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A b s t r a c t

The ampli tude  and l a t e n c y  o f  th e  r a t  s t a r t l e  response  t o  an 

i n t e n s e  a c o u s t i c  s t im u lu s  has been s i g n i f i c a n t l y  i n h i b i t e d  or  f a c i ­

l i t a t e d  by a n te c e d e n t  changes in sensory  s t i m u l a t i o n .  Onset ,  t e r ­

m ina t ions  o r  s t im u lu s  changes p reced ing  th e  s t a r t l e  s t im u lu s  by 15 

t o  400 ms i n h i b i t  t h e  whole body s t a r t l e  response  (Hoffman and S e a r l e ,  

1968). The e f f e c t  can be e l i c i t e d  us ing  e i t h e r  weak b r i e f  o r  c o n t in u ­

ous t o n e s .  I n h i b i t i o n  a l so  appears  c ro s s -m o d a l ly  us ing  v i su a l  lead  

s t i m u l i  and a c o u s t i c  s t a r t l e ( I s o n  and Hammond, 1971). Beyond 400 ms 

th e  i n h i b i t i o n  d i s s i p a t e s  to  c o n t r o l  l e v e l s ,  however,  con t inuous  p re ­

s t i m u l a t i o n  a t  lead  i n t e r v a l s  beyond 2000 ms f a c i l i t a t e s  both ampli tude 

and l a t e n c y  of  th e  r e sp o n se .

Graham, Putnam and L e a v i t t  (1975) have r e p l i c a t e d  th e  s h o r t  lead  

i n t e r v a l  i n h i b i t i o n  in humans us ing  th e  b l in k  r e f l e x  t o  an a c o u s t i c  

s t im u lu s  as a measure o f  s t a r t l e .  S i m i l a r l y ,  Brown (1975) has found 

con t inuous  p r e s t im u lu s  f a c i l i t a t i o n  employing only  a 2000 ms lead  i n ­

t e r v a l .  However, u n c e r t a i n t y  c r e a t e d  by w i t h i n - s u b j e c t  v a r i a t i o n  of  

lead  s t im u lu s  d u r a t io n  and i n t e r v a l  l e n g th  in th e  Graham e t  a l . s tudy  

(1975) produced s i g n i f i c a n t  s t a r t l e  2000 ms a f t e r  a b r i e f  lead  s t im ­

u l u s ,  an e f f e c t  not  p r e s e n t  in animal s t a r t l e  r e s e a r c h .  D i s c r e t e  lead  

s t im u lu s  f a c i l i t a t i o n  was no t  p r e s e n t  when lead  s t im u lu s  d u r a t io n  and 

i n t e r v a l  were held  c o n s ta n t  (Bloch,  1972).  Graham (1975) has proposed 

t h a t  d i s c r e t e  lead  s t im u lu s  f a c i l i t a t i o n  i s  induced by th e  t e rm in a t io n



of  o r i e n t i n g - a t t e n t i o n a l  p ro cesses  e l i c i t e d  by lead  s t im u lu s  o n s e t  

and r e p r e s e n t i n g  th e  s u b j e c t ' s  e f f o r t s  to  reduce u n c e r t a i n t y  as to  

s t a r t l e  e v e n t s .

The p r e s e n t  s tudy  was des igned  to  f u r t h e r  i d e n t i f y  th e  f a c t o r s  

nece s sa ry  f o r  d i s c r e t e  lead  s t im u lu s  s t a r t l e  f a c i l i t a t i o n  and to  i n ­

v e s t i g a t e  th e  o r i e n t i n g  and a t t e n t i o n a l / a r o u s a l  p rocesses  p a r t i c i ­

p a t in g  in  th e  modulation o f  th e  EMG s t a r t l e  re sponse .  S u b je c t iv e  s e t  

was m an ipu la ted  by i n s t r u c t i o n s  to  th e  s u b je c t  informing him t h a t  

o n s e t  o f  one o f  t h r e e  d i s c r e t e  lead  s t i m u l i  would s ig n a l  a c e r t a i n  

o r  an u n c e r t a i n  s t a r t l e  s t im u lu s  e x a c t l y  two seconds l a t e r .  Lead s t im ­

u lus  d u r a t io n  and i n t e r v a l  len g th  were thus  held  c o n s t a n t  in th e  p r e ­

s e n t  s tu d y .  I t  was p r e d i c t e d  t h a t  the  low s t a r t l e  c e r t a i n t y  c o n d i t i o n  

would e l i c i t  s t a r t l e  am pl i tude  and l a t e n c y  f a c i l i t a t i o n ,  w hi le  the  

high c e r t a i n t y  c o n d i t i o n  would n o t .  Cardiac  d e c e l e r a t i o n  and CNV am pli ­

tudes  were a l s o  expected  to  be g r e a t e s t  in th e  u n c e r t a i n t y  c o n d i t i o n ,  

r e f l e c t i n g  th e  o r i e n t i n g  and a t t e n t i o n a l / a r o u s a l  p ro c e sse s  whose o f f ­

s e t  was sugges ted  to  mediate  th e  f a c i l i t o r y  e f f e c t .  As e x p ec ted ,  s i g ­

n i f i c a n t  EMG s t a r t l e  am p ! i tu d e ’ and l a t e n c y  f a c i l i t a t i o n  was e l i c i t e d  

in  th e  low c e r t a i n t y  c o n d i t i o n .  S t a r t l e  l a t e n c y  f a c i l i t a t i o n  was a l s o  

e l i c i t e d  in  th e  high c e r t a i n t y  c o n d i t i o n ,  c o n t r a ry  t o  e x p e c t a t i o n .  

S i g n i f i c a n t  h e a r t  r a t e  d e c e l e r a t i o n  and CNV am pl i tudes  were p r e s e n t  in 

both th e  high and low s t a r t l e  c e r t a i n t y  c o n d i t i o n s  but  d id  no t  d i f ­

f e r e n t i a t e  s t a r t l e  c e r t a i n t y  nor  c o r r e l a t e d  w ith  s t a r t l e  f a c i l i t a t i o n .  

Shape o f  th e  CNV, however,  d id  d i f f e r e n t i a t e  th e  two l e v e l s  o f  s t a r ­

t l e  c e r t a i n t y .  The low s t a r t l e  c e r t a i n t y  c o n d i t i o n  e l i c i t e d  a curved 

shape CNV response  s i m i l a r  t o  a " type  A" CNV, p r e v io u s ly  a s s o c i a t e d



with  i n t e r v a l  u n c e r t a i n t y  (Tecce, 1972),  w hi le  the  high c e r t a i n t y  con­

d i t i o n  showed a monotonic r i s e  through th e  lead  i n t e r v a l .  These r e s u l t s  

su g g es t  t h a t  CNV i s  d i f f e r e n t i a l l y  s e n s i t i v e  to  a rousa l  e l i c i t e d  by 

e i t h e r  lead  s t im u lu s  o r  te rm ina l  s t a r t l e  even t  v a r i a b i l i t y .  A p h y s io lo ­

g i c a l  mechanism modulat ing r e f l e x  ampli tude  and l a t e n c y ,  which i s  a l so  

s e n s i t i v e  to  l e v e l s  o f  c o r t i c a l  a ro u sa l  was d i s c u s s e d .



THE EFFECTS OF STARTLE STIMULUS PROBABILITY ON THE 

HUMAN ELECTROMYOGRAPHIC STARTLE RESPONSE



I n t r o d u c t i o n

In mammals th e  s t a r t l e  response  to  an i n t e n s e  a c o u s t i c  s t im u lu s  

i s  a r a p id  sequence o f  f l e x o r  c o n t r a c t i o n s  t h a t  begins  in th e  f ace  and 

neck and sp reads  down th e  body r e s u l t i n g  in  a crouching  p o s i t i o n  (Lan­

d i s  and Hunt, 1939).  The am pl i tude  and l a t e n c y  of  th e  r a t  s t a r t l e  r e s ­

ponse can be s i g n i f i c a n t l y  i n h i b i t e d  o r  f a c i l i t a t e d  by changes in th e  

a n te c e d e n t  v i su a l  o r  a u d i t o r y  background.

Shor t  Lead I n t e r v a l  E f f e c t s  

Onset o f  a weak, d i s c r e t e  o r  co n t in u o u s ,  lead  s t im u lu s  15 to  ap­

p ro x im a te ly  400 ms be fo re  s t a r t l e  s t im u lu s  o n se t  i n h i b i t s  th e  s t a r t l e  

r e f l e x  (Hoffman and S e a r l e ,  1968; Hoffman and Wible,  1969) . Beyond 400 

ms the  i n h i b i t o r y  e f f e c t  o f  a d i s c r e t e  lead  s t im u lu s  d i s s i p a t e s  to  con­

t r o l  l e v e l s ,  or  more s p e c i f i c a l l y ,  t o  t h e  l e v e l  o f  those  t r i a l s  on 

which only  a s t a r t l e  s t im u lu s  was p r e s e n t e d .  The i n h i b i t o r y  e f f e c t  a t  

s h o r t  lead  i n t e r v a l s  does not  depend upon c l a s s i c a l  c o n d i t i o n in g  o r  

l e a r n i n g  s in c e  th e  e f f e c t  appears  in th e  f i r s t  p a i r i n g  o f  th e  lead  

and s t a r t l e  s t i m u l i  (Hoffman and Wible, 1970; Ison and Leonard, 1971).  

The p r o t e c t i v e  middle e a r  r e f l e x  has a l s o  been e l im in a t e d  as  a pos­

s i b l e  m ed ia t ing  mechanism o f  th e  i n h i b i t o r y  e f f e c t  because lead  s t im ­

u l i  a r e  too  weak to  e l i c i t  t h e  r e f l e x .  Through c l a s s i c a l  c o n d i t i o n i n g  

a weak s t im u lu s  could  e l i c i t  t h e  r e f l e x , ,  however,  maximum s t a r t l e  

i n h i b i t i o n  occurs  a t  i n t e r v a l s  too s h o r t  f o r  optimal  c o n d i t i o n in g  in

2



3

a d d i t i o n  to  th e  ev idence  o f  i n h i b i t i o n  o c cu r r in g  on th e  f i r s t  t r i a l .

In h i s  e a r l y  r e s e a r c h ,  Hoffman proposed t h a t  a b ra in s te m  s t a r t l e  

c e n t e r  mediated th e  s h o r t  lead  i n t e r v a l  i n h i b i t o r y  e f f e c t  (Hoffman 

and S e a r l e ,  1968).  A f t e r  an i n i t i a l  10 ms e x c i t a t o r y  i n t e r v a l ,  dur ing 

which l a t e n c y  i s  f a c i l i t a t e d ,  th e  c e n t e r  becomes r e f r a c t o r y  t o  f u r t h e r  

s t i m u l a t i o n .  By 2000 ms th e  c e n t e r  recove rs  to  p r e - s t i m u l a t i o n  l e v e l s .  

More r e c e n t  work o f  Hoffman and h i s  c o l l a b o r a t o r s  has demonstra ted  

t h a t  t e r m in a t io n  o r  a change in  th e  f requency  o f  a con t inuous  lead  

s t im u lu s  can a l s o  i n h i b i t  t h e  s t a r t l e  response  a t  s h o r t  lead  i n t e r v a l s  

( S t i t t ,  Hoffman and Marsh, 1973; S t i t t ,  Hoffman, Marsh and Bcskoff ,

1974). Because s t a r t l e  i s  s e n s i t i v e  t o  s t im u lu s  change pe r  s e ,  S t i t t  

e t  a l . (1974) proposed t h a t  a p rocess  r e l a t e d  to  th e  o r i e n t i n g  r e s ­

ponse a c t i v a t e s  th e  s t a r t l e  c e n t e r  and produces  th e  i n h i b i t o r y  e f ­

f e c t .

Long Lead E f f e c t s

P r e s e n t a t i o n  o f  a b r i e f  l e a d  s t im u lu s  more than  two seconds 

b e fo re  a s t a r t l e  s t im u lu s  does not  modify th e  s t a r t l e  r e sp o n se .  How­

e v e r ,  con t inuous  lead  s t i m u l a t i o n  beyond 2000 ms f a c i l i t a t e s  both 

th e  am pl i tude  and l a t e n c y  of  th e  s t a r t l e  r esponse  in r a t s  (Hoffman 

and S e a r l e ,  1965). S t i t t  e t  a l . (1974) sugges ted  t h a t  a c o u s t i c  in p u t  

a t  the  o n s e t  o f  th e  s t a r t l e  s t im u lu s  a f f e c t s  th e  mechanism re sp o n ­

s i b l e  f o r  s t a r t l e  f a c i l i t a t i o n .  Ison and Hammond (1971) ,  however,  

have proposed a common mechanism to  account  f o r  both th e  s h o r t  lead  

i n h i b i t o r y  and th e  con t inuous  lead  s t im u lu s  f a c i l i t o r y  e f f e c t s  i n ­

vo lv ing  a c t i v a t i o n  o f  th e  f o r e b r a i n  system. More s p e c i f i c a l l y ,  they  

have sugges ted  t h a t  th e  o r b i t a l  s u r f a c e  o f  th e  f r o n t a l  lobe and i t s



p r o j e c t i o n s  to  s p e c i f i c  i n h i b i t o r y  and f a c i l i t o r y  s i t e s  in  th e  r e t i c u ­

l a r  fo rm at ion  mediate  th e  s t a r t l e  r e sponse .  In a d d i t i o n ,  I son ,  Ham­

mond and Krau ter  (1973) have proposed t h a t  t h i s  system i s  p a r t i c u l a r l y  

s e n s i t i v e  to  l e v e l s  o f  g e n e r a l i z e d  c o r t i c a l  a r o u s a l .

Human S t a r t l e

Graham, Putnam, and L e a v i t t  (1975) have s u c c e s s f u l l y  r e p l i c a t e d  

th e  s h o r t  lead  i n t e r v a l  i n h i b i t o r y  e f f e c t  in  humans us ing  th e  b l in k  

response  to  an i n t e n s e  a c o u s t i c  s t im u lu s .  At lead  i n t e r v a l s  o f  30 and 

60 ms, however,  l a t e n c y  o f  th e  response  was f a c i l i t a t e d , w h i c h  i s  be­

yond th e  range o f  s h o r t  lead  i n t e r v a l  l a t e n c y  f a c i l i t a t i o n  found in 

th e  r a t  s t a r t l e  re sponse  ( in  Graham, 1975).  By 200 ms i n h i b i t i o n  o f  

re sponse  l a t e n c y  i s  p r e s e n t  in humans (Bloch,  1972). These s h o r t  lead  

i n t e r v a l  e f f e c t s  a re  th e  same f o r  both d i s c r e t e  and con t inuous  lead  

s t i m u l a t i o n .  Graham (1975) has proposed a mechanism s i m i l a r  t o  t h a t  

sugges ted  by S t i t t  e t  a l . (1974) in v o lv in g  th e  o r i e n t i n g  r e f l e x  a r c .  

More s p e c i f i c a l l y ,  she has concluded t h a t  a change in  th e  a n te c e d e n t  

background s t i m u l a t i o n ,  which occurs  in l e s s  than  20 ms, i s ^ r e s p o n ­

s i b l e  f o r  th e  a c t i v a t i o n  o f  th e  i n h i b i t o r y  mechanism.

At l o n g e r  lead  i n t e r v a l s  o f  2000 ms, both  Bloch (1972) and 

Graham e t  a l .  (1975) found con t inuous  lead  s t im u lu s  am pl i tude  and 

l a t e n c y  f a c i l i t a t i o n  o f  th e  b l i n k  r e sp o n se .  Graham (1975) has a t t r i ­

buted th e  e f f e c t  to  an i n t e n s i t y - d e p e n d e n t  p h as ic  a c t i v a t i o n ,  which 

i s  s i m i l a r  t o  th e  mechanism proposed by Ison ( Ison  and Hammond, 1971; 

I so n ,  Hammond and K ra u te r ,  1973).

Long Lead I n t e r v a l  F a c i l i t a t i o n

D i s c r e t e  lead  s t im u lu s  e f f e c t s  a t  long lead  i n t e r v a l s  vary  as
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a f u n c t io n  o f  the  exper im en ta l  des ign  in  which th e  t r i a l  i s  embedded.

In a s tudy  using only  two s t a r t l e  c o n d i t i o n s ,  a c o n t ro l  s t a r t l e  s t im ­

u lus  and a p a i r e d  l e a d - s t a r t l e  s t im u lu s  c o n d i t i o n ,  no s i g n i f i c a n t  

d i f f e r e n c e s  in s t a r t l e  am pl i tude  were found (Bloch, 1972). However, 

when th e  number o f  w i t h i n - s u b j e c t  c o n d i t i o n s  was in c r e a se d  by v a ry ­

ing th e  l e n g th  o f  th e  lead  i n t e r v a l  and lead  s t im u lu s  d u r a t io n  or  

s t a r t l e  s t im u lu s  i n t e n s i t y  (Bloch, 1972; Graham e t  a l . ,  1975) ,  both 

s i g n i f i c a n t  ampli tude  and l a t e n c y  f a c i l i t a t i o n  were e l i c i t e d  in th e  

2000 ms lead  i n t e r v a l  c o n d i t i o n .  The "hard -w ired"  mechanisms proposed 

by Hoffman and Ison a re  s t r i c t l y  dependent  upon lead  i n t e r v a l  and 

sen so ry  i n p u t  p reced ing  s t a r t l e  s t im u lu s  o n s e t .  These models,  as p ro ­

posed,  cannot  account  f o r  the  v a r i a b l e  p resence  and absence o f  d i s ­

c r e t e  lead  s t im u lu s  f a c i l i t a t i o n  as th e  complexi ty  o f  th e  des ign  

changes .  Graham has t h e r e f o r e  proposed t h a t  in  complex w i t h i n - s u b ­

j e c t  d es igns  humans engage in  h ig h - l e v e l  p ro c e s s in g  dur ing  th e  lead  

i n t e r v a l ,  which l ead s  to  s t a r t l e  f a c i l i t a t i o n .  This  h ig h - l e v e l  a c ­

t i v i t y  i s  indexed by the  o r i e n t i n g - a t t e n t i o n a l  p ro c e sse s  o f  c a r d i a c  

d e c e l e r a t i o n  and th e  c o n t in g e n t  n e g a t iv e  v a r i a t i o n  o f  th e  EEG.

Previous  r e s e a r c h  (Graham, 1973) has shown c a r d i a c  s lowing o f  

one to  two b e a t s  pe r  minute  e l i c i t e d  by s imple  no n -s ig n a l  s t i m u l i ,  

w h i le  l a r g e r  d e c e l e r a t i o n s  to  s ig n a l  s t im u l i  u s u a l l y  only  occur  when 

a b e h a v io ra l  re sponse  i s  being o rgan ized  (H igg ins ,  1971).  I t  was 

t h e r e f o r e  unexpected t h a t  in  complex s t a r t l e  d es igns  both Bloch (1972) 

and Graham e t  a l . (1975) found h e a r t  r a t e  d e c e l e r a t i o n s  as g r e a t  as 

t h r e e  and fo u r  b e a t s  f o l lo w in g  d i s c r e t e  lead  s t im u lu s  o n s e t .  Con­

v e r s e l y , ™  a s im p le r  des ign  us ing  on ly  a s i n g l e  long lead  i n t e r v a l
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Brown (1975) found n e i t h e r  s i g n i f i c a n t  c a r d i a c  d e c e l e r a t i o n  nor  s t a r ­

t l e  f a c i l i t a t i o n .

CNV, a n e g a t iv e  s h i f t  in  th e  EEG r e s t i n g  p o t e n t i a l ,  has been a s ­

s o c i a t e d  with  a t t e n t i o n  and c o r t i c a l  a ro u sa l  (Tecce, 1972).  Brown (1975) 

has found CNV to  accompany s t a r t l e  f a c i l i t a t i o n  in  a con t inuous  lead  

s t im u lu s  paradigm us ing  a c o n s t a n t  2000 ms lead  i n t e r v a l .  Both r e s u l t s  

were a t t r i b u t e d  to  an i n t e n s i t y - d e p e n d e n t  mechanism a c t i v a t e d  by the  

con t inuous  lead  s t im u lu s .  However, when a b r i e f  lead  s t im u lu s  preceded 

a s t a r t l e  s t im u lu s  by th e  same f ix e d  i n t e r v a l  both CNV and s t a r t l e  

f a c i l i t a t i o n  were a b s e n t  i n d i c a t i n g  th e  inadequacy o f  th e  weak lead  

s t im u lu s  to  a c t i v a t e  th e  mechanism to  a n o t i c e a b l e  degree  (Bloch,  1972). 

In complex d es igns  CNV accompanied both c a r d i a c  d e c e l e r a t i o n  and d i s ­

c r e t e  l e ad  s t im u lu s  f a c i l i t a t i o n  (Bloch,  1972).

•From th e  combined r e s u l t s  of  th e  above s t u d i e s  Graham (1975) has 

proposed t h a t  o r i e n t i n g - a t t e n t i o n a l  p ro c e sse s  e l i c i t e d  by th e  lead  

s t im u lu s  a re  e s s e n t i a l  components o f  d i s c r e t e  long lead  i n t e r v a l  s t a r ­

t l e  f a c i l i t a t i o n  in  humans. She has f u r t h e r  sugges ted  t h a t  t e r m in a t io n  

o f  t h e s e  p ro ce sse s  i s  d i r e c t l y  r e s p o n s i b l e  f o r  th e  f a c i l i t o r y  e f f e c t s  

s in c e  O b r i s t ,  Webb and S u t t e r e r  (1969) have shown t h a t  i r r e l e v a n t  mo­

t o r  a c t i v i t y  i s  a c t u a l l y  i n h i b i t e d  d u r in g  o r i e n t i n g .

In both th e  Bloch (1972) and Graham e t  a l . (1975) s t u d i e s  th e  

n e c e s sa ry  c o n d i t i o n s  f o r  d i s c r e t e  s t a r t l e  f a c i l i t a t i o n  were shown to  

be c o n te x tu a l  in  n a tu r e  and to  depend upon v a r i a b l e  lead  i n t e r v a l s  

p reced ing  u n c e r t a i n  s t a r t l e  e v e n t s .  Upon p r e s e n t a t i o n  o f  th e  lead  

s t im u lu s  th e  i n d i v id u a l  engages in  p ro cesses  aimed a t  th e  r e d u c t io n  

o f  u n c e r t a i n t y  i n i t i a t e d  by th e  le a d  s t im u lu s .  In th e  c o n s t a n t  lead
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i n t e r v a l  paradigm th e  b r i e f  lead  s t im u lu s  c o n ta in s  a l l  the  n ecessa ry  

s t a r t l e  i n fo r m a t io n ,  which minimizes  u n c e r t a i n t y  and concomitant  

o r i e n t i n g - a t t e n t i o n a l  p ro cesse s  in t h e  i n t e r v a l .

Purpose

The p r e s e n t  s tudy  i s  d i r e c t e d  to  th e  i n v e s t i g a t i o n  o f  p o s s i b l e  

s t a r t l e  f a c i l i t a t i o n  and th e  accompanying o r i e n t i n g - a t t e n t i o n a l  p ro ­

c e s se s  e l i c i t e d  by a b r i e f  lead  s t im u lu s  appear ing  a c o n s ta n t  2000 

ms be fo re  an i n t e n s e  s t a r t l e  s t im u lu s .  S u b je c t iv e  s e t  and u n c e r t a i n ­

ty  in th e  i n t e r v a l  w i l l  be m an ipu la ted  by va ry ing  the  p r o b a b i l i t y  of  

a s t a r t l e  s t im u lu s  occurrence  a f t e r  th e  lead  s t im u lu s .  Three i d e n t i ­

cal bu t  d i s t i n g u i s h a b l e  lead  s t i m u l i  w i l l  s e p a r a t e l y  s ig n a l  100%, 50%, 

o r  0% s t a r t l e  s t im u lu s  p r o b a b i l i t i e s .  Each s u b j e c t  w i l l  be informed 

o f  th e  c o n t in g e n c ie s  a t  th e  beg inn ing  of  th e  exper imenta l  s e s s i o n .

I f  te rm ina l  even t  u n c e r t a i n t y  i s  adequate  t o  e l i c i t  ampli tude  

and l a t e n c y  f a c i l i t a t i o n ,  then  t h e s e  e f f e c t s  should  be p r e s e n t  in th e  

50% s t a r t l e  c e r t a i n t y  c o n d i t i o n  bu t  a b s e n t  in th e  100% c e r t a i n t y  con­

d i t i o n .

In th e  s t a n d a rd  CNV S-j-S^ p a i r e d  s t im u lu s  paradigm a motor r e s ­

ponse i s  r e q u i r e d  to  th e  im p e ra t iv e  s t im u lu s  (S^) .  D i lu t in g  th e  

p r o b a b i l i t y  o f  occu r rence  from 100% to  50% reduces  the  ampli tude  

o f  the  CNV response  (W al te r ,  1968).  H i l l y a rd  and Galambos (1967),  

however, found t h a t  th e  same r e d u c t io n  in  p r o b a b i l i t y  d id  not  r e ­

duce CNV am pl i tude .  Thus, th e  e f f e c t s  of  p r o b a b i l i t y  on CNV a re  

c o n t r a d i c t o r y . I f ,  as  in  p rev ious  s t a r t l e  r e s e a r c h ,  CNV accompanies 

u n c e r t a i n t y  in th e  i n t e r v a l  then  i t  should  appear  in  th e  50% c e r ­

t a i n t y  c o n d i t i o n  bu t  not  in th e  100% s t a r t l e  c o n d i t i o n .



S i m i l a r l y ,  c a r d i a c  d e c e l e r a t i o n  can be expected  to  accompany 

lead  s t im u lu s  e l i c i t e d  u n c e r t a i n t y  in  th e  i n t e r v a l .  No s i g n i f i c a n t  

c a r d i a c  re sponse  i s  p r e d i c t e d  in th e  100% s t a r t l e  c o n d i t i o n  s in ce  

a l l  n e ce s sa ry  s t a r t l e  in fo rm a t io n  i s  con ta ined  in  the  lead  s t im u lu s .



Method

S ub jec ts

S u b jec t s  were 17 male undergradua te  v o lu n te e r s  from th e  College 

o f  William and Mary. All p a r t i c i p a t i n g  s u b je c t s  were paid  two d o l l a r s  

p e r  hour and informed they  could  leave  th e  exper imenta l  s e s s io n  a t  

any t ime.  In response  to  q u e s t i o n i n g ,  no s u b je c t  r e p o r t e d  hea r ing  prob­

lems,  head i n j u r i e s ,  h e a r t  d i s o r d e r s ,  o r  p r e s c r i p t i o n  m edica t ion  or  

drugs  taken  in  th e  p reced ing  24 hours .  One s u b je c t  was r e p la c e d  due 

to  a poor s i g n a l - t o - n o i s e  r a t i o  o f  th e  s t a r t l e  response  r e c o rd in g ,  

and a second s u b j e c t  was r e p la ce d  as a r e s u l t  of  a base l ev e l  h e a r t  

r a t e  o f  about  130 b ea t s  p e r  minute .  R esu l t s  a r e  t h e r e f o r e  based on 

15 s u b j e c t s .

Apparatus and Procedure 

S t i m u l i . Visual  l e ad  s t im u l i  were p re se n te d  us ing  a 9 .5  cm x 16 .0  cm 

x 5 .5  cm b lack  p l a s t i c  box c o n ta in in g  t h r e e  red  l i g h t  e m i t t i n g  diodes  

(LED's) mounted on th e  s id e  o f  the  box f a c in g  the  s u b j e c t .  The t h r e e  

LED's were 2 .5  cm a p a r t  from each o t h e r  h o r i z o n t a l l y  a c ro ss  th e  face  

o f  th e  box making them d i s t i n g u i s h a b l e  to  th e  s u b j e c t  by t h e i r  r e l a t i v e  

p o s i t i o n s  l e f t ,  c e n t e r  and r i g h t .  The h e ig h t  o f  the  box was a d ju s t e d  

t o  a com for tab le  p o s i t i o n  a t  about  eye le v e l  one meter  in  f r o n t  o f  the  

s u b j e c t ' s  f a c e .  Each s u b j e c t  was s e a te d  in a s o f t  armchair  f o r  the  ex­

pe r im en ta l  s e s s i o n .  Dura t ion  o f  each v i s u a l  lead  s t im u lu s  was 20 ms 

w i th  in s t a n t a n e o u s  r i s e  and f a l l  t im e s ,  Background i l l u m i n a t i o n  in  th e

9
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l a b o r a t o r y  was prov ided  by f l u o r e s c e n t  l i g h t i n g .  All s u b j e c t s  r e p o r t e d  

no d i f f i c u l t y  in  d i s t i n g u i s h i n g  one lead  s t im u lu s  from a n o th e r .  All 

t e s t i n g  was performed from 6 P.M. to  11 P.M. thus  m a in ta in in g  c o n s ta n t  

i l l u m i n a t i o n  du r ing  each s e s s i o n .

The a c o u s t i c  s t a r t l e  s t im u lu s  was a 50 ms, 1000 Hz square  wave tone 

w i th  in s t a n t a n e o u s  r i s e - f a l l  t im e .  The tone was g en e ra ted  by a shop- 

b u i l t  two channel o s c i l l a t o r  and c a l i b r a t e d  a t  0 .8  v o l t s ,  50% duty  cy­

c l e  u s ing  a T e k t ro n ix  5103 s to r a g e  o s c i l l o s c o p e .  A p a i r  o f  Grayson- 

S t a d l e r  TDH-39 headphones d e l i v e r e d  the  tone b i n a u r a l l y  t o  the  s u b j e c t .  

The i n t e n s i t y  o f  th e  s t a r t l e  s t im u lus  was c a l i b r a t e d  monaura l ly  a t  115 

db ( re  0.0002 m ic ro b a rs )  u s ing  a General Radio 1565-B audiometer  and a 

P-83 earphone c o u p le r .  The b in a u ra l  i n t e n s i t y  was a l s o  e s t im a te d  to  be 

115 d b J '  MX41/AR cush ions  were used to  c a l i b r a t e  th e  to n e .  However,

001A cush ions  were employed dur ing  th e  exper im enta l  s e s s i o n .

O nse ts ,  d u r a t i o n s ,  and t e r m in a t io n s  o f  a l l  v i su a l  and a c o u s t i c  

s t i m u l i  as wel l  as th e  i n t e r v a l  between th e  v i su a l  lead  s t im u lu s  and 

th e  a c o u s t i c  s t a r t l e  s t im u lu s  were c o n t r o l l e d  by a Monroe 1860 Pro­

grammable C a l c u l a t o r .  The c a l c u l a t o r  a l s o  p laced  a +5 v o l t  s ig n a l  pu lse  

on one channel of  a V e t t e r  C-4 FM tape  r e c o r d e r  whenever a s t im u lus  

was p r e s e n te d .  An a d d i t i o n a l  s ig n a l  p u lse  was p laced  on th e  same tape  

channel 2000 ms b e fo re  any v i su a l  lead s t im u lu s  and 2000 and 4000 ms 

b e fo re  any s t a r t l e  s t im u lu s .  These l a t t e r  s i g n a l s  were reco rded  to  

o b t a in  p r e - s t i m u l a t i o n  l e v e l s  o f  h e a r t  r a t e  and EEG.

Stimulus  C o n d i t i o n s . Each s u b je c t  completed a 5 x 5 L a t in  square  p r e ­

s e n t a t i o n  o f  f i v e  t r i a l  b locks  c o n ta in in g  f i v e  d i f f e r e n t  s t a r t l e  con­

d i t i o n s  pe r  b lock  : (1) s t a r t l e  s t i m u l u s - a l o n e ,  (2)  l e f t  L E D -s ta r t l e
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s t i m u l u s ,  (3) c e n t e r  L E D -s ta r t l e  s t i m u l u s ,  (4) c e n t e r  LED-without 

s t a r t l e  s t im u lu s  and (5) r i g h t  LED-without s t a r t l e  s t im u lu s .  The o r ­

d e r  o f  t r i a l s  w i th in  th e  La t in  square  was randomized bu t  some a d j u s t ­

ments were made to  p re v e n t  t h e  c o n s e c u t iv e  appearance o f  two o f  th e  

same t r i a l  c o n d i t i o n s  and th e  r e p e t i t i o n  o f  more than t h r e e  s t a r t l e  

c o n d i t i o n s  in  a row. I n t e r v a l s  between t r i a l s  were v a r i e d  from 20 to  

60 seconds u s ing  no prede te rm ined  o r d e r  o f  i n t e r v a l  l e n g t h s .  The mean 

i n t e r - t r i a l  i n t e r v a l  was app rox im a te ly  40 seconds.  The same La t in  

square  was used f o r  f i v e  groups o f  f i v e  s u b je c t s  each (N=15). Each 

s u b j e c t  w i th in  a group began a t  th e  same row o f  the  s q u a re ,  w hi le  

each group began a t  d i f f e r e n t  rows of  t h e  square.

The s u b j e c t  was informed a t  t h e  beg inn ing  o f  the  s e s s io n  t h a t  

(1)  o n se t  o f  th e  l e f t  l i g h t  would always be fol lowed by a loud tone 

e x a c t l y  two seconds l a t e r ,  (2) o n s e t  o f  th e  c e n t e r  l i g h t  meant t h a t  

a subsequen t  tone  might o r  might  not occur  and (3) o n se t  o f  th e  r i g h t  

l i g h t  meant t h a t  no subsequen t  tone  would occur .  S u b jec t s  were not  

informed o f  t h e  s t a r t l e  s t i m u l u s - a l o n e  c o n d i t i o n .  In a d d i t i o n  t o  the  

in fo rm a t io n  concern ing  s t im u lu s  c o n d i t i o n s  each s u b j e c t  was i n s t r u c t e d  

t o  s i t  q u i e t l y  and move as l i t t l e  as p o s s i b l e .  Each s u b j e c t  was asked 

to  m a in ta in  v i su a l  f i x a t i o n  on t h e  t h r e e  l i g h t s  du r ing  t h e  s e s s i o n .

All s u b j e c t s  responded a f f i r m a t i v e l y  when asked i f  th e  i n s t r u c t i o n s  

were com ple te ly  unders tood .

At th e  complet ion o f  the  s e s s io n  each s u b j e c t  was g iven a b r i e f  

d e s c r i p t i o n  of  th e  s tu d y .  Any q u e s t io n s  th e  s u b j e c t s  asked were an­

swered as  well  as p o s s i b l e .  The s u b j e c t s  were asked no t  to  d iv u lg e  

any in fo rm a t io n  concern ing  th e  s tudy  to  any p r o s p e c t iv e  s u b j e c t s .
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Response Recordi nq 

EMG. Muscle p o t e n t i a l s , o r  th e  electromyogram (EMG), f o r  th e  f i r s t  seven 

s u b j e c t s  were reco rded  from the  sk in  s u r f a c e  below th e  lower e y e l i d  us ing  

Grass gold  e l e c t r o d e s .  Beckman m in ia tu re  s i l v e r - s i l v e r  c h l o r id e  b iopo­

t e n t i a l  e l e c t r o d e s  and adhes ive  c o l l a r s  were used f o r  th e  l a s t  e i g h t  

s u b j e c t s  t o  f a c i l i t a t e  a more a c c u r a t e  e l e c t r o d e  placement .  Grass EC2 

e l e c t r o d e  cream was used as the  e l e c t r o l y t e  between th e  sk in  s u r f a c e  and 

e l e c t r o d e s .  The f i r s t  e l e c t r o d e  was p laced  1 .0  cm below and 1 .0  cm l a ­

t e r a l  to  th e  nasa l  te rminus  o f  th e  r i g h t  e y e l i d .  The second e l e c t r o d e  

was p laced  1 .5 cm l a t e r a l  to  th e  f i r s t .  Both e l e c t r o d e s  were p laced  above 

the  muscle c o n t r o l l i n g  e y e l i d  c l o s u r e  and b l i n k ,  th e  o r b i c u l a r i s  o c u l i  

(M orr ison ,  C o r n i t t ,  T e th e r  and G ra tz ,  1972). EMG was a m p l i f i e d  us ing  a 

Grass P I5 A.C. p r e a m p l i f i e r .  The 1/2 ampli tude  low f requency  f i l t e r  was 

s e t  a t  30 Hz to  f i l t e r  low f requency  p o t e n t i a l s  g en e ra ted  by ey eb a l l  

movement from th e  r e c o rd in g .  The high f requency  f i l t e r  was a d ju s t e d  to  

300 Hz. The f requency  range 30 to  300 Hz covers  t h e  l a r g e s t  p o r t i o n  

o f  the  EMG a c t i v i t y  spectrum (G o ld s t e in ,  1972). The EMG s ig n a l  from 

th e  Grass p r e a m p l i f i e r  was aga in  a m p l i f i ed  by a s h o p - b u i l t  D.C. amp­

l i f y i n g  c i r c u i t  and recorded  in  analog form on magnet ic  tap e  us ing  

channel 2 ( re sponse  f requency  range:  0 to  300 Hz) o f  th e  V e t t e r  C-4 

ta p e  r e c o r d e r .  In a d d i t i o n  to  th e  EMG d a t a ,  a 400 m ic ro v o l t  (uv) peak- 

to -p e ak  s ig n a l  from a Grass SWC-1 square  wave c a l i b r a t o r ,  am p l i f i e d  

and f i l t e r e d  by th e  same EMG rec o rd in g  system,  was inc luded  on th e  

same tap e  channel t o  p rov ide  a means o f  c a l i b r a t i n g  tap e  r e c o r d e r  

o u tp u t  and de te rm in in g  EMG response  am pl i tude .

EKG. Analog EKG was recorded  us ing  Beckman b i o p o t e n t i a l  cup e l e c t r o d e s



and EKG sol  as th e  e l e c t r o l y t e .  Each e l e c t r o d e  was a t t a c h e d  to  the  

v o l a r  s u r f a c e  o f  e i t h e r  forearm with  Beckman adhes ive  c o l l a r s .  EKG 

was a m p l i f i e d  and f i l t e r e d  a t  1 and 100 Hz 1/2 am pl i tude  low and high 

f r e q u e n c i e s ,  r e s p e c t i v e l y ,  u s ing  a Grass P I5 p r e a m p l i f i e r .  The EKG 

was then  recorded  d i r e c t l y  on t o  FM t a p e , u s i n g  channel 3 o f  th e  V e t t e r  

r e c o r d e r ,  f o r  l a t e r  r e d u c t io n  to  h e a r t  p e r io d  and h e a r t  r a t e .

EEG. Using two Beckman m i n i a t u r e  b i o p o t e n t i a l  e l e c t r o d e s  and Grass 

EC2 e l e c t r o d e  cream, EEG was recorded  f o r  l a t e r  a n a l y s i s  o f  th e  con­

t i n g e n t  n e g a t iv e  v a r i a t i o n  (CNV). The v e r t e x  was used as th e  a c t i v e  

s i t e  and th e  r i g h t  e a r lo b e  as r e f e r e n c e .  A 200 uv square  wave s ig n a l  

from th e  Grass SWC-1 c a l i b r a t o r  was reco rd ed  on th e  EEG channel p r i o r  

t o  a p p l i c a t i o n  o f  th e  EEG e l e c t r o d e s  t o  c a l i b r a t e  th e  t a p e  r e c o r d e r  

o u tp u t  g a in  and to  de te rm ine  CNV am pl i tude .

Response Measurement 

EMG. Each t a p e  reco rded  EMG response  was f i r s t  r e c t i f i e d  by a shop- 

b u i l t  f u l l  wave r e c t i f y i n g  c i r c u i t .  With th e  o n s e t  o f  th e  taped  t r i g ­

ge r  p u lse  synchron ized  w i th  s t a r t l e  s t im u lu s  o n s e t ,  th e  r e c t i f i e d  EMG 

s ig n a l  was sampled twice/ms f o r  128 ms by a T raco r -N or the rn  560 S ig ­

nal Averager  with  an 8 - b i t  b in a ry  a n a l o g - t o - d i g i t a l  c o n v e r t e r  (ADC). 

The o u tp u t  o f  th e  t a p e  r e c o r d e r  was a d ju s t e d  so t h a t  each s u b j e c t ' s  

l a r g e s t  r e sponse  used n e a r ly  a l l  o f  th e  ADC's range to  optomize th e  

s i g n a l - t o - n o i s e  r a t i o  f o r  a l l  t h e  s t a r t l e  r e sp o n se s .

A program was w r i t t e n  to  in p u t  th e  d i g i t i z e d  EMG va lues  t o  the  

c a l c u l a t o r  and to  s c o re  each r e sp o n se  f o r  l a t e n c y  and am p l i tu d e .  From 

i n s p e c t i o n  o f  o s c i l l o s c o p e  photographs  o f  a l l  225 EMG resp o n ses  i t  

was de term ined  t h a t  no r esponse  began sooner  than  20 ms a f t e r  s t a r t l e
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s t im u lu s  o n s e t .  The c a l c u l a t o r  de termined th e  l a r g e s t  d e v i a t i o n  in t h i s  

b a s e l i n e  p e r io d  and then  s ea rched  f o r  th e  f i r s t  d i g i t a l  va lue  which ex­

ceeded t h i s  d e v i a t i o n  sco re  by fo u r  counts  (See Appendix 1 ) .  Once the  

o n s e t  o f  th e  response  had been de termined a l l  t h e  d i g i t a l  v a lu es  up to  

t h a t  p o in t  were used to  c a l c u l a t e  an average  b a s e l i n e  lev e l  o f  EMG a c ­

t i v i t y  f o r  t h a t  p a r t i c u l a r  r e sp o n se .

Beginning w i th  th e  response  l a t e n c y  p o in t  and c o n t in u in g  f o r  the  

nex t  40 ms, th e  am pl i tude  f o r  each address  in  th e  s ig n a l  a v e rag e r  memo­

ry was summed and averaged by th e  c a l c u l a t o r .  Response ampli tude  was c a l ­

c u l a t e d  by s u b t r a c t i n g  th e  average b a s e l i n e  am pl i tude  from the  4 0 .ms 

response  window average  am p l i tu d e .  Excess ive b a s e l i n e  n o i se  r e s u l t e d  in  

th e  e l i m i n a t i o n  o f  one EMG response  from th e  s tu d y .  The l a t e n c y  and am­

p l i t u d e  means o f  t h a t  s u b j e c t ' s  s e t  o f  s c o re s  f o r  t h a t  p a r t i c u l a r  s t a r ­

t l e  c o n d i t i o n  were used to  r e p l a c e  th e  two m iss ing  s c o re s .

The average r esponse  ampli tude  as determined by th e  c a l c u l a t o r  was 

s u b se q u en t ly  conver ted  to  average  m i c r o v o l t s / a d d r e s s  us ing  th e  400 uv 

EMG c a l i b r a t i o n  s i g n a l .  Latency was measured to  th e  n e a r e s t  0 .5  ms. Both 

l a t e n c y  and am pl i tude  s c o re s  were conver ted  to  s t a n d a rd  z - s c o r e s  f o r  

s t a t i s t i c a l  a n a ly s e s .

EKG and Hear t  R a te . Beginning with  the  f i r s t  taped  t r i g g e r  pu lse  the  

c a l c u l a t o r  t imed 16 c o n s e c u t iv e  R-R i n t e r v a l s .  I t  then  c a l c u l a t e d  and 

p r i n t e d  h e a r t  r a t e  in b e a t s  pe r  minute  f o r  each o f  f o u r  p r e -  and 

f i f t e e n  p o s t - l e a d  s t im u lu s  200 ms i n t e r v a l s .  T h e re f o re ,  in a l l  s t a r t l e  

s t im u lu s  c o n d i t i o n s ,  h e a r t  r a t e  was d iv id e d  i n t o / f o u r t e e n  p r e - s t a r t l e  

and f i v e  p o s t - s t a r t l e  i n t e r v a l s .  When an R-wave occu r red  dur ing  one o f  

t h e  200 ms i n t e r v a l s  th e  h e a r t  r a t e  f o r  t h a t  i n t e r v a l  r e p re s e n te d  a



p r o p o r t i o n a l ,  weighted va lue  o f  two c o n se cu t iv e  h e a r t  b e a t s .

The h e a r t  r a t e  o f  th e  f o u r t h  200 ms i n t e r v a l  o ccu r r in g  p r i o r  

t o  lead  s t im u lu s  o n s e t  was used as  a b a s e l in e  l e v e l  o f  h e a r t  r a t e  

f o r  each t r i a l .  The h e a r t  r a t e  o f  the  f o u r t e e n t h  i n t e r v a l  which i s  

th e  i n t e r v a l  p reced ing  s t a r t l e  o n s e t  was s u b t r a c t e d  from th e  base ­

l i n e  h e a r t  r a t e  va lue  to  p rov ide  a d e c e l e r a t i o n  sc o re  f o r  t h a t  t r i a l .  

A lso ,  a sco re  f o r  h e a r t  r a t e  a c c e l e r a t i o n  was o b ta in e d  by s u b t r a c ­

t i n g  th e  h e a r t  r a t e  of  the  f o u r t e e n t h  i n t e r v a l  from t h a t  o f  th e  l a s t  

200 ms i n t e r v a l .

CNV. For each t r i a l  beg inn ing  w i th  th e  taped  t r i g g e r  p u l s e ,  ana log  

EEG was sampled once every  10 ms f o r  5120 ms by th e  s ig n a l  a v e r a g e r .  

Five t r i a l s  per  c o n d i t i o n  were averaged and conver ted  by th e  d i -  

g i t a l - t o - a n a l o g  c o n v e r t e r  (DAC). The o u tp u t  o f  th e  DAC was p l o t t e d  

on graph paper  us ing  a H ew l i t t -P ack a rd  1035B X-Y P l o t t e r .  Five sep ­

a r a t e  curves  were o b ta in e d  f o r  each s u b j e c t .  Each curve was hand- 

sco red  f o r  ampli tude  every  256 ms from approx im a te ly  848 to  80 ms 

p r i o r  to  lead  and s t a r t l e  s t im u lu s  o n s e t s .  The fo u r  am pl i tudes  p r e ­

ced ing  th e  l e a d  s t im u lu s  were averaged  to  p rov ide  a b a s e l in e  EEG 

s c o re .  This  average  was then s u b t r a c t e d  from th e  average o f  t h e  fo u r  

EEG s c o re s  ob ta in ed  p r i o r  to  s t a r t l e  s t im u lu s  o n s e t .  This  d i f f e r e n c e  

prov ided  a s i n g l e  CNV sco re  f o r  each of  the  s t a r t l e  c o n d i t i o n s .

A c a l c u l a t o r  program c o l l a p s e d  d i g i t i z e d  EEG am pl i tudes  t o  t e s t  

f o r  p o s s i b l e  d i f f e r e n c e s  in CNV in th e  100% and 50% s t a r t l e  c e r t a i n t y  

c o n d i t i o n s .  EEG was averaged in to  14 co n se c u t iv e  150 ms i n t e r v a l s  

beginning  150 ms b e fo re  lead  s t im u lu s  o n se t  and co n t in u in g  u n t i l  50 ms 

b e fo re  s t a r t l e  s t im u lu s  o n s e t .  The f i r s t  i n t e r v a l  r e p r e s e n t e d  a base­
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l i n e  EEG sc o re  and was s u b t r a c t e d  from each of  the  fo l low ing  i n t e r v a l s .  

The next  t h r e e  i n t e r v a l s  a f t e r  th e  b a s e l in e  pe r io d  covered the  leng th  

o f  th e  evoked response  to  th e  lead  s t im u lu s .  The l a s t  ten  i n t e r v a l s  

were used to  sco re  CNV in th e  per iod  preced ing  th e  s t a r t l e  s t im u lu s .

The i n t e r v a l  in  which th e  l a r g e s t  p o s i t i v e  d e v i a t i o n  from th e  b ase ­

l i n e  EEG am pl i tude  occurred  was scored  as l a t e n c y  to  peak CNV amp- 

1i t u d e .



R esu l t s

EMG Response to  th e  S t a r t ! e  Stimul us 

Latency o f  the  EMG s t a r t l e  r esponse  was s i g n i f i c a n t l y  f a c i l i t a t e d  

by th e  p resence  of  a lead  s t im u lu s  ( F ( 2 ,8 )= 8 3 .8 ,  p<.001,  Table  1) .

Both th e  100% (h igh  c e r t a i n t y )  and 50% (low c e r t a i n t y )  s t a r t l e  l a t e n c y  

means were s i g n i f i c a n t l y  s h o r t e r  than  the  average response  l a t e n c y  

o f  th e  c o n t ro l  s t a r t l e  c o n d i t i o n  (F igu re  1 ) .  In a d d i t i o n ,  th e  EMG r e s ­

ponse l a t e n c y  was s i g n i f i c a n t l y  f a s t e r  in  th e  high c e r t a i n t y  c o n d i t io n  

than  in  th e  low c e r t a i n t y  c o n d i t i o n .

As p r e d i c t e d ,  u n c e r t a i n t y  in  th e  lead  i n t e r v a l  e l i c i t e d  s i g n i f i ­

c a n t  s t a r t l e  ampli tude  f a c i l i t a t i o n  in th e  low c e r t a i n t y  c o n d i t i o n  

( F ( 2 , 8 ) = 9 . 16, p<.01 ,  Table  2 ) .  Z -score  am pli tude  means x 100 appear  in 

F igure  1 f o r  each o f  the  s t a r t l e  r e sponse  c o n d i t i o n s .  Amplitude o f  th e  

EMG response  in  th e  high c e r t a i n t y  c o n d i t i o n  was not  s i g n i f i c a n t l y  g r e a ­

t e r  than th e  c o n t ro l  s t a r t l e  r e sp o n se .  The low c e r t a i n t y  s t a r t l e  r e s ­

ponses were s i g n i f i c a n t l y  l a r g e r  than  both th e  c o n t ro l  s t a r t l e  r esponses  

( F ( l , 7 5 ) = 4 . 2 2 9 p .01)  and th e  high c e r t a i n t y  r e sponses  ( F ( l ,75 )= 2 .4 3 ,  

p <. 05) .

Responses P reced inq  th e  S t a r t ! e  S t imulus  

Heart  R a t e . Cardiac  changes in b ea t s  pe r  minute f o r  each o f  th e  n in e ­

te e n  c o n s e c u t iv e  200 ms i n t e r v a l s  i s  p r e se n te d  in F igu re  2 f o r  each of  

th e  f i v e  exper im en ta l  c o n d i t i o n s .  All lead  s t im u lus  c o n d i t i o n s ,  i n c lu d in g  

th e  0% s t a r t l e  p r o b a b i l i t y  c o n d i t i o n ,  demonstra ted  s i g n i f i c a n t  c a r d i a c

17
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d e c e l e r a t i o n  (F (4 ,1 6 )= 4 .8 0 ,  p< .01 ,  Tables  3 and 4 ) .  H ab i tu a t io n * o f  th e  

d e c e l e r a t o r y  response  with  r ep ea te d  p r e s e n t a t i o n s  o f  c o n d i t i o n s  d id  not  

occur  ( t r i a l s  F ( 4 , 1 6 ) = l .5 2 ) .

Heart  r a t e  a c c e l e r a t i o n  a l s o  v a r i e d  with  s t a r t l e  c o n d i t i o n s  f o l l o w ­

ing s t a r t l e  o n se t  (F (4 ,1 6 )= 8 .7 3 ,  p<.01,  Table 5 ) .  A na lys is  o f  th e  a c c e l ­

e r a t i o n  means i n d i c a t e d  s i g n i f i c a n t l y  l a r g e r  a c c e l e r a t i o n s  in both th e  

low c e r t a i n t y  (with  s t a r t l e  s t im u lu s )  and high c e r t a i n t y  c o n d i t io n s  than 

in  th e  c o n t ro l  s t a r t l e  c o n d i t i o n  (Table  6, F igure  3 ) .  On th o se  low c e r ­

t a i n t y  t r i a l s  not  fo l lowed by a s t a r t l e  s t im u lu s  h e a r t  r a t e  con t inued  to  

d e c e l e r a t e  fo l lo w in g  th e  p o in t  in t ime du r ing  which the  s t a r t l e  s t i m ­

u lu s  would have occur red  (F ig u res  2 and 3 ) .

CNV. The hand-scored  EEG am pli tude  in  the  i n t e r v a l  fo l low ing  th e  lead  

s t im u lu s  showed s i g n i f i c a n t  CNV development in a l l  l e a d - s t a r t l e  s t im ­

u lus  c o n d i t i o n s  (F (4 ,1 6 )= 1 0 .7 2 ,  p<.01,  Table 7 ) .  CNV was a l s o  p r e s e n t ,  

o f  c o u r s e ,  in th e  low c e r t a i n t y  c o n d i t io n  w i th o u t  a s t a r t l e  s t im u lu s  

s in c e  i t  was found in  th e  p a i r e d  low c e r t a i n t y  c o n d i t i o n  (F igure  4 ) .  

Although no s i g n i f i c a n t  CNV was found fo l lo w in g  th e  0% s t a r t l e  warning 

s t im u lu s  (Table 8 ) ,  a l a t e  n e g a t iv e  s h i f t  in th e  evoked response  to  

t h i s  l e ad  s t im u lu s  can be seen in F igure  4.

Using th e  c o l l a s p s e d  150 ms EEG s co re s  no s i g n i f i c a n t  c o n d i t i o n s  x 

i n t e r v a l  i n t e r a c t i o n  was found to  i n d i c a t e  t h a t  th e  shape of  t h e  c o r ­

t i c a l  evoked response  to  th e  lead  s t im u lu s  was d i f f e r e n t  f o r  th e  high 

and low c e r t a i n t y  c o n d i t i o n s .  However, t h e  shapes o f  th e  two CNV curves  

us ing  th e  l a s t  t e n  150 ms i n t e r v a l s  (F igure  5) were found t o  be s i g ­

n i f i c a n t l y  d i f f e r e n t  ( c o n d i t i o n s  x i n t e r v a l  F (9 ,3 6 )= 2 .7 8 ,  p<.025, Ta­

b le  9 ) .  The shape of  th e  CNV in th e  low c e r t a i n t y  c o n d i t i o n  i s  c h a rac -
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t e r i z e d  by a r a p id  r i s e  to  peak n e g a t i v i t y ,  whi le  th e  CNV fo l lo w in g  the  

th e  high c e r t a i n t y  lead  s t im u lu s  r i s e s  g r a d u a l ly  to  peak am pl i tude .



D iscuss ion

The e f f e c t s  of  va ry ing  s t a r t l e  s t im u lu s  p r o b a b i l i t y  on th e  amp­

l i t u d e  and l a t e n c y  of  th e  EMG response  a re  summarized in F igure  1.

As p r e d i c t e d  the  low s t a r t l e  c e r t a i n t y  c o n d i t i o n  f a c i l i t a t e d  both 

EMG am pl i tude  and l a t e n c y .  Thus, EMG as a measure o f  s t a r t l e  r e p l i ­

c a t e s  th e  s t a r t l e  b l in k  f a c i l i t a t i o n  found in p rev ious  u n c e r t a i n t y  

paradigms.  S i m i l a r l y ,  Bloch (1975) has r e p l i c a t e d  th e  s h o r t  lead  i n ­

t e r v a l  i n h i b i t o r y  e f f e c t  us ing  th e  i n t e g r a t e d  EMG response .  The l a ­

t e n c i e s  of  th e  r e sponse  in th e  c u r r e n t  s tudy  ranged from 20 to  approx­

im a te ly  50ms and were much f a s t e r  than b l i n k  response  l a t e n c i e s  o f  

46 to  110ms (Bloch,  1972). In any c a s e ,  w hi le  d i f f e r e n c e s  in re sponse  

l a t e n c y  may r e f l e c t  d i f f e r e n t  r e sponse  sys tem s ,  th e  r e p l i c a t i o n  of  

i n h i b i t o r y  and f a c i l i t o r y  e f f e c t s  i n d i c a t e s  t h a t  th e  same p ro c e sse s  

m ed ia t ing  le ad  s t im u lu s  modulat ion o f  b l i n k  s t a r t l e  a re  modulat ing 

th e  EMG resp o n se  as w e l l .

While p rev ious  s t u d i e s  have produced u n c e r t a i n t y  and s t a r t l e  

f a c i l i t a t i o n  by v a ry in g  lead  i n t e r v a l  len g th  in  combination with  e i ­

t h e r  v a r io u s  lead  s t im u lu s  d u r a t io n s  or  t e rm in a l  s t im u lu s  i n t e n s i t i e s ,  

th e  c u r r e n t  low c e r t a i n t y  c o n d i t i o n  he ld  lead  s t im u lu s  d u r a t io n  and 

i n t e r v a l  c o n s t a n t .  Equivoca t ion  o f  the  s t a r t l e  s t im u lu s  was th e  only  

sou rce  o f  u n c e r t a i n t y  in  t h e  lead  i n t e r v a l .  This ex tends  th e  types  of  

t im e - lo c k ed  u n c e r t a i n t y  capab le  o f  producing the  f a c i l i t a t i o n  e f f e c t

20



and conf irms t h a t  ph as ic  u n c e r t a i n t y  in genera l  r a t h e r  than any p a r ­

t i c u l a r  sou rce  i s  s u f f i c i e n t  to  produce s t a r t l e  f a c i l i t a t i o n .

C o n s i s t a n t  w i th  t h i s  view, th e  absence o f  u n c e r t a i n t y  in the  high 

s t a r t l e  c e r t a i n t y  c o n d i t i o n  d id  no t  e l i c i t  s i g n i f i c a n t  ampli tude  f a c i ­

l i t a t i o n .  However, s t a r t l e  l a t e n c y  was s i g n i f i c a n t l y  f a c i l i t a t e d ,  con­

t r a r y  to  the  f i n d in g s  o f  e a r l i e r  high c e r t a i n t y  paradigms (Bloch, 1972; 

Brown, 1975). This high c e r t a i n t y  l a t e n c y  f a c i l i t a t i o n  i s  thus  in d e ­

pendent  o f  i n t e r v a l  or  te rm in a l  even t  u n c e r t a i n t y .  Fur therm ore ,  the  

high c e r t a i n t y  c o n d i t i o n  a l s o  e l i c i t e d  more l a t e n c y  f a c i l i t a t i o n  than 

th e  low c e r t a i n t y  c o n d i t i o n .  This su g g es t s  t h a t  m ed ia to rs  o f  th e  high 

c e r t a i n t y  l a t e n c y  f a c i l i t a t i o n  were no t  n e c e s s a r i l y  i d e n t i c a l  to  th e  

m e d ia to rs  of  t h e  low c e r t a i n t y  f a c i l i t a t i o n  e f f e c t s .  The f a c t  t h a t  

s i g n i f i c a n t  am pl i tude  f a c i l i t a t i o n  accompanied th e  low but  no t  the  

high c e r t a i n t y  f a c i l i t a t i o n  a l s o  su p p o r ts  t h i s  s u g g e s t io n .  F u r th e r ,  

t h i s  uncoupl ing  o f  am pl i tude  and l a t e n c y  e f f e c t s  a l s o  i n d i c a t e s  t h a t  

m ed ia to rs  o f  l a t e n c y  f a c i l i t a t i o n  a re  not  a l l  shared  by p ro ce sse s  

f a c i l i t a t i n g  am p l i tu d e .

The p resence  o f  h e a r t  r a t e  d e c e l e r a t i o n  and CNV in th e  high c e r ­

t a i n t y  c o n d i t i o n  a l s o  runs c o n t r a r y  to  e a r l i e r  f i n d i n g s .  This  may be 

due to  c o n tex tu a l  d i f f e r e n c e s  in which th e  high c e r t a i n t y  c o n d i t i o n s  

were embedded. Both t h e  Bloch (1972) and Brown (1975) s t u d i e s  con­

t a i n e d  high c e r t a i n t y  paradigms in  which lead  s t im u lu s  d e t e c t i o n  s i g ­

na led  t h a t  a s t a r t l e  s t im u lu s  would fo l low  100% o f  th e  t im e .  No lead  

s t im u lu s  d i s c r i m i n a t i o n  was r e q u i r e d  in  the  paradigm. However, onse t  

o f  th e  high c e r t a i n t y  lead  s t im u lu s  in th e  p r e s e n t  s tudy  r e q u i r e d  no t  

only  t h a t  i t  be d e t e c t e d  but  a l s o  d i s c r i m i n a t e d  from o t h e r  lead  s t im ­
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u l i  r e p r e s e n t i n g  d i f f e r e n t  s t a r t l e  p r o b a b i l i t i e s .  O r ie n t in g  and a t t e n -  

t i o n a l / a r o u s a l  p ro c e sse s  r e f l e c t e d  in  c a r d i a c  d e c e l e r a t i o n  and CNV, 

e l i c i t e d  by lead  s t im u lu s  o n s e t ,  thus  may be m ain ta ined  by th e  d i s c r i ­

m ina t ion  t a s k .  This  i s  supported  by th e  p resence  o f  both h e a r t  r a t e  

d e c e l e r a t i o n  and an app a ren t  l a t e  evoked p o t e n t i a l  n e g a t i v i t y  (F igure  

4) a s s o c i a t e d  wi th  o r i e n t i n g  (Loveless  and S anford ,  1975), which f o l ­

lows th e  o n s e t  o f  the  0% s t a r t l e  lead  s t im u lu s .  Other  d i f f e r e n c e s  be­

tween th e  c u r r e n t  and e a r l i e r  s t u d i e s ,  such as i n s t r u c t i o n s  and mul­

t i p l e  v e r su s  s i n g l e  lead  s t i m u l i ,  only r e i n f o r c e  th e  importance o f  the  

i n i t i a l  d i s c r i m i n a t i o n .

In p rev ious  s t u d i e s ,  c o n d i t i o n s  which produce s t a r t l e  f a c i l i t a t i o n  

a l s o  produced h e a r t  r a t e  d e c e l e r a t i o n  and CNV. This  a l s o  held t r u e  in 

th e  p r e s e n t  s tu d y .  However, s i g n i f i c a n t  c a r d i a c  d e c e l e r a t i o n  accompa­

n ied  each o f  the  t h r e e  lead  s t im u lu s  c o n d i t io n s  and d id  not  d i f f e r e n t i ­

a t e  one c o n d i t i o n  from a n o th e r .  Nor d id  CNV am pli tude  p reced ing  th e  

s t a r t l e  s t im u lu s  vary as a f u n c t io n  o f  high versus  low c e r t a i n t y .  Fur­

t h e r ,  h e a r t  r a t e  d e c e l e r a t i o n  and CNV ampli tude  f a i l e d  t o  c o r r e l a t e  

s i g n i f i c a n t l y  w ith  e i t h e r  s t a r t l e  am pl i tude  o r  l a t e n c y  f a c i l i t a t i o n .  

D i f f e r e n c e s  in EMG s t a r t l e  am pl i tude  o r  l a t e n c y  between th e  high and 

low c e r t a i n t y  c o n d i t i o n s  c a n n o t ,  t h e r e f o r e ,  be ex p la in ed  by th e  p ro ­

c e s se s  m ed ia t in g  th e  h e a r t  r a t e  d e c e l e r a t i o n  or  CNV am pli tude .

The o f f s e t  of  o r i e n t i n g  and a t t e n t i o n a l  p ro c e sse s  caused by s t a r ­

t l e  s t im u lu s  o n s e t  has been proposed by Graham (1975) to  produce a 

p h y s io lo g ic a l  "rebound" which leads  to  s t a r t l e  f a c i l i t a t i o n .  While 

on ly  one second of  p o s t - s t a r t l e  h e a r t  r a t e  was an a ly z ed ,  g r e a t e r  h e a r t  

r a t e  a c c e l e r a t i o n  was p r e s e n t  in th e  two warned s t a r t l e  c o n d i t i o n s
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than  in  the  c o n t ro l  s t a r t l e  c o n d i t i o n .  The two warned c o n d i t i o n s ,  how- 

* e v e r ,  d id  no t  d i f f e r  from each o t h e r .  C o r r e l a t i o n s  between h e a r t  r a t e  

a c c e l e r a t i o n  and l a t e n c y  f a c i l i t a t i o n  were no t  s i g n i f i c a n t .  This i n d i ­

c a t e s  t h a t  a rebound e f f e c t  cannot  account  f o r  s t a r t l e  am pl i tude  f a ­

c i l i t a t i o n  in  th e  low c e r t a i n t y  c o n d i t i o n  and i t s  absence in th e  high 

c e r t a i n t y  c o n d i t i o n .  Nor can rebound account  f o r  th e  s h o r t e r  response,  

l a t e n c i e s  in th e  high c e r t a i n t y  c o n d i t i o n  than in th e  low c e r t a i n t y  

c o n d i t i o n .  Thus t h e r e  i s  l i t t l e  ev idence  f o r  th e  su g g e s t io n  t h a t  r e s ­

ponses a s s o c i a t e d  with  t h e  t e r m in a t io n  of  o r i e n t i n g  and a t t e n t i o n a l  

p ro ce sse s  can a d e q u a te ly  account  f o r  th e  d i f f e r e n t i a l  s t a r t l e  f a c i l i ­

t a t i o n  e f f e c t s  o b ta in ed  in th e  p r e s e n t  s tudy .

Although only  m a rg in a l ly  s i g n i f i c a n t ,  t h e r e  i s  a tendency f o r  the  

high and low c e r t a i n t y  c o n d i t i o n s  to  d i f f e r  in  CNV shape.  F igure  5 

shows a m o n o to n ica l ly  r i s i n g  CNV shape in th e  high c e r t a i n t y  c o n d i t i o n ,  

w h i le  th e  curved shaped CNV o c c u r r in g  in  th e  low c e r t a i n t y  c o n d i t io n  

i s  s i m i l a r  in  form to  a Type A CNV which has been p r e v io u s ly  a s s o c i a ­

t e d  wi th  i n t e r v a l  u n c e r t a i n t y  (McAdam, 1969; McAdam, Knot t ,  and R eb e r t ,  

1969) .  Thus, w h i le  CNV am pl i tude  d o e s -n o t  d i s t i n g u i s h  th e  high and 

low c e r t a i n t y  c o n d i t i o n s ,  mechanisms involved  in  th e  development  o f  CNV 

shape do ap pear  to  be r e l a t e d  to  th e  d i f f e r e n c e s  found between the  two 

c o n d i t i o n s .  In f a c t ,  EMG am pl i tude  f a c i l i t a t i o n  and CNV la t e n c y  to  peak 

am pl i tude  c o r r e l a t e d  s i g n i f i c a n t l y  in  t h e  expec ted  d i r e c t i o n  ( P e a r s o n 's  

r= - . 4 7 ,  p< .05 ,  o n e - t a i l e d  t e s t ) .  Bloch (1972) a l s o  r e p o r t e d  a curved 

CNV shape accompanying s t a r t l e  f a c i l i t a t i o n ,  bu t  d id  no t  f i n d  a s i g n i ­

f i c a n t  c o r r e l a t i o n  between CNV la t e n c y  to  peak and am pl i tude  f a c i l i ­

t a t i o n  (1975) ,  which may r e f l e c t  d i f f e r e n c e s  in  exper im en ta l  des igns



or  th e  inadequacy o f  CNV l a t e n c y  to  peak ampli tude  in r e f l e c t i n g  CNV 

shape.  Thus s t a r t l e  am pl i tude  f a c i l i t a t i o n  and CNV shape may sh a re  a 

common m e d ia to r .  I t  may a l s o  be the  case  t h a t  th e  same p rocess  i s  r e s  

p o n s ib le  f o r  th e  d i f f e r e n c e  in s t a r t l e  l a t e n c y  f a c i l i t a t i o n  between 

th e  high and low c e r t a i n t y  c o n d i t i o n s .

The d i f f e r e n c e s  in CNV shape i n d i c a t e  d i f f e r e n t  d i s t r i b u t i o n s  o f  

c o r t i c a l  a c t i v i t y  accompanied th e  d i f f e r e n t i a l  s t a r t l e  e f f e c t s .  Fur­

t h e r ,  t h e  d i f f e r e n t  sources  o f  a ro u sa l  i n h e r e n t  in th e  exper imenta l  

des ign  may account  f o r  th e  d i f f e r e n t  d i s t r i b u t i o n s .  In o th e r  words, 

d i s c r i m i n a t i o n  among lead  s t i m u l i  may produce a d i f f e r e n t  d i s t r i b u ­

t i o n  o f  c o r t i c a l  a rousa l  than u n c e r t a i n t y  as to  s t a r t l e  s t im u lu s  oc­

c u r re n c e .  The d i s c r i m i n a t i o n  among m u l t i p l e  lead  s t im u l i  appears  s u f ­

f i c i e n t  to  mediate  s t a r t l e  l a t e n c y  f a c i l i t a t i o n  as well  as the  h e a r t  

r a t e  d e c e l e r a t i o n  a s s o c i a t e d  with  o r i e n t i n g .  In a p a i r ed  s t im u lu s  con 

d i t i o n  th e  d i s t r i b u t i o n  o f  c o r t i c a l  a rousa l  induced by the  d i s c r i m i ­

n a t io n  appears  l in k e d  to  a m o n o ton ica l ly  r i s i n g  CNV. The u n c e r t a i n t y  

as  to  even ts  fo l lo w in g  th e  lead  s t i m u l u s ,  such as i n t e r v a l  l e n g t h ,  

te rm in a l  s t im u lus  p r o b a b i l i t y  o r  i n t e n s i t y ,  appears  s u f f i c i e n t  to  me­

d i a t e  s t a r t l e  l a t e n c y  and am pl i tude  f a c i l i t a t i o n  as well  as c a r d i a c  

d e c e l e r a t i o n .  F u r t h e r ,  t e rm in a l  s t im u lu s  u n c e r t a i n t y  appears  c r u c i a l  

t o  c o r t i c a l  a c t i v i t y  a s s o c i a t e d  wi th  an "A" type CNV.

These s p e c u l a t i o n s  s u g g es t  t h a t  p rev ious  paradigms r e p o r t i n g  

n e i t h e r  l a t e n c y  nor am pl i tude  f a c i l i t a t i o n  e f f e c t s  must have lacked 

both l ead  and te rm ina l  s t im u lu s  v a r i a b i l i t y .  T h i s ,  in  f a c t ,  was th e  

c a s e .  This  a l s o  accoun ts  f o r  t h e  absence o f  s i g n i f i c a n t  h e a r t  r a t e  

d e c e l e r a t i o n  and CNV in th o se  paradigms.
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A p h y s io lo g ic a l  mechanism which i s  s e n s i t i v e  to  th e  d i s t r i b u t i o n  

of  c o r t i c a l  a rousa l  has been d e sc r ib e d  by Sauer land  and h is  co-workers  

(S au e r lan d ,  Nakamura and Clemente,  1967; Sau e r lan d ,  Knauss, Nakamura, 

and Clemente, 1967). They demonstra ted  t h a t  s t i m u l a t i o n  of  th e  r o s t r a l  

p o r t i o n  o f  the  o r b i t a l  gyrus  l o c a t e d  in the  p r e f r o n t a l  a r e a ,  can f a c i ­

l i t a t e  o r  i n h i b i t  r e f l e x e s  v i a  c e n t e r s  in the  pons and m edul la .  In ad­

d i t i o n  to  r e c e i v i n g  in p u t  from a l l  sensory  m o d a l i t i e s  ( K o r n ,  Wendt and 

A lb e -F e ssa rd ,  1966), t h e  n a tu r e  o f  th e  e f f e c t s  of  o r b i t a l  gyrus  s t im u­

l a t i o n  on r e f l e x e s  was shown to  vary  as a f u n c t io n  of  a ro u sa l  o f  the  

su rround ing  c o r t i c a l  a r e a s .  When th e  surrounding  c o r t e x  was synchro­

n i z e d ,  r e f l e x e s  were i n h i b i t e d ,  whi le  c o r t i c a l  desynchrony produced 

r e f l e x  f a c i l i t a t i o n .  Thus d i f f e r e n t  d i s t r i b u t i o n s  o f  c o r t i c a l  a rousa l  

r e f l e c t e d  in  CNV shape may d i f f e r e n t i a l l y  a f f e c t  o r b i t a l  gyrus  a c t i ­

v i t y  and mediate  th e  d i f f e r e n c e s  in r e f l e x  ampli tude  and l a t e n c y  f a c i ­

l i t a t i o n  between th e  high and low c e r t a i n t y  c o n d i t i o n s .

The r e s u l t s  o f  th e  p r e s e n t  s tu d y  a l s o  su p p o r t  th e  c o n c lu s io n  of  

H i l l y a r d  and Galambos (1967) t h a t  eq u iv o c a t io n  o f  a te rm ina l  s t im u lu s  

does n o t  reduce CNV am p l i tu d e .  However, as  the  c u r r e n t  s tudy  i n d i c a t e s  

eq u iv o c a t io n  may p lay  an im p o r tan t  r o l e  in de te rm in ing  CNV shape.  Thus,  

s t u d i e s  i n v e s t i g a t i n g  th e  e f f e c t s  o f  eq u iv o ca t io n  must c o n s id e r  

shape as  well  as am p l i tu d e .

To summarize, The p r e s e n t  s tudy  dem ons tra tes  t h a t  th e  FT'G response  

i s  modulated by th e  same p ro c e sse s  t h a t  modulate th e  b l i n k  component 

o f  human s t a r t l e .  F u r t h e r ,  t h e  s imple  e q u iv o c a t io n  o f  a s t a r t l e  s t im ­

u lu s  was s u f f i c i e n t  to  e l i c i t  f a c i l i t a t i o n  su g g es t in g  t h a t  com plexi ty



26

o f  f u t u r e  s t u d i e s  can be reduced to  on ly  two c o n d i t i o n s  to  e l i c i t  

th e  f a c i l i t o r y  e f f e c t ,  an equ ivoca ted  s t a r t l e  s t im u lu s  c o n d i t i o n  

and a c o n t r o l  s t a r t l e  c o n d i t i o n .  I f  t r u e ,  t h i s  would s im p l i f y  th e  

i n v e s t i g a t i o n  o f  th e  p ro ce sse s  modulat ing  s t a r t l e  f a c i l i t a t i o n  in 

d i f f i c u l t  p o p u la t io n s  such as  i n f a n t s  and p s y c h o t i c s .

The d i f f e r e n c e s  in  s t a r t l e  f a c i l i t a t i o n  found in th e  high and low

c e r t a i n t y  c o n d i t i o n s  were sugges ted  to  r e f l e c t  th e  i n f lu e n c e  o f  d i f e r -  

e n t  d i s t r i b u t i o n s  o f  c o r t i c a l  a ro u sa l  on a r e f l e x  modifying mechanism 

lo c a t e d  in  th e  f r o n t a l  c o r t e x .  The d i s c r i m i n a t i o n  among lead  s t i m u l i  

and th e  u n c e r t a i n t y  engendered by s t a r t l e  s t im u lu s  e q u iv o c a t io n  were 

sugges ted  to  be th e  sou rces  o f  d i f f e r e n t i a l  a ro u sa l  and may have p ro ­

duced th e  d i f f e r e n c e s  in  CNV shape.



Appendix 1

This  c r i t e r i o n  was used to  p rev en t  a random n o ise  l ev e l  o f  + 1 

b in a ry  b i t  from s p u r i o u s ly  adding to  th e  t r u e  s ig n a l  and lead ing  to  

an i n c o r r e c t  l a t e n c y  or  am pl i tude  s c o re .  When th e  f i r s t  c r i t e r i o n  

was met the  next  p o in t  was a l s o  r e q u i r e d  to  meet th e  same c r i t e r i o n .  

I f  th e  two s u c c e s s iv e  p o in t s  were both g r e a t e r  than  th e  l a r g e s t  de­

v i a t i o n  in  th e  b a s e l i n e ,  then th e  f i r s t  p o in t  determined l a t e n c y  of  

th e  r e sp o n se .  I f  the  second p o in t  was l e s s  than fo u r  counts  h igher  

than  th e  b a s e l in e  d e v i a t i o n  s c o r e ,  then the  ampli tude  o f  th e  f i r s t  

p o in t  became the  new l a r g e s t  b a s e l i n e  d e v i a t i o n .  The c a l c u l a t o r  then 

began a new sea rch  f o r  two s u c c e s s iv e  va lues  a t  l e a s t  one count  l a r ­

g e r  than  t h i s  new b a s e l in e  d e v i a t i o n  u n t i l  th e  c r i t e r i o n  f o r  l a t e n c y  

was met.
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Notes

1. J e r g e r  and Ti l lman (1959) have found the  t h r e s h o ld  o f  a 1000 Hz 

tone to  be approx im ate ly  6 dB ( r e  0.0002 m icrobar)  l e s s  us ing  th e  

s u p ra - a u ra l  cushion (MX 41/AR) than  the  earshaped c i rcum aura l  cu­

sh ion  001A. The s u p ra - a u ra l  cushion  was used to  c a l i b r a t e  th e  s t i ­

mulus in  th e  p r e s e n t  s tu d y ,  w h i le  th e  c ircumaura l  cushion  was used 

d u r ing  s t im u lu s  p r e s e n t a t i o n s .  This means t h a t  th e  s t a r t l e  s t im u­

lu s  would have been only  about  109 dB. However, th e  a c o u s t i c  s t im u­

l u s  in th e  p r e s e n t  s tu d y  i s  p r e se n te d  b i n a u r a l l y  compensating f o r  

th e  l o s s  in sound p r e s s u r e  l e v e l .

2. Order o f  s t a r t l e  s t im u lu s  t r i a l s  i s  a between groups f a c t o r  in  the  

p r e s e n t  d es ig n .  Because t h e  o r d e r  of  t r i a l s  in the  La t in  square  was 

randomly s e l e c t e d ,  t h i s  between groups f a c t o r  i s  co n s id e re d  a r a n ­

dom f a c t o r  and co n seq u en t ly  changes th e  a p p r o p r i a t e  e r r o r  terms in 

th e  a n a l y s i s  o f  v a r i a n c e  f o r  each dependent  v a r i a b l e .

3.  Eye movement subsequent  to  th e  l ead  s t im u lu s  v/as not  recorded  and 

could  have p o s s i b l y  con tam ina ted  th e  am pl i tude  of  th e  CNV response .  

However, t h e r e  i s  no reason  to  s u s p e c t  s y s te m a t i c  eye movement in 

th e  lead  i n t e r v a l  as i s  o f t e n  th e  problem in th e  r e a c t i o n  time CNV 

paradigm. F i r s t ,  s u b j e c t s  were asked to  m a in ta in  v i s u a l  f i x a t i o n  on 

th e  b lack  box du r ing  th e  s e s s i o n .  Secondly ,  th e  EEG reco rd in g  f o l ­

lowing th e  0% s t a r t l e  warning l i g h t  d id  not  dem onstra te  any slow 

n e g a t iv e  s h i f t ,  s t r o n g l y  su g g e s t in g  t h a t  th e  o t h e r  lead  s t im u lus  

c o n d i t i o n s  were a l s o  f r e e  o f  eye movement p o t e n t i a l s .

2 8
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A nalys is  o f  th e  Variance 

Source 

Between s u b j e c t s  

Order 

S(Order)

Within s u b je c t s  

S t a r t l e  Condi t ions  

Order x Cond i t ions  

S(Order)  x Condi t ions  

T r i a l s

Order  x T r i a l s  

S(Order)  x T r i a l s  

Cond i t ions  x T r i a l s  

Order  x Cond i t ions  x T r i a l s  

S(Order)  x Cond i t ions  x T r i a l s  

* = p < 0 5

** = p<.01 

*** = p<.001

Table 1

in EMG s t a r t l e  l a t e n c y  z - s c o r e s

DF MS F

4 .21 x 10~4 5.17*

10 .04 x 10“4

2 46.22 83.77***

8 .55 <1

19 .68

4 1.86 3 .11*

16 .60 <1

40 .70

8 .45 <1

32 .70 1.64*

80 .43
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Table 2

A nalys is  o f  th e  Variance in 

Source 

Between s u b je c t s  

Order 

S(Order)

Within s u b je c t s  

S t a r t l e  Condi t ions  

Order  x Cond i t ions  

S(Order)  x Condi t ions  

T r i a l s

Order  x T r i a l s  

S(Order)  x T r i a l s  

C ond i t ions  x T r i a l s  

Order  x Cond i t ions  x T r i a l s  

S(Order)  x C ond i t ions  x T r i a l s

EMG s t a r t l e  am pl i tude  z - s c o r e s

DF MS F

4 1.33 x 10"4 1.30

10 1.02 x l 0 ~ 4

2 7 .28  9.16**

8 .79 <1

19 1.81

4 4 .25  3.70*

16 1 .15  1.21

40 .95

8 .42 <1

32 .90 1.10

80 .81
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Table 3

A n a ly s is  o f  th e  Var iance  In h e a r t  r a t e  d e c e l e r a t i o n

Source 

Between s u b j e c t s  

Order  

S(Order)

Within s u b j e c t s  

S t a r t l e  C ond i t ions  

Order  x C ond i t ions  

S(Order)  x Cond i t ions  

T r i a l s

Order  x T r i a l s

S(Order)  x T r i a l s

Cond i t ions  x T r i a l s

Order  x C ond i t ions  x T r i a l s

S(Order)  x C ond i t ions  x T r i a l s

DF MS F

4 12.06 <1

10 127.44

4 231.92 4.80**

16 48.27 <1

40 57.58

4 64.99 1.52

16 42 .64  1.06

40 40.11

16 52.19 1.58

64 32.98 <1

160 46.43
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Table 5

Analysis  o f  the Variance  

Source 

Between sub jec ts  

Order 

S(Order)

Within subjec ts  

S t a r t l e  Conditions  

Order x Conditions  

S(Order) x Conditions  

T r ia l s

Order x T r ia l s  

S(Order) x T r ia l s  

Conditions x T r ia l s  

Order x Conditions x T r ia l s  

S(Order) x Conditions x T r ia l s

in heart ra te  a c c e ler a t io n  

DF MS F

4 73 .30  <1

10 86.34

4 269.31 8.73**

16 30.86 <1

40 33.37

4 47.61 1.05

16 45.55 2.10*

40 21.65

16 7 .08  <1

64 25.12 <1

160 25.23
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Table 7

A nalysis  o f  the Variance in CNV amplitude

Source 

Between subjec ts  

Order 

S(Order)

Within sub jec ts  

S t a r t l e  Conditions  

Order x Conditions  

S(Order) x Conditions

DF MS

4 70.98

10 258.43

4 445.44

16 41.54

40 34.15

F

<1

10.72**

1.21
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Analysis  o f  the Variance in t  

Source 

Between sub jec ts  

Order 

S(Order)

Within sub jec ts  

S t a r t l e  Conditions  

Order x Conditions  

S(Order) x Conditions  

Interva ls  

Order x In terva ls  

S(Order) x In terv a ls  

Conditions x In terva ls  

Order x Conditions x In terv a ls  

S(Order) x Conditions x Interval  

** = p<.025 fo r  t h i s  a n a ly s i s  only

Table 9

ie shape o f  low and high c e r t a in ty  CNV

DF MS F

4 602.37 <1

10 1417.13

1 362.78 1.57

4 230.62 1.63

90 13.28

9 147.69 7.53***

36 19.60 1.47

90 13.28

9 23.83 2.78**

36 8 .56  <1

90 15.24
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. Figures

1. Amplitude and la tency  o f  EMG responses as a function  o f  lead  

stimulus co n d i t io n .

2. Heart ra te  changes preceding and fo l low ing  s t a r t l e  st imulus  

onset  for  each lead stimulus con d it ion .  Each point represents  

the average o f  200 ms and i s  p lo t ted  at  the end o f  the in t e r v a l .

3.  Heart ra te  a c c e le r a t io n  and d e ce le r a t io n  as a function  o f  lead  

stimulus co n d i t io n .

4. EEG a c t i v i t y  averaged over sub jec ts  beginning 4 seconds before  

s t a r t l e  stimulus onset  and continuing fo r  1 .12 seconds a f t e r  s t a r ­

t l e  stimulus onset .

5. EEG changes fo l low ing  lead st imulus onse t  in high and low s t a r ­

t l e  c e r t a i n t y  c o n d i t io n s .  Each point  represents  the average o f  150 

ms and i s  p lo t ted  a t  the end o f  the i n te r v a l .
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