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A B S T R A C T

T his  study a ttem p ted  to e x a m in e  the f e a s ib i l i t y  of u s in g  

a v e r a g e d  evok ed  c o r t i c a l  p o te n t ia ls  a s  a m e a n s  of e l e c t r o - p h y s i o l o g i ­

c a l ly  s tud y ing  t e m p o r a l  in te g r a t io n  o f  a c o u s t ic  e n e r g y .  The h y p o th e s is  

w as that a l in e a r  r e la t io n s h ip  e x i s t s  b e tw e e n  the a m p litu d e  of the  

evok ed  r e s p o n s e  and the log  of s t im u lu s  d u ra tion  in  m i l l i s e c o n d s  up 

to 200 m s e c s ,

The t e s t in g  of the h y p o th e s is  w a s  c a r r ie d  out by m e a s u r in g  

the p eak  to p eak  a m p litu d e s  of the a v e r a g e d  evok ed  r e s p o n s e  to 

1000 cp s  to n e s  p r e s e n te d  a t  6 d if f e r e n t  d u r a t io n s <, and at 3 d if fe r e n t  

r e f r a c t o r y  p e r io d s ,  and p lo tt in g  t h e s e  a m p litu d e s  a g a in s t  the c o r r e ­

sponding  s t im u lu s  d u r a t io n s , Such  fu n c t io n s  w e r e  d e r iv e d  for  s ix  

s u b je c t s .

The r e s u l t s  in d ica te d  that e l e c t r o - p h y s i o lo g i c  e v id e n c e  fo r  

t e m p o r a l  in te g r a t io n  i s  not app arent. P o s s i b l e  r e a s o n s  fo r  the la c k  

of e v id e n c e  and s u g g e s t io n s  fo r  fu tu re  r e s e a r c h  in  th is  a r e a  a re  

p r e s e n te d .

v i i



IN TR O D U C TIO N

The p h en o m en o n  of lo u d n e s s  has b e e n  of k e e n  i n t e r e s t  to m a n y  

r e s e a r c h e r s  in the f ie ld  of a u d ito ry  a c o u s t i c s ,  and a .p e r u s a l  of the 

e x p e r im e n ta l  l i t e r a t u r e  w ould  a t t e s t  to th is  fa c t .  L o u d n e ss  has b e e n  

d efin ed  (D a v is  and S i lv e r m a n ,  I960 , p. 53) a s  the p s y c h o lo g ic a l  a t t r i ­

bute of sound that i s  m o s t  c l o s e l y  r e la te d  to in te n s ity .  In g e n e r a l ,  a s  

the in te n s i ty  of the sound i n c r e a s e s ,  the lo u d n e s s  of that sound a ls o  

i n c r e a s e s .

W hile  m a n y  s tu d ie s  have b e e n  c o n c e r n e d  m a in ly  w ith ,th e  r e l a ­

t io n sh ip  b e tw e e n  lo u d n e s s  and in te n s ity ,  th e r e  a l s o  has b e e n  a long and  

con tin u ed  i n t e r e s t  in  the r e la t io n s h ip  b e tw e e n  s t im u lu s  d u ra t io n  and  

lo u d n e s s .  In 1929, B e k e s y  p u b l ish ed  data show ing that lo u d n e s s  in ­

c r e a s e d  a s  the s t im u lu s  d u ra tion  w as  in c r e a s e d .  S tu d ie s  su b seq u en t  to 

that of B e k e s y  (H ughes, 1946; M unson , 1947; "Garner and M i l le r ,  1947: 

M il le r ,  1948; and D a l lo s  and O lse n ,  1965) have s u b s ta n t ia te d  the  

g e n e r a l  r e la t io n s h ip  b e tw e e n  lo u d n e s s  and d u ra tion  o b s e r v e d  by B e k e s y .  

A ll  of t h e s e  s tu d ies ,  in d ic a te d  that (1) lo u d n e s s  in c r e a s e d  w ith  i n c r e a s e s  

in  s ig n a l  d u ra t io n  and (2) in  a c o m p a r is o n  of lo u d n e s s  b e tw e e n  two 

id e n t ic a l  s t im u l i  of equa l in t e n s i ty  but of d if fe r in g  d u r a t io n s ,  the  

s t im u lu s  having the lo n g e r  d u ra tion  w i l l  a p p ear  lo u d e r .
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: I

F r o m  th e s e  two r e la t io n s h ip s  b e tw e e n  in te n s i ty  and lo u d n e s s 3 

and d u ra tion  and lo u d n e s s ,  a th ird  and im p o rta n t  r e l a t io n s h i p . f o l l o w s .

T h is  th ird  r e la t io n s h ip  i s  the trad in g  r e la t io n s h ip  b e tw e e n  t im e  and  

in tensityo  B y  t im e - i n t e n s i t y  tra d e  i t  i s  m e a n t  that a c o n s ta n t  lo u d n e s s  

can  be m a in ta in e d  fo r  a s ig n a l  w ith  a d im in ish in g  in te n s i ty ,  s im p ly  by  

in c r e a s in g  the s ig n a l  d u ra tion  c o r r e s p o n d in g ly .  M a th e m a t ic a l ly ,  the 

r e la t io n s h ip  can  be e x p r e s s e d  by the s im p le  equation ,

T x  I =' C

w h e r e  T = a t im e  v a lu e ,  I. = in te n s ity  v a lu e ,  and C = a co n sta n t ,  e . g .  , 

lo u d n e s s .

In ap p ly in g  th is  eq u ation  to lo u d n e s s ,  one can  s e e  that it i s  

p o s s i b l e  to a c h ie v e  a c o n s ta n t  lo u d n e s s  for  two to n e s  of d i f fe r e n t  in te n ­

s i ty  by a l t e r in g  th e ir  d u ra t io n s  of s t im u la t io n .

The o b s e r v a t io n s  on t im e - i n t e n s i t y  trad in g  r e la t io n s h ip  and 

lo u d n e s s  grow th  have  p ro m p ted  r e s e a r c h e r s  to m a k e  in f e r e n c e s  about  

the u n d e r ly in g  m e c h a n is m  in  the a u d ito ry  s y s t e m  w h ich  cou ld  a ccou n t  

for  t h e s e  p h en o m en a . C e r ta in ly ,  the m e c h a n ic a l  e l e m e n t s  of the 

a u d ito ry  s y s t e m  cou ld  not a c co u n t  fo r  the lo u d n e s s  g ro w th  o v e r  d u r a ­

tion  and the t r a d in g .b e tw e e n  t im e  and in te n s ity ,  b e c a u s e  the ea rd ru m ,  

o s s i c l e s  and m e c h a n ic a l  p a r ts  of the c o c h le a  a r e  know n  to b e  h igh ly  

d am ped  and w ould  r e a c h  a m a x im u m  (M unson, 1947, p. 586).  T h e r e fo r e ,



the on ly  o th er  a lt e r n a t iv e  r e s t s  w ith  the n e u r a l  m e c h a n i s m  of  the  

a u d ito ry  s y s t e m .

The b r i l l ia n t  w ork  of G a la m b o s  and D a v is  (1943) has p r o v id e d  

in v a lu a b le  in s ig h t  into the n eu ra l m e c h a n i s m  of lo u d n e s s  grow th  a s  a 

fu n ction  of in te n s i ty  and t im e .  A s  a r e s u l t  of th e ir  study, it  i s  b e l ie v e d ,  

w ith  c o n s id e r a b le  c o n f id e n c e ,  that the grow th  of lo u d n e s s  w h ich  

a c c o m p a n ie s  an i n c r e a s e  in  the in te n s i ty  of the s t im u lu s  i s  the c o n s e ­

q u en ce  of two m a jo r  ch a n g e s  in  the r e s p o n s e  of the n e u r a l  e l e m e n ts  

(M unson, 1947, p. 586). When a sound im p in g e s  upon th e  ea r ,  the  

s e n s o r y  c e l l s  in  the c o c h le a  in i t ia te  a s e r i e s  of im p u l s e s .  T h e s e  

p u ls e s  a r e  p ro p a g a ted  a lon g  the e ig h th  n e r v e  f ib e r s  to the  c e n tr a l  

n e r v o u s  s y s t e m  (CNS) and s ig n a l  the b r a in  of the p r e s e n c e  of a 

s t im u lu s .  W hen the in te n s i ty  of the s t im u lu s  is  in c r e a s e d ,  the ra te  

at w h ich  t h e s e  p u ls e s ,  a r e  p ro p a g a ted  i n c r e a s e s  and a d d it io n a l s e n s o r y  

c e l l s  a r e  a c t iv a te d .  T h e s e  two c h a n g e s ,  the in c r e a s e d  r a te  at w h ich  

p u ls e s  a r r iv e  at the CNS, and the a r r iv a l  of p u l s e s  o v e r  a d d it ion a l  

n e r v e  f ib e r s ,  a r e  the known n e u r o lo g ic a l  c o r r e la t e s  fo r  the in c r e a s e d  

lo u d n e s s  s e n s a t io n  e x p e r ie n c e d .  MIt s e e m s  e s s e n t ia l ,  th e r e fo r e ,  if  

the CNS i s  to m a k e  fu l l  u s e  of the in fo r m a t io n  c o m in g  to i t  f r o m  the ' 

p e r ip h e r a l  organ , that th e r e  should  e x i s t  an in te g r a t in g  m e c h a n is m  

fo r  counting  the p u l s e s  a s  th ey  a r r i v e ’1 (M unson, 1947, p. 586). W hile  

the n a tu re  and lo c a t io n  of the in te g r a t in g  m e c h a n is m  i s  s t i l l  o b s c u r e ,



the e x i s t e n c e  of one s e e m s  m a n d a to r y  fo r  exp la in in g  d u ra t io n  t im e  and  

in te n s i ty  trad in g  r e l a t io n s h i p s » T h e r e fo r e ,  i t  m ig h t  b e  o f  va lu e  at th is  

p oin t to d i s c u s s  a th e o r e t i c a l  m o d e l  of a n eu ra l in te g r a t in g  m e c h a n is m .  

Such a m o d e l  w i l l  d e m o n s tr a te  how o b s e r v a t io n s  of t im e - i n t e n s i t y  

tra d e  a r e  p o s s ib le . .

T h e o r e t ic a l  M o d e l of a N e u r a l  I n te g r a to r  

The n e u r a l  in te g r a to r  in  the a u d ito ry  s y s t e m  w o r k s  on the  

p r in c ip le  of a co u n ter .  T h is  co u n ter  h a s .m a n y  input c h a n n e ls  ( s e n s o r y  

n e r v e  f ib e r s )  o v e r  w h ich  e l e c t r i c a l  im p u ls e s  a r r iv e .  The cou n ter  

s im p ly  cou nts  the p u l s e s  co m in g  o v e r  e a c h  of the ch a n n e ls  a c t iv a te d  

by the s t im u lu s .  The to ta l  n u m ber  of p u l s e s  counted  r e p r e s e n t s  the  

m a g n itu d e  v a lu e  ( lo u d n e ss )  of the s t im u lu s .  . When the s t im u lu s  in te n ­

s ity  i s  low , fe w  c h a n n e ls  a r e  a c t iv a te d  and th e  p u ls e  r a te  o v e r  th e s e  

c h a n n e ls  i s  low . With a ,h ig h e r  in t e n s i ty  s t im u lu s ,  m o r e  ch a n n e ls  a r e  

a c t iv a te d  and th e  p u ls e  r a te  i n c r e a s e s .  . F o r  e x a m p le ,  a s s u m e  that  

s t im u lu s  A i s  of a lo w  in te n s i ty  and that it  a c t iv a te s  f iv e  (5) ch an n els  

w ith  a p u ls e  ra te  of one p u ls e  p er  ten  (10) m s e c s . If the du ration  of 

s t im u lu s  A i s  ten  (10) m s e c s ,  th en  the co u n ter  w i l l  count a to ta l  of 

f iv e  (5) p u l s e s - - o n e  p u ls e  f r o m  e a c h  of the f iv e  c h a n n e ls  (F ig .  1).

N ow, a s s u m e  that a s e c o n d  s t im u lu s ,  s t im u lu s  B, i s  of a h igh er  

in te n s i ty  and that it  a c t iv a t e s  ten  (10) ch a n n e ls  w ith  a p u ls e  ra te  of  

two p u ls e s  p e r  ten  (10) m s e c s .  If the  d u ra t io n  of s t im u lu s  B i s  a ls o
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S t im u lu s  A-

a c t iv a te d
ch a n n e ls

_/X _

"10 m s e c

co u n ter  

5 p u ls e s

a.

S t im u lu s  IB-

a c t iv a te d
ch a n n e ls
__

/ \
--- / N --------
........w

/X _ . wXL
. . . v V  _

yv_
vfV, _

_________^
10 m s e c

co u n ter  

20 p u lse s

a c t iv a te d
c h a n n e ls

S t im u lu s  A 1 co u n ter

2 0 p u ls e s

40 m s e c  ’

1) d u ra t io n  - 10 m s e c
2) r a te  - 1 / 1 0  m s e c
3) to ta l  = 5 p u ls e s

1) d u ra t io n  - 10 m s e c
2)) rate,- - 2 /1 0  m s e c
3) to ta l  = 20 p u l s e s

1) d u ra t io n  - 40 m s e c  „
2) r a te  » 1 /1 0  m s e c
3) to ta l  = 20 p u l s e s

F ig .  1. - - The N e u r a l  In te g ra to r :  M o d e le d  A fte r  a C ounter  
to  D e m o n s tr a te  T im e -I n te n s i ty ;  T rad in g .



te n  (10) m s e c s ,  the co u n ter  w i l l  count tw en ty  p u ls e s  - -  tw o p u l s e s  f r o m  

e a ch  of the ten  ch a n n e ls  (F ig .  lb ) .  W ithout ch an ging  the in te n s ity  of 

s t im u lu s  A, how w ould  it  b e  p o s s i b l e  fo r  s t im u lu s  A to h ave  a to ta l  

m a g n itu d e  v a lu e  eq u iv a le n t  to s t im u lu s  B? In o r d e r  fo r  s t im u lu s  A to 

a c h ie v e  a to ta l  m a g n itu d e  v a lu e  o f  tw en ty  p u ls e s  a t a p u ls e  ra te  of one  

p u ls e  p e r  ten  m s e c s ,  the d u ra tion  of s t im u lu s  A w ould  have  to be fo r ty  

(40) m s e c s .  In fo r ty  m s e c s ,  the co u n ter  w i l l  count fou r  p u l s e s  f r o m  

e a c h  of the f iv e  c h a n n e ls  a c t iv a te d  by s t im u lu s  A  (F ig .  1c). T h e r e fo r e ,  

i t  i s  p o s s i b l e  to a tta in  equal m a g n itu d e  v a lu e s  fo r  both  s t im u l i  A and  

B by s im p ly  a l t e r in g  th e ir  d u ra t io n  of s t im u la t io n .

The N e u r a l  in te g r a to r  m o d e l  ju s t  m e n t io n e d  w i l l  not, p e r h a p s ,  

ex p la in  a l l  t im e  - in t e n s i t y  tra d e  p h en o m en a .  In a u d ito ry  a c o u s t i c s ,  

the t im e - i n t e n s i t y  r e la t io n s h ip  a l s o  in v o lv e s  t r a n s m i s s i o n  sp eed  w h ich  

i s  r e la t e d  to s t im u lu s  in te n s i ty .  The r e s p o n s e s  to m o r e  in te n s e  

s t im u li  t r a v e l  the n e u r a l  au d ito ry  p a th w a y s  at s p e e d s  g r e a t e r  than  

th o s e  r e s p o n s e s  e l i c i t e d  by a s t im u lu s  of l e s s e r  in te n s i ty .  The m a in  

e f f e c t  on the sp eed  p ro b a b ly  o c c u r s  at the s y n a p s e s  o f  the n e r v e  

f ib e r s .  T h u s, a r r iv a l  t im e  at the CNS of the e ighth  n e r v e  r e s p o n s e  

to a c o u s t ic  s t im u la t io n  can  be v a r ie d  by v a r y in g  the in t e n s i ty  of the  

s t im u lu s .  A lth ou gh  the n e u r a l  in te g r a to r  m o d e l  p r e s e n t e d  h e r e  d o es  

not tr u ly  ex p la in  a l l  t im e - i n t e n s i t y  tr a d e  p h en o m en a , i t  cou ld  a cco u n t  

for  d u ra t io n  t im e - i n t e n s i t y  trad e  in  lo u d n e s s  grow th .
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In the a u d ito ry  s y s t e m ,  the to ta l  n um ber of p u l s e s  counted  by  

the n e u r a l  in te g r a to r  d e t e r m in e s  the lo u d n e s s ;v a lu e  of the s t im u lu s .  

A u d ito ry  t e m p o r a l  in te g r a t io n ,  then , r e f e r s  s im p ly  to th is  p r o c e s s  of  

cou nting  or  s u m m in g .th e  e l e c t r i c a l  im p u ls e s  o v e r  a p e r io d  of  t im e  

w h ich  a r r i v e  f r o m  the a u d ito ry  s e n s o r y  n e r v e  f ib e r s .

T e m p o r a l  in te g r a t io n  of a c o u s t ic  e n e r g y  has b e e n  stud ied  

both at th r e s h o ld  and s u p r a - th r e s h o ld  l e v e l s  (G arn er  and M i l le r ,  1947; 

M unson , 1947; M i l l e r ,  1948; D a l lo s  and O lse n ,  1964). T h e s e  s tu d ie s  

p o in t  out s o m e  in t e r e s t i n g .a s p e c t s ,  in c lu d in g  s o m e  im p o r ta n t  l i m i t a ­

t io n s ,  of the au d ito ry  in te g r a t in g  m e c h a n is m .

T e m p o r a l  I n te g r a t io n  a t  T h r e sh o ld

G a rn er  and M i l l e r  (1947) s tu d ied  au d itory  th r e s h o ld s  of p u re  

to n e s  a s  a fu n c t io n  of s t im u lu s  d u ra tion . . T h e ir  data r e v e a le d  a l in e a r  

r e la t io n s h ip  b e tw e e n  the lo g a r i th m  of d u ra t io n  and the  th r e s h o ld  

in te n s i ty  e x p r e s s e d  in  d e c ib e l s  (dB). S p e c i f i c a l ly ,  th ey .fo u n d  that fo r  

e v e r y  lo g  un it o f  s t im u lu s  d u ra t io n  in  m i l l i s e c o n d s  up to 200 m s e c s ,  

the th r e s h o ld  in te n s i ty  d e c r e a s e d  by 10 dB. F o r  d u ra t io n s  lo n g e r  than  

200 m s e c s ,  the in c r e a s e  in  lo u d n e s s  w a s  s l ig h t  and a c o u s t ic  e n e r g y  

w a s  c o n s id e r e d  c o m p le te  a fter  one  s e c o n d .  O ther s tu d ie s  of in t e g r a ­

t io n  at th r e s h o ld  (B e k e s y ,  1929; H u g h es ,  1946; P o l la c k ,  1958;. D a l lo s  

and O lse n ,  1965) sh ow  s im i la r  r e s u l t s  w ith  s o m e  d i f f e r e n c e s  in  the  

r a te  of in te g r a t io n .  The two ou tsta n d in g  f e a t u r e s  o f  in te g r a t io n  at



th r e sh o ld  w e r e  the h igh  ra te  of l in e a r  in te g r a t io n ,  n e a r ly  10 dB p e r  lo g  

unit  of d uration , and the r e la t iv e ly  long  t im e ,  about 200  m s e c s ,  fo r  

lo u d n e s s  to r e a c h  a n ea r  m a x im u m , v a lu e .

The fa c t  that l in e a r  in te g r a t io n  (and n e a r l y  a l l  in teg ra t io n )  

c e a s e d  a f te r  a p p r o x im a te ly  200 m s e c s .  w a s  a r e f l e c t io n  of one of the  

l im i ta t io n s  of the a u d ito ry  in te g r a t in g  m e c h a n is m .  M i l l e r  (1948) has  

show n that fo r  a w id e -b a n d  n o is e  s t im u lu s  p r e s e n te d  a t  th r e s h o ld ,  

m a x im u m  lo u d n e s s  w a s  a c h ie v e d  at a s t im u lu s  d u ra t io n  of 140 m s e c s  — 

c o n s id e r a b ly  s h o r te r  than the 200 m s e c s  r e q u ir e d  fo r  p u r e  to n e s .

A ls o ,  w ith  w id e -b a n d  n o is e ,  the ra te  of in te g r a t io n  d rop ped  off to 8dB  

p e r  log  unit o f  t im e .  It i s  know n that m o r e  s e n s o r y  c e l l s  a r e  a c t iv a te d  

by a w id e -b a n d  n o is e  than b y  a n a r r o w  band. It m ig h t  be con c lu d ed  

f r o m  M i l l e r ’s study that a s  m o r e  c e l l s  a r e  a c t iv a te d ,  the in te g r a t in g  

m e c h a n is m  b e c o m e s  l e s s ; e f f i c i e n t  in  the in te g r a t io n  of e n e r g y  p u ls e s .  

T h e r e  w a s  a l s o  a p r o g r e s s i v e  l o s s  o f  e f f ic ie n c y  of in te g r a t io n  w ith  

s u c c e s s i v e  i n c r e a s e s  in  s t im u lu s  in te n s i ty  a s  o b s e r v e d  in  s tu d ie s  of 

t e m p o r a l  in te g r a t io n  at s u p r a - th r e s h o ld  l e v e l s .

T e m p o r a l  I n te g r a t io n  at S u p r a -T h r e s h o ld  L e v e l s

M u n son  (1947) stu d ied  lo u d n e s s ,  grow th  a s  a fu n c t io n  of d u r a ­

t io n  u s in g  p u re  tone s t im u l i  p r e s e n t e d  a t  v a r y i n g . in t e n s i t i e s .  His - 

data in d ic a te d  that th e r e  w as  s t i l l  l in e a r  in te g r a t io n  at s u p r a - th r e s h o ld



l e v e l s ,  but that the r a te  of l in e a r  in te g r a t io n  b e c a m e  l e s s  a s  the in te n ­

s ity  of the s t im u lu s  w as  r a i s e d .

M i l l e r  (1948). s tud ied  lo u d n e s s  grow th  a s  a fu n c t io n  of duration  

u s in g  w id e -b a n d  n o is e  s t im u l i  p r e s e n te d  at d if fe r e n t  in te n s i ty  l e v e l s .

H is  p r in c ip a l  f ind ing  w a s  that m a x im u m  or  co n sta n t  lo u d n e s s  w as  

a c h ie v e d  by a h igh in te n s i ty  n o is e  in  a t im e  p e r io d  s h o r te r  than one 

a c h ie v e d  by a lo w e r  in te n s i ty  n o is e .  F o r  e x a m p le ,  he found that the  

m a x im u m  lo u d n e s s  of a w id e -b a n d  n o is e  p r e s e n te d  at 20 dB above  

t h r e s h o ld  w as  r e a c h e d  at a d u ration  of 140 m s e c ,  that i s ,  lo u d n e s s  did  

not i n c r e a s e  a f ter  the n o is e  had b e e n  on fo r  140 m s e c .  W hen the in te n ­

s ity  of the n o is e  w a s  r a i s e d  to 90 dB, m a x im u m  lo u d n e s s  w a s  r e a c h e d  

at 60 m s e c  (F ig .  2).

W right (1965) found that the r a te  of lo u d n e s s  gro w th  w as  c o n ­

s ta n t  ab o v e  40 dB s e n s a t io n  l e v e l .  In o th er  w o rd s ,  fu r th e r  i n c r e a s e s  

in  the in te n s ity  of the s t im u lu s  ab ove  40 dB did not p r o d u c e  a change in  

the r a te  that lo u d n e s s  in c r e a s e d .  B e lo w  40 dB, the r a te  of lo u d n e ss  

grow th  in c r e a s e d  a s  the in te n s ity  l e v e l  of the s t im u lu s  d e c r e a s e d .  It 

w as m e n t io n e d  e a r l i e r  that w hen m o r e  s e n s o r y  c e l l s  w e r e  a c t iv a te d  

e ith e r  by u s in g  a w id e -b a n d  n o is e  s t im u lu s  or a s t im u lu s  of g r e a te r  

in te n s i ty ,  the in te g r a t in g  m e c h a n is m  a p p e a r e d  to b e c o m e  l e s s  e f f ic ie n t .  

The fa c t  that the r a te  of in te g r a t io n  d rop p ed  off a s  the in te n s i ty  of the
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s t im u lu s  w as  r a i s e d  up to 40 dB m ig h t  have b een  fu r th e r  e v id e n c e  of 

su ch  an e f f ic ie n c y  l o s s .

One m a y  c o n c lu d e ,  then, that the p r im a r y  d i f f e r e n c e s  b e tw een  

in te g r a t io n  o b s e r v e d  at  s u p r a - th r e s h o ld  and in te g r a t io n  o b s e r v e d  at  

th r e s h o ld  a re:  (1) the ra te  of in te g r a t io n  i s  l e s s  d r a m a t ic  at su p r a -

th r e sh o ld ,  and (2) m a x im u m  l in e a r  in te g r a t io n  i s  a c h ie v e d  in  a sh o r te r  

t im e  at s u p r a - th r e s h o ld  l e v e l s .

max.

• oi .20.05 ./o .50

SEC.

F ig .  2. - - (M il le r ,  1948, p. 162) A  C o m p a r is o n  of the  
G row th  of a 20 dB and 90 dB w id e -b a n d  n o i s e .

S ta te m e n t  of P u r p o s e  and H y p o th e s is  

P r e v io u s  s tu d ie s  of in te g r a t io n  have u t i l i z e d  s u b je c t iv e  t h r e s h ­

old m e a s u r e m e n t s  and lo u d n e s s  m a tc h in g  m eth o d s;  th u s ,  a l l  of th e se  

s tu d ie s  have b een  p s y c h o - a c o u s t i c  in  n a tu re .  The r e s u l t s  of t h e s e  

s tu d ie s  m a n i f e s t  d e f in it iv e  p s y c h o - p h y s i c a l  e v id e n c e  fo r  in te g r a t io n  

of a c o u s t ic  e n e r g y .  The p u r p o se  of the p r e s e n t  study i s  to s e e k
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e l e c t r o - p h y s i o lo g ic  e v id e n c e  fo r  auditory, tem p o ra l,  in te g r a t io n .  The  

s p e c i f i c  p r o b le m  of th is  study i s  e m b o d ied  in  a la r g e r  p r o b le m  of 

a u d ito ry  a c o u s t i c s - - t h e  p r o b le m  of f ind in g  n eu rp -  o r  e l e c t r o - p h y s i o lo g ic  

su p p ort  fo r  an  o b s e r v e d  p s y c h o - a c o u s t i c  p h en om en on .

The o b s e r v a t io n s  f r o m  the p r e v io u s  s tu d ie s  le d  to the fo l lo w in g  

h y p o th e se s :  F i r s t ,  s u m m in g  or  in te g r a t in g  o v e r  t im e  the e l e c t r i c a l  

im p u ls e s  co m in g  f r o m  the s e n s o r y  f ib e r s ,  then  the lo n g e r  the duration ,  

the g r e a t e r  the n u m b er  of p u l s e s  in te g r a te d .  T h e r e fo r e ,  the output  

v o lta g e  of the in te g r a to r  sh ou ld  i n c r e a s e  a s  the s t im u lu s  d u ra tion  

i n c r e a s e s .  S econ d , i f  th is  i n c r e a s e  w e r e  p lo tted  a g a in s t  the lo g  o f  

d u ration , a l in e a r  r e la t io n s h ip  w ould  r e s u l t .

The h y p o th e se s  w e r e  t e s t e d  by m e a s u r in g  the a m p litu d e  of the  

a v e r a g e d ,  c o r t i c a l ly  ev o k ed ,  p o te n t ia l  ch a n g e  in  r e s p o n s e  to 1000 cp s  

to n e s  of v a r y in g  d u r a t io n s ,  and p lo tt in g  t h e s e  a m p litu d e s  a g a in s t  the  

lo g a r i th m  of s t im u lu s  d u r a t io n s .  It w a s  a l s o  p o s tu la te d  th a t  u s in g .a  

s u p r a l im in a l  s t im u la t io n  l e v e l  of 45 dB, s o m e  fo r m  of l in e a r  in t e g r a ­

t io n  w ould  b e  s e e n  a s  e v id e n c e d  b y  M u n so n 's  (1947) and M i l l e r ' s  (1948)

. data. The m e th o d o lo g y  e m p lo y e d  in  t e s t in g  t h e s e  h y p o th e s e s  is  

d e s c r ib e d  in  s o m e  d eta il ,  in  the s u c c e e d in g  s e c t io n .



M ETHODOLOG Y

S u b je c ts

S ix  young adult su b je c ts ,  ra n g in g  in  age f r o m  2 1 - 2 4  y e a r s ,  

w e r e  u s e d  in  th is  study. The d is tr ib u t io n  of s e x  a m on g  the su b je c ts  w as  

5 m a l e s  and 1 f e m a le .  A l l  the su b je c ts  d e m o n s tr a te d  n o r m a l  th r e s h o ld s  

to p u re  ton e  te s t in g .

S t im u lu s  C ontro l and P r e s e n t a t io n

A . C o n tr o l-  -A p p a ra tu s

The s t im u lu s  u s e d  in th is  study, w a s  a 1000 c p s  p u re  tone g e n e r ­

a ted  by a H e w le t t -P a c k a r d ,  M o d e l  200 Ab, audio o s c i l l a t o r .  The s ig n a l  

f r o m  the o s c i l l a t o r  w a s  fed  to a G r a s o n -S ta d le r ,  S e r i e s  829D , e l e c t r o n ic  

s w itc h  a c t iv a te d  by a G r a s o n -S ta d le r ,  M o d e l  471 , in t e r v a l  t im e r .  The  

in te r v a l  t im e r  c o n tr o l le d  the  s ig n a l  d u ra t io n  and the t im e  b e tw e e n  s ig n a l  

( r e f r a c t o r y  p er io d )  by t r ig g e r in g  the e l e c t r o n ic  sw itch .  The e le c t r o n ic  

sw itc h  c o n tr o l le d  the r i s e  and d eca y  t im e  of the s ig n a l .  In th is  study,  

a "fast" (a p p r o x im a te ly  . 1 m s e c )  r i s e  and d e ca y  t im e  w a s  u s e d .  Such  

a "fast"  r i s e  and d e c a y  t im e  g ave  the s ig n a l  an e s s e n t i a l l y  sq u are  w ave  

fo r m  a s  o b s e r v e d  on a T e x tr o n ix  F o u r - T r a c e  o s c i l l o s c o p e ,  Type 564.

The s ig n a l  f r o m  the e l e c t r o n ic  s w itc h  w a s  fed  to both  the o s c i l l o s c o p e
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for  s t im u lu s  m o n ito r in g  p u r p o s e s  and to a H ew lett  P a c k a r d  a tten u ator ,

M o d e l 350A . The a tten u ator  w as  u s e d  to c o n tr o l  the in te n s i ty  of the

s ig n a l  and i t s  output w a s  fed  to PM R  P e r m  of lu x  c i r c u m a u r a l - c u s h io n e d

e a r p h o n e s .  . The sound p r e s s u r e  l e v e l  a t  the ea rp h o n e s  w as  c a l ib r a te d

by an A l l i s o n  a u d io m e tr ic  c a l ib r a t io n  un it  and a tten u a tio n  of the s ig n a l

w as  found to be l in e a r  w ith in  the ran ge  of the a c c e p ta b le  d e v ia t io n  of

+_ 2 dB a s  p r e s c r i b e d  by the A m e r ic a n  S tan dards  A s s o c i a t i o n ’s c a l ib r a ­
te

t io n  s tan d ard .

B . P r e s e n t a t io n  of the S t im u lu s

The s t im u lu s  w a s  p r e s e n t e d  m o n a u r a l ly  to the r ig h t  ea r  of  

e a c h  su b je c t  at a s e n s a t io n  l e v e l  of 45 dB. The s t im u lu s  w as  p r e s e n te d  

100 t im e s  at ea c h  of the fo l lo w in g  d u ra t io n s:  (1) 15 m s e c ,  (2) 25 m s e c ,

(3) 50 m s e c ,  (4) 100 m s e c ,  (5) 150 m s e c ,  (6) 200 m s e c .  T h e s e  d u r a ­

tion s  a r e  s im i l a r  to th o s e  u s e d  by G a rn er  and M i l l e r  (1947) .  E a ch  of 

t h e s e  d u ra t io n s  w a s  p r e s e n t e d  at r e f r a c t o r y  p e r io d s  of 1, 5, and 10 

s e c o n d s .  In add ition , a s i le n t  run (no s t im u lu s )  w as  ta k e n  of ea c h  su b ­

j e c t  in  e a c h  t e s t  s e s s i o n  to s e e  if  th e r e  w a s  any s y s t e m a t i c  (e. g. , 

e l e c t r i c a l  l in e  hum) s ig n a l  p r e s e n t  w h ich  w ould  a f fe c t  the data to be  

r e c o r d e d .  E x c lu d in g  th is  s i l e n t  run, th e r e  w e r e  18 co n d it io n s  to be  

t e s t e d  on e a c h  su b jec t .  E a ch  of t h e s e  co n d it io n s  w a s  g iv e n  a code  

n u m ber  f r o m  1 -1 8  (F ig .  3). U s in g  t h e s e  co d e  n u m b e r s  and a tab le  of
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ran d om  d ig it s ,  the c o n d it io n s  w e r e  r a n d o m iz e d  in  o r d e r  of p r e s e n ta t io n  

for  e a c h  s u b je c t  ( s e e  A ppen d ix  A).

D u r a t io n s  R e fr a c to r y  P e r io d s

1 s e c 55 scecc 10 s e c

15 m s e c 1 2 3

25 m s e c 4 5 6

50 m s  ec 7 8 9

100 m s e c 10 U 12

150 m s e c 13 14 15

200 m s e c 16 • 17 18

F ig .  3. - - Coding of C ond ition s

The su b je c ts  w e r e  in s tr u c te d  to l i e  q u ie t ly  on a co t  and to 

attend  v ig i la n t ly  to the s t im u l i .  A f te r  e a c h  cond ition , the su b je c ts  

w e r e  a l lo w e d .to  ta lk  a n d .r i s e  f r o m  the co t.  A fter  th r e e  con d it io n s  had  

b e e n  p r e s e n t e d , . th ey  w e r e  in s tr u c te d  to le a v e  the t e s t  r o o m  and .w alk  

around. T h e s e  p e r io d ic  b r e a k s  b e tw e e n  co n d it io n s  s e r v e d  to guard  

a g a in s t  fa t ig u e  s in c e  su c h  a ch an ge  in  the p h y s ic a l  s ta te  of the su b jec t  

ca n  a l t e r  the e l e c t r o p h y s io lo g ic  r e s p o n s e  to a c o u s t ic  s t im u la t io n  

c o n s id e r a b ly  (M c C a n d le s s  and B e s t ,  1966, p. 271).
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P r o c e d u r e

A. The M ethod  of C om puter  A v e r a g in g

The n e u r a l  r e s p o n s e  to a c o u s t ic  s t im u la t io n  re;su its  in  a .r a p id  

change in  p o te n t ia ls  a lon g  the m e m b r a n e  of the e igh th  n e r v e  f ib e r s  and  

a s lo w e r  p o te n t ia l  change in  the n e u r a l  c e l l s  of the a u d ito ry  p r o je c t io n  

a r e a s  in  the c o r te x .  T h e s e  la t te r  p o te n t ia l  c h a n g e s ,  though m in u te ,  

can  be p ick ed  up by s u r fa c e  e l e c t r o d e s  a tta ch ed  to the s c a lp ,  and 

o b s e r v e d ,  a f te r  th ey  have b e e n  s u f f i c ie n t ly  a m p li f ie d  and fed  to s o m e  

r e c o r d in g  or w r i t e - o u t  s y s t e m .  The p r in c ip le  of u s in g  e l e c t r o d e s  to 

p ick  p o te n t ia l  ch a n g e s  in  the b ra in ,  a m p lify in g .a n d  r e c o r d in g  th em , i s  

w e l l  know n in  e le c tr o e n c e p h a lo g r a p h y  (EEG) w h e re  the g e n e r a l  on ­

go in g  n e u r a l  a c t iv i ty  ca n  be o b s e r v e d .

H o w ev er ,  in  the study of EEG r e c o r d in g s ,  i t  i s  d if f ic u lt  to 

d e te r m in e  i f  th e r e  i s  a n eu ra l  r e s p o n s e  to a c o u s t ic  s t im u la t io n ,  e v e n  

w hen the a c o u s t ic  s t im u lu s  i s  in te n s e .  The r e a s o n  for  th is .d i f f ic u l ty  

l i e s  in  the s m a l l  a m p litu d e  of the ev o k ed  c o r t i c a l  p o te n t ia l  change to 

any g iv e n  s e n s o r y  s t im u lu s  in  c o m p a r is o n  w ith  the a m p litu d e  of the  

ran d om  o n -g o in g  n e u r a l  a c t iv i ty .  In o th er  w o rd s ,  the p o te n t ia l  c h a n g e s  

evok ed  by au d ito ry  s t im u l i  a r e  o b s c u r e d  by la r g e r  ra n d o m  p o ten t ia l  

c h a n g e s .  T hus, EEG h as not b e e n  very , s u c c e s s f u l  in d e te r m in in g  - a 

r e s p o n s e  to a c o u s t ic  s t im u la t io n .
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In 1954, D a w so n  d e s c r ib e d  a s u m m a t io n  tech n iq u e  for  the 

d e te c t io n  of s m a l l  evok ed  p o te n t ia ls .  T h is  p r in c ip le  of su m m a t io n  i s  

not new  and had b e e n  a p p lied  e a r l i e r  in  d e te c t in g  s y s t e m a t i c  f lu c tu a ­

t io n s  am on g  la r g e r  ir r e g u la r  o n e s .  A s  an e x a m p le ,  L a p la c e ,  in  the 

e ig h te e n th  cen tu ry ,  p r e d ic te d  that by a v e r a g in g  enough  data it should  

be p o s s i b l e  to d e m o n s tr a te  a lu n ar  t id e  in .th e  a tm o s p h e r ic  p r e s s u r e  

(D aw son , 1954, p. 65). Y et  it  h as  b e e n  w ith in  on ly  the l a s t  d ecad e  or  

so  that th is  tech n iq u e  of a v e r a g in g  has b e e n  ap p lied  to d e te c t  the s m a l l  

a c o u s t i c a l ly  evok ed  p o te n t ia ls  a s  d e m o n s tr a te d  by B a r lo w  (1957),  

G e is le r  (1960), L o w e l l  e t j i l .  (1961) and M e Candle s s  and B e s t  (1961).  

Such  s tu d ie s  have b e e n  m a d e  p o s s i b l e  b y  the ad vent of su m m in g  c o m ­

p u te r s  of a v e r a g e  t r a n s ie n t s  (CAT).

In th is  p r e s e n t  study, a T e c h n ic a l  M e a s u r e m e n t  C o rp o ra t io n  

C om pu ter  of A v e r a g e  T r a n s ie n t s ,  S e r i e s  400 C, w a s  u s e d .  The c o m ­

p u t e r ’s fu n ct io n  in  the r e c o r d in g  of t h e s e  m in u te  a c o u s t i c a l ly  evok ed  

p o te n t ia ls  i s  d e s c r ib e d  la t e r  in  the s u c c e e d in g  s e c t io n .

B . R e c o r d in g  of th e  C o r t ic a l  P o te n t ia l

The p o te n t ia l  ch an ge  evok ed  by the  au d ito ry  s ig n a l  w as p ic k e d  

up by two s i lv e r  d is c  e l e c t r o d e s  a t ta c h e d  to the v e r t e x  of the sk u ll  of 

the su b jec t .  The v e r t e x  w as  u s e d  a s  the p ic k -u p  p o in t  b e c a u s e  the 

r e s p o n s e  to a c o u s t ic  s t im u la t io n  i s  b e s t  r e c o r d e d  th e r e  (D av is  and



Z e r l in ,  1966, p. 109). A  r e f e r e n c e  e l e c t r o d e  w as a t ta c h e d  to the s u r ­

fa c e  o f  a m a s t o id  p r o c e s s  and an oth er  e le c t r o d e  w as  a t ta c h e d  to the  

o th er  m a s t o id  to s e r v e  a s  a ground point. The s u r f a c e s  to w hich  th e s e  

e l e c t r o d e s  w e r e  a tta ch ed  w e r e  c le a n e d  th orou gh ly  w ith  a c e to n e  and 

co a ted  w ith  an e l e c t r o ly t i c  p a s te  (a B en to n ite  m ix tu r e )  to enhance the  

r e c o r d in g  of th e s e  m in u te  p o te n t ia ls .

The p o te n t ia ls  f r o m  the s c a lp  w e r e  ch a n n e led  to two T e x tr o n ix  

T ype 122, M o d e l  151 A, l o w - l e v e l  p r e a m p l i f i e r s .  The p a s s -b a n d  of 

the p r e a m p l i f i e r s  w a s  s e t  at . 2 -5 0  cp s  in  o rd e r  to m in im i z e  the. r e c o r d  

ing of o th er  e x tr a n e o u s  s y s t e m a t i c  s ig n a ls  su ch  a s  the 60 c y c le  of 

e l e c t r i c a l  l in e s .  The p o te n t ia l  a t  th e  f i r s t  p r e a m p l i f ie r  w a s  a m p lif ie d  

1000 t im e s  and fed  to the s eco n d  p r e a m p l i f i e r  w h e r e  the  s ig n a l  w as  

a m p li f ie d  a n oth er  100 t im e s  g iv in g  a to ta l  a m p l i f ic a t io n  v a lu e  of 

a p p r o x im a te ly  100, 000.

The output f r o m  the  p r e a m p l i f i e r s  w as  fed  to the co m p u ter  of  

a v e r a g e  t r a n s ie n t s .  The c o m p u te r ,  . t r ig g e r e d  by the in t e r v a l  t im e r ,  

w as s e t  to sw e e p  for  500 m i l l i s e c o n d s  a f te r  the o n s e t  of the s t im u lu s . 

T hu s, the sw e e p  of the c o m p u ter  w as  t im e - l o c k e d  to s t im u lu s  p r e s e n ­

ta tion . The in d is p e n s a b le  fu n ct io n  of the co m p u ter  w a s  to sa m p le  the  

in c o m in g  s ig n a l  a t f ix e d  p o in ts  a lon g  th is  500 m s e c  in t e r v a l  and to 

a lg e b r a ic a l ly  su m  th e s e  p o te n t ia l  ch a n g e s  r e c o r d e d  at e a c h  point. The  

a v e r a g e d  v a lu e  at ea c h  p o in t  w as  s to r e d  in  a 1’m e m o r y  binl 11



T h e o r e t ic a l ly ,  the a v e r a g e d  v a lu e  fo r  ma.ny r e c o r d in g s  at e a c h  of 

t h e s e  p o in ts  w ould  be z e r o  fo r  a tr u ly  ra n d o m  s ign a l:  fo r  a random  

s ig n a l  o v e r  a lo n g - t im e  sa m p lin g  p e r io d  w ould  r e g i s t e r  a t  any g iv en  

p o in t  a m a g n itu d e  of p o s i t iv e  d e f le c t io n s  (+) e q u iv a le n t  to that of n e g a ­

t iv e  d e f le c t io n s  ( - ) .  T h e r e fo r e  a n y  s y s t e m a t i c  d e f le c t io n s ,  such  a s  

the p o te n t ia ls  ev o k ed .b y  a u d ito ry  s t im u lu s ,  though s m a l l  and su b m e r g e d  

in  la r g e r  ra n d o m  o n e s ,  w ould  a p p ear  a f te r  m a n y  r e c o r d in g s  b e c a u s e  

the ran d om  a c t iv i ty  w ould  have a v e r a g e d  out to z e r o  or s o m e  m in im a l  

v a lu e .  One hundred r e c o r d in g s ,  w h ich  a r e  m o r e  than  s u f f ic ie n t  to 

a v e r a g e  out the ra n d o m  a c t iv i ty  to a fu n c t io n a lly  s m a l l  and in s ig n i f ic a n t  

v a lu e  (D a v is  and Z e r l in ,  1966, p. 110) w e r e  u s e d  in  th is  study.

The a v e r a g e d  and s to r e d  w a v e fo r m  of the p o te n t ia l  ch a n g es  

w a s  fed  f r o m  th e  co m p u te r  to the o s c i l l o s c o p e  and the t r a c e  on the  

o s c i l l o s c o p e  w as  p h otograp h ed  by  an o s c i l l o s c o p e  c a m e r a .  The  

a m p litu d e  of the p e a k s  w a s  m e a s u r e d  in  m i l l i m e t e r s  f r o m  the p h o to ­

grap h  ( s e e  F ig .  5). S in c e  a b a s e l in e  d o e s  not e x i s t  in  e l e c t r o - p h y s i o l o ­

g ic  m e a s u r e m e n t s ,  one m u s t  r e ly  on  t h e s e  p ea k  to p ea k  m e a s u r e m e n t s ,  

and the - F g  pa-lr i-s the m o s t  c o n s ta n t  one  s e e n  in  r e s p o n s e  to  

a c o u s t ic  s t im u la t io n  r e c o r d e d  at the v e r t e x .  A  d i s c u s s i o n  and a n a ly s is ,  

of the  N ^ - P 2 data a r e  p r e s e n t e d  in  'the fo l lo w in g  c h a p t e r . ,.
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R E SU L T S AND A N A L Y SE S  

A m p litu d e  M e a s u r e m e n ts  and S t a t i s t ic a l  T r e a tm e n t

The s to r e d ,  a v e r a g e d  r e s p o n s e  to e a c h  co n d it io n  w as  w r it te n  

out f r o m  the co m p u te r  to the o s c i l l o s c o p e  and p h otograp hed . An  

e x a m p le  of t h e s e  p h otograp h s  i s  show n in F ig u r e  5.

F ig .  5. - - A v e r a g e d  R e s p o n s e  C u r v e s  P h o t o ­
graphed  F r o m  the O s c i l l o s c o p e

The d is ta n c e  b e tw e e n  the N^ p eak , w h ich  i s  the  f i r s t  n e g a t iv e  

(dow nw ard) d e f le c t io n ,  and the P 2  p eak , w hich  i s  the s u c c e e d in g

20
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la r g e  p o s i t iv e  (upward) d e f le c t io n ,  w a s  m e a s u r e d  and u s e d  a s  the  

c r i t e r io n  fo r .a m p l itu d e  of r e s p o n s e .  The and p e a k s  a r e  usually-  

o b s e r v e d  at 9 0 -1 0 0  m s e c  and 1 5 0 -1 8 0  m s e c  r e s p e c t i v e l y . T h e s e  

m e a s u r e m e n t s  fo r  e a c h  co n d it io n  and, fo r  e a c h  of 'the s u b je c t s  app ear  

in  A pp en d ix  B.

The lo g  of the s t im u lu s  d u ra t io n s  and the p ea k  to p ea k  a m p l i ­

tu d es  w e r e  p lo tted  on X -Y  c o o r d in a te s  r e s p e c t i v e ly ,  in .o r d e r  to sh ow  

th e ir  r e la t io n s h ip .  In d iv id u a l fu n c t io n s  at e a c h  of the r e f r a c t o r y  

p e r io d s  fo r  e a c h  su b je c t  w e r e  d e r iv e d  b y  the m e th o d  of l e a s t  s q u a r e s .

The r e g r e s s i o n  l in e  w h ich  b e s t  f i t s  the data, a c c o r d in g  to the  

p r in c ip le  o f l e a s t  s q u a r e s , , i s  that l in e  fro m , w h ich  the su m  of the  

s q u a r e s  of the r e s id u a ls  is  a m in im u m  (G uilford , 1954, p . 63). A  

r e s id u a l  i s  a d is c r e p a n c y /b e tw e e n  an ob ta in ed  Y v a lu e  and the v a lu e  

p r e d ic te d  f r o m  i t s  c o r r e s p o n d in g  X v a lu e  on the b a s i s  of the equ ation  

b e in g  u s e d  (G uilford , 1954, p. 63). S in ce  it  w as  h y p o th e s iz e d  that a 

l in e a r  r e la t io n s h ip  e x i s t s  b e tw e e n  em p li tu d e  and d u ra t io n , the g e n e r a l  

eq u ation  ta k e s  the fo r m  of,

Y = a + bX

T he m e th o d  of l e a s t  s q u a r e s  w a s  u s e d  to  d e te r m in e  the v a lu e s  of the  

c o n s ta n ts  "a", w h ich  i s  the  Y - in t e r c e p t ,  a n d " b " ,  w h ic h  i s  the s lo p e  

of the r e g r e s s i o n  l in e ,  in  o r d e r  that the su m  of the o b s e r v e d  Y - v a lu e s  

(Y 1) su b tr a c te d  f r o m  the p r e d ic te d  Y - v a lu e s  (Y) w ould  be equal to a
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m in im u m . T hat i s ,  l e a s t  s q u a r e s  m e th o d  d e t e r m in e s  the l in e  w h e r e ,

( Y - Y 1) = a m in im u m  

The l e a s t  s q u a r e s  fo r m u la e  for. co m p u tin g  the c o n s ta n ts  are:

N £ X Y  - (£ X )  ( £ Y )  Y - b (£ X )
b = N £ X ^  - £ y 2  ' a =  5 —

A fte r  the in d iv id u a l fu n c t io n s  had b e e n  d e te r m in e d ,  P e a r s o n  

p r o d u c t -m o m e n t  c o e f f i c ie n t  of c o r r e la t io n ,  r, w as  c a lc u la te d  in  o r d e r  

to t e s t  the g o o d n e s s  o f  f it .  T h is  c o e f f i c i e n t  in d ic a te s  how  w e l l  the b e s t  

f i t  l in e  d e s c r i b e s  the data. S p e c i f i c a l ly ,  P e a r s o n ’s r i s  the ra tio  of 

the p r e d ic te d  v a r ia n c e  in  Y to the ob ta in ed  to ta l  v a r ia n c e  in  Y (G uilford ,  

1954, p. 68).

W hile  r i s  the c o e f f i c ie n t  of c o r r e la t io n ,  r i s  the c o e f f i c ie n t

of d e te r m in a t io n  and d e t e r m in e s  the am ou nt of v a r ia n c e  that i s  a c c o u n t-

2
a b le .  That i s ,  if  X ca n  be r e g a r d e d  a s  a ’’c a u s e ” of Y, , then , r t e l l s

w hat p r o p o r t io n  of Y i s  d e te r m in e d  by X (G uildord , 1954, p. 68).

2 2 S in c e  r d e t e r m in e s  the am oun t of v a r ia n c e  a c c o u n te d  fo r ,  then 1 - r

i s  the a m ou n t of v a r ia n c e  not a c c o u n te d  fo r  and i s  c a l le d  the c o e f f i c ie n t

2
of n o n -d e te r m in a t io n .  One can  e a s i l y  c a lc u la te  r by s im p ly  sq u ar in g  

r w h ich  i s  co m p u ted  b y  the fo r m u la ,

N £ X Y  - ( ^  X) (■£ Y)

J j N i '  X 2 - ( £ x Q  [ N £ Y 2 - .( £ Y ) 2 ]
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The p r e c e d in g  d i s c u s s i o n  o u t l in ed  the m a n n e r  in  w hich  the  

data in  th is  study w e r e  s t a t i s t i c a l l y  t r e a te d .  G raphical, r e p r e s e n t a t io n s

of the data c o l l e c t e d  from , e a c h  of the s ix  s u b je c ts  a p p ea r  in  A ppendix

'

I n sp e c t io n  of the data, r e v e a le d  that l inearity ,  b e tw e e n  a m p l i ­

tude and lo g  of s t im u lu s  d u ra tion  from . 1 5 -2 0 0  m s e c s  w a s  not app arent.  

No su b je c t  a t  any  r e f r a c t o r y  p e r io d  ex h ib ite d  a n e a r  l in e a r  or  e v e n  

m o n o to n ic  fu n ction . T ab le  I s u m m a r iz e s  the s t a t i s t i c s  on the th r e e  

" m o st  l in e a r  f u n c t io n s " - - t h e  th r e e  w ith  the h ig h e s t  c o r r e la t io n  v a lu e s .

T a b le  I. - - T h r e e  " M ost L in e a r "  F u n c t io n s

S u b jec t R e fr a c to r y . b a r r 2

1 1 • s e c 3. 7 . 7 . 834 . 7

2 5 s e c 2 . 9 7. 5 . 697 . . .  5

5 10 s e c 3. 1 5. 7 , 536 • 29

The ta b le  sh o w s  that the b e s t  l in e a r  fu n ct io n  a tta in a b le  had a

c o r r e la t io n  of on ly  . 834 b e tw e e n  a m p litu d e  and d u ra tion , and only

2
about . 7 of the v a r ia n c e  w as  a c co u n ted  fo r  as  in d ic a te d  b y  r . The  

seco n d  and th ird  nm o s t  l i n e a r n fu n c t io n s  sh ow  e v e n  l e s s  c o r r e la t io n .  

In a l l ,  t h e s e  s t a t i s t i c s  w e r e  not c o m p e l l in g  in  t e r m s  of th o se  found in  

p s y c h o - a c o u s t i c  s tu d ie s  of in te g r a t io n .
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D e s p i t e  th is  p a u c ity  of e v id e n c e  fo r  l in e a r  in te g r a t io n  of 

a c o u s t ic  .en erg y  o v e r  a d u ra tion  of 200 m i l l i s e c o n d s ,  s o m e  in te r e s t in g  

s t a t i s t i c s  w e r e  noted  in  s tu d y in g . in te g r a t io n  up to 50 or  100 m s e c s .

Out of the 18 fu n c t io n s  p lo tted  in  th is  study ( th ree  fo r  e a c h  of the s ix  

su b je c ts )  6 d e m o n s tr a te d  a s tron g  l in e a r  r e la t io n s h ip  b e tw e e n  grow th  

of am p litu d e  and the lo g  of the s t im u lu s  d u ra tion  up to 50 or 100 m s e c s .  

The s t a t i s t i c s  of t h e s e  6 fu n ct io n s  ap p ea r  in  T ab le  II.

T ab le  II. - -S ix  F u n c t io n s  Show ing  S trong  C o r r e la t io n
B e tw e e n  the A m p litu d e  of R e s p o n s e  and D u r a ­
tio n  of S t im u lu s  up to 50 or 100 m s e c .

2S u b jec t  R e fr a c to r y  D u r a t io n  r r

1 1 s e c 1 5 -5 0  m s e c .9 7 5 . 950

2 1 s e c 1 5 -5 0  m s e c . 972 . 945

2 5 s e c 1 5 -1 0 0  m s e c . 971 . 943

2 10 s e c 1 5 -5 0  m s e c . 981 . 962

5 10 s e c 1 5 -1 0 0  m s e c . 830 . 700

6 1 s e c 15 - 100 m s e c . 964 . 930

D e s p i t e  the s tro n g  c o r r e la t io n s  e v id e n c e d  in  T ab le  II, it 

should  be  n oted  w ith  ca u t io n  that t h e s e  s t a t i s t i c s  a r e  th e  b e s t  ob ta in a b le .  

In ad d ition , th ey  a r e  r e p r e s e n t a t iv e  of on ly  a m in o r  p o r t io n  (1 /3 )  of 

the to ta l  data  c o l l e c t e d  in  th is  study.
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The u s e  of a l l  of the data i s  im p e r a t iv e  b e fo r e  one can m a k e  

in f e r e n c e s  about the e x p e r im e n ta l  p op ula tion . In th is  study, one can  

m a k e  on ly  two g e n e r a l  in f e r e n c e s  u s in g  a l l  of the data c o l le c te d :

(1) th e r e  a p p e a r s  to b e  e l e c t r o - p h y s i o lo g i c  e v id e n c e  of in te g r a t io n  of 

a c o u s t ic  e n e r g y  b e tw e e n  15 and 25 m s e c ,  and (2) th e r e  a p p e a r s  to be  

a d e c r e a s e  in  a m p litu d e  of the ev o k ed  r e s p o n s e  a f te r  150 m s e c .  T h e s e  

two in f e r e n c e s  r e s u l t  f r o m  an a n a ly s i s  of the data s u m m a r iz e d  in  

T ab le  III.

T ab le  III. - - D ir e c t i o n  of A m p litu d e  Change B e tw e e n  E ach  
S t im u lu s  D u r a t io n  fo r  18 F u n c t io n s

D u r a t io n  In te r v a l  A m p litu d e  C hange

I n c r e a s e  D e c r e a s e  No .M ea su r a b le
Change

2 4

6 3

9 1

8 0

11 4

T ab le  III s u m m a r iz e s  fo r  the 18 fu n ct io n s  w h e th e r  th ere  w as  

an in c r e a s e ,  d e c r e a s e ,  or no m e a s u r a b le  change in  th e  am p litu d e  of 

the ev o k ed  r e s p o n s e  b e tw e e n  one d u ra tion  and the s u c c e e d in g  lo n g e r  

d u ration . The r a t io n a le  for  tr e a t in g  the data in th is  m a n n e r  is  as

1 5 -2 5  m s e c  12

2 5 -5 0  m s e c  9

5 0 -1 0 0  m s e c  8

1 0 0 -1 5 0  m s e c  10

15 0 -2 0 0  m s e c  3
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f o l lo w s .  If th e r e  i s  no r e la t io n s h ip  b e tw e e n  am p litu d e  and s t im u lu s  

d uration , then  one w ould  e x p e c t  to find a v a r y in g  d is tr ib u t io n  of 

am p litu d e  i n c r e a s e s  and d e c r e a s e s  in  go in g  f r o m  one d u ra t io n  to the  

next.

The data in  T ab le  III sh ow  that out of the to ta l  o f  18 fu n c t io n s ,  

the a m p litu d e  a t  25 m s e c  had in c r e a s e d  o v e r  the a m p litu d e  r e c o r d e d  

u s in g  a d u ra tion  of 15 m s e c  12 t im e s  and d e c r e a s e d  on ly  tw ic e .  Such  

a d is tr ib u t io n  m ig h t  w e l l  be  in d ic a t iv e  of in te g r a t io n  of a c o u s t ic  energy- 

o v e r  th is  t im e  in te r v a l .  On the o th er  hand, the in t e r v a l s  b e tw e e n  

1 5 -1 5 0  m s e c  show  a v a r y in g  d is tr ib u t io n ;  thus, noth ing c o n c lu s iv e  

c o n c e r n in g .th e  r e la t io n s h ip  b e tw e e n  a m p litu d e  and s t im u lu s  duration  

ca n  be in fe r r e d .  B e tw e e n  1 5 0 -2 0 0  m s e c ,  a m p litu d e s  of the evoked  

r e s p o n s e  tend ed  to d e c r e a s e ,  s u g g e s t in g  a "breakdow n" in  the in t e g r a ­

t iv e  p r o c e s s .

W hile  v a r y in g  a m p litu d e s  o v e r  s t im u lu s  d u ra t io n  tend to 

c h a r a c t e r i z e  a l l  the  fu n c t io n s ,  two tr e n d s  e m e r g e :  (1) the ap p aren t

in te g r a t io n  of a c o u s t ic  e n e r g y  b e tw e e n  15 and 25 m s e c ,  and (2) the 

r e v e r s a l  of te m p o r a l  in te g r a t io n  a f te r  150 m s e c .  P o s s i b l e  ex p la n a ­

t io n s  for  th e s e  two tr e n d s  w il l  be d is c u s  se d  in  the su b s e q u e n t  c h a p t e r .

In ad d it io n  to t h e s e  peak  to p eak  m e a s u r e m e n t s ,  la te n c y  of 

the p e a k s  w as  e x a m in e d .  It w as  noted  e a r l ie r :  th at la te n c y  for

t h e s e  p e a k s  a p p e a r s  to b e  a fu n ct io n  of in te n s ity .  It w a s  c o n s id e r e d
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in  th is  p r e s e n t  study that la te n c y  m ig h t  a l s o  be r e la t e d  to s t im u lu s  d u r a ­

tio n  b e c a u s e  of the r e la t io n s h ip  b e tw e e n  n eu ra l t r a n s m is  s io n  .time and 

s t im u lu s  in te n s i ty .  S in c e  a lo n g e r  s t im u lu s  has g r e a t e r  o v e r a l l  in t e n ­

s ity ,  d o e s  it  have a f a s t e r  n eu r a l  t r a n s m i s s i o n  sp e e d  than  a s h o r te r  

s t im u lu s  w ith  l e s s  to ta l e n e r g y ?  L a ten cy  of the -F ^  p e a k s  w as  

m e a s u r e d  in  th is  study in  o r d e r  to d e te r m in e  if t h e r e  w a s  a s y s t e m a t i c  

chan ge a s  a fu n ct io n  of duration .

L a te n c y  M e a s u r e m e n t s  

The la te n t  p e r io d  b e tw e e n  the o n s e t  of s t im u la t io n  and the 

a p p e a r a n c e  of the N j  and p ea k s  w a s  m e a s u r e d  and r e c o r d e d  ( s e e  

A pp en d ix  B ) . r The p eak  la te n c y  ra n g ed  f r o m  7 0 -1 3 0  m s e c  w ith a 

m e d ia n  v a lu e  of 100 m s e c .  The P g  Pe£dc la tency , r a n g ed  from . 1 6 0 -2 5 0  

m s e c  w ith  a m e d ia n  v a lu e  of 200 m s e c .  T h e s e  la te n c y  r a n g e s  and 

m e d ia n  v a lu e s  a r e  s im i la r  to th o s e  r e p o r te d  by D a v is  and. Z e r l in  

(1966) and M e C andle s s  and B e s t  (1966).

L it t le  in fo r m a t io n  c o n c e r n in g  any in te g r a t iv e  p r o c e s s  w as  

p r o v id e d  by t h e s e  la te n c y  m e a s u r e m e n t s  b e c a u s e  of the la r g e  v a r i a b i l ­

ity . No s y s t e m a t i c  ch a n g e s  in  la te n c y  a s  a fu n ct io n  of d u ra tion  w e r e  

o b s e r v e d  in  th is  study.

In g e n e r a l ,  no m a t t e r  how  the data a r e  a n a ly z e d  in  th is  study,  

e l e c t r o - p h y s i o lo g ic  e v id e n c e  fo r  a c o u s t ic  in te g r a t io n  r e m a in e d  

o b s c u r e d .  In the e n su in g  c h a p ter ,  a d i s c u s s i o n  of s o m e  of the e v e n ts  

that w e r e  o b s e r v e d  i s  p r e s e n te d .
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It i s  e v id e n t  f r o m  the data c o l l e c t e d  in . th is  study, that th e r e  i s  

c o n s id e r a b le  v a r ia b i l i t y  in  r e c o r d in g  the  evok ed  c o r t i c a l  r e s p o n s e  to 

au d ito ry  s t im u l i .  M e C andle s s  and B e s t  (1966* p. 270) a s s e r t  that,

11. . . c o n s id e r a b le  c h a n g e s  in  the w a v e fo r m  m a y  r e s u l t  f r o m  ch a n g es

of s t im u lu s  p a r a m e t e r s  and su b jec t  s ta te  v a r ia b i l i t y .  n D a v is  and 

Z e r l in  (1966 , p. 114) r e p o r te d  that s y s t e m a t i c  c h a n g e s  in  a m p litu d e s  

of the ev o k ed  r e s p o n s e  r e c o r d e d  at the v e r t e x  a s  a .fu n c t io n  of d u ra t io n  

w as not ev id e n t  at 80 dB SL. It i s  tem p tin g  m e r e l y  to co n c lu d e  that the  

v a r ia b i l i t y  in  r e c o r d in g  the a m p litu d e  of th e  evoked, r e s p o n s e  i s  the  

m a in  r e a s o n  for  not s e e in g  a c o u s t ic  in te g r a t io n  in  th is  study. H o w ev er ,  

i t  should  be noted  that c o n s id e r a b le  v a r ia b i l i t y  w a s  a l s o  b a s ic  in  the  

p s y c h o - a c o u s t i c  m e a s u r e m e n t s  and, y e t ,  in te g r a t io n  w a s  s t i l l  s een .  

T h e r e f o r e ,  i t  m ig h t  b e  b e n e f ic ia l  to fu ture  r e s e a r c h  that s o m e  of the  

p o s s i b l e  c a u s e s  fo r  the h igh  d e g r e e  of v a r ia b i l i t y  w h ich  o b s c u r e d  

in te g r a t io n  in  th is  study be e x p lo r e d .

V a r ia b le s

A. S t im u lu s

One q u e s t io n  w h ich  a r i s e s  f r o m  the data i s ,  !,If c o n s id e r a b le  

v a r ia b i l i t y  o b s c u r e d  in te g r a t io n  g e n e r a l ly ,  why w a s  in te g r a t io n.
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a p p a ren t  b e tw e e n  1 5 -2 5  m s e c ?  n The r e a s o n  for  th is  a p p aren t  in t e g r a ­

tion , that i s ,  the in c r e a s e  in  am p litu d e  r e c o r d e d  w ith  a 25 m s e c  

s t im u lu s  d u ra tion  o v e r  that r e c o r d e d  at 15 m s e c ,  m a y  not n e c e s s a r i l y  

b e a ttr ib u ted  to the i n c r e a s e  in  d u ra t io n  a lo n e ,  but r a th e r  to the  

change in  the type, of s t im u lu s  u s e d .  . T h is  po int w i l l  b e c o m e  c l e a r e r  

by e x a m in in g  the s t im u lu s  u s e d  in  th is  study.

The s t im u lu s  in  th is  study w as  p r e s e n t e d  w ith  a ''fast"  

(a p p r o x im a te ly  . 1 m s e c )  r i s e  and d e c a y  t im e .  It i s  c l e a r  that th is  

e s s e n t i a l l y  sq u a r e  w ave p u ls e  w ould not have  b e e n  r e p r o d u c e d  fa i th ­

fu l ly  by the t r a n s d u c e r  at the e a r p h o n e s .  With the o n s e t  of s t im u la t io n ,  

th e r e  w as  t r a n s ie n t  n o is e  and w ith  th e  15 m s e c  d u r a t io n s  the s t im u lu s  

w as p ro b a b ly  m o r e  l ik e  a b u r s t  of n o is e  r a th e r  than a p u re  ton e .

G a rn er  (1948) sh ow ed  that the f r e q u e n c y  s p e c tr u m  of the s t im u lu s  

a f fe c te d  the am o u n t  of e n e r g y  in te g r a te d ,  and that w ith  a w id e -b a n d  

n o is e ,  th e r e  i s  l e s s  in te g r a t io n  in  c o m p a r is o n  w ith  a n a r r o w  band or  

p u re  ton e . T h e r e fo r e ,  if  i t  i s  a s s u m e d  that a 15 m s e c  ton e  p r e s e n te d  

at a f a s t  r i s e - d e c a y  t im e  i s  e s s e n t i a l l y  a n o is e  b u r s t  ( th is  i s  r e a s o n a b le  

b e c a u s e  of t r a n sd u c t io n  p r o b le m s )  and that a 25 m s e c  ton e  i s  e s se n k  

t ia l ly  a ton a l s t im u lu s  (e v e n  though t h e r e  i s  the s a m e  am o u n t  of t r a n ­

s ie n t  n o is e ,  a la r g e  p o r t io n  i s  ton a l in  n a tu re) ,  th en  th is  change in  

s t im u lu s  m o d a l i ty  m ig h t  a cco u n t  fo r  the a p p a ren t  in te g r a t io n  b e tw e e n  

15 and 25 m s e c  ev id e n t  in  the p r e s e n t  data. A lon g  th is  s a m e  l in e  of
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r e a s o n in g ,  the fa c t  that in te g r a t io n  w as not o b s e r v e d  b e tw e e n  2 5 -1  50 

m s e c  w ould  s u g g e s t  that a m p litu d e  ch a n g e s  a s  a fu n ct io n  of duration  

w e r e  not s u f f ic ie n t ly  g r e a t  enough to be s e e n  in  the v a r ia b le  evoked  

r e s p o n s e .  But, the  a m p litu d e  chan ge in  go in g  f r o m  a w id e -b a n d  to a 

n a rro w -b a n d . s t im u lu s  m ig h t  be g r e a t  enough  to be e v id e n t  in  the. ev o k ed  

r e s p o n s e .  T h e r e fo r e ,  i f  a grad u a l r i s e - d e c a y  t im e  had b e e n  u s e d ,  the  

15 m s e c  s t im u lu s  w ould  have b e e n  e s s e n t i a l l y  a p u re  tone  and, . p e r h a p s ,  

the in te g r a t io n  b e tw e e n  15 and 25 m s e c  would not have b e e n  d e m o n ­

s tr a te d .

It has b e e n  su g g e s te d .  (D a llo s  and O lse n ,  1965) that u s in g  a 

g ra d u a l r i s e - d e c a y  t im e  m ig h t  en h an ce  the ra te  of i n t e g r a t i o n . . D a l lo s  

and O l s e n ’s (1965) data d o e s .n o t  su p p o rt  th is  s u g g e s t io n  fo r  they  found  

that the ra te  of in te g r a t io n  u s in g  a g ra d u a l  r i s e - d e c a y  t im e  w as on ly  

7 dB p e r  lo g  u n it  of d u ration . In ad d ition , the ev o k ed  p o te n t ia l  d oes  

not a p p ear  to be in f lu e n c e d  by the r i s e - d e c a y  t im e  of the s t im u lu s  a s  

in d ic a te d  by D a v is  and Z e r l in  (1966, p. 114).

A n o th er  p a r a m e t e r  of the s t im u lu s  used , in  th is  study pos  s ib ly  

i s  of im p o r ta n c e  in  ex p la in in g  the la c k  of e l e c t r o  ^ p h y s io lo g ic  e v id e n c e  

fo r  t e m p o r a l  in te g r a t io n .  T h is  p a r a m e t e r  i s  the s e n s a t i o n  l e v e l  at  

w hich  the s t im u lu s  w a s  p r e s e n te d .  It i s  p o s s i b l e  that the r e s e a r c h e r  

i s  a t tem p tin g  to m e a s u r e  s y s t e m a t i c  c h a n g e s  in the e v o k e d  r e s p o n s e  

that a r e  v e r y  s l ig h t  b e c a u s e  the s t im u lu s  w as p r e s e n t e d  a t  45 dB SL.
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A t th is  s e n s a t io n  l e v e l ,  lo u d n e s s  g ro w th  i s  m in im a l  a s  a s s e r t e d  by  

. W right (1965 , p. 1174).

S in c e  the ra te  o f  in te g r a t io n  b e c o m e s  m o r e  d r a m a t ic  as  one  

a p p r o a c h e s  th r e sh o ld ,  it  m ig h t  b e  w i s e  fo r  fu tu re  r e s e a r c h e r s  in  th is  

a r e a  to u s e  s t im u l i  of a s e n s a t io n  l e v e l  near, th r e s h o ld .  H o w ev er ,  the  

p r o b le m  h e r e  i s  that the ev o k ed  r e s p o n s e  i s  o f ten  d i f f ic u l t  to r e c o r d  at  

t h e s e  lo w  s e n s a t io n  l e v e l s .  T hat i s ,  " . . . it  b e c o m e s  . in c r e a s in g ly

, d i f f ic u l t  to  d e te c t  the ev o k ed  r e s p o n s e  from , the  b ack grou n d  a c t iv i ty  

e v e n  though a su m m in g  p r o c e d u r e  i s  u sed "  (M e C a n d le s s  and B e s t ,

1966, p. 270). P e r h a p s  th is  p r o b le m  ca n  b e  r e s o lv e d  by u s in g  a l a r g e  

n u m b er  of s a m p le s  w ith  th e s e  n e a r - t h r e s h o ld  s t im u l i .  It h as  b een  

s ta te d  by R o se n b l i th  (1957). that the s ig n a l  to n o is e  r a t io  i s  im p r o v e d  

by v/TTin u s in g  N s a m p le s .  O nly fu tu r e  r e s e a r c h  w i l l  b e a r  out the  

f e a s ib i l i t y  of u s in g  n e a r - th r e s h o ld  s t im u l i  in  p u r s u i t  of e l e c t r o -  

p h y s i o l o g i c  e v id e n c e  of t e m p o r a l  in te g r a t io n .

T h e r e  was. a l s o  the p r o b le m  o f  the l o n g . s t im u lu s  d u ra tion s  

in t e r f e r r in g  w ith  the r e c o r d in g  of the ev o k ed  p o ten t ia l .  T h at i s ,  the  

l a t t e r  p o r t io n  of a lo n g  s t im u lu s  d u ra t io n  su ch  a s  200 m s e c  w as  s t i l l  

im p in g in g  upon the e a r  w hen  r e c o r d in g  of N j and P^ p e a k s  w a s  

o c c u r r in g .  P e r h a p s  su ch  in t e r f e r e n c e  m ig h t  be r e s p o n s ib le  f o r  the  

r e v e r s e d  in te g r a t io n  tren d  o b s e r v e d  b e tw e e n  150r200  m s e c  in  th is  

study. A ls o ,  the e n e r g y  tow ard  the end of a lon g  d u r a t io n  s t im u lu s
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w ould  not be in te g r a te d  and r e f l e c t e d  by  the p e a k s ,  but would

a p p ear  la t e r .  T h is  b r in g s  up a n oth er  p o s s i b l e  s o u r c e  of e r r o r  in h e r ­

ent in  the e x p e r im e n ta l  d e s i g n - - t h e  e r r o r  of. m easu rem ep .t . .

B. M e a s u r e m e n t

In m e a s u r in g  the a m p li tu d e s  of the N j - P 2  p e a k s  and p lo tt ing  

th em  a s  a fu n ct io n  of d u ra tion  a s  a m e a n s  of d e te r m in in g  the p r e s e n c e  

of in te g r a t io n ,  one m ig h t  f a l s e l y  a s s u m e  that th is  p eak  to peak  m e a ­

s u r e m e n t  i s  a r e f l e c t io n  of the to ta l am ou nt of the in te g r a te d  e n e r g y .  

H o w e v e r ,  it  should  b e  c l e a r  that t h e s e  p e a k s  do not r e f l e c t  the to ta l  

e n e r g y  in te g r a te d  if  t h e s e  p e a k s  o c c u r  b e tw e e n  1 5 0 -2 0 0  m s e c  w hen  

the s t im u lu s  d u ra t io n  i s  200 m s e c ,  If th e r e  i s  a la te n t  p e r io d  (to the  

o r d e r  of 1 0 0 -1 5 0  m s e c )  ow ing to t r a n s m i s s i o n  d e la y ,  th en  e n e r g y  

im p in g in g  on the e a r  a t  200 m s e c  a f ter  o n s e t  of s t im u la t io n  w ould  

a p p ea r  in  the ev o k ed  r e s p o n s e  a r o u n d .3 0 0 -3 5 0 .  m s e c .  . P e r h a p s ,  then,  

i t  w ould  b e  w i s e r  to in te g r a te  a l l  of the a r e a .u n d e r  the e v o k ed  r e s p o n s e  

cu r v e  ra th e r  than m e a s u r e  p eak  to p eak  d i f f e r e n c e s  in  s tud y ing  in t e ­

g ra t io n .  H o w ev er ,  w ithout a b a s e l in e ,  th is  m eth o d  of m e a s u r e m e n t  

i s  a d if f ic u l t  ta sk .

C. S u b je c ts

The v a r ia b le s  in  the p r e c e d in g  s e c t io n  m a y  a c c o u n t  for  why  

in te g r a t io n  w a s  not seen ;  h o w e v e r ,  th e y  do not a cc o u n t  fo r  the la r g e
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v a r ia b i l i t y  o f  the a m p litu d e  ch a n g e s  o b s e r v e d .  It i s  p r o b a b le  that su b ­

j e c t s  a c c o u n t  fo r  m o s t  of th is  a m p litu d e  v a r ia t io n ,  fu r th e r  o b s c u r in g  

the p o s s i b l e  p r e s e n c e  of e l e c t r o - p h y s i o lo g i c  e v id e n c e  fo r  in te g r a t io n .  

F o r  e x a m p le ,  s in c e  the s u b je c ts  w e r e  t e s t e d  in  2 or  3 t e s t  s e s s i o n s ,  

ea c h  o c c u r r in g  on s e p a r a te  d a y s ,  i t  i s  u n l ik e ly  that the e x p e r im e n ta l  

co n d it io n s  w e r e  the s a m e  f r o m  s e s s i o n  to s e s s i o n .  T h e r e  w e r e  p r o ­

b a b le  v a r ia t io n s  in  e l e c t r o d e  p la c e m e n t ,  e l e c t r o d e  c o n ta c t  and p h y s i c a l  

s ta te  o f the  s u b je c t s .  E v e n  w ith in  a g iv e n  t e s t . s e s s i o n  the  s u b je c t 's  

p h y s ic a l  s ta te .p r o b a b ly  ch an ged  d e s p i te  th e  u s e  of r e s t  p e r io d s .

A lth ou gh  the s u b je c ts  w e r e  in s tr u c te d  to a tten d  v ig i la n t ly  to 

the s t im u lu s ,  su ch  v ig i la n c e  p ro b a b ly  w a s  not m a in ta in e d  b e c a u s e  

s o m e  co n d it io n s  r a n  a s  lo n g  a s  17 m in u t e s .  In g e n e r a l ,  i t  i s  a p p a ren t  

that m a n y  of the s u b je c t  v a r ia b le s  s u c h  a s  a tten tion , fa t ig u e ,  and  

h ab itu a tion  a r e  o ften  b eyond  the  d ir e c t  c o n tr o l  of the e x p e r im e n t e r  - - 

v a r ia b le s  w h ich  tend  to a f fe c t  the a m p litu d e  and. w a v e fo r m  of the  

evok ed  r e s p o n s e  s ig n i f ic a n t ly  (D a v is  and Z e r l in ,  1966, p. 112;

M e C andle s s  and B e s t ,  1966, p. 271).

C o n c lu s io n

The m e th o d  of c o m p u t e r  a v e r a g in g  of ev o k ed  r e s p o n s e s  to  

a c o u s t ic  s t im u la t io n  a p p e a r s  to have  m u c h  m e r i t  a s  a to o l  fo r  d e t e c t ­

ing the p r e s e n c e  of a c o u s t ic  s t im u la t io n .  . H o w ev er ,  i t s  u s e  as  an
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e x p e r im e n ta l  to o l  fo r  f in e  m e a s u r e m e n t s  a p p e a r s  to b e  l im it e d .  The  

l im i ta t io n s  a r i s e  p r in c ip a l ly  f r o m  the. g r e a t  v a r ia b i l i ty ,  o f  the hum an  

p h y s io lo g ic  p r o c e s s e s  and o th er  p a r a m e t e r s  w h ich  a r e  too c o m p le x  fo r  

p r e s e n t  s y s t e m a t i c  study.

The r e s u l t s  of th is  p r e s e n t  study do not sh o w  that t e m p o r a l  

in te g r a t io n  of a c o u s t ic  e n e r g y  ca n  b e  C lear ly  o b s e r v e d  e l e c t r o - p h y s i o l ­

o g ic a l ly .  P e r h a p s  w ith  m o r e  s tr in g e n t  co n tr o l ,  both  in  in s tr u m e n ta t io n  

and in  s u b je c t s ,  and u s in g  s t im u l i  a t  lo w e r  s e n s a t io n  l e v e l s ,  m o r e  c o n ­

c l u s iv e  e v id e n c e  m ig h t  b e  a tta in ed .  It i s  a l s o  p o s s i b l e  that te m p o r a l  

in te g r a t io n  m ig h t  not be e v id e n t  e l e c t r o - p h y s i o l o g i c a l l y  e v e n  if  v a r i ­

a b i l i t y  w e r e  g r e a t ly  m in im iz e d .  M o r e  r e s e a r c h  i s  r e q u ir e d  to d e t e r ­

m in e  an o th er  in te g r a t io n  i s  a m e n a b le  t o . e l e c t r o - p h y s i o l o g i c  study.

It i s  hoped that th is  stud y  has! co n tr ib u ted  u s e f u l  in fo r m a t io n  

on the r o le  o f  s t im u lu s  d u ra t io n  and the ev o k ed  c o r t i c a l  r e s p o n s e  to  

a c o u s t ic  s t im u la t io n .  P o s s i b l y ,  and h o p efu lly ,  t h i s . s t u d y  has s t im u ­

la te d  and p r o v id e d  s o m e  in s ig h t  fo r  fu tu re  r e s e a r c h  in  th is  a rea ;  c e r ­

ta in ly ,  fu r th e r  r e s e a r c h  i s  n eed ed . Then,m any, of the  c o m p e l l in g  

q u e s t io n s  c o n c e r n in g :t e m p o r a l  in te g r a t io n  and the e v o k ed  c o r t i c a l  

r e s p o n s e  m a y  b e  r e s o lv e d .



A P P E N D IX  A

THE RANDOM ORDER O F P R E S E N T A T IO N  O F THE  
CONDITIONS FOR E A C H  S U B JE C T

S u b je c ts :  1 2

4 8

6 11

14 . 4

9 15

1 14 ,

7 5

15 10

16 7

. . 13 18

12  ' 6

2 1

10 17 '

3 A

5 3

S Z

11 13

17 12

18 16

3 4 5 _6

6 ..5 6 6

7 17 17 8

11 .12 ' 13 4

2 " 7 ; 7 9

10 13 15 15

15 18 2 2

4 :3 9 13

3 15 1 18

1 6 3 ' 7

12 1 5 10

13 •14 10 1

18 10 , 14 11

14 16

00 16

5 9 16 12

9 ; ... 11 1 2  ; 17

' 8 4 3 ' 5

1—‘
• 

m ' 12 : 4 14

17 ' ■ 8 i i 3



A P P E N D IX  B 

D A T A  S H E E T S

S u b ject  No. 1 Se&: F  N am e: M a r g e r y  Y eung

S u b je c t iv e  T h r e s h o ld  of 1000 Hz: T e s t  D a te s ;  1) 4 / 4 / 6 6

R ight E ar:  21 S P L  2) 4 / 5 / 6 6  3) 6 / 1 6 / 6 6

E le c tr o d e  P la c e m e n t :

1) D is ta n c e  a lon g  m id lin g :  23. 5 cm  .

2) D is ta n c e  f r o m  m id l in e :  5 c m

C ondition  Latency. N j Latency, Pp A m p litu d e  m m

1 80 m s e c  180 m s e c  3 m m

2 100 " 190 12 "

3 100 " 190 " 10 "

4 100 " 200 " 6 "

5 110 ." 185 " 1 1 .5  '

6 105 " 200 " 18 "

7 100 " 190 " 8 "

8 100 • " 200  " , 13 "

9 110 ' " 200 9 ' "

10 100 " 160 7 "

11 100 " v. 185 " 10 "

12 120 210 " . 15 "

13 100 " 19 0 • 8 "

14 130 " 200 " 13 "

15 100 " 190 ■■ 19

16 100 ." y 180 " ^ 8 "

17 110 "
■ ■ V 175 " 10 "

18 105 " 190 " 12 "

36
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A P P E N D IX  B -~  Continued.

S u bject  N o. 2 Sex; M .. N am e: R o m  Loh

S u b je c t iv e  T h r e sh o ld  of 1000 H z 2 . T e s t .D a t e s ;  1) 4 / 1 8 / 6 6

R igh t E ar: 18 2) 5 / 1 6 / 6 6  3) 5 / 1 7 / 6 6

E le c tr o d e  P la c e m e n t ;

1) D is ta n c e  a lon g  m id l in e :  24 cm

2) D is ta n c e  f r o m  in id l in e :  . 5 cm

C ondition  Latency. Ni L a te n c y  P g  A m p litu d e  m m

1 120 m s e c 200 m s e c 4 m m

2:' 130 ; v : - . v v ; 210 ; " ' V  ̂ 0. 5 "

3 130 11 220 11 14 "

4 140 11 210 ii 9 "

5 110 1 ! 250 ii 12 "

6 120 1. 210 ii . . 1 7

7 100 II 180 n 12 "

8 140 . " • : 220 ii 14 "

9 130 n 230 ii 19 "

10 130 , 11 . . 205 n 10 "

11 120 ii 200 11 15 "

12 130 11 230 11. 16 "

13 100 11 170 ii 11 "

14 130 it 210 ii 13 "

15 125 11 220 11 • 1 7  "

16 130 ii 2 10 .-.vN, 6. 5 "

17 120 : • n ■ ; . 240 13 "

18 120 ii 240 15 "



38

A P P E N D IX  B - -C o n t in u e d .

S u b jec t  No, 3 Se&: M 

S u b je c t iv e  T h r e s h o ld  of 1 0 0 0 .Hz:

N a m e : S te v e  F r ie d m a n  

T e s t  D ate  s : 1) 6/97  6 6

R ight E ar: 21 S P L  

E le c tr o d e  P la c e m e n t :

1) D is ta n c e  a lon g  m id l in e :  23. 5 c m

2) D is ta n c e  f r o m  m id l in e :  . 5 c m

C ondition  L a ten cy  N j

2)

L atency, P g

6 / 1 2 / 6 6  3)

A m p litu d e

1 80 m s e c 180 m s e c 3 m m

2 100 n 190 i i 12 11

3 100 I f 190 . i i 10 11

4 100 11 200 i i : 6 i i

5 110 It . 1 8 5 i i 11. 5 n

6 105 " , . . . .  . . 2p0 II , "

7 100 it . 'i,; : . 8

8 100 1 1 ■ . 200 It • 13

9 110 . 11 200 II 9 i i

10 100 ii 160 11 7 11

11 100 . it 185 11
: 10

ii ’

: 12 120 11 210 II 15 ii

13 100 11 190 11 8 n

14 130 it 200 11 13 11

15 100 190 ■II. - -7- 19 1, i i  .

16 100 if 180 II 8 11

17 110 n 175 1.1 ; :  -
• 11

18 105 i, 190 II 12 it
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A P P E N D IX  B --C o n t in u e d .

S u b jec t  No. 4 Sex: M 

S u b je c t iv e  T h r e s h o ld  of 1000 Hz: 

R igh t E ar: 15 

E le c tr o d e  P la c e m e n t :

1) D is ta n c e  a lon g  m id l in e :  . 24 c m

2) D is ta n c e  f r o m  m id l in e :  . 5 c m

C ondition

1 

2

3

4

5

6

7

8 

9

10 

11 

12

13

14

15

16

17

18

N am e: F r a n k  G ee  

T e s t  D a te s :  1) 6 / 2 0 / 6 6  

2) 6 / 2 2 / 6 6  3) 6 / 2 3 / 6 6

L a te n c y  P 2

200 m s e c  

215 "

220 . "

150 "

205 "

200 "

; 220  "

.160 " 

170 ■. " 

2:00 "  -

180 . " 

2 2 0  - ' -  /  

2 0 0  ''

. 1 9 0  "

" 175 "

, 165: "

210  . 

220  "

L a te n c y  N j

100 m s e c  

100  "  

105 "

90 "

100 . " 

120 " 

75 "

100  "  

100  "  

85 "

100 " 

100 " 

100; " 

90 "

95 . " 

90 "

95 "

100 "

A m p litu d e  m m  

4 m m  

11  "

9 "

5 "

11 "

7 "

- -5

10 "

8 "

3 "

7 11 

12 "

8

8 "

. n .  V

6 "
10 "

9  it
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A P P E N D IX  B - - C ontinued.

S u b ject  N o. 5 Sex: M N am e: Lenny, D on

S u b je c t iv e  T h r e sh o ld  of 1000 Hz: T e s t  D a te s :  1) 6 / 2 9 / 6 6

R ight E ar:  30 2) 6 / 3 0 / 6 6  3)

E le c tr o d e  P la c e m e n t :

1) D is ta n c e  a lon g  m id l in e :  25 c m

2) D is ta n c e  f r o m  m id l in e :  . 5  cm

C ondition  Latency. N j L a te n c y  P g  A m p litu d e  m m

1 .80 m s e c 155 m s e c 6 m m

2 120 " 180 " 7 "

3 100 " 185 " g ii

4 95 " 185 " 6 "

5 95 " 180 " 7 "

6 100 " 180 " 11 "

7 90 " 150 " 6 "

8 100 " 170 " 13. 5 "

9 95 " 175 " 11 "

10 85 " 140 " 7 . 5" "

11 95 " 180 " 11. 5 "

12 95 " 175 " . 1 1 . 5 "

13 85 " 140 " 6 "

14 100 " 180 " 15 11

15 100 " 170 ' " 9 " ;

16 80 " 140 " 6 "

17 90 " 170 " \  v 12 "

18 100 " 175 " 16 "
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A P P E N D IX  B - -C o n t in u e d .

S u b jec t  No. 6 Sex; M ' N am e: M ik e  T om

S u b je c t iv e  T h r e s h o ld  o f  1000 Hz: T e s t  Da.tes: .1 )  6 / 2 2 / 6 6

R igh t E ar: 10 2) 6 / 2 3 / 6 6  3) 6 / 2 5 / 6 6

E le c tr o d e  P la c e m e n t :

1) D is ta n c e  a long  m id l in e :  24 c m

2) D is ta n c e  f r o m  m id l in e :  . 5  cm

C ond ition L a te n c y  Ni| L a te n c y  P 2 • A m p litu d e

1 70 m s e c 2 0 0 m s e c 4 m m

2 1 1 0  " 175 M 8  "

3 75 240 I I 6  "

4 70 " ' 175 I I 6

5 90 " 1,75 H 8  "

6 1 1 0  " 1 6 0 I I . 1 0  "

7 70 " : 11 - 1 v; - ' v  ::;';' ' 7  ;

8 90 160 I I 1 2  "

. 9; 95 " 165 . 1 1 9  "

1 0 80 " 165 I I 8  "

1 1 . 80 " ■ . 1 6 5 ■ I I  . : 1 1  "

1 2 125 " 2 0 0 11 \ . 9 "

13 70 " 185 I I 7

14 80 " , 17° I I 9 "

15 1 0 0 160 11 1 0  "

16 1 2 0 . " '  2 0 0 : . I I  . -• - : ■ 6  . "

17 115 " 175 „ 6  "

18 95 " 175 " • ' 1 2 . 5  "



A P P E N D IX  C

AM P L IT U D E  VS. D UR A TION FU N C TIO N S  
FO R  EA C H  S U B JE C T

42
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