G r a h a m  a n d  C l i f t o n  (1966) 
. /. 

s u g g e s t e d  t h a t  acceleratio reflected startle o r  d e f e n s e  A. 
r e a c t i o n s ,  re r. 

Connor  a n d  L a n g  (1969)  f.ound t h a t  c o r t i c a l  n e g a t i v i t y  a n d  
3 .  

t h e  a m p l i t u d e  o f  t h e  biphasic h e a r t  wave ( t h e  a c c e l e r a t i v e  a n d  
-- - 

d e c e l e r a t i v e  c o m p o n e n t s )  ue;e p o s i t i v e 1  y c o r r e l a t e d ,  w i t h  t h e  

s t r o n g e s t  r e l a t i o n s h i p  o c c u r r i n g  i n  h i g h  i n t e n s i t y  -(in c o n t r a s t  

t o  lor i n t e n s i t y )  s t i m u l u s  a n d  signal c o n d i t i o n s . ' <  The authors 
I 0 

i n t e r p r e t e d  t h e  r e s u l t s  as  b e i n g  i n c o n s i s t e n t  w i t h  any s i m p l e ,  

d i r e c t i o n a l  i n t e r p r e t a t i o n  o f  t h e  r e l a t i o n s b i ~  b e t u e e n  h e a r t  ra e f - 
and k o w - r a r e  co r t i c a l  r e s p o n s e s .  I n s t e a d ,  t h e r  suggested t h a t  a 

nuaber o f  r e l a t i v e l y  i n d e p e n d e n t  p r c c e s s e s  c o r t i n u o u s l y  o c c u r ,  
a 

m o d i f y i n g  b o t h  sys . tems.  They h y p o t h e s i z e d  t h a t  h e a r t  ra te  

a c c e l e r a t i o n  c o u l d  reflect e n e r g y  m c b i l i z a t i o n  (Chase, Graham, 

and  Graham, 1968) a n d  d e c e l e r a t i o n  a s u s p e n s i o n  of a c t i v i t y  

d u r i n g  a t t e n t i o n  (Obrist, 1 9 6 6 )  , w h i l e  cor t ica l  n e g a t i v i t y  c o u l d  

reflect both.  

The t r i p h a s i c  wave is s u p e r i m p c s e d  upon t h e  tcnic Xeart r a t e  

t u d c  acceIesa€ior u i t h f i  c o n d i t i o n s  and t b c p h a s i c  decel gtion 
w i t h i n  t h e  ISI. The t u o  c o m p o n e n t s  u s u a l l y  c h a n g e d  i n  o p p o s i t e  

d i r e c t i o n s .  T h u s ,  t h e  more d i f f i c u l t  c o n d i t i o r !  shcwed a n  - 



increasi in t o n i c  h e a r t ' ; a b  and s t r o n g e r  ,deceleration i n  the 

p h a s i c  h e a r t  rate . '  t 

Thus,  i n  g e n e r a l ,  a t t e n d i n g  to  external s t i m u l i  appears  t o  

result i n  l a r g e  dece~erat iro  h e a r t  rate change dasinq the ISI. 
* 
- 

Rental ucrk or arousal n o t  i n r o l v b g  percop&al a n a l y s i s  perhaps  

results i n  an accelerative component,  (The latter conclusion is  
-- - - - 

tenuous due t o  t h e  small amount of d a t a  

It is e v i d e n t  t h a t  f u r t h e r  studies investigating t h e  C I V  and 

P300 wareforas dur inq  c c m p l e x  i n f o r m a t i o n  p r o c e s s i n g  c o u l d  

c l a r i f y  some o f  the issues, However, inforaati=on- p r o c e s s i n g  i 

terr encowpass ing  a rrurber of a c t i v i t i e s  including aemor l  

e n c o d i n g  and r e t r i e r a l ,  decision makinq, p e r c e p t u a l  a n a f ~ s e s ,  

abstract p r o c e s s &  srrch a s  a r i t h m e t i c  c a l c u l a t i o n s .  

- The i n t e n t  of t h i s  e x p e r i a e n t  was t o  define s i tuat ions  which 

r e q u i r e d  s i m p l e  and corplex i n f c r m a t i o n  p r o c e s s i n g  of a broad 

nature; t h a t  is, i n c l u d i n g  .storage i n t o  and recal l  from aemory, 

preparation for and conclasf on of a motor response, and h i g h e r  

order processinq and decision muking, Concurrent measures  of 

a r W  ueze taken tc _ i c = s t i g a t ~  - - - - - - the - relationship of CBV and 
-- - 

P3Q0 a n p l j t a d e s  - t o  - arousal. - The ex~eriment  was designed to 
- - --- --- 

I .  

h a b i t u a t e  arousa f in crder tc deterr ine  if r e l a t i o n s h i p s  ket ween 

E P s ,  i n c l u d i n g  the CIV, were influenced by infcrmation processing 

load i n d e p ~ n d e n t  cf, arousal,  Rcreorer, two levels of incentire 



were used, so t h a t  a l t h o u g h  the subject habituated t o  t h e  

s i t u a t i o n ,  v a r i a t i o n s  i n  v a r i a b l e s  associated w i t h  mot iwa . t ion  a n d  
> a d  . 

a t t e n t i o n ,  i n  a d d i t i o n  to a l e r t n e s s  o r  a r o u s a l ,  m i g h t  be 

c o n  trolled and any effects assessed, 

It was h y p o t h e s i z e d  t h a t  a n e g a t i v e  r e l a t i o n s h i p  existed 

between the CIv and P300 with respect t o  i n f o r 8 a t i o n  processinq = 
* --- 

load evan a f t e r  h a b i t u a t e d  a r o u s a l .  I t  was )xpect& t h a t  * t h e  CllV . 
-. 

--.-_I 

would  d e c r e a s e  i n  n e q a t i r i t y  a n d  P30O i n c r e a s *  i n  p o s i t i v i t y  as 

t ke -t or few&f-xA% i ~ f a - t i a z ?  fsrucessing iacre+sed, 

s w o n d ,  i t  wits hypothesized t h a t  t h e  topcgraPhica1 

d i s t r i b u t i o a  of , the CBTF w o u l d  t e  affected b y  i n f o r a a t i o n -  

p r o c e s s i n q : l o a d ,  b e c o l i n q  Bore p a r i e t a l 1  y d i s t r i b u t e d  i n  

i n f o r n a t i o n  p r o c e s s i n g  tasks ( a s  o b ~ e r v e d  bp P o o n  et a l e ,  1974, 

t 976) . 
- - - -* - 

T h i r d ,  it was h y p o t h e s i z e d  t h a t  n e i t h e r  the GSP nor t h e  

b a a r t  rate would show changes b e t w e e n  the c o n d i t i o n s  representing 

three d i f f e r e n t  levels of inf c r ~ a t i c n  processing a f t e r  

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

p r o c e s s i n g  a s  a factor of rajor irpcrtance i n  d e t e r r i n i n g  the 

a n p l i t & e  of t h e  CBV, and e l i m i n a t e  t h e  p o s s i b i l i t y  t h a t  

variations i n  a r o u s a l  level were t h e  d e t e r a h a n t  of CllV 

P o o r t h ,  it ras expecfid ~ ~ ~ i r n c o n t f ~ e  l e v e l  w c l ~ l a s b ~ u  

p o s i t i r e  r e l a t i o n s h i p  w i t h  CBY q s p l i t u d e ,  a n d  vould  show 

l ifferalices in CII a i p f i + . d e  b e t r e e n  h i g h  and lor i n c e n t i y o  

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



- - 

F i f t h ,  

- expected t o  

reaction time of 

show an incre 'ase  

a n  un"d5scriminated response was 

a s  a result-of t h e  a d d i t i o n a l  m e n t a l  

, activity accompanying  increased processing c o m p l e f = t y .  T h i s  

would  r e f l e c t  

- -  

d i s t r a c t i o n  

distraction 

from the reaction time 

from the reaction time 

task. 

task. 



L 

SUBJECTS 

T h e  s u b j e c t s  uere 4 males a n d  4 females, a l l  r i g h t - h a n d e d ,  

r e c r u i t e d  froa' t h e  u n i v e r s i t y  ccmmuni ty .  They  r a n g e d  i n  a g e  from 
. 

Q 
W - 2 9 F - r  - & J = - - % - ~ & ~ C  - 

-I 

p i r t i c u l a r  h y p o t h e s e s  u n d e r  i n v e s t i g a t i o n .  The s u b j e c t s  vere 

e a c h  >nn on f o u r  d i f f e r e n t  d a y s ,  r e c e i v i n g  $3.00 e a c h  d a y  p l u s  a 
A- 

b o n u s  o f  SO. 01 f o r  e a c h  c o r r e c t  r e s p o n s e  o n  t u o  ,of t h e  f o u r  d a y s ,  

and a s i a i l a r  bonus of  SO. 15 o n  t h e  o t h e r  t u o  d a y s .  One  

a d d i t i o k - a 1  male an'd o n e  female s u b j e c t  uere r u n  b u t  t h e i r  d a t a  

d i s c a r d e d  due t o  e x c e s s i v e  a r t i f a c t  i n  ' t h e  record. 

---I 

Brain electr ical  a c t i v i t y  (EBG))' was r e c o r d e d  from Grass 

s i l v e r - s i l v e r - c h l o r i d e  e l e c t r o d e s  p l a c e d  a t  Ppz, PI;, Cz, and  Pz 

s i t es  i n  a c c o r d a n c e  w i t h  t h e  I n t e r n a t i o n a l  10-20 s y s t e m .  ~ c t i v e  

e l e c t r o d e  si tes vere r e f e r e n c e d  t o  l i n k e d  m a s t o i d s .  A g r o u n d  

electrode was  laced o n  t h e  s u b j e c t ' s  forehead. A 1 1  electrode 

sites w i t h  t& e x c e p t i o n  of the p r e f r o n t a l  g r c u n d  site were 
- - - - -- -- - - - - -- - 

t h o r o u g h l y  w i t h  r e d u x  and c l e a n s e d  w i t h  alcohol.  T h e  

e l e c t r o d e s  were a f f i x e d  t o  t h e  s c a l p  w i t h  c o l l c d i o n  i m p r e g n a t e d  
.+ 

g a u z e  s q u a r e s ,  and f i l l e d  w i th  B I G  sol  ( B u r t o n ,  P a r s o n s  a n d  to . ) .  

O c c u l a r  p o t e n t i a l s  (EOG). h e a r t  b e a t s ,  a n d  g a l v a n i c  s k i n  
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p o t e n t i a l  (GSP) were r e c o r d e d  from Eeckman B i p p o t e n t i a l  b 

e l e c t r o d e s  f i l l e d  w i t h  EKG s c l  a n d  c u r e d  t o  the s k i n  with 

7 d o u b l e  a d h e s i v e  c o l l a r s ,  A11 sites e c e p t  the act ire  GSP 
C 

*L 
e l e c t r o d e  were first  abraded and7 c l e a n s e d  a s  above. The E06 was 

recorded b e t w e e n  t h e  left i n f r a o r b i t a l  r i d g e  and t h e  o u t e r  

+- 
c a n t b u s  o f c t h e  eye. M a r t  e l e c t r o Q r s  mere placed l e f t  of the 

- -- P - -- 

u p p e r  stercum, a n d  r e f e r e n c e d  t o  t h e  a n t e r o l a t e r a l  lover r i b  

drea. GSP e lec trodi  s i tes  mere t h e  palmar s u r f a c e  of t h e  d i s t a l  

r e c e i v e d  o n l y  q e n t l e  s w a b b i n g  v i t h  an  a l c o h o l  moistened cotton), 

and the a n t e r i o r  surface of tae r i g b t  f o r e a r .  near t h e  wrist *** 

( r e f e r e n c e  e l e c t r o d e ) .  
--A 

~n te re l ec t rode  i m p e d a n c e s  cf the s c a l p  electr=des d i d  n o t  

,--exceed 2 K ohms, ' t h e s e  of t h e  E 0 6  d i d  n o t  exceed S K ohas and - _--*- 
my t - 

- 
F- tho:< df h e  G S ~  and  t h e  h e a r t  d i d  not e x c e e d  20 K ohms. 

 of l e c t * i o n  o f  GSP da t a  utilized two v e r y  h i g h  i m p e d a n c e  DC 

a i p l i f i k r s  c o c s t r n c t e d  around OP-10 and. OP-1 [ P r e c i s i o n  
. . 

8onolithics) instrumentation o p e r a t i o n a l  a m p l i f i e r s ,  T h e  i n p u t  

i m p e d a n c e  was 100 ~ i g a  ohms, The g a i n  uas set at unity with b u  

and h i g h  f i l t e r s  set a t  dc and 100 Bz. (3 db p o i n t )  s e t t i n g s ,  A 

m a n u a l  offset c o n t r o l  v a r i e d  a voltage a p p l i e d  t o  the final 

a a p l i f i e r  stage r a t h ~ r  th-rr tcr-ee-ekectrmkcf++tV) C------- 

L ~ U  *i~h ~ a ~ ~ ~ - 3 - o - ~ t ~ - . ~ ~ m ~  

scalp and EOG e l e c t r o d e s ,  and a t  - 0 3  s e c o n d s  and 100 Hz. f o r  t h e  

h k r t  electrodes. T i m i n g  i n t e r r a l s  were automated by a G r a s s o n  

S t a d l a r  series 1200 p ruq rammab le  logic s y s t e m .  - 4 PDP-12 o n - l i n e  



program d i g i t i z e d  a n d  displayed e a c h  t r i a l ,  Ibe t r i a l  u a s  t h e n  

s t o r e d  on m a q n e t i c  tape for  o f f - l i n e  a n a l y s i s .  Eaob t r i a l  

c o n s i s t e d  of a two s e c o n d  I S I ,  however  the EBG mas a i g i t i z e d  for 

o n e  s e c o n d  preceding and  fo l low&eac l  t r i a l  resulting i n  a 

t o t a l  d i g i t i z e d  interval o f  four s e c o n d s .  I n t e r t r i a l  i n t e r v a l s *  
A -- - - 6 - 
/ were varied a c c o r d i n g  t o  random v a r i a t i o n s  between 10 a n d  50 I 

s e c o n d s .  

[descr ibed  bslou), clicks and pure t o n e s ,  T h e  tones Mere of 100 

~ i l l i s e c o n d  d u r a t i o n .  The click-rp g e n e r a t e d  b y  a Grass 5-4 

s t i ~ u l a t c r  a t  a r a te  -of  15 p e r  seco A l i  a u d i t o r y  s t i m u l i  Mere 4 
d e l i v e r e d  t h r o u g h  speakers a n d  wore  proximately 30 db  i n  

- l o n d n ~ s s  at the s u b j e c t s  ear, The v i s u a l  s t i ~ a l i  uere visually 
- - - - - - - 

presenred  on 35 ri'llimeter s l i d e s  which Mere b a c k - p r o j e c t e d  on a 

frosted g l a s s  s c r e e n ,  A TV camera m o d i f i e d  f o r  t a c h i s t o s c o p i c  

c o n t r o l  and placed i n  front of the screen t r a n s m i t t e d  the image  

- t o  a r o n i t o r  which u a s  placed a p p r o x i m a t e l y  tuo meters i n  front 

of a n d  above t h e  sabject .  The v i s u a l  a t i r a l o s  exposure d u r a t i o n  

was 30d ~ i l l i s e c o n d s ,  

Beaction ti# was recorded to t h e  nearest millisecond u s i n g  

an PA1 6200 o~us%er4++&ce  -dkir ~&%3+3&-a---- 

fregtmmzy ~f 1- 

5 2  j vh i ch  will b e  described  late^) i n  e a c h  t r i a l  and t e r m i n a t e d  

by the sabjectSs response, The ~ n b j e c t ~  response was a b u t t o n  

press, Response m a n i p a l a n d u ~  r a s  h e l d  i n  t h e  left hand, 



t 

An e x p e r i a e n t a l  s e s s i o n  was d e f i n e d  a s  o n e  d-ays t e s t i n g  (for C 

- 
each s u b j e c t )  . Each s u b j e c t  r e c e i v e d  f oar experimental sessiws, 

on four separate d a y s .  Three c o n d i t i o n s ,  designated STAIDARD, -J 
EASY and DIPPICULT, were given to Bach subject on each ritay. Two . - 
- - --- 

blocks of t r i a l s  of each c o n d i ~ c n  were run, ~ e s O i t i n g  i n  s i x  
ff 

possible orders of p r e s e n t a t i o n - a s  t h e  STABDABD c o n d i t i o n  uas 

always p r e s e n t e d  f i r s t  and l a s t .  Each subject was run on four of 
-- -- - * - -- - - - --- pp 

'3' 

the orders over four days, such t h a t  t h e  condition f o l l o v i n g  t& 

first STAliDARD condition ua EASY twice and the DIFFICULT 

trice. I n  a d d i t i o n ,  t h e  number of times each condition was 

presented i m a e d i a t e l y  f o l l o v i n g  the first STAiDABD c o n d i t i o n  uas 

e q u a l  within s u b j e c t s  over d a y s ,  across sexes on any one day, and 
* 

across incentive c o n d i t i c n s  on anf cne &aye 

Them vere tuo l eve l s  of  incentive, h e l d  c o n s t a n t  for a 

k o ~ j e c t  o n  any one day. The  subjects received each lerel of 

i n c e n t t v e  once on days 1 or 2, and once on d a y s  3 or 4- G i v e n  

t h i s  r e s t r i c t i o n ,  o n l y  four ~ossibll: orders of high and l o u  

i n c e n t i v d  levels were possible. One subject of each sex was run , 

on each of t h e  four orders. A c o m p l e t e  table of- the i n c e n t i r e  

i n  t h e  appendices, 
- - 

The independant tar iabfrs  uere t h e  lerel cf i n f o r m a t i o n  

processing i n  three separate conditions, the incentire lerel, and 

t h e  day of t h e  experimental  session.  ?he dependent var iab les  



. 
u a r e  the of the CB& (four . @ ~ s u ~ ~ s L  P300 and t h e  EOG, 

the h e a r t  rate, and t h e  v a r i a b i l i t y  of the GSP. 4- 

The STAPDABD'condition was a s t a n d a r d  f i x e d  IS1 CIV reaction 

tire task. A t o n e  preceded a series of  c l i c k s  by t u o  seconds, --- A 

S u b j e c t s  were i n s t r u c t e d  tc Fress a button h e l d  in their left 

hand a s  q u i c k l y  as possible following t h e  o n s e t  of t h e  1 & H z ,  

- - 

clicks; the response terana tea t&e CXFcXs, 
- 

Trials vere aperiodicaly  i n i t i a t e d ,  s u c h  t h a t  t h e  IT1 varied 

u n p r e d i c t a b l y  from 1 0  t o  5 0  s e c c n d s ,  
- 

~ b i s  S T U D A B D  condition was a l u a y s ,  p r e s e n t e d  f i r s t  and l a s t  

i n  each e x p e r i ~ e n t a l  session. A total of 16 t r i a l s  Here 

c o l l e c t e d .  

I n  t h i s .  c o n d i t i o n  a n  arithmetic task uas s n p e r i ~ p o s e d  o n  the 

simple r e a c t i o n  t h e  t a s k ,  Four numbers {A, B, C and D) uere 

visuall~ presented ,  one at a t ime  The & - ~ % n d  B-C Fnterrals 

v a r i e d  r a n d c l l y  from 2 t o  8 e c o n d s ,  The C-D i n t p r r a l  was . f i x e d  < 
at 2 seam iis a ii d s ~ ~ m p a s e a  on-t&etoneanQcllcts,--- -- 

respect5 va*y9. - 

Tha n a m b r s  uere u n p r e d i c t a b l e  o n e  d i g i t  numbers between 1 

and 9 .  Stimuli A and B uere p r e s e n t e d  first i n  a trial. C uas 



'do 

presented s i m u l t a a e o u s l g  with t h e  tcne, and D s i m u l t a n e o a s l y  with - 

the onset of the c l i c k s ,  Subjects vere instructed t o  add A -to C 

and B t o  D, and to report t h e  sums a t  t h e  end of the t r i a l ,  They 

uere a lso  regaired t o  press the button a t  the occursence of D. 
9 * - 

T h i s  s e q u e n c e  o f  presentations c o n s t i t u t e d  one t r i a l .  

After 52 a variable i n t e r v a l  between 10 and 50 seconds 
4 1 

ocurred  b e f o r e  presematfon of A f 0 0 - f  

16 t r i a l s  vere collected i n  t h i s  c o n d i t i o n ,  i 

- This c o n d i t i o n  was exact1 y the same a s  the EASY c o n d i t i o n  

v i t h  t h e  following exception: two d i g i t  numbers from 11  t o  19, 

rather than  one d i g i t ,  uere p r e s e n t e d ,  

I ICEBTIVE COEDTTIGUS 
1 

Two l e v e l s  of incgt ire  were nsed, each r e m a i n e d  c o n s t a n t  

w i t h i n  days. On h i g h  i n c e n t i r e  days  the s u b j e c t s  were p a i d  90.15 

f or  e a c h  correct  response i n  the EAS? or DIPPXCULT c o n d i t i o n  

t r i a l s ,  i n c l u d i n g  t h a e  trials r e j e c t e d  due t o  excessire eye 

mvement.  On low i n c e n t i v e  d a y s  $0.01 was paid for a correct 
- - - - - - - - - - - -- - 

- 

response,  A correct response required b o t h  s u m s  tc be correct , - 
--- - 

and in a d d i t i o n  the b u t t o n  ~ r e s s  response m u s t  h a v e  occurred  g 

w i t h i n  500 n i l l i s e c o n d s  of 5 2  (as a s l o u e r  z e a c t i o ~  time uould  

have indicated i n a t t e n t i o n  to t h e  experirental  task), A11 



subjects sere informed of these criteria,  

D u r i n g  t h e  exper imenta l  s e s s i o n  t h e  subject reclined o n ' a  

a t t e n u a t e d  c u b i c l e  ( I + l - C ~ o f  t Sqdqrtries). She sub jectes 

p o s i t i o n  was adjusted for riewirq a c l o s e d  circait TV monitor .  A 
* 

5 -gi l l iaeter diameter b l a c k  d c t  in t h e  c e n t e r  of the s c r e e n  

served a s  a f i x a t i c n  p a i n t .  The s u b j e c t  mas c o n t i n u o u s l y  

moni to red  r ia c l o s e d  circuit Tl, A 5-10 i i n m t e  period f o l l o r i i r q  

the s u b  ject8 s p l a c e k i t  i n  th c a b i d s  a l l o w e d  for e l e c t r o d e  

b a l a n c i n g  and the s u b j e c t 8 s  a d j u s t m e n t  t o  t h e  s i t u a t i o n ,  

In session 1 the  subject u a s  f irst  girea i n s t m c t i b n s  f ~ r  

face and neck m u s c l e s  and to r e f r a i n  from b l i n k i n 9  durinwhe 
4 

trial, i f  possible. Tbe experimenter t h e n  answered a n y  

q u e s t i o n s .  TUO practice s e s s i o n s  ( t h e  second was r e c o r d e d )  and 

the first STAIDAIID k o n d i t i o n  were r u n ,  P i w e  m i n a t e s  rest period 

o c c u r r e d  between each c o n d i t i o n  vbich a l l c r e d  f e e d b a c k  to- t h e  

subject f o l l o o i n g  fhe practice s e s s i o n .  After t h e  STAIDLBD 
6- 

c o n d i t i o n  i n s t r u c t i o n s  for either the BAST or 

c o n d i t i o n  were given, depending on the  order  cf conditions for  
- - -  

that subject o n  day 1, T h e  s u b j e c t  uas i a f o r a e d  that t h e  
:~r 

i n t e r c o n  i n  the c u b i c l e  was always on, *and that she/he need o n l y  

softly v e r b a l i z e  the sums , t c  be heard by.% t h e  e m p e r i s e n t e r .  
/ 

, /  



Pollouiag a question period, a short  practice session was a l l cued  

in order to insure f a m i l i a r i t y  of the s u b j e c t  w i th  t h e  , 

requirements of the c o n d i t i o n s ,  Before t h e  f irst r u n  df the 

other c o n d i t i o n  (EAST or DIFFICULT) on t h e  f i r s t  day a practice 

zun uas also a l l o u s d .  Yhen two EASY and two LIPPICOLT c o n d i t i o n s  

had been ccnple ted ,  another STACSABC Wltlor.uasran, 
. - 

- - - 

H i t h  the e x c e p t i o n  cf the order of s t i m u l u s  c p n d i t i o n s ,  the 

level of i n c e n t i v e  used, and the emission of the practice runs,  

the procedure cn the next three days uas i d e n t i c a l .  



I 

111 data were qaan-tiffed a n d  s t u d i e d  w i t h  a n a l y s e s  o f  _ * 
variance.'- Single t r i a l  d a t a  uere used, T h e  f i rs t  two days and 

l a s t  two days .ads up two blccks of d a t a .  Within,these blOCks, 

each s u b  jecB had been r u n  a t  t h o  tuc levels of i n c e n t i v e  on  
I .  

c a n s e c l n t i v _ e u  ~ 2 i a k j m Z t s v e r e I  
. 

b; i n c e n t i v e  by o r d e r  interacticn. A 1 1  o the r  effects were 

crossed. 
- - 

single A B O V I s  uere  used for the heart rate,  reac t ion  time, 

GSP arid EEG r e s u l t s ,  'Phe r e ~ n l t s  fcr  t h e  C%V and P300 measures 

uer'e a n a l y s e d  separately f o r  each block o f  days .  Four  B e a s o r e s  

were taken from d i f f e r e n t  a r e a s  of the CIV uaveform (described 

b e l o u )  . These uere a n a l y s c d  = p a r a t e l y .  

A11 r e f e r e n c e s  t o  significance refer t o  t h e  - , 0 5  l eve l .  The 

Tuksy B t e s t  was used t o  a n a l y s ~  differences between means. 

CBV RESULTS 

f o u r  different area m e a s n r e m e c t s  were pe r fo rmed  o n  the CBV 

waveform (see F i g u r e  1). Beasuse  1 is the area 0 , s -  to 0 .8  

s e c o n d s  after S1,  Beasare 2, (the middle o f  t h e  CIV waveform) ,  
- -- 

is the area from I, 1 t o  i . 4  seconds after Sl.  Seasure -3 

represents the area v i t B Z n  t h e  3UO miIliseconXCp~edingSZ 

(measured f rom 1.7 to 2.0 s e c o n d s  after S1) .  fleasure 4 i n c l u d e s  

the t o t a l  area frcm 500 m i l l i s e c o n d =  after S t  t o  S 2 ,  





I 

(a) CbiV RESULTS PCB TBE F I R S T  BLOCK OP DAPS 
, 

- 
I 

Ail C B V  m e a s u r e s  show s i q n i f i c a n t  recording site effects, 

However, t h e  patterns of a m p l i t u d e  variations from different 
+ 

s i t e s  v a r y  a n d  higher order i n t e r a c t i o n s  with respect to  sites . 
- - 

t y p i c a l l y  A - o c c u r .  - - - - 

For m e a s u r e  1 (P 3,12 = lU,SS), rhe a c t i r i t y  at Ppz is 

significantly s n a l l e r  than t h a t  a t  Pz a n d  CZ;  a n d  l a r g e r  t h a n  
- 1 

t h a t  at Pz. For t h e  cther m e a s u r e s  t h e  eleckorte a c t i v i t y  shifts - - - 

t o  a more c l e a r l y  central d i s t r i b u t i o n ,  For m e a s u r e  2 (F 3,12 = t 

35 .49 ) '  central a c t i v i t y  predcmicates: Cz > Pz > Pz > Ppz. 

fleasure 3 (P 3.12 = 27.00) s h o u s  a r e l a t i v e  increase i n  p a r i e t a l  

a n d  decrease i n  frontal activity such t h a t ,  w h i l e  Cz a n d  P p z  are 

s t i l l  s i g n i f i c a n t l y  t i e  l a r g e s t  a n d  smal les t ,  Pz is s i g n i f i c a n t l y  
- - 

more negative than Fz, E e a s u r e  4 ( P  3.12 = 2 4 - 9 0 ) ,  i n  effect  

a r e r a q i n q  t h e  neasates, shows t h e  same patt%rn a s  ieasare 2 .  

The . q r a ~ h s  of these r e s u l t s  shown i n  F i g u r e  2 s u g g e s t  t h a t  

t h a  sites of l a r g e s t  CPV amplitude moved i n  a ~ c s t e r i o r  d i r e c t i o n  
C- 

orer time within the CIV i n t e r r a .  

Only  measare 1 does not show higher order electrode site 

effects. A11 o t h e r  measures shcu e l e c t r o d e  by inf c r m a t i o n  

&esicriM beleu). Ftx mzas-tire 2 +F 6, W = 7 3 - 4 9 - t A ~ s ~ ~ ~ d  
Y- 

electrode activity clearly differs i n  t h e  S ? A P D A B D  c o n d i t i o n  (see 

Pigure 3a) from t h e  Eisr or DIPPICULT c o n d i t i c a s .  F i r s t ,  the '+ 

S T A I D A B D  copd i  t i o c  shcvs c l e a r  and ~ i g n i f  i c a n t  ordering of 
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e l e c t r o d e  a c t i v i t y  (ref lect irg  t h e  p a t t e r n  i n  t h e  e l e c t r o d e  s i te  

main effect), u h e r e a s  i n  t h e  o t h e r  c o n d i t i o n s  the o n l y  

d i f f e r e n c e s  t h a t  occur are a m p l i t u d e  d i f f e r e n c e s  between C z  a n d  

all o t h e r  electrode sites, Cz being more . n e g a t i v e .  Second,  for a 

Pz a n d  Cz electrode s i t e s  the n e g a t i v i t y  i n  tbe STABDABD 
. * .  

- ~ r c l ~ ~ d i t -  iS-w-1 a - r  0E-g 

c o n d i t i o n s .  A t  Pz t h e  S T A E D A B D  c o n d i t i o n  is s i g n i f i c a n t l y  more 

n e g a t i v e  t h a n  t h e  EASY c o n d i t i o n ,  T h e r e f o r e ,  a c t i v i t y  i n  the 

aiddle p a r t  of t ire  C l l 9  uaveicrm t e n d s  t o  be larger a n d  more 

v a r i a b l e  a c r o s s  e l e c t r o d e  s i t e s  i n  t h e  STAUDIIB.Diconditiom t h a n  i n  

t h e  EASY a n d  DIFFICULT c o n d i t i o n s .  

F o r  m e a s u r e  3 (P 6.24 = 3 - 4 4 )  -CI?B - a m p l i t u d e  i n  t h e  S T A B D A B D  
I 

c o n d i t i o n  a g a i n  tends t o  be  l a r g e s t ,  it is s i g n i f i c a n t l y  more k, . - 
P h 

p o s i t i v e  thap t h e  DIFFICULT c o n d i t i o n  a t  Ppz,  mor, n e g a t i v e  t h a n  

t h e  EASY c o n d i t i o n  a t  Pz, more negative t h a n  bcth E A S Y  a n d  
s 

DIFFICULT conditions a t  C z ,  and  more n e ' g a t i v e  t h a n  t h e  DIPPICULT 
u 

c o n d i t i o n  a t  Pz (&e P i q u r e  3b). H e a c h  of the t h r e e  
* 

i n f o r m a t i o n  p r o c e s s i n g  c o n d i t i o n s ,  t h e  o r d e r i n g  o f  e l e c t r o d e  s i t e  

means r e n a i n s  t h e  same, - a n d  C z  is a l w a y s  s i g n i f i c a n t l y  l a r g e r  

t h a n  t h e  other s i t e S ; ~ _ H o u e r e r ,  s i g n i f i c a n t  d i f f e r . e n c e s  i n  
-2 - 

p a t t e r n i n g s  between FJFZ,--Z~ a n d  Pz exist. I n  t h e  S T A N D A R D  a n d  -- 
- - -  -- -- -- - - -- - - - 

DIPPICULT c o n d i t i o n s ,  Ppo is s i g n i f i c a n t l y  s m a l l e r  t h a n  Pz and  - 

- 

Pz. I n  t h e  EASY c o n d i t i o n ,  Pz is s i g n i f i c a n t l y  larger  than bcth 

f p z  and Pz, 

For  m e a s u r e  4  (P 6,24  = 4, IS), a s  i n  measure  3, t h e  

e l e c t r o d e  sites show s i m i l a r  p a t t e r n s  of  s i q a ~ f i c a n t  d i f f e r e n c e s  



(c ;  > Fz > PZ > Ppz) for  t h e  ~ ~ 1 1 1 6 1 ~ ~  a n d  DIPTICULT c o n d i t i o n s .  
& 

  or ever, t h e r e  is a d i f f e r e n t  pattern f o r t h e  E A S Y  c o n d i t i o n ;  Cz 

is still  larqer t h a n  Pz b u t  t h e  d i f f e r e n c e  d o e s  n o t  a c h i e v e  

:. s i g n i f i c a n c e .  (See  F i g u r e  3c. ) A m p l i t u d e s  are  s i q n i f i c a n t l y  n o r e  

- n e g a t i v e  i n  t h e  S T A l D A B D  t h a n  i n  t h e  EASY a n d  DIPPICULT 

c o n d i t i o n s  for  all e l e c t r o d e  sites e x c e p t  P p z  ( w h i c h  s h o w s  n o  
d - 

- d' 
- -  

i n f o r m a  t i o n  p r o c e s s i  l e v e l  e f f e c t s )  . 
I n  t h i s  C I V  i n t e r v a l  ( m e a s u r e  4) t h e  i n f o r m a t i o n  p r o c e s s i n g  

main  effect {P 2.8 = 6.92) is s i g n i f i c a e t ;  the  S T i ~ B ~  conbitim 

h a s  s i g n i f i c a n t l y  l a r g e r  n e g a t i v e  a c t i v i t y  t h a n  t h e  EASY a n d  

DIPPICULT c o n d i t i o n s  (see F i g u r e  4b) .  T h e  - C I V  a m p l i t u d e  i n  t h e  ' - ' 

E A S Y  a n d  DIFFICULT c o n d i t i o n s  does n o t  ~ i g n i f i c a n t l y  d i f f e r .  

T h e  i n f  o r n a t i o n  p r o c e s s i n g  main  e f f e c t  u a s  also s i g n i f i c a n t  

f o r  m e a s u r e  1 (P 2 , 8  = l l , 6 O ) ,  where all d i f f e r e n c e s  are 
- - 

s i g n i f i c a n t  (see P i g u r e  4 a )  and i n  t h e  h y p o t h e s i z e d  d i r e c t i o n .  

A s i g n i f i c a n t  (P 3'12 = 8.50) electrode b y  o r d e r  (of 
7 

i q c e n t i v e )  e f fect  o c c u r s  f cr measure 2. A n a l y s i s  s h o w s  t h a t  t h i s  

is  d u e  t o  s i g n i f i c a n t l y  l a r g e r  a c t i v i t y  a t  a l l  electrode s i tes  

for  t h e  g r o u p  t h a t  r e c e i v e d  first l c u  a n d  then h i g h  i n c e n t i v e  

days (see P i q u r e  5 a ) .  T h i s  g r o u p  was  d e s i g n a t e d  t h e  m L O U - ~ G f l m  

g r o u p .  The U G H - L O U  g r o u p  ( t h a t  is, t h e  g r o u p  w h i c h  r e c e i v e d  t h e  

h i g h  i n c e n t i v e  reward on day 1 a ~ t d  thsA&xse&+e-reuard  ort - 

d a y  21 had largest CEV activity at the C z  electrOne-siLe,thenc 

i n  d e s c e n d i n g  o r d e r ,  ? z ,  a n d  Pz a n d  Ppz s i tes  ( t h e  l a t t e r  t u o  
< 

were n o t  s i g n i f i c a n t l y  d i f f e r e n t ) .  F o r  t h e  LOU-HIGH g r o u p ,  cz > 
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An o r d e r  b y  electrode e f f e c t  (1 3,12 = 5.50) also o c c u r r e d  

f o r  measure 4 (see Pigare Sb), The L o g - B I G B  qroup had 

s i g n i f i c a n t  increases i n  -CZ a n d  Pz n e g a t i v i t y  orer the HIGH-LOU 

cfroup, ' For the HIGH-LOU qroup, C z  Pz > Pz Ppz. For t h e  LOU-HIGH 
k 6 

g r o u p ,  c z  > Pz Pz > Ppz. 

fleasure 2, shows  a s i g n i f i c a n t  mx by electrude i n t e r a c t i o n  

(P 3'12 = 5.24). Cz mas a l v a y a  l a r g e s t  for  b o t h  sexes; for t h e  

f e i a l e s  Pz w &  s i g n i f i c a n t l y  s m a l l e r  than Pz, a n d  not 

s i g n i f i c a n t L p  d i f f e r e n t  from Ppz; f o r  t h e  aa16s,  Pz and-Pz are 
1 

s i g n i f i c a n t l y  l a r g e r  t h a n  Ppz and  s i g n f  f i c a n t l y  smaller.  t h a n  Cz. I 

f p z  is s i g n i f i c a n t l y  more p o s i t i v e  f o r  males, a n d  Cz more 

n e g a t i v e  ( P i q u r e  6 ) .  

F i n a l l y ,  f o r  m e a s u r e s  2, 3 a n d  4 s i g n i f i c a n t  i n c e n t i v e  by 
? 

or deg by sex i n t e r a c t i a n s  o c c u r , ,  i n  con j u n c t i o n  w i t h  lower l e v e l  
- - - - 

-. 
i n t e r , a c t i o n s ,  I n t e r p r e t a t i o n  o f  the h i g h e r  o r d e r  i n t e r a c t i o n s  

, (as d e s c r i b e d  below)- r e s u l t  i n  t h e  c o n c l u s i o n  t h a t  electrode 

a c t i v i t i  d e c r e a s e s  orer days 1 a n d  2 for females and e l e c t r o d e  

a c t i v i t y  for  males is a l w a y s  greatest f o r  t h e  high i n c e n t i v e  

subjects, T h i s  rap be c l e a r l y  seen i n  ~ i g n r e  7. 

~ 6 r  measure  2, an i n c e n t i v e  e-ffect (-P 1,0 = 18i08) r e v e a l s  

high i n c e n t i v e  c o n d i t i o n s  t o  result i n  more n e g a t i v i t y  t h a n  lou .. 
-- ppppp - - - - 

i n  c e n t  ire c o n d i t i o n s  (Piijure-BaaF, -- 

I 3- 

shows t h a t  CBV a m p l i t u d e  decreases i n  n e g a t i v i t y  f o r  b o t h  the 
\ 

LOP-BIG% an'q HIGH-LOW g r o u p s  between days 1 a n d  2, b u t  h i g h  

i n c e n t i v e  s u b j e c t s  o n  d a y  2 hare greater e l e c t r o d e  n e g a t i v i t y  
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than Icu i n c e n t i r e  subjects on day  2 (see P i g a r e  9a). I n  

a d d d i t i o n ;  day 2 a c t i w i t y  (the HIGH-LOP groap) uas s ~ l l e r  than  

day 1 a c t i v i t y  ( t h e  LO@-EIGB group) for  the low i n c e n t i v e  

c o n d t i o n s .  

P n r t h e r m o r e ,  a sex by i ncea t i r e  effect /P 1,4 = 59.98) shows 

t h a t  the aeak CIY a n ~ f i t u d e s  arc,  i n  d e s c e n d i n g  order: male h i g h  
-- - - 
i n c e n t i v e  s u b j e c t s ,  fe.ale low i n c e n t i v e  s u b j e c t s ,  female high 

i n c e n t i v e  sabjects, and male low i n c e n t i v e  s u b j e c t s  

d i f f  ~ r e n c e s  b e i n g  significant), n a l e  s u b j e c t s  show 

a p l i  tude with increased incentive l e v e l .  F e m a l e  s u b j e c t s  shov 

d e c r e a s e d  amplitude u i t h  i n c r e a s e d  i n c e n t i v e  l e v e l .  There fore ,  

t h e  ef fect lof  i n c e n t i v e  is o p p c s i t e  f o i  males a n d  females (see 

The sex b y  i n c e n t i r e  b y  = q d e r  (of incent ivaj  effect CP 1,4 = 

130.34) shows t h a t  f o r  females a y  1 a c t i r i t y  is larger t h a n  day 

2 a c r i v i t y ,  I n c e n t i v e  l e v e l s  shcu n o  s i g n k f i c a n t  differences 

the female s a b j ~ c t s .  For .ales,  h i g h  i n c e n t i v e  s u b j e c t s  show 

greater n e q a ~ t i v i t y  than low i n c e n t i r e  s u b j e c t s ,  uith h i g h  

for  

i n c e n t i v e  day 2 subjects shoeing t h o  greatest  n e g a t i v i t y  ( F i g u r e  - 

Additional s i g n i f i c a n t  d i f f e r e n c e s  i n  this i a t e r a c t i o n  are: 

female 1- i n c e n t i v e  subjects on day  2 show smaller a c t i v i t y  than_ 
- - 

all male subjects; f e m l e  low i n c e n t i r e  sabjects on d a y  3 show 
- - - -- - - - - - - - 

larger a c t i v i t p  than a l l  male subjects; f e n a l e  high i n c e a t i v e  

subjects on day 1 show s i g n i f i c a n t l y  smaller a c t i r i t y  t h a n  iale 

.high i n c e n t i v e  subjects ori d a y  2 ,  and larger a c t i v i t y  t h a n  -male 
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low i n c e n t i v e  s u b j e c t s ;  female b i g h  incentive s a b j e c t s  on day 2 

s h o u  signf f i c a n t l y  s a a l l e r  a c t i v i t y  t h a t  a l l  b i g h  inceptive 

males. 3 

Por m e a s u r e  3, a s i g n i f i c a n t  sex by i n c e n t i v e  i n t e r a ~ t i o n  (P 

1 , 4  = 10.65) shows t h a t  h i g h  i n c e n t i v e  m a l e s  shou more n e g a t i v i t y  

t h a n  low i n c e n t i v e  males while, a g a i n ,  t h e  females show no  

i n c e n t i v e  e f f e c t  w h a t s o e v e r  ( F i g u r e  l o b ,  t h e  male b i g h  i n c e h t i v e  
-- -- - 

s u b j e c t s  s h o u  s i g n i f i c a n t l y  l a r g e r  a c t i v i t y  thad a l l  o t h e r  

s u b j e c t s ) .  The sex by i n c e n t i v e  by order effect (P' 1.4 = 10.69). 

however, show t h a t  e b c - t m d e  %&*it y is a h t w a L e f  faf - -- 

females on the second d a y  ( w h e t h e r  w i t h  r e s p e c t  t o  t h e  sane 

s u b j e c t s  over days o r  i n c e n t i v e  l e v e l s ) .  Agaid,  .ales show a n  

i n c e n t i v e  e f fec t  w i t h  t h e  v a l u e s  f o r  the h i g h  i n c e n t i v e  s u b j e c t s  

l a rge r  t h a n  fo r  t h e  low incentive s a b j e c t s  and l a r g e r  on d a y  2 

t h a n  on day  1  ( F i g u r e  7 $ ) .  A d d i t i o n a l l y ,  male low i n c e n t i v e  
- - 

s u b j e c t s  s h o u  s i g n i f i c a n t l y  ~ m a l l e r  a c t i v i t y  t h a n  fenale low 

i n c e n t i v e  s u b j e c t s  o n  day 1; male  h i g h  i n c e n t i v e  subjects on  day  

1 shoq s i g n i f i c a n t l y  g r e a t e r  a c t i v i t y  t h a n  a l l  female s u b j e c t s  

with the e x c e p t i o n  of ).be low i n c e n t i v e  s u b j e c t s  on d a y  1; a n d  
-- 

male h i g h  i n c e n t i v e  s u b j e c t s ' o n  day 2 show s i g n i f i c a n t l y  g r e a t e r  
- L- 

h _ 
&tiiitY t h a n  a l l  f e m a l e  s b b j e c t s  o n  d a y  2.. 

Measare 4 shows  i n c e n t i r e  (P l , U  = 15.21) ,  i n c e n t i v e  by 

i s e n t i v e  Bf erBsz t q  s e x  IP 1-03  51,41& and incentirePbbyIIQr-de9:& 

by sex by information p r o c e s s i n q  (P 2,8 = 5.18) effects ( F i g u r e s  
L 

Bb, 9b, 10c ,  7c and 11, r e s p e c t i r e l y . )  T h e  f i n a l  i n t e r a c t i o n  is 
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v e r y  c o m p l e x ,  s h o v i n g  t h a t  t h e  a b o v e  g e n e r a l i t i $ s  - with respect t o  

%- m a l e  a n d  female a c t i v i t y  a r e  for/tlle mcst p a r t  correct. 

CNV a m p l i t u d e s  are  larger for h i g h  i n c e n t i v e  t h a n  l o w  
3 

i n c e n t i v e  s u b j e c t s .  The i n c e n t i v e  b y  o r d e r  i n t e r a c t i d n  s b o r s  
? 

s i g n i f i c a n t  d e c r e a s e s  i n  CNV a m ~ l i t u d e  between days 1 a n d  -2 f o r  

h i g h  i n c e n t i v e  t h a n  t h e  low i n c e n t i v e  s u b j e ~ t s  on d a y  2. , 

However, t h e  sex by i n c e n t i v e  i n t e r a c t i o n  r e v e a l s  t h a t  h i g h  
, -c 

i n c e n t i v e  s u b j e c t s  s h o u  l a r g e r  a c t i v i t y  o n l y  f o r  the male 

s u b j e c t s ;  f o r  ;he female s u b j e c t s  C Y V  a m p l i t u d e  is  s i g n i f i c a n t l y  
, 

l a r q e r  for  t h e  low i n c e n t i v e  s u b j e c t s .  

T h e  i n c e n t i v e  b y  o r d e r  ky sex i n t e r a c t i c n  s h o u s  t h a t ,  w h i l e  

f o r  m a l e  s u b j e c t s  s i q n  n t l y  l a r g e r ,  a m ~ l i t u d e s  c c c n r  f o r  the 
J 4 ' 

high i n c e n t i v e  s u b j e c t s ,  f o r  female s u b j e c t s .  - the - CNV a m p l i t u d e  

d e c r e a s e s  s i g n i f i c a n t l y  t e t u r e n  d a y s  1 a n d  2. - ~ . 

I n  a d d i t i o n ,  male h i g h  i n c e n t i  v e k s u b  jects o n  d a y ,  1 show 

s i g n i f i c a n t l y  l a rger  a c t i v i t y  t h a n  females on d a y  2; a n d  i a l e  

h i q h  i n c e n t i v e  s u b j e c t s  o n  d a y -  2 show s i g n i ' f  i c a n t l y  l a r g e r  

a c t i v i t y  t h a n  a l l  f e m a l e  s u b j e c t s  r i t h  t h e  e x c e p t i o n  of t h e  
' 

female lcw i n c e n t i v e  s u b j e c t s  o n  d a y  1. The  male l o r  i n c e n t & v e  

s u b j e c t s  s h o u  s i g r i f i c a n t l y  l a r g e r  a c t i v i t y  t h a n  t h e  female 
--- - 

s u b j e c t s  o n  day  2, and s i g n i f i c a n t l y  smaller activit]!f 6ZPtlie 
-- - - - pp 

female s u b j e c t s  o n  d a y  T. - - -- 

The i n f o r m a t i o n  p r o c e s s i n g  by sex by o r d e r  b y  i n c e n t i v e  , 

i r t e r a c t i o n  s h o w s  t h a t  t h e  S T A P D A B D  c o p d i t i o n  is s i g n i f i c a n t l y  

l a r g e r  t h a n  t h e  EASY a n d  D I F F I C U L T  w n d i t i o n s  f o r  al l ,  hl f e m a l e s  o n  



d a y  2, b u t  o n l y  f o r  high i n c e n t i v e  . a l e s  o n  day 2 a n d  low - 

i n c e n t i v e  males on d a y  1. 

The l o w  i n c e n t i v e  females c n  d a y  1 h a v e  s i g n i f i c a n t l y  l a r g e r  
I 

.. n e g a t i v i t y  i n  t h e  S T A H D A R D  t h a n  t h e  E A S Y  c o q d i t i o n .  High 

i n c e n t i v e  r e s u l t s  a r e  more  n e c j i t i r e  f o r  t h e  males E A S Y  a n d  

DTPPIcULT c o n d i t i o n s  o n  d a y  - 1, - -- and f o r  t h e  males S T A N D A R D  a n d  

EASY c o n d i t i o n s  on d a y  2. The c p p o s i t e  r e l a t i o n s h i p  &?% 
7 

i n c e n t i v e  r e s u l t s  b e i n g  l a r g e r  t h a n  t h o s e  o f  h i g h  incentive - 
s u b j e c t s ,  o c c u r s  f o r  females i n  the STABDABD a n d  D r P f I C U L T  L 

c o n d i t i o n s  o n  d a y  1. 

, &Female results show d e c r e a s e s  i n  a c t i v i t y  o v e r  d a y s ,  except 

f o r  t h e  h i g h  i n c e n t i v e  S T A I D A B D  c o n d i t i o n s ,  a n d  t h e  S T A N D A R D  

c o n d i t i o n  f o r  tke HIGH-LOP g r o u p .  The m a l e  r e s u l t s  show 

d e c r e a s e s  o v e r  days '  b e t w e e n  lou i n c e n t i v e  - -  - s u b  ) e n s  for the 

S T A N D A R D  c o n d i t i o n ,  a n d  f o r  t h e  EASY c o n d i t i o n  f o r  the LOU-HIGH 

g r o u p .  T h e  male5 in t h e  LOU-RIG3 g r o u p  shoved i n c r e a s e d  

n e g a t i v i t y  o n  d a y  2 f o r  the E A S Y  a n d  DIFFICULT c o n d i t i o n s .  

T h e r e f o r e ,  females show clearer i n f  c r w t i c n  p r o c e s s i n g  

e f f e c t s  t h a c  .ales, especially on d a y  2, a n d  males t e n d  t o  show 

effects of t h e  incentive l e v e l s .  P c m a l e s  shorn a stronger general  . 

decrease i n  CYU amplitude o v e r  days t h a n  male=, 

Again, e l e c t r o d e  main effects c c c u r  f o r  a l l  m e a s u r e s .  For 

aeasure 1, PZ$Z > Pw > Pz. Fcr s e a s u r e  2 and 3, Cz > Pz Pz > 



Fpz. F o r  m e a s u r e  4 ,  Cz > Pz > Pz > Ppz. 

Fleasure 1 s h o w s  significant e l e c t r o d e  site (P 3,12 = 8 . 5 7 ) ,  

i o f o r m a t i o n  p r o c e s s i n g  ( P  6,14 = 7.12) , electrode by i n • ’  c r m a t i o n  

p r o c e s s i n g  (P 2,8 = 4 . 6 8 ) ,  a n d  sex b y  i n f o r m a t i o n  processing (P 

6,24 = 5 . 8 6 )  effects (see F i g u r e s  12a, 12b, 13a a n d  13b, 

r e s p e c t i v e l y ) .  Thus, drera l l ,  cz a n d  Pz are s i g n i f i c a n t l y  l a r g e r  
d 

. . .  
t h a n  m, +i& iz--ly. 1- U P = .  

main i n f o r m a t i o n  p r o c e s s i c g  e f f e c t  reveals a l l  d i f f e r e n c e s  t o  be 

s i g n i f i c a n t  and  i n  t h e  h y p o t h e s i z e d  d i r e c t i o n .  F u r t h e r m o r e ,  t h e  
- - 

i n f o r m a t i o n  processing. by e l e c t r o d e  s i t e  i n t e r a c t i o n  a l l o w s  

i n s p e c t i o n  of t h e  i n f o r m a t i o n  p r o c e s s i n g  effect a t  e a c h  e l e c t r o d e  

sits. at Fz, Cz a n d  Pz e l e c t r o d e  sites there i s  a decrease i n  

n e g a t i v i t y  of C I V  a r p l i t n d ~  a s  i n f o r m a t i o n  p r q c e s s i n q  l o a d  

i n c r e a s e s ,  but o n l y  the d i f f e r e n c e  Le tween  t h e  S T A U D A B D  a n d  

D I F F I C U L T  c o n d i t i o n s  a t  Cz is s i g s i f i c a n t c  I n  the STABDABD 

condition, a c t i v i t y  i s  s i g n i f i c a n t l y  g r e a t e r  a t  Cz than a t  Pz, '\ 

~ 5 t h  Pz a n d  Ppz  s h o v i n q  i n t e r m e d i a t e  l e v e l s .  I n  the EASY and 

DIFFICULT c o n d i t i o n s ,  h o w e v e r ,  negativity is l a r g e s t  a t  Fz a n d  

significantly qreater t h a n  Pz, w i t h  Cz a n d  Ppz i n t e r r e d i a t e .  

Ths sex b y  i n f a r l a t i o n  ~ r o c e s s i n g  effect r e v e a l s  t h a t  t h e  

i n f o r a a  t ior:  procassirg effect i s  only s i g a i f  i c a n t  f o r  f e m a l e s .  

f o r  t h e r ,  activity decreases s i q n i f  i c a n t l y  i n  n e g a t i v i t y  f son t h e  
- - - - -- -- - - - - - - 

ST8813ABIf ta ZBSY t o  DIPPICOLT c c n d . f t i o n s .  B e t w e e n  t h e  males and 
* 

- -- 

f eaales, h i g h e r  wqa t i v i t y  cccnrs f o r  females i n  the ~ T ~ B D ~ B D  

c o n d i t i o z  and fcr t a l e s  i n  t h e  D I P P I C U L T  c o n d i t i o n  (see Figure 

1 3 5 ) .  ?or t h e  a a l ~  subjects, lean CBV m a g n i t u d e s  i n  a l l  th ree  
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c o n d i t i o n s  a r e  e x t r e  mely similar; n c  e f f e c t  of i n f  o r a a t i o n  / 
p r o c e s s i n g  l o a d  is v i s i b a e .  

5 

f l e a s u r e  2 h a s  t h e  same s i g n i f i c a n t  effects a s  measure 1, 

w i t h  t h e  a d d i t i o n  cf a n  electrode b y  i n c e n t i v e  i n t e r a c t i o n ,  The  

e l e c t r o d e  efgect (P 3,12 = 20.27) shows t h a t  Cz is s i g n i f i c a n t l y  

l a r g e r  t h a n  a l l  o t h e r  e l e c t r o d e  s i t e s  a n d  F p z  snaller (Figure 
- - 

1 4 a )  . T h e  e l e c t r o d e  b y  i n c e n t i v e  i n t e r a c t i o n  (P 3,12 = 5 . 2 7 )  

s h o w s  t h a t  t h i s  p a t t e r n  h o l d s  c n l y  f o r  h i g h  i n c e n t i v e  subjects 

i n  n e g a t i v i t y  a t  Cz a n d  Pz r e s u l t  i n  PZ now b e i n g  s i g n i f i c a n t l ~  

s a a l l e r  t h a n  Pz. 

The ~ l e c t r o d e  b y  i n f o r m a t i c n  p r o c e s s i n g  effect  '(F 6,24 = 

5.67) s h o w s  that t h e  same p a - t t e r n  o f  e l e c t r o d e  a c t i v i t y  h o l d s  f o r  

a l l  c o n d i t i o n s ,  bat  t h e  d i f f e r e n c e s  b e t u e e n  i c f o r n a t i o n  
* - - - - - 

p r o c e s s i n g  conditions v a r y  a t  d i f f e r e n t  e l e c t r o d e  l o c a t i o n s  (see - 
Figure 1 S a ) .  A l t h o u g h  a s T g a i f i c a n t  i n f o r m a t i c n  p r o c e s s i n g  main 

e f f e c t  O C C P ~ ~ S  (P 2,8 = 7.57)  s u c h  t h a t  t h e  S P A l D A R D  is greater 

than t h e  EASY c o n d i t i o n ,  a n d  t h e  EASY c o n d i t i o n  is g r e a t e r  t h a n  

t h e  DIFFICULT c a n d i t i a n  tsee Pignre 74b), this i s  ~ n l y  
P - 6  * 

s i g n i f i c a n t  a t  Pn and Cz. Ppz has  s i g n i f i c a n t l y  m&e n e g a t i v i t y  

ic t h e  EASY t h a n  t h e  DIPPICULT c o n d i t i o n ;  a t  Iz thes-BIFPICULT 

T h e  i n f  oc atlstst ~ ~ h - y - r r a r + ~ ~ ~ r + - ~ F - - ~ ,  8 - 6 .2 9 )  
, 

again shows 'the i n f o r a a t i o n  p r o c e s s i n g  effect t o  be  s i g n i f i c a n t  

only f o r  females (all d i f f e r e n c e s  mere s i g n i f i c a n t  a n d  i n  t h e  

h y p o  t h e s i z e d  d i r e c t i c n )  , a l t h o t l q h  t h e  only s i q n i f i c a n t  d i f f e r e n c e  
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between  t h e  male a n d  female r e s u l t s  i s  a s i g n i f i c a n t  i n c r e a s e  i n  

n e g a t i v i t y  i n  t h e  DIFFICULT c o n d i t i c n  f o r  t h e  males (see, F i g u r e  

1Sb)  './" 
F o r  measure 3 t h e  electrode effect (P 3,12 = 21,981 shows 

t h e  sane p a t t e r n  (Cz > Pz Pz  > Ppz) as i n  measure 2  (Figure 16a). 

The electroae by i n f o r n a t i ' o n  p r o c e s s i n g  effect (P 6;24 = 3 , 9 0 )  
-- - 

shows t h a t  t h i s  p a t t e r n  of electrode - a c t i v i t y  o c c u r s  i n  the ' -  

STANDARD a n d  EASY c o n d i t i o n s ,  b u t  i n  t h e  DIFFICULT c o n d i t i o n  Pz 

1 6 b ) ,  T h e r e  are s i g n i f i c a n t  decreases i n  n e g a t i v i t y  o v e r  

i n f o r m a t i o n  p r o c e s s i n g  c o n d i t i o n s  a t  Cz a p d  n o n - s i g n i f i c a n k  
1 

t e n d e n c i e s  .for CBlV a c t i v i t y  t o  d e c r e a s e  o v e r  i n f  o r =  tion 

p r o c e s s i n g  c o n d i t i o n s  a t  Pz and Pz. @ 

The i n c e n t i v e  by i n f o r m a t i c n  p r o c e s s i n g  effect (P 2,8 = 
t - -- - - - 

8,251) shows t h a t  high i n c e n t i v e  s u b j e c t s  show a general 

i n f o r m a t i o n  p r o c e s s i n g  effect such t h a t  c o n d i t i o n s  a re  

s i g n i f i c a n t l y  o r d e r e d  EASY, STABDABD a n d  DIFFICULT; w h i l e  for low 

i n c e n t i v e  s u b j e c t s  o n l y  t h e  d i f f e r e n c e  b e t u e e n  t h e  STAMDARD and 

DIPPICULT c o n d i t i o n s  i s  s i g n i f i c a n t  (Pigure 16c). I n  a d d i t i o n ,  

i n f o r m a t i o n  p r o c e s s i n g  by i n c e n t i v e  by c r d e r  (P 2 ,8  = 8.37) a n d  
li- ' 

sex b y  i n c e n t i v e  b y  o r d e r  b y  i n f o r m a t i o n  p r o c e s s i n g  (P 2 , 8  = - 

i n c e n t i v e  s u b j e c t s  i s  o n l y  t r u e  f o r  d a y  4; and. t h a t  when d a y s  3 

a n d  4 are analysed  s e p a r a t e l y  t h e  l c w  i n c e n t i v e  group s h c v  n o  

i n f o r m a  t i o n  p r o c e s s i n g  eff ec ts, A c t i v i t y  increased be tween  d a y s  
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-. '.L. e 
5 ana 4 XOL m e  h i g h  i n c e n t i v e  subjects In the EASY condition and 

t h e  low i n c e n t i v e  sahjec t s  i n  t h e  DIFFICULT c c n d i t i o n .  Activity 

decreased &tween days fcr the l o u  i n c e n t i v e  s u b j e c t s  i n  t h e  EASY 
,- 

condit~dn and the high i n c e n t i v e  s u b j e c t s  i n  t h e  DIPPICITLT 
3 
condition. 

The large f our-way i n t e r a c t i o n  shows a mere co&lex p a t t e r n .  
'm 

a i v i t y  &sxeas& c l + ~ ~ % = ~ ~ l g  
. . .  --, e n d  

D I P P I C U L T  c o n d i t i o n s  for the h i g h  i n c e n t i v e  f e ~ l e s  o n  day 4. 

The STAIIDZLRD and E A S Y  c o n d i t i o n s  were larger than t h e  DIPPICULT 
- - 

condition for h i g h  i n c e n t i v e  s u b j e c t s  on day 3 and male h i g h  

i n c e n t i v e  subjects o n  day 4. The EASY c o n d i t i o n  uas l a r g e r  than 

the DIFFICULT c c n d i  t i c n  f o r  t h e  female lou i n c e n  t i  ve subjects on  

day 4. T h e  STAHDABD condition was s i g n i f i c a n t l y  larger  t h a n  the 
P 

other c o n d i t i o n s  for t h e  female l c v  i n c e n t i v e  subjects on day 3.  

The EASY c c n d i t i o c  uas saal ler  t h a n  the other co&i%ions. for t h e ,  

n a l e  low incentive subjects on day  4. The  r e l a t i o n s h i p s  o u t l i n e d  
b 

above  in t h e  i n c e n t i v e  by crder by i n f o r m a t i o n  p q o c e s s i n g  
e 

icteraction Here true with respect t o  t h e  EASY c o n d t i o n  for 

Fesale  sobjectsfacd h i g h  i n c e n t i v e  rale subjects, and w i t h  

. respect t c  t h e  DIPPICULT c o n d i t i c n  for t h e  a l e  h i g h  incentive 

ard f ~ e a f o  lcw i n c e n t i r e  subjects. H o v e r e r ,  for t h e  f e ~ l e  high 

i n c e n t i v e  subjects t h e  DIFFICULT c o n d i t i o ~  uas Larger oc day U 
- -  --- 

- - 

zkaz day 3'. 
- -- p-pppp---- 

The Beasare 4 r e s a l t s  were s i m i l a r  (see F i g u r e s  I 8  and 1 9 ) .  

1lectro4e (P 3 , 1 2  = 7 5 . 9 8 ) .  i n f c r n a t i o n  p r o c e s s i n g  (F 2.8 = 

a . ; i 3 ) ,  e lectrod€ b y  i n f c r aa t i on  processing (P 6,l-2 = 6-06) and 
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.. E l e c t r o d e s ,  b o t h  i n  g e n e r a l  and w i t h  r e s p e c t ,  t o  i n f o r ~ a t i o n  

p r o c e s s i n g  c o n d i t i o n s ,  shoot s i g n i f i c a n t  d e c r e a s e s  i n  n e g a t i v i t y  

f r o m  Cz t o  Pz t o  Pz t o  Ppz. C I Y  n e g a t i v i t y  s i g g i f  i c a n t l y  

d e c r e a s e s  o v e r  i n f o r ~ a t i o n  p r o c e s s i n g  c o n d i t i o n s ,  b u t  t h i s  is 

s i g n i f i c a n t  only f o r  f e m a l e s  a n d  o n l y  f o r  Pz, Cz a n d  Pz e l e c t r o d e  , 
m 

s i tes .  a a l e s  show s i g n i f i c a n t l y  more n e g a t i v i t g  i n  t h e  DIFFICULT 
- -- 

G o n d i t i o n  t h a n  t .he f e m a l e s .  A t  ppz the n e g a t i v i t y  is 

s i q ~ i f i c a n t l  y l a r g e r  i n  stbe E A S Y  t h a n  i n  t h e  DIPPICULT c o n d i t i o n ,  
- - 

and  n e g a t i v i t y  i n  t h e  STANDABD c o n d i t i o n  is i n t e r m e d i a t e .  

6 

~ 3 0 0  EESULTS 

P 3 0 0  was measure% a s  t h e  pe'ak- a m ~ l i t u d e  a t  4 2 3  n i l l i s e c o n d s  

f o l l o u i n q  s2. rjth . r e s p e c t  t o  a  b a s e l i n - e  d e f i n e d  a s  t h e  average 

of t h e  a c t i v - i t p  i n  the 1000 m i l - l i s e c o n d  i n t e r v a l  p r e c e d i n g  S l . ,  

~ h i s  c o n f o r m s  t c  the p.eak a p l i t a d e s  on t h e  b l c c k  a v e r a g e s ,   he - -. 

single t r i a l  a e a s u r < ~ e n t s  were e n t e r e d  i n t o  A Y O Y A s ,  

. - 

( a )  P300 RESULTS PUB THE F I R S T  ELOCK UP DAPS 

4 s i g n i f i c a n t  electrode e f f e c t  (F 3,12 = 4.80) . o c c u r s  s u c h  

that Pz a c t i v i t y  is mre p ~ s l t i v e t ~ a n  a l l  O t h e r  elOctrcdK aieS 

e x c e p t  Pz. A f u r t h e r  sex b y  e k c t r o d e  i n t e r e c t i o n  (P 3.12 = 

6 . 0 3 )  shows t h a t  this is d u e  t o  a c c m b f n a t i o n  of t h e  r e s u l t s  f o r  



thz male a n d  female subjects (see P i g u r e  20) . F o r  female 

s u b j e c t s  Pz  is s i g n i f i c a n t l y  g r e a t e r  t h a n  Ppz w i t h  a t e n d e n c y  f o r  

s i g n i f i c a n t  i n c r e a s e s  i n  p o s i t i v i t y  a t  P p z  a n d  decreases i n  

p o s i t i v i t y  a t  Cz r e s u l t  i n  Ppz a n d  Pz being s i g n i f i c a n t l y  l a r g e r  

t q h a n  Pz, w h i c h  i s  i tself s i g n i f i c a n t l y  l a r g e r  t h a n  Cz .  

Kin F r i ~ n f F E F b y  o r d e r  ( , o f i n c 5 t n e )  b y e l e c t r o d e  ef fec t  fPI 

3 , 1 2  = 3.99) s h o w s  t h a t  d a j  2 s u b j e e s  s h o w  t h e  sase  p a t t e r n s  of 
a 

a c t i v i t y  r e g a r d l e s s  of i n c e n t i v e  l e v e l  w h i l e  cn  d a y  1 a l l  

p o s i t i v i t y  t o  i n c r e a s e  i n  a pcstericr d i r e c t i c n .  F o r  males, r' 

- 

e l ec t rode  s i t e s  B x c e p t  Pz are  l a r g e r  f o r  t h e  l o w  i n c e n t i v e  
6 

s u b j e c t s  such t h a t  a c t i v i t y  a t  Ppz a n d  PZ is  n o t  s i g n i f i c a n t l y  

d i f f e r e n t .  T h e  r e s u l t s  f o r  d a y  1 a r e  i n  f a c t  s i m i l a r  t o  t h e  

averaged r e s u l t s  f o r  t h e  male s u b j e c t s .  P p z  s i g n i f i c a n t l y '  

d i f f e r s  over d a y s  a n d  i n c e n t i v e  l e v e l  w i t h  n o  c o n s i s t e n t  p a t t e r n .  

F o r  Pz, t h e  h i g h  incentive g r o u p  on d a y  1 was s i g n i f i c a n t l y  

smaller t h a n  a l l  o t h e r s .  C z  i n c r e a s e s  o n  d a y  2 o v e r  d a y  1 

results, a l t h o u g h  low i n c e n t i v e  s u b j e c t s  s h o w  l a r g e r  P300  

a e p l i ~ u d e s  a t  Cz o n  d a y  1 t h a n  h i g h  i n c e n t i v e  s u b j e c t s .  A t  Pz 

significant d i f f e r e n c e s  o c c u r , -  i n  d e s c e n d i n g  c rde r ,  b e t w e e n  d a y  2 

h i g h  i n c e n t i v e ,  d a y  2 low i n c e n t i v e ,  d a y  1 low i n c e n t i v e ,  a n d  d a y  

1 h i q h  i n c e n t i v e .  . 

- - - -  -3- - - - -- - - - -  

& 
(b) P300  RESULTS FOB. THE SECOND ' B ~ O C K  OF D A Y S  

1 - , 

Only  electrode (P , 1 2  = 6.10) a n d  sex by  infcrna%ion 

processicg (P 3 , 1 2  = 3.60) effects o c c u r  (see Figure 2 1 ) .  T h e  
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(b)SIGNIFICANT ELECTRODE SITE BY SEX 
INTERACTION 'Y , 
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( c ,  SIGNIFICANT ELECTRODE SITE BY INCENTIVE 
ORDER BY NCENTIVE WERACTlON 
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( b 1 SIGNFICANT INFORMATION PROCESSING BY 
SEX NTERACTlON 

FIGURE 21 - P300 'DAYS 3 8 4 .- 



. . 

; 

- -- 

e r e ' c t r o d e  p a t t e r n  ' shows 
, . 

' f e l e c t r o d e  -sites. T h e  sex b y  information p r o c e s s i n g  effect shows ;"s -5 x .+' 

t h a t  f o r  females P300 p o s i t i v i t y  t e - n d s  t o  i n c r e a s e  a s  t h e ,  
/ 

' d i f f i c u l t y  of t h e  c o n d i , t i o n  i n c r e a s e s ,  w i th  no i n f o r m a t i o n  * -  . / ;  
- 

p r o c e s s i n q  effects  f o r  ; a l e s .  F o r  f e m a l e s ,  t b e  D I F P ~ U L T  
0 

c o n . d i t i o n  is s i g n i f i c a n t l y  l a r g e r  t h a n  t h e  STA,WOARD c o n d i t i o n .  
2 . + 

with t h e  & cmmtr t r  . .m-e IBeqa -- -- 

4 
+ 

GALVANIC S K I B  POTENTIAL RESULTS FOB' ALL E A Y S  8 
* - .a"- - * *  

j 

. .  

T h e  GSP was measu red  a s  t h e  t o t a l  a r e a  f rom S 1  t o  1000  

, . m i l l i s e c o n d s  f o l l o w i n g  S 2 ,  w i t h  respect t o  the average o f  t h e  

a c t i v i t y  i n  t h e  1000 a i l l i s e c o n d s  p r e c e d i n g  S1. . . 
,' 

o n i y  a b l o c k  by i n f o r m a t i o n  p s c c e s s i n g  effect +(P 2 .  I 6  = 

,4 .33)  and  a bl-ock b y  i n c e n t i v e  ky o r d e r  by- trials i n t e r a c t i o n  
1 

s i g n i f i c a n t  -(P 15,120  = 2.00) were s i g n i f i c a n t .  (Days 1 and  2 

c o m p r i s e  Block I , .  a n d  d a y s  3 a n d  4 compr i se  Block 2.) As shown i n  

F i g u r e  22, t h e  GSP d u r i n g  t h e  EASY c o n d i t i o n  i s  s i g n i f i c a n t l y  

l a r g e r  t h a n  d u r i n g  t h e  DIFFICULT c o n d i t i o n  on  t h e  first b l o c k  o f  

, 
1 

d a y s ,  w i t h  t h e  sTA#DARD- c o n d i t i c n  i n t e r m e d i a t e .  O n  the s e c o n d  
1 .  

blcck o f  days ,  the STAIDARD c o n d i t i o n  i s  s i g n i f i c a n t l y  la rger  

t h a n  both t h e  EASY a n d  DIFFICULT c o n d i t i o n s .  A s L g n i f i c a n t  
- -- - - - - -- - - - - -- - - - - 

- 
, d e c r e a s e  i n  t h e  a a p l i t o d e  o f  t h e  GSP i n  t h e  EASY c o n d i t i o n  

- - - - - --- - - - - 

o-ccurred between  t h e  f i r s t  a n d  .second b l o c k s ,  The  s e c o n d  

7, - 
. i n t e r a c t i o n  a p p e a r s  t o  show v a r i a t r o n s  b-etween t r i a l s  o v e r  d a y s  

, , 
of  a  a i n o r  natuse. - 



SIGNIFICANT. WORMATION PROCESSING 

M Y S  1 8 2  



* 
- .  EOG RESULTS FOB,  ALL DAYS 

I T h e  EOG * a c t i v i t y  was e a s u r e d  from 100 m i l l i s e c o n d s  , 

f o l l o w i n g  S 1  t o  100 m i l l i s b c o n d s  p r e c e d i n g  S 2 ,  i i t b  b & s p ~ c t  t o b  a 
. - , . 
- .  f , .  

baseline d e f i n e d  a s  t b a  of t h e . a c t i r i t y  i n  t h e  -1000 - 
C 

m i l l i s e c o n d s  p r e c e d i n g  S1. 
- d A 

6 - 
T h e  ANOVA showed o n l y  a s i g n ~ f i c a n t  b l o c k s  by i n c e n t i v e  t y  

c 

order (of i n c e n t i v e )  by t r i a l s  e f f e c t  (P 15,CO = 1.89). It  is  

on ly  just s i g n i f i c a n t ,  I t  agpears _to show adecrease in- tu .  

v a r i a b i l i t y  over days, 

H E A R T  R A T E  RESULTS FOB A L L  D A Y S  

.4 

On each  four second t r i a l ,  t h e  a v e r a g e  n u m b e r  of s a m p l e  
- _ 

points f 15.6- ~ i l l i s e c o n d s  per p o i n t )  beGeen peaks was e n t e r e d  

i n t o  t h e  ANOVA: For presentaticn, t h e  n e c e s s a r y  means  f r o m  t h e  

data were c o n v e r t e d  i n t o  beats  p e r  s i n u t e .  

A ser ies  of s i g n i f i c a n t  e f f e c t s  o c c u r r e d  which evolve  i n t o  a 

f i r e - r a y  b l o c k s  by incentive b y  order b y  sex by i n f o r h a t i o n  

p r o c e s s i n g  e f fect  (F 2,l6 = 5.78, see F i g u r e  23), 

T n e  eain i n f o r m a t i o n  p r o c e s s i n g  effect  (P  2,16 = 26.43) . 

s h o w s - h e a r t  rgte t o  be s i g n i f i c a n t l y  slower i n  the SiamARD t han  
& 

t h e  t U P  a n d  D I P f f C D L T  c o n d i t i c n s ,  The sex b y  i n f o r m a t i o n  
- - -- 

p r o c e s s i n g  effect f F  2,16 = 4.07) s h o w s  the atove t o  be t r u e  o n l y  

For  sale  subjects; t h e  f e m a l e  s u b j e c t s  S ~ C Y  PC d i f f e r e n c e  i n  

h e a r t  r a t e  o v e r  t h e  three condi+Aots. The h e a r t  rates of females 



FEMALES - 
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#BH 8ENTfvE LOW WEWIVE 

FIGURE 23-HEART RATE . 



* 
are  s i g n i f i c a n t l v s t e r  t h a n  t h o s e  of males in t h e  EASY and  

- 
The i n c e n t i v e  & o r d e r  (o f  i n c e n t i v e )  by i n f o r m a t i o n  

p r o c e s s i n g  effect  (P 2,16 = 5.09) shows t h e  STAIUDARD c o n d i t i o n  to 
k 

be s i g n i f i c a n t l y  slower t h a n  b o t h  0 - t h e r  c o n d i t i o n s  on t h e  s e c o n d  . 
d i p  of each b l o c k .  On t h e  f i r s t  d a y ,  on1,y t h e  d i f  f e r g n c e  be tween  
- 
-the STANDARD and  DIPPICULT- c o n d i t i o n s  i s  s i g n i f i c a n t ,  w i t h  t h e  

EASY c o n d i t i o n  i n t e r m e d i a t e ,  I n  a l l  t h r e e  i n f o r m a t i o n  p r o c e s s i n g  " 
4 

c o n d i t i o n s ,  h e a r t  rates f o r  the low i n c e n t i v e  g r o u p s  o n  Day -24 are  
-- - - - -- - 

slower' t h a n  f o r  t h e  low i n c e n t i v e  g r o u p s  o n  Day' 7 - 1. Also ,  f o r  t h e  

low-high  q roup ,  hea r t  r a t e s  i n  a l l  t h r e e  i n f o r m a t i o n  p r o c e s s i n g  

c o n d i t i o n s  a r e  s i g n i f i c a n t l y  f a s t e r  on Day 2 ( i n  t h e  h i g h  

i n c e n t i v e  c o n d i t i o n )  t h a n  on Day 1 ( i n  t h e  l o o  i n c e n t i v e  
I 

c o n d i t i o n )  . 
- 

I n  t h e  l a r g e  f ive-way i n t e r a c t i o n  'tTe f e n a x %  s6mea stmnq 
- 

i n c e n t i v e  effects  o n  days 1 and 2 i n  o p p c s i t e  d i r e c t i o n s ,  making + 

I 

it likely t h q t  . u h i l e  h e a r t  r a tes  are faster  o n  day  1 f o r  low k -  

i n c e n t i v e  s e b j e c t s ,  it g e n e r a l l y  decreases ower d a y s  f o r  females. . 

on d a y s  3 and  4 l o w  i n c e n t i r e  s u b j e c t s  c o n s i s t e n t l ~  show i g k a t P r  

b e a t s / m i n n t e  t h a n  h i g h  i n c s n t i v e  s u b j e c t s ,  A d e c r e a s i n g  bffect , 
* s 

of i n f o r k t i o n  processing l c a d  e c c o r s  such t h a t  while heart rate 
9 

is  fast& for t h e  nIFPIcoLT c o n d i t i o n s  on day 1, d e c r e a s i n g  
% 

S f  - 
- -- - -- - -- - - - - 1 I 

s i g n i f i c a n t i y  o v e r  t h e  EASY and t h e  3 T A I D A B D  c o p d i t i o n e ,  b y  d a y  3 
-- -- 

no i n f o r s a t i o n  processing ,effect i s  l e f t ,  

H a f t s ,  however, shov generally slower he ' a r t  rates,, a 

t a n d e k y  f o r  the heart  rate t o  i n c r e a s e  as i n f o r m a t i o n  p r o c e s s i n g  

L 



increases i n  d i f f i c u l t y ,  and a  t e n d e n c y  -for hear t  rates to k 

C 

d e c r e a s e  over days, 

EtEACTIGI TIHE BESUITS FOB AIJ. CAYS 

The r e a c t i o n  t i n e  was a u t o m a t i c a l l y  computed d u r i n g  the 

e x p e r i m e n t a l  session and  r e c o r d e d  by t h e  expe r iWmente r .  

 ema ales h a d  s i g n i f i c a n t l y  s l o v e r  r e a c t i o n  times t h a n  males 
-- fP f , B  - 8-04}, & shqwn i n  f i g u r e  24a. An i n f o r m a t i o n  - 

p r o c e s s i n g  effect IF 2,16 = 10.20) showed t h e  r e a c t i o n  times were 

s i g n i f i c a n t 1  fas ter  i n  t h e  STallDARo c o n d i t i o n  than. i n  t h e  EASY 

1 , 
o r  DIFFXCCJLT c o n d i t i o n s  (see ~ i q n r e  24b). . A n a l y s i s  of the 

i n c e n t i v e  b y * - o r d e r  i n t e r a c t i o n  IF 1,8 = 9.84) s h o t e d  t h a t  the 
. . 

. . 
first  *day  of e a c h  b l o c k  h a d  s i g n i f i c a n t l y  slower r e a c t i o n  t i m e s  

- - - -- ---- - -  
- a  - - - . 

t h a n  t h e  s e c o n d  day  (see' F i g u r e  2 5 a ) .  but t h e  i n c e n t i v e  b y  order' 

by blocks e f f e c t  (F 1,8 = 6.52) r e v e a l s  a s h a r p  d e c r e h s e  hetween 

day  1 and later d a l s  r e a c t i o n  tiaes for the  h i g h  i n c e n t i v e  r 

s u b j e c t s  and a more g r a d u a l  decrease f &  l o r  i n c e n t i v e  s u b j e c t s ,  
a 

with t h e  m a j o r  d e c r e a s e  b e t s e e n  d a y s  2 a n d  3 (see F i g u r e  25b). Q 

(r 

-Therefore, t h e  i n c e n t i v e  by  o rdw i n t e r a c t i o n  is o n l y  significant 
+ 

9 - 
- f o r  the first b l o c k  o f  days .  I n  a d d i t i o n ,  on day 2 t h e  l o u  

8 

-- 

I - i m c e n t i v e - 3 ~ j e c t s r b o u e ~  - s r g n l f i ~ i i i i t ~ l o w e e f  r e a c t i o n  t i m e s  
I 

/ 7 

s i  
b 

The i n c e n t i v e  by o r d e r  fry sex t y  t r i a l s  i n t e r a c $ i o n  (p 

15,120  = 1.83) t r a n s l a t e s  t o  a d a y s  by sex b y  t r i a l s  i n t e r a c t i o n .  

Ro clear p a t t e r n  is a p p a r e n t .  



SEX MAN EFFECT 

- ff FECT 

FIGURE 24 - REACTION TtME 
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FIGURE 25- REACTION TIME 



S i g n i f i c a n t  order (P 1.16 = 5.17) and inf crmstionl pracess inq  
* 

effects tP l , l 6  = 7 , 0 2 )  o c c a r r a d .  S i g n i f i c a n t l y  more errors 
C 

occurred i n  t h e  DIFFICULT than t h e  B A S Y  c o n d i t i o n .  The order 

effect 'shous HIGH-LOP subjec ts  made nore errors than the Log-HIGH 

l i k e l y  t h a t  t h i s  reflects a steadily d e c r e a s i n g  error rate over 

days, coupled  with an initial effect of incentive on t h e  first 4 * 

day. 
JJ 



( bSIGNIFICANT !NCENTlVE ORDER MAN EFFECT 

.FIGURE 26-VERBAL RESPONSE ERROR RATE - I SUBJECT/ M Y )  



The r e s u l t s ,  considering the l a r g e  number of M O V l l s  rub and  2 
* 9 

t h e  s u b s e q u e n t  p o s s i b i l i t y  o f  ype B e r r o r s ,  uere r e l a t i v e l y  

c l e a n .  I n  general, t h e  h y p o t h e s e s  g e n e r a t e d  &ere s u p p o r t e d  by 
# I -- 

The f e m a l e s  s h o s i e d ~ s i g n i f i c a n t  d i f f e r e n c e s  'in CBV m a g n i t u d e  i 

between  the STAIDABD and  t h e  EASY a n d  DIFFICULT c o n d i t i o m n  t h e  ! 
- . - - - - - - - - - -- - - - - -- 1 

f i r s t  block of days, and t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  . 

between a J l l  three i n f o r m a t i c n  p r o c e s s i n g  c o n d i t i o n s ,  in t h e  
\ -  * 

h y p o t h e s i z e d  d i r e c t i o n ,  o n  khe s e c o n d  b l o c k  of days .  
? 

A l t h o u g h  females (see Figure  17, p a g e  71) d o . n o t  shov 
# . . 

p r o g r e s s $ v e  d e c r e a e n t s  i n  CNV a m p l i t u d e  with i n c r e a s i n g  
-* 

i n f o r m a t i o n  p r o c e s s i n g  l c a d  if results-are examined s e p a r a k e l y  b y  - 

days o r  by l e v e l  of i n c e n t i v e ,  males show o n l y  a s l i g h t  t e n d e n c y  

for  cgv a n p l i t  u d e s  t o  d e c r e a s e  w i t h  inc~e&& i n  i n f o r m a t i o n  

processin& l o a d .  

I n  t h e  first b l o c k  of days a s i g n i f i c a n t  s e x  by  i n c e n t i v e  

o r d e r  by i n c e n t i v e  b y  i n f o r m a t i o n  processing i n t e r a c t i o n  o c c u r r e d  /- ;-  

for Beasare 4 ( o v e r a l l  C l l Y  a m p l i t u d e ) .  Figure 11 (page 60) sh/ors 

t h a t  t h e  CRV a m p l i t u d e  o f  ma le  s u b j e c t s  d i d  t e n d  t o - a t t e n u a t e  
\ o 

- - - -- - - 

the a t t e n u a t i o n  shown by t h e  female s u b j e c t s  on d a y  2. The &a 

i n t e r a c t i o n  occurs o n  t h e  s e c o n d  b l a c k  o f  days ,  b u t  no  e W o f  ' ,  

i n f o r m a t i o n  p r o c  ";"4nq load i s  o b s e r v e d  f o r  t h e '  male s u b j e c t s .  = 

* 
1 -- 

For t h e  f e m a l e  sob jects 8360 s h o w 4  id i n 3  o r l a t i p a  



I 
b 

. . p = o c e s s i n g  effects o n  d a y s  1 a n d  2, b u t  f o r  d a y s  3 a n d  .4 tk - 
- 

_.I 
ma'gni tude i n  t h e  STAHDARD c o n d i t i o n  was s i g n i f i c a n t l y  less t h a n  

< 

6 . ,  
i n  t h e  o t h e r  two c o n d i t i o n s .  The  ma le  subjects showed a 

% ' * d i f f e r e n t  p a t t e r n  of e l e c t r o d e  a c t i v i t y  for f 300 on t h e  f i r s t  
i .  + 

. b l o c k  o f  dpys t h g n  t h e  f e m a l e s ,  However, while t h e . a c t i r i t y  a t  
R 

t h e  Pz e l e c t r o d e  s i t e  o f  t h e  ma le  s u b j e c t s  showed h i g h  s a g n i t u d e  
+ -: 

c e s p o n s e s  on  t h e  s e c o n d  b l o c k  &f d a y s ,  no  i n f o r m a t i o n  p r o c e s s i n g  

effect  v a s  found .  ' 

t h e  'female subjects, Females i n  t h e  high i n c e n t i v e  c o n d i t i o n  h a d  

slower heart r a t e s  o n  t h e  f irst  d a y  t h a n  low i n c e n t i v e  f e a a l e s ,  
6 

with b o t h  t h e s e  g r o u p s  s h o w i n q  an i n c r e a s e  i n  heart r a t e  w i t h  

i n c r e a k i n g  t a s k  d i f f i c u l t y .  O n  t h e  s e c o n d  d a y  the fema 
\ f" - *> 1 

s i l b j e c t s  s h o v e d  a decrease i-n h e a r t  r a t e  r h e g a r d l e s s  of i n c e n t i v e  

_ l e v e l ,  a n d  the r e l a t i o n s h i p  ke tween  higf iL a n d  l o u  i n c e n t i v e  
I /  - - 

s u B j e c t s  was r e v e r s e d .  i l h i l e  this d e c r e a s e  i n  h e a r t  r a t e  

c o n t i n u e d  o v e r  d a y s  3 a n d  4, t h e  i n f o r m a t k o n  p r o c e s s i n g  effects . 
.4 

c e a s e d ,  'In t h e  s e c o n d  b l o c k  of d a y s  t h e  l o v  i n c e n t i v e  f e a a l e s  
- I  

t e n d e d  t o  h a v e  f a s t e r  hedrt-rates than high i n c e n t i v e  females. 
I 

T h e s e  resihts suggest t h d t  the h e a r t  rate r e s u l t s  of t h e  f e m a l e s  

reflect p h a s i c  d e c e l e r a t i o n  p r e c e d i n g  t h e  mo toz  r e s p o n s e  a s  jn 

e x p e r i i s n t s -  f t y  SEW- and  f, a-H*97-€--sttt968+.-- - - - 1 

35ere--l=e, --el+rrUorl+bar--L 

l e v e l s .  

The h e a r f  rates o f  male  s u t j e c t s  

by  i n f o r m a t i o n  p r o c e s s i n g  c o n d i t i o n s ,  

were s i q n i f i c a n t l y  a f f e c t e d  

v i t h  t h e  r a t e  i n c r e , a s i n g  a s  
C 

i 



days .  B i g h  i n c e n t i v e  m a l e s  t e n d e d ,  to  s h o u  slcrer. h e a r t  rates 

t h a n  low i n c e n  t i w e  males, 

ro i n t e r a c t i o n s  u i t h  sex were found  fo r  t h e  GSP, error rate. 

o r  r e a c t i o n  ti- resa l t s ,  a l t h o u g h  @ a l e  subjects had  

s i ' q ~ i f i c a n t l y  faster reaction times o v e r a l l .  Bore errors 
e - 7 " -  - -. 

* 
t r e a t a a n t  of t h e  EASY ;nd DIFFICULT t a s k s  a s  two d i f f e r e n t  lepzls 

o f  t a s k  d i f f i c u l t y ,  p r o c e s s i n g  c o m p l e x i t y ,  o r  l e v e l s  of 
- - - -  - - 

i n f o r m a t i o n  p r o c e s s s i n g .  , R e a c t i o n  times o n l y  d i s t i n g u i s h e d  
0 

b e t  ween t h e  STAEDARD a n d  t h e  EASY a n d  DIFFICULT c o n d i t i o n s ,  b e i n g  

f a s t e r  i n  t h e  STABDABD c o n d i t i o n  a s  was expected. B e a c t i o n  times 

d e c r e a s e d  o v e r  days .  The GSP showed a n  i r r e g u l a r  pattern on t h e  

first b l o c k  of days ,  t h e  mbqni t ade -  k e i n g  ~ a x i m a l  i n  t h e  E A S Y  
c o n d i t i o n .  On t h e  f i n a l  d a y s  it-was largest i n  t h e - S r $ l B A B D  

c o n d i t i o n  and  e q u a l l y  small ' i n  t h e  EASY a n d  DIPPICULT c o n d i t i o n s ,  

F i n a l l y .  no  s h i f t  i n  t h e  t o p o g r a p h y  o f ' t h e  CilV o r  P300 of 

the male o r  feaale s u b j e c t s  occurred between  i n f o r m a t i o n  

p r o c e s s i n g  c o n d i t i o n s ,  The three c c n d i t i o n s  t e n d e d  t o  s h o u  

c e n t r o - f r o n t a l  d i s t r i b u t i o n s  w i t h  maximal  v a r i a t i o n s  o c c u r r i n g  at 

THE EEf ECTS OF ABOOSAL 

f n  s i n i l a r  e x p e r i m e n t s  it h a s  u s u a l l y  been  c o n c l u d e d  t h a t  

tha m a g n i t u d e  a t t e n u a t i o n s  s h o r n  by the f e m a l e  s u b j e c t s  i n  t h e  



4 
=* 

* 

d i s t r a c t i o n .  I n  t h a s e  s t u d i e s  (Tecce a n d  Sche f  f ,  1969; T e c c e  e t  

al., 1976) %he h e a r t  rate i n c r e a s e d  when d i s t r a c t i n g  t a s k s  o r  2 
?- 

P 

st i a u l i  were a d d e d  t o  a r e a c t i o n  t i n e  pa rad igm (reflecting -the F 

s u b j e c t s *  i n c r e a s e d  l e v e l  of a r o u s a l )  a n d  r e a c t i o n  time d e c r e a s e d  
- - 

( r e f l e c t i n g  the subjects* d i s t r a c t i o n  from t h e  r e a c t i o n  t#me 

task) . Clearly, the f &ales shared marked CIV aaGni tude- i 
i n f  o r n a  t i o n  p r o c e s s i n g '  e f fects  when t h e r e  were n o  heart rate 

The  h e a r t  r a t e  measu re  i n  t h i s  s t u d y  d i f f e r e d  s i g n i f i c a n t l y  - i 

'- ,., 
from p r e v i o u s  s t u d f  es which r e c o r d e d  t h e  CIV/ over l o n g  p e r i o d s  o f  

*- 
time. t(erecthe r e c o r d  s p a n n e d  c n l y  f o u r  s e c o n d s ,  thus r e f l e c t i n g  

,/' 
\ :  

- p h a s i c  h e a r t  rate c h a n g e s  o v e r l a i d  upon a t o n i c  l,e&tl. S t i l l .  \ 3 
" v a f i a t i o n s  i n  h e a r t  r a t e  o c c u r r e d  b e t v e e n  c o n d i t i o n s .  T h e  3~ 

P> 

p o s i t i v e  r e l a t i o n s h i p  be tween  i n f o r m a t i o n  p r o c e s s i n g  load a n d  t h e  -2 
$ 

h e a r t  ra te  were r e p l i c a t e d  o n  t h e  first day, b u t  t h e s e  effects d 
..,.. 

5 

vere o n l y  t r a n s i t o r y  f o r  t h e  f e m a l e - s u b j e c t s .  The CBV a m p l i t u d e  ' Z .- 
I 4 

$$ 
d id ,  however ,  show c o n t i n u e d  i n f o r ~ a t i o n  processing effects f o r  -+ &. 

t h e  f e m a l e  subjects. a ;i; 

Before r e j e c t i n g  t h e  h y p o t h e s i s  t h a t  t h e  i n v e r s e  - 
- - 
&L 

relationship between-C1JV a mpl i  tnde  an&-im5xmatLx-pnr&essin+-- -- -- 2 

l e v e l s  is d u e  t o  v a r i a t i o n s  i n  arousal, i t  i s d 1 ~ s s i b l e t h a t t h e  

heart r a t e  is n o t  a t r u e  measu re  cf c o r t i c a l  a r o u s a l .  Lacey  
/' - 

(1967) ,  (1968) a n d  Warren a n d  Harris ' (1975) h a v e  a l l  

and'  a u t o n o m i c  i n d i c e s  of a r o u s a l  a c t u a l l y  



re'fiect two s e p a r a t e  a r o u s a l  s y s t e m s ,  Barren and Harris (1975) 

re'hrded EEG a n d  s k i n  p o t e n t i a l  a c t i v i t y  during a u d i t o r y  s t i m u l u s  
/ 

??dmy f o u n d  no  p r e s e n t a t i o n  i n  a s i n g l e  t r i a l  free r e c a l l  ta 

o b v i o u s  c o r r e l a t i o n s  be tween  cor t ica l  a n d  a u t o n o m i c  i n d i c a n k s  of . . 
# 

a r o u s a l ,  -1 

* 
A c c e p t a n c e  of t h e  c o n c e p t  of a cortical " c e i l i n g  effectm 

- 

, 

would allow t h e  i n t e g r a t i o n  of t h r e e  f i n d i n g s  frdm t h e  f 
, 

l i t e r a t u r e ,  F i r s t ,  a " c e i l i n g  effectw could t h e n  be s a i d  to  
I *  
I 

o c c u r  i n  c o n i o n c t i o n  w i t h  t a s k  d i f f i c u l t y .  K n o t t  a n d  I r w i n  

11 967) h y p o t h e s i z e d  t h a t  h i g h l y  a n x i o u s  s u b j e c t s  s h o v e d  less CH0 

r e s p o n s i v i t y  t o  a f i i t n a t i o n  i n t e n d e d  t o  increase CBV a m p l i t u d e  by 

i n c r e a s i n g  stress b e c a u s e  of a  n c e i l i n g  effect", I n  this . 

experiment (as s u g g e s t e d  b y  Poon e t  al,, 1974 f o l l o v i n g  a n  

e x p e r i m e n t  c o n c e r n e d  with i n f o r m a t i o n  p r o c e s s i n g  loads) r i n  the 

r a y  b e  closer to t h e  physiological maximum fo r  n e g a t i v i t y .  > 

B e g a t i v e - g o i n g  componen t s  v o n l d  be l i m i t e d ,  a n d  p o s i t i v e - g o i n g  * 

componen t s  vonld & c u r  i n  an e n v i r o n m e n t  more e a s i l y  d r i v e n  i n  

t h a t  d i r e c t i o n .  Here, t h e  f e n a l e  s u b j e c t s  showed a p o s i t i v e  

r e la  t i o n s h i p  b e t w e e n  CNV a m p l i t u d e  a n d  i n f o r m a t i o n  p r o c e s s i n g  

l o a d ,  a n d  a n e g a t i v e  r e l a t i o n s h i p  be tween  P300 a n d  C 1 V  m a g n i t u d e  
4 

f o r  the t h r e e  g o @ i t i o n s .  - - - - - - - -- -- , 

Second,  Knotf a n d  Peters (1973. 1914a)  f o u n d  t h a t  t h e  C Y V  
a m p l i t u d e  of t h e  female subjects u a s  a t t e n a a t e d  more t h a n  those 

o f  males i n  the h i g h -  - -  stress c o n d i t i o n s ,  . . 
Knot t  and  P e t e r s  f irst  study, 1973, was a  s i m p l e  r e a c t i o n  



pa rad igm o f  K n o t t  a n d  I r u i n  (1967, 1968). ba t ,  instead of v a r y i n g  

t h e  i n t e n s i t y  of t h e  s h o c k ,  differential w a r n i n g  s t i m u l i  p f e c e d e d  
a - 

a l i g h t  o r  s h o c k  a t  v a r i o u s  IS1 €800, 1600 or 4800 ~ i l l i s e c o n d s ) ,  8 1 

1 

I n  t h e  l o n g e s t  IS1 c o n d i t i o n ,  the female s u b j a c t s t s h o l e d  an 

i n c r e a s e d  c H V  I n  the Low stress c o n d i t i o n ,  w h i l e  fhe males s h o v e d  
L 

o n 1  y a p o s i e i ~ e  rela t i o n s h i p  between I S 1  a n d  reaction t i l e  1 

I n  t h e  s e c o n d  s t u d y ,  K n o t t  and P e t e r s  (197Qa) h a d  s u b j e c t s  
/ 

r e s p o n d  t o  o n l ;  -one of two d i s t i n g u i s h a b l e  S2s. pr ro r s  r e s u l t e d  
- - - - - - - 

i n  a - n o x i o u s  
a 

? 
decreased on r e s p o n s e  t r i a l s  a s  stress i n c r e a s e d  tdef f ned  a s  

p r o g r e s s i v e 1  y more d i f f  $ c u l t  t r i a l s ,  r e s n l t i n q  i n  a greater  

number of e r r o r s )  ; t h e r e  was n o  d i f f e r e n c e  for males. For b o t h  

males a n d  females, t h e  maximum peak n e g a t i v i t y  oq n o n - r e s p o n s e  
- .  \ 

i - - 
9 - 

t r i a l s  i n c r e a s e d  a s  stress i n c r e a s e d ;  however  t h i s  r e l a t i o n s h i p  
- - --  - - - - - -- - - -- - - - - - - - 

5 
4 

d i d  not r e a c h  s i g n i f i c a n c e  for  t h e  sales.  I n  g e n e r a l ,  the 
L - 

/ 
p a t t e r n  of r e s u l t s  a p p e a r r e d  t o  be clearest for females, And 

i 

w * .  
i n c o n s i s t e n t  o r  i n s i g n i f i c a n t  fo r  males. . - 

9 ? 

It is n o t  a l w a y s  t h e  case t h a t  o n l y  female s u b j e c t s  s ou CHV 

p t t e n u a t  i o n  in, simi1,ar s i t u a t i o n s .  A third s t u d y  s h o v e d  V 

% 

P 
a t t e n u a t i o n  i n  h i g h  stress c o n d i t i o e s  f o r  b o t h  faLala ;nd male - 

s u b j e c t s .  K n o t t  and P e t e r s  (1974b) used three c o n d i t i o n s :  f o r  

. . 
-second cmikbmn S 2 ua a a shock ; i n  =eet-hf-rdd~=n-d-ifti~n a  

u- 
d i f f e r e n t i a l  r e s p o n s e  t o  S2  {a f l a s h ) '  was r e q u i r e d  and a n  error / 
was p o n i s h e  by  a n o x i o u s  s o u n d .  on r e E p o n s e  t r i a l s ,  ' C H V  P =?, 



1 
; 

m a g n i t u d e  was decreased i n  t h e  e x p ~ r i n e m t a l  casdit ioas  when .' 

compared w i t h  t h e  chntrol c o n d i t i o n s ,  for  seblects of ?both sexes, 
' 

Bowever, f o r  no-resppqse t r i a l s .  the CEV m a g n i t u d e s  of m ~ e s  were 
- 

d e c r e a s e d .  and the t h a t  of  fe&lss  i n c r e a s e d ,  o v e r  the c o n t r o l  . * ;  
condit ion.  

- 

-? 

Therefore, a aifference between the responses of male and  
I ,  _ 

female subjects. a s  f o u n d  in t h i s  s t u d y ,  h a s  beea prerioasly 

found i n  s i t u a t i o n s  hypothesized t o  p r o d u c e  h igh  levels of 

a r o u s a l  w i t h i n  male a n d  female s u b j e c t s ,  

abore s tud ies ,  may be due to sole u n d e r l y i n g  s i m i l a r i t y  be tween  
r' 

4 
, 

t h e  e x p e r i m e n t a l  paradigm, o r  may s i m p  g reflect//the f a c t  t h a t  
- f 

t h e s e  are among t h e  feu CEV e x p e r i m e n t s  that ha*e c o n t r o l l e d  f o r  - 

t h e  sex of the s u b j e c t .  I n  this thesis, however, the 
;i 

of EASY and DIPPICULT trials was not exactly t h e  same- 

D I P P I C U L T  c o n d i t i o ~ s  immediately f o l l o u i n g  the- first standard 

condition was i d e n t i c a l  for b o t h  male  a n d  female  subjects, b u t  

the l a t e r  order of EASY and  DIPPICULT c o n d i t i c n s  differed between - 
t h e  t u u  sexes. It i s  possible t h a t  t h i s  d i f f e ~ e n c e  is r e s p o n i b l e  

for some o f  t h e  differences between the r e s u l t s  of t h e  males a n d  
. . 

t h e  feaales, but t h i s  p o s s i b i l i t - y  is f e l t  to small. 

- _ - - --- -- - A_ _sear ch o f s tn d i e 3  t o  _ta b _ u l a _ t c x e s a l S  s v i t h re sp&+ + o + s t ~ -  - 

, ' - b 

is --- l i u t e d  - b y  t h e  typical lack cf r e f e r e n c e  t o  t h e  sex of t h e  

subjects. A l l  or ~ r 9 d o ~ f n a n t l y  female subjects were used by 
+-- 

'Pecce and Schef f (1969) and Tecce and  ~ a r i l t o n  (1973). Sexes 



. (1 976) . clearly, confounding  c o u l d  occur i f  t h e r e  isvno cm&l 
= 

for sex differences, since in tJds s tudy  such differences- had 
* 

opp&ita effects fbr,~300 oily. F i n a l l y ,  EIl attenuation 

occurred o n l g  f d ~ .  female subjec'io in the stud) by ~ s & e  et al. 
1 

5 '  - . . 
- f 1972, ont l ihed  a b o ~ e f , ~  in p b i c h  tBe subjects-ueSa&eqaired 40 = 

- 
(1975). 'in which P300 a m p l i t u d e  ubs ,. not-iound to be p o s i t i d e l y  

, , 

r e l & i d  t o  i n f o r m a t i o n  procGssing i d a d ,  a l l  t h e  subjects rere i 

. The ,third .point bn which  t h e  r e s u l t s  of t h i s  s t u d y  and 

of s e g m e n t s  of tie CJW u&afo&-. nabtanen and  aill lard (1974) 

found that -the earlf rather, thqn late, components of t h e  C W  were 
.+ . - .  - 

E 

af facts& by co&tioits k n o k ~ t a  e n ~ W a - s ~ ~ e i f i ~ c ~ ~ -  - - -- - - - 

- a c t i v a t i n g  ' s y s t e E .  The measare of, the cB'O in t h e  300 . 
l i i l i s econds  .pret=edipg si ( ~ e a s u r e  3 )  uaq th oply  measure on 

% .  . * r ,  

i 

days 3 bnd P t b a t  d i i l  not s h o w  - a n - i n f o r m a t i o n  pr&essing .main 

effe& (&though t h s s  ,-measure sbo&d, a t t e n u a t i o n  ir t h e  
L - 

The resqlts of t h i s  t h e s i s  *or tbat botb the heart  rate and 
* 

t h e  GSP r e f l e c t e d  a c t i v i t b ,  On t h e  last black of d a y s  

- - ---- 

sub  j a c t s .  This. is possibly doe tq -an. ' i n c r e a s e  ' i n  the 

deceleratire c a s p o n e n t o f  the triphasid b&rt rare pat tern ,  

'*ref l e d i n g  an  increase .in a t t e n t i o n  leiels. T h e  g e n e r a l  d e c r e a s e  
- 





7 
'L - * + 

a r o u s a l  i n  tG subjects. The s e v i e z  of erperimextts above, which 
- 

c o n c l u d e d  t h a t  t a s k  d i f f i c u l t y  was ~f f e c t i v e  . i n  a l t e r i n g  CBV 

m a g n i t u d e  s u g g e s t e d  t h a t  t h e r e  were two d i v i s i o n s  w i t h i n  t h e  

q e n e r a l  c a t e g o r y  of , task  d i f f i c u z t f  which were associated with 
i 

o p p o s i t e  C I V  r e s u l t s  . 
i - - -  
j \ 

- 
-- I n  t h e  t a s k  d i f f i c u l t y  s e c t i o d o f  t h e  i n t r o d u c - t i o n ,  s t u d i e s  

n e c e s s i t a t i n g  ' encod ing  ( d e l s e  e t  a 1  1972: e c t h  e t  al., 1975) , . *'f I 

h a  a n a l y s e s  a n d  r e s p o n s e  d a c i s i o h s  [Poon e t  a l . ,  1976)  o r  
- - - - - -- 

c o n t i n  uons  a d d i t  i b n  t b r o n q h o q t  t h e  -condit ici in [~ecce- and Hami l ton ,  

1973 )  were a s s o c i a t e d  w i t h  CBV a t t e n t u a t i o n ,  Yet, i f  a  more 

d i f f i c u l t  s t i ~ u l u s  d i f f e r e n t i a t i o n  [Rebest et a l e ,  1967) o r  a  

r e s p o n s e  d e c i s i o n  is n e c e s s a r y  a t  S 2  (Donchin e t  al,, 1972)  t h e n  

CIV a m p l i t u d e  is e n h a n c e d .  

Tf t a s k  d i f f i c u l t y  a c t u a l l y  mean t  a n  i n c r e a s i n g l y  more 
- 

d i f f i c u l t  p e r c e p t u a l  d i s c r i m i n a t i o n  a t  5 2 ,  w i t h  t h e  S1-52 , 

i n t e r v a l  b e i n g  o n l y  a time of p r e p a r a t i o n  for  t h e  s u b j e c t ,  t h e n  \ 
t h e  CBV ~ a g n i t a d e  i n c r e a s e d  -as t a s k  d i f f i c u l t y  i n c r e a s e d .  I f  the 

s u b j e c t  was n o t  in snch a c o n t e x t  i n  t h e  S1-S2 i n t e r v a l ,  but u a s  

a c t u a l l y  i a m e r s e d  i n  p r o q r e s s i v e l y  more d i f f i c u l t  t a s k s ,  t h e n  t h e  

CIB a m p l i t u d e  decreased a s  t a s k  d i f f i c u l t y  increased, I f  it is 

argued t h a t  a n x i e t y  or  a r o u s a l ,  which is a c o n c o a i n a n t  of t h e  
", 

- - - -- - 

ixreasing ta sk  regair&&n~s, is -4%e c a u s e  of t h e  a t t e n u a t i o n ,  
, 

t h e n  #e arg=aPent a x s t  erpla ln  - w i i  ~ e r c e p t u a l  d i s c r i m i n a t i o n  L 

t a s k s  p r e c l u d e  s u c h -  effects cf arousal, 



TEE EFFECT OF SELECTIVE ATTEETIOB OR DISTBACTIOI  
I 

The secofi ra jor  h y p o t h e s i s  sta tes  t h a t  t h e  a t t e n u a t i o n  o f  

CBV a m p l i t u d e  ref lects  a d e c r e a s e  i n  selectire a t t e n t i o n  t o  t h e  

expected s i g n a l  or t h e  reaction time t a s k  i n  q e n e r a l ,  due t o  t h e  

effect e x p e n d e d  in a t f e n d i n g  t o  t h e  d i s t r a c t i n g  task. 

The  p o s s i b i l i t y  t h a t  d i s t r a c t i o n  bas o c c u r r e d  i n  t h i s  s t u d y  
- - 

is  t e n a b l e  due  t o  t h e  s i g n i f i c a ~ t  d i f f e r e n c e s  i n  t h e  r e a c t i o n  

_ times be tween  the SIFAEDARD, a n d  EASY a n d  DIFFICULT c o n d i t i o n s  for 

both males  a n d  females. (Tecce a n d  Hariltcn, 1973, argued tha t  
- - - - 

t h e r e  mus t  b e  e v i d e n c e  of p e r f o r m a n c e  d e c r e m e n t  o n  t h e  c e n t r a l  

t a s k ,  e v i d e n c e d  by a n  i n c r e a s e  in r e a c t i o n  time, i n  a d d i t i o n  t o  

evidence t h a t  t h e  d i s t r a c t i n g  and  e x p e r i m e n t a l  stimuli h a v e  been 

p r o c e s s e d  to  j n s t i f  y t h e  s t a t e m e n t  t h a t  d i s t r a c t i o n  bas  
+ 

o c c u r r e d .  ) 
t 

l e t ,  what i s  a c t u a l l y  m e a n t ' b p  d i s t r a c t i o n ?  If t h e  s u b j e c t  

is p e r f o r m i n g  a s i m p l e  motor  t a s k  (such as is r e q u i r e d  i n  t h e  

S T A I D A R D  CNV p a r a d i q m )  and is d i s t r e c t e d  by random, inexplicable 

tones, then a decrease i n  t h e  CBV p r e c e d i n g  t h e  i m p e r a t i v e  

s t i m u l u s  occars. Sihee Flalter (1968) s n g g e s t s  t h a t  a m p l i t u d e  

d e c r e m e n t  v a r i e s  d i r e c h y  w i t h  t h e  ~ i m i l a r i t y  of d i s t r a c t i n g  

s t i m u l i  t o  e x p e r i m e n t a l  stirnulei, d o e s  t h i s  n o t  i m p l y  i n c r e a s e d  

i n f o r m a t i o n  p r o c e s s i n g  -- - - - - to - reject - t h e s e  similar stimuli a n d  

related r e s p o n s e  c o n f l i c t s ?  
- - - - - - -- 

F u r t h e r n o r e ;  i f  a t t e n t i o n  is d i v i d e d  be tween  two tasks, it 

is  r e a s o n a b l e  t o  a s sume  t h a t  a t t e n . d i n g ' ' t o  t u o  d i f f e r e n t  p a r t s  af . - - 4 



- * I 

the e n v i r o n m e n t  mus t  lead t o  a s h i f t i n g  of a t t e n t i o n  b e t r e e n .  t h e  

two  a n d  a less than optima. response t o  eLther. ?heref&, if 

the recorded response t o  a reaction t h e  t a sk  - i n v o l v e s  a slow . 
n e g a t i v e  c o r t i c a l  p o t e n t i a l ,  a n d  t h e  response t o  t h e  t a s k  i s  

? 

d e c r e a s e d  d u e  to t h e  necessity of two processes occurring, t h e n  
b -s .I .- - 

t h i s  is l i k e l y  t o  i r p l y  a t t e n u a t i o n % f  t h e  CPV. However, t h i s  

does not e x p l a i n  why n o t  o n l y  a aecfease i n  n e g a t i v i t y  o c c u r s ,  
2pp - - -7 out also an j u c r e a s e  i n  p o s i t i v i t y .  

The p o s s i b i 1 i . t  y of pa r a l l e l  b u t  i n d e p h d e n t  o c c u r e n c e s  

c a n n o t  be r u l e d  o u t .  T h u s  t h e  CEV c o u l d  be a t t e n u a t e d  - - - a n d  -- -- P300 

a m p l i t u d e  e n h a n c e d  c o n c u r r e n t l y  d u e  t o  d i f f e r e n t  p r o c e s s e s .  I n  a 

tqst i d v i l v i n c g  s e l e c t i v e  a t t e n t i o i ,  t h e  a m p l i t u d e  of P300 is 
+ 

p o s i t i v e l y  re la ted  t o  t h e  degree of s e l e c t i v e  a t t e n t i o n  d i r e c t e d  -- 
-- _/-- 

t o  the s t i m u l u s  {DoncMn ant-€eben, 1967; S m i t h  e t  a l . ,  197_0).------ 
------- - -- -- - 

- 

Therefore, i f  d i s t r a c t i n g  s t i m u l i  c c c a r r e d  i n  t h e  CUV i n t e r v a l ,  * 
-*:- 

3- * 
a t t e n t i o n  t o  s 2  would decreasg. ~ b i s  & i k a  yield decreases i i i  

b o t h  t h e  C N V  a n d  P300. Houever,  i f  t h e  distracting s t i m u l i  are 

c o n t i n g e n t  with S 2 ,  a s  i n  t h i s  e x p e r i m e n t ,  h e n  summat ion  d u e  t o  

t h e  a t t e n t i o n  d i q c t e d  t o  the t u o  s t i m u l i  c o u l d  lead t o  a l a r g e r  
1 

P300 i n  t h e  d i s t r a c t i o n  c o n d i t i c n ,  r e g a r d l e s s  t h e  l e v e l  o f  

i n f  orra t i o n  p r o c e s s i n g ,  . 
An a n a l y s i s  of p r e v i o u s  s t u d i e s  f rom the l i t e s a t u r e  does n o t  

r 5 s o l v e  t h e  i s s u e ,  
- -  - 

F o r  e x a m p l e ,  i n  t h e  s t u d i e s  by Poon e t -  
~- p~ 

1 

_ (1974, 1976) the s t i m u l i  wh ich  are r e l e v a n t  for i n f o r f i t i o n  
d - - - - - - -- -- - 

p r o c e s s i n g  are p r e s e n t e d  a t  S2. Tqe s u b j e c t  d i d  not need  t o  

r e s p o n d  t o  more t h a n  one  s t i m u l u s  a t  S 2 ,  so i t  must  be c o n c l u d e d  



t h a t  more a a t t e n t i o n  uas d i r e c t e d  to  these s t i m u l i  t h a n  to the 

c o m p a r a b l e  stimuli i n  t h e  r e a c t i o n  time tqsk. . R e s e a r c h e r s  have , 

f o u n d  ( B i t t o 1  and Vaughan, 1969;  Chapman and Bragdon,  1964) ~ 3 0 0  ' 

t o  s h o w  a p o s i t i v e  ' r e l a t i o n s h i p  to  the a n o o n t  of i n f q r m a t i o n  

c d r r i e d  .by a s t i m u l u s .  
-- 

T h e r e f o r e ,  no c l e a r  o p p o s i t i o n  t o  t h e  possibility of 
C .  

p a r a l l e l  processes i s  a v a i l a h l e .  
- - 

ffowever, i t  . i s  c lear  t h a t  the term R d i s t r a c t i o n n  is a n  
I 

inadequate explanatory c o n c e p t .  F u r t h e r m o r e ,  t h i s  study. f,ound no' 

iiiffefrence i;lr~e&% W-bek-veea EASY ZSEEEC- -- - -- 

I 
c o n d i t i o n s ,  p e t  the female s u b j e c t s  showed s i q n i f i c a n t  

d i f f e r e n c e s  i n  cBV a m p l i t u d e .  !Therefore ,  according t o  t h e  ' 
/' 

r e q u i r e m e n t s  o u t l i n e d  by Tecce and Hami l ton  (19731, no d i f f e r e n c e  

i n  t h e  level of d i s t r a c t i o n  occqrred between t h e  E A S Y  and 
,--- 

DIFFICULT c o n d i t i o n s ,  A significant d i f f e r e n c e  between verbal 
\ - - 

r e s p o n s e  error  r a t e d d i d  o c c a r ,  b u t  t h i s  is 'a d e c r e m e n t  i n  t h e  

r e s p o n s e  to t h e  nore d i f f i c u l t  d i s t r a c t i o n  t a s k ,  and i s  not 

a s s o c i a t e d  w i t h  i m p r o v e m e n t s  i n  p e r f o r m a n c e  i n  the r e a c t i o n  time 

t a s k .  
, - 

TOPOGRAPHICAL D I S T R I B O T I O I  OF P300 A N D  TBE CIV 

d i f f e r e n t  t o p o g r a p h i c a l  d i n t r i , b n t i o n .  T h e  C I V  is l a r g e s t  at ,Cz ,  

a n d  P300 i s  largest a t  Pz, The d e c r e a s e  i n  n e g a t i v i t y ,  ho-uever ,  



\ * .  , 
o c c u r s  o v e r  a large area: The i n f o r ~ a t i o n  p r&c&s inq  by 

e l  e c t r o d e ' s i t e  b y  i n c e n t i t l e  i n t e r a c t i o n  f o r  Measu re  4 ( t h e  t o t a l  
9 

d a y s  3 a n d  4 { F i g u r e  4) sho'us CUV a t t e n u a t i o n  1X 

+ 
1 T - 
- 

Q o c c u r f l ~ z ,  Cz and Pz. A g e n e r a l  change i n  n e g a t i v i t y  may r e l y  

l e l y  upon volume c o n d u c t  i o n  a s s c c i a t a d  w i t h  g e n e r a l l y  l o c a l i z e d  
" 

' ' = ' = ~ ~ ~ ~  - 
CBV a n d  P300 a m p l i t u d e s  r e g a r d l e s s  o f  t h e i r  i n c e p t i o n .  S i n c e  the  

cjreatest e f f e c t  i s  a t  Cz f o r  t h e  CBB, i t  is  p o s s i b l e  t h a t  t h e  
- - - -  - - 

c h a n g e  i n  p o s i t i v i t y  is  g s e a t e s t  h e r e .  3~- 
A number of r e c e n t  s t u d i e s  h a v e  found  e i t h e r  par ietal  o r  j 

c e n t r o - p a r i e t a l  r e g i o n s d t o  show larger  ClPV a c t i v i t y  d u r i n g  t a s k s  

i n v o l v i n g  c o g n i t i v e  p r o c e s s i n g .  Pocn  e t  a l .  (1974) f o b n d  Pz 

s i g n i f  i c a n t l p .  l a r g e r  t h a n  Cz, which was s i g n i f i c a n t l y  l a rger  t h a n  - 
T ? 

Pz, i n  a p a t t e r n  l e a r n i n g  task u i t b o r r t  a rotor r e s p o n s e ,  The 4 
1. 
7: 

STAIDABD r e a c t i o n  time task showed a s i g n i f i c a n t  decrease i n  

a c t i v i t y  f rom C.z to 'pz  t o  Pz. Poon e t  a l ,  (1976), i n  a 

d i s c r i m i n a t i v e  r e a c t i o h  t o  l e t t e r  p a i r  s t i m u l i ,  f o u n d  Cz > Pz > . 
Fz. The d i f f e r e n c e  between Pz and Pz was  n o t  s i g n i f i c a n t  f o r  t h e  

- 
- - L  

r e a c t i o n  'time t a s k .  

T h e  g e n e r a l  f i n d i n g  of l a r g e r  Pz a c t i v i t y  i n  t h e  more -d ,. 

d i f f i c u l t  t a s k s  was n c t  f o u n d  i n  t h i s  e x p e r i m e n t ,  o r  i n  t h a t  o f  
I, 

- . 
- -  - - - -  - - - -  -- - - - - - - - - - --- 

T e c c e  e t  al. (1976) [ a l t h o u g h  they f o u n d  s i g n i f i c a n t  d e c r e a s e s *  . .- 

- 
* 

at Pz and Cz i n  t h e  letter-recall task v e r s u s  t h e  S T A I D A B D  % r 

- - - -  - - - - --- - - - - r e a c t i o n  time t a s k ,  b u t  n o t  a t  P Z ~ .  - - - - -- - - 6. 
f 

 his study found  t h e  CBB t o  h a v e  a c e n t r o - f r - b b a t a l  
'*.,& * 

l o c a l i z a t i o n ,  u i t h  increases i n  t h e  l e v e l  o f  i n f o r n a t i o n  



p r o c e s s i n g  c a u s i n g  a g e n e r a l  d e c r e a s e  in a c t i v i t y .  It i s  

p o s s i b l e  t h a t  a s p e c t s  o f  t h e  e x p e r i m e n t a l  t a s k  a r e  r e s p o n s i b l e  
ill 

-L f o r  t h i s  1cca l i ; aa t ion .  s p e c i f i c a l l  y ,  t h i s  study rGqrrired the 
& 

% s u b j e c t  t o  mike a motor  r e s p o n s e  t o  S2, a s  d i d  the s t u d y  b-y iecce 

% et al. (1 976) . fiowever, i n  t h e  s t u d i e s  where t h e  l a r g e s t  CBV 

" a c t i v i t y  was found a t  Pr, no motor r e s p o n s e  was r e q u i r e d .  ~ h a k .  

ci a notor p o t e n t i a l  o r i g i n a t i n g  f rcm t h e  p r imary  motor r e g i o n  below --" 
.- 

t h e  C z  e l e c t s o d e  site may b i a s  t h e  - topography  - - - of - -  t h e  - CHV p-p-pp t o w a r d s  
9 

i 
a more c e n t r a l  l o c a l i z a t i o n ,  e v e n  i n  a  t a s k  r e q u i r i n g  what is, 

?a presumably, p a r i e t a l  a c t i v i t y ,  

THE EFFECTS OP I I F O R H A T I O %  PBOCESSIIG LOAD 

Only t h e  P300 t o  S2 was measured i n  t h i s  s t u d y ,  d u e  t o -  A 

v a r i a t i o n s  i n  t h e  l a t e x  y of P3OO--&etveen a v e r a g e s  and  b e c a u s e  it 
w 

vas o f t e n  u n c l e a r ,  If t b e e a r e r a g e s  i n  A p ~ e n d i x  B are examined, 

it may be seen t k q t  a p o s i t i v e  and n o n o t o n i c  r e l a t i o n s h i p  between 
? 

i n f o r n a t i o n  p r o c e s s i n g  l o a d  and ~ 3 0 0  a n p l i t n 6 e  t o  S1 does n o t  

e x i s t .  

A l t h o u g h  the i n f o r - a a t i o n  i n  Sl and 52 was e q u a l ,  and t h e  

r e f l e c t e d  the c h a n g e  from t h e  STAIDABD t o  t h e  EASY and DIFFICULT 
- - -- - -- - 

c o n d i t i o n s ,  aqd  t h e  P300 t o  ~1 d i d  n o t ,  This h a s  a l s o  been found 
y% 

by Bohrbaugh  et (l97tr), Donchin e t  a l e  (1973) and  H i r s h  

(1971) i n  CEV t a s k s .  

T h i s  re f lec ts  earl ier  s n g g e s t i o n s  t h a t  t h e  i n c r e a s e  i n  P300 



p o s i t i r i t g  Bay ' a c t u a l l y  be an i n c r e a s e  i n  tbe p o s i t i v i + y  of CEV 

r e s o l u t i o n ,  There i s  no way of d i s t i n g u i s h i x r q  between the P300 t 
4 

-, 
t o  s 2  and  t h e  r e s o l u t i o n  of the C I V ,  as t h e y  o c c u r  c ~ n t i g u o u s l y .  

-F 

The  r e s o l u t i o n  of t h e  CllV is more. t b a n  j u s t  a r e t u r n  t o  basieline 
4; 

on t h e  n e g a t i v e  ercnrsion, i t  often o v e r s h o o t s  t h e  b a s e l i n e  and 

r e s e r b l e s  a p o s i t i v e  p o t e n t i a l ,  (See  F i g u r e  1. The r e t u r n  of 
- - - - 

t h e  CHV t o  b a s e l i n e  a f t e r  52 i n c l u d e s  a l a r g e  p o s i t i v e  wave. 

T h i s  is referred t o  as "CHV r e s o l u t i o n H . )  T h e  ove;lap of P300, i f  

i t  is a separate  e n t i t y ,  a n d  this gcsikL-se rehw.1~4 nw&d 4 i s t o r  
j 

t 
$ 

t h e  measu red  amplitude iiue t c  summation,  mnchie 11975) f 
1! 

i oerp l i cab l t .  found t h a t  the two d i d  not summa t e ,  b u t  < ; th i s  d o e s  
*- 

n o t  p r e c l u d e  t h e  p o s s i b i l i t y  of s u c h  an  occurrence in a dif ferent  

s i t u a t i o n .  
, 

Iet, it is p o s s i b l e  that P300 would n o t  c c c u r  t o  ' ~ 1 ,  n o t  
- 

b e c a u s e  it is o n e  w i t h  CBV r e s o f a t i o n ,  b u t  d u e  t o  it's ownx 

p r o p e r t i e s .  P o l l o v i n g  S 2  a f i n a l  d e c i s i o n  m u s t  be made b e f o r e  

v e r b a l i z i n g  t h e  surs. A l a r g e  number of papers (Bchrbaugh e t  

a l , ,  1974; EIirsh, 1971; S h e l b u r n e ,  1972; S m i t h  -et a l e ,  1970; 

D a v i s ,  1964; Spong et al,, 1965; ~ o b c h i n  and Cohen, 1967; 

Yaatanen, 1967 ; Bitter and Vaoghan, 1969) have s u g g e s t e d  t h a t  

P 3 Q Q  is a n  i n d i c a t i o n  of d e c i s i o n - m a k i n g ,  a l t h o u g h  P i c t o n  and 

response a n d  t h e r e f o r e  - c o u l d  n o t  be o c c u r r i n g  & t h e s a m e  + i a e  

as  the d e c i s i o n ,  

Bouever  t h e  issue is c o n c l u d e d ,  it n u s t  d g a i n  be asked uby 

t h e  r e s c l u t i o n  of t h e  CEV, o r  ~ 3 0 0 ,  var ies  s i q n i f i c a n t l y  be tween  



~ n f  orma t i o n  p r o c e s s i n g  c o n d i t i o n s .  The  p l o t s  . s u g g e s t  t h a t  CIV 

r e s o l u t i o n  is n o t  i n  f a q t  more positive (the c b a n g e  i n  a m p l i t u d e  
$ 
,9 

a p p e a r s  t o  be t h e  same i n  all of t h e  c o n d i t i o n s ) ,  b u t  . t h a t  t h i s  f 
A 'T 7 

s i m p l y  reflects t h e  d e c r e a s e d  negativity' cf t h e  CBV with respect - 
t o  t h e  b a s e l i n e  (see F i g u r e  27) , 

t 
- . 

I n  a  study b y  V e i n b e r g  e t  dl, (l976), d i f f e r e n t  CNV 
- -  

waveforms o c c u r r e d ,  d e p e n d i n g  uFcn ~ h e r e  i n  t h e  trial the 

irrrfurtaat;i;ou was g i v e n  as  t o  which r e s p o n s e  must  be made t o  SZ." h 
A 

q i v e n  a t  e i t h e r  S1 o r  5 2 .  I n  t h e  STANDARD condition, t h e  CHV . - 

5 

r o s e  ea r ly  i n  t h e  i n t e r v a l  t o  i t s  mariaurn a n d  r e m a i n e d  very f l a t  
Q 

u n t i l  t h e  o c c n r r e n c &  of S2. I f  t h e  i n f o r a a t i o n  was a t  S t ,  " t h e  
€ 

f i r s t  part of the CEJV was strongly p o s i t i v e  a n d  it rose :with a 
- - - 

- - - - - - - - - - -- - 
3 

- - - - - p o s i t i v e  slope t o  a ~ a x i n n m  n e g a t i v i t y  a t  5 2 ,  If the i n f o r m a t i o n  
- - 

- 
& 

J was a t  5 2 ,  maximum n e g a t i v i t y  o c c u r r e d  e a r l y  i n  t h e  i n t e r v a l ,  and 
- 

I 

d e c r e a s e d  d u r i n q  t h e  i n t e r v a l .  T h e  a u t h o r s  c c n c l u d e d  t h a t  t h e r e  

was a n  i n v e r s e  r e l a t i o n s h i p  b e t k e n  t h e  amount of  i n f o r m a t i o n  
-2- 

b e i n g  p r o c e s s e d  i n  a moment i n  t i n e  a n d  t h e  m a g n i t u d e  of 

n e g a t i v i t y ,  - 

F n r t h e r ~ o r e ,  t h e  P300 t o  S 1  appears a p p r o x i m a t e l y  e q u a l  i n  -. - - 
d 

t h e  two l a t t e r  i n f o r m a  t i o n  p r o c e s s i n g  c o n d i t i o n s ,  a t  hoogh it i s  

t h a t  t h i s  i s  b e c a u s e  i t  is r i d i n g  on the positi-re s l o p e  of  t h e  

Two a d d i t i o n a l  s t u d i e s  show slcw p o t e n t i a l  shifts i n  

- - 
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r e l a t i o n s h i p  t o  i n f o r m a t i o n  ~ r o c e s s i n g  l o a d ,  7 

Y i l s o n  e t  a l ,  (7973) examined  b o t h  slow p o t e n t i a l  s h i f t s  

(SPSS) a n d  l a t e  p o s i t i v e  componen t s  [LPCs) d u r i n g  trials 

i n r o l w i n g 8  a s i m p l e  concept i n d e n t i f i c a t i o n .  Tbe LPC was 

q e n e r a l l y  larger when t h e  evoking s t i m u l u s  d i n e n s i o n  was 

r e s p o n d e d  #%than when it uas n o t  responded t c .  while the 
0 
7 

Orw' 

d i r e c t i o n  of SPS p r e c e d i n g  the s t i m u l i  showed n o  g e n e r a l  p o s i t i v e  

o r  n e g a t i v e  t e n d e n c i e s ,  t h e  SPS s h o v e d  a p o s i t i v e  shift between  

the h y p o t h e s i z e d  s t i m u l u s  and t b e  n e x t  s t i m u l u s ,  a n d  t h i s  
-- - - - -- - - - - 

/ 

s t i m u l u s  was followed by a n e g a t i v e  s h i f t ,  t h u s  t h e  LPC o c c u r f e d  

o v e r l a i d  u p n  a positive s h i f t ,  The  e f f e c t  o f  t h i s  s h i f t  upon 

t h e  v e r t e x  LPC was i n s i g n i f i c a n t .  

T u e t i n g  aria S n t t o n  (1973) , d i s c u s s i n g  t h e  d a t a  of P a u l  
.- 

? -. 

(1971). p o i n t  o u t  clear SPS u c c u r r i n g  d u r i n q  t h e  s t i m u l u s  

d e t e c t i o n  t a s k ,   receding t h e  s t i n n l i ,  r e c o r d e d  a c t f r i t  p is 
* 

s i m i l a r .    olio win^ t h e  s t m a l u s ,  a p o s i t i v e  a n d  t h e n  n e g a t i v e  

swing of t ,be  SPS occurs, T h e  a m p l i t u d e  of t h e  SPS d e p e n d s  upon 

the s u b j e c t s  response t o  t h e  s t i m u l u s .  I t  is larqest for  h i t s  

and a clear LPC o c c u r s ,  Correct r e j e c t i o n  t r i a l s  shows- a smaller 
h 

shift, and t h e  variation i s  i n c r e a s i n g  d i m i n i s h e d  i n  t h e  d'kses 

a n d  false a1ar.s c o n d i t i o n s ,  The  use o f  t r i a l  a v e r a g e s  may 
- 

. p o s s i b l y  be a p r o b f e n  h e r e ,  b e c a u s e ,  g i v e n  t h a t  s u c h  a p o s i t i v e  
- - - - - - - - -- - - - - -- - - 

s h i f t  o c c u r s ,  t i m e - l o c k i n g  w i l l  c n l p  o c c u r  i n  t h e  hit c o n d i t i o n s .  
- - 

I n  t h i s  s t u d y ,  the i n c r e a s e  - i n  CHV p o s i t i r i t y  is n o t  a s l o w  

c h a n g e ,  It aay be seen i n  ~ i g u r e  27 t h a t  t h e  s i m i l a r i t y  between 

the three CHV waveforms  s t ak t s  very s o o n  a f t e r  t h e  evoked  



p o t e n t i a l s  t o  S1, The p o s i t i v e  a s p e c t s  o f  t h e  evoked  p o t e n t i a l s  

1 
t -I 

t o  S 1  are n o t  i n c o n s i s t e n t  w i t h  t h e  s u g q e s t i o n  that t h e y  too 

reflect a more q e n e r a u n c r e a s e  i n  p o s i t i v i t y .  

I n  c o n c l a s i o n ,  t h e  a t t e n u a t i o n  of t h e  C B B  appears  t o  be t h e  r"- 
r e s u l t  o f  a p o s i t i v e  w t e n t i a l  o c c u r r i n g  i n  t h e  c o r t e x  d u e  t o  

i n f o r m a t i o n  p r o c e s s i n g  which  t h e  CHI, i n c l u d i n g  P300, rides upon. 

I n  f i n a l  c o ~ l n s i o n ,  the best e x p l a n a t i o n  of t h e  CIV 

a t t e n u a t i o n  i n  the c o n d i t i o n s  r e q u i r i n g  tasks i n  a d d i t i o n  t o  t h e  

1-n * b e  *& --a**- a ~ + w r i f - t f n - = ~ v - e  

information processing l o a d  r e q u i r e d  by the t a s k  a f t e r  t h e  

h a b i t u a t i o n  of a r o u s a l ,  T h e  e f f e c t ,  however ,  seems t o  o c c u r  f o r  
r 

female s u b j e c t s  only. The  male s u b j e c t s  clearly show a r o u s a l  a n d  

i n c e n t i v e  effects, b u t  do n o t  s h o v  i n f o r m a t i o n  p r o c e s s i n g  effects  

upon C l f  or P300 aaqnftndes.  
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