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VARIABILIR OF PEAK LATENCY AND AMPLITUDE OF 

THE ACOUSTICALLY EVOKED POTENTIAL

CHAPTER I  

INTRODUCTION

In  re c e n t y ea r# , numeroue t e s t s  hsve been designed  in  sn  e f f o r t  to  

determ ine s p e c i f ic  s i t e s  o f  le s io n  w ith in  th e  a u d ito ry  pathway (5 , 7, 34, 

3 5 ). In  c l i n i c a l  a p p l ic a t io n ,  th e se  p rocedures have proven to  be o f  p r i ­

mary v a lu e  In  d i f f e r e n t i a t in g  between p e r ip h e ra l  Involvem ents and le s io n s  

to  th e  a c o u s tic  nerve (5 , 34, 3 5 ). In  g e n e ra l , a ttem p ts  to  Id e n t i fy  

s i t e s  o f  le s io n  c e n t r a l  to  th e  e ig h th  nerve have been e i t h e r  u n su c c e ss fu l 

o r  In co n c lu siv e  (5 , 7, 8 ) .

T r a d i t io n a l ly ,  one o f  th e  more prom ising  methods o f  a s s e s s in g  

h ig h e r nervous system  fu n c tio n  has been e lec tro en cep h a lo g rap h y  (EE6). By 

t h i s  means. I t  I s  p o s s ib le  to  o b ta in  an Index o f  e le c tro e n c e p h a llc  fu n c ­

t io n  which I s  u s e fu l  In  n e u ro lo g ic a l d ia g n o s is . The In fo rm a tio n  from 

such EEC tra c in g s  I s  u s u a lly  d e riv e d  from an  a n a ly s is  o f  th e  rhythm ic d i s ­

p lay  o f on-going  EEC a c t i v i t y .  R e la tiv e ly  la rg e  d e v ia t io n s  from norm ative 

d a ta  a re  e v id en t to  th e  t r a in e d  c l in ic i a n  who can  deduce from them g ro ss  

lo c i  o f  dasuige.

In  s p i t e  o f  t h e i r  obvious d ia g n o s tic  v a lu e , n e i th e r  EE6 r e s u l t s  nor 

In fo rm atio n  o b ta in ed  from o th e r  e x tr a s u r g lc a l  d ia g n o s t ic  p ro ced u res  have
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have been e x c e p tio n a lly  s u c c e s s fu l  in  s p e c ify in g  lo c i  o f  CHS a b n o n s a li t ie s  

o f  th e  h ig h e r  a c o u s tic  pathw ays. In  cases where th e  EEG procedu re  has 

been u s e fu l  in  sp e c ify in g  s i t e  o f  le s io n , th e  damage was found su b se ­

q u en tly  to  be lim ite d  to  th e  c e re b ra l  c o r te x  (2 , 4 , 16, 6 3 ). O bviously , 

a p re c is e  e x tr a s u r g lc a l  s p e c i f ic a t io n  o f s i t e  o f  le s io n  would f a c i l i t a t e  

m edical and s u rg ic a l  in te rv e n t io n  a t  th e  e a r l i e s t  tim e.

A prom ising  v a r ia n t  o f  th e  EEG p rocedure  i s  th e  a n a ly s is  o f  e le c ­

t r i c a l  p o te n t ia l s  evoked from th e  in ta c t  s c a lp  by sen so ry  s t in n i l i .  S ince 

i t  i s  known th a t  p o te n t ia ls  a r e ,  in  f a c t ,  evoked by sen so ry  s t in n i l i  and 

can be recorded  from a p o s i t io n  o v e r- ly in g  th e  c e re b ra l  c o r te x , i t  i s  re a ­

so n ab le  to  h y p o th esize  th a t  they  may re p re se n t th e  n e u ra l f i r i n g s  o f  v a r­

ious CNS pathways and le v e ls .  I t  i s  p o s s ib le  th a t  th e  la te n c y  and am pli­

tude  o f  each component o f  an  evoked p o te n t ia l  may be in d ic a t iv e  o f  a  d i f ­

f e r e n t  p o in t o f  o r ig in  and e l e c t r i c a l  c o n tr ib u tio n s  w ith in  th e  CNS. This 

concept d e riv e s  im portance from th e  p o s s ib i l i t y  th a t ,  once th e  p a t te r n  o f 

th e  normal evoked p o te n t ia l  i s  e s ta b l is h e d , d e v ia t io n s  in  th e  la te n c ie s  

and am plitudes o f  s p e c i f ic  components o f th e  response  evoked from an  in ­

d iv id u a l  may p ro v id e  an in d ic a n t  o f th e  lo c a t io n  o f s i t e s  o f  le s io n  w ith in  

th e  CMS.

I f  such in fo rm atio n  i s  to  be o f  d ia g n o s t ic  im portance , th e  la ten cy  

and am plitude  c h a r a c te r i s t i c s  o f  th e  evoked p o te n t ia l s  in  s u b je c ts  w ithou t 

a u d ito ry  a b n o rm a litie s  must f i r s t  be determ ined in  o rd e r  to  p ro v id e  the  

norms a g a in s t  which d e v ia t io n s  can be compared. The p re se n t s tu d y  was de­

signed  to  h e lp  determ ine such norms by sp e c ify in g  th e  am plitude  and la ten cy  

c h a r a c te r i s t i c s  o f  th e  a c o u s t ic a l ly  evoked resp o n se  from th e  i n t a c t  sca lp  

in  man. S p e c i f ic a l ly ,  t h i s  s tu d y  was designed  to  in v e s t ig a te  and d e sc r ib e  

th e  peak la te n c ie s  and am plitudes o f  the  response  evoked by a c o u s tic



3
c l ic k s  as  a  fu n c tio n  o f  tim e and number o f s t im u l i  a t  two s t i is u lu s  in te n ­

s i t i e s .  A d is c u s s io n  o f  p e r t in e n t  s tu d ie s  o f  evoked p o te n t ia l s  and th e  

p ro ced u ra l v a r ia b le s  th a t  a f f e c t  them a re  p re sen te d  in  th e  fo llo w in g  

c h a p te r .
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c l ic k s  s s  s  f w K tiM  s f  t l a s  s a i  ssm ksr o f  s t im u l i  s t  two s tim u lu s  in te n -  

s l t l s s .  A A tssm ss iss  o f  p srtlm sm t s tu d ie s  o f  svoksd p o te n t i a l s  end th e  

p ro c s d s rs l  « s r t s è l s s  t k s t  e f f e c t  them e re  p re se n te d  In  th e  fo llo w in g  

c h e p ts r .



CHAPTER I I  

REVIEW OF THE LITERATURE

The u n a v e l l a b l l i ty  o f  some o f th e  o r ig i n a l  a r t i c l e s  co n ce rn in g  

th e  d isc o v e ry  and e a r ly  in v e s t ig a t io n  o f th e  e l e c t r i c a l  a c t i v i t y  o f  th e  

b ra in  made th e  ta s k  o f rev iew in g  th e  l i t e r a t u r e  a  r a th e r  d i f f i c u l t  one.

In  an  a tte m p t to  keep th e  in fo rm a tio n  c o n s i s te n t  w ith  g e n e ra l ly  accep ted  

h i s t o r i c a l  f a c t s , th e  a u th o r  has r e l i e d  h e a v ily  on th e  works o f  B ra z ie r  

(1 1 ) . Where o r ig i n a l  works co u ld  be o b ta in e d , th e y  were u sed .

The fo llo w in g  rev iew  o f  th e  l i t e r a t u r e  c o n s is ts  o f  th e  e a r ly  h i s ­

to ry  as  a  g e n e ra l  in t r o d u c t io n ,  th en  o f  more s p e c i f i c  a re a s  d e a lin g  w ith  

evoked a u d i to ry  resp o n ses  in  humans. In fo rm a tio n  from r e l a t e d  a re a s  i s  

d is c u s se d  when c o n sid e red  p e r t in e n t  to  th e  p re s e n t  s tu d y .

H is to ry  o f  E lec tro en cep h a lo g rap h y

The f a c t  t h a t  n e rv es  c o n ta in  i n t r i n s i c  form s o f  e l e c t r i c i t y  was

f i r s t  n o ted  and p u b lish e d  by G alvan i in  1791. I t  was l e f t  to  Du Bois

Raymond, i n  1848, to  d em o n stra te  th a t  p e r ip h e r a l  n erve  a c t i v i t y  was

a s s o c ia te d  w ith  an  e l e c t r i c a l  change. C oncerning th i s  m ost im p o rtan t dis*

co v ery . B ra z ie r  has quoted Du Bois Raymond:

I f  I  do n o t g r e a t ly  d e c e iv e  m y se lf , I  have succeeded in  r e a l i z in g  
in  a c t u a l i t y  ( a l b e i t  u n d e r a  s l i g h t  d i f f e r e n t  a sp e c t)  th e  hundred 
y e a r s ' dream  o f  p h y s ic i s t s  and p h y s io lo g is t s ,  to  w i t ,  th e  i d e n t i ­
f i c a t i o n  o f  th e  nervous p r in c ip le  w ith  e l e c t r i c i t y .

R ich ard  C aton , in  1875, re p o r te d  "on th e  e l e c t r i c a l  r e l a t i o n s  o f

4
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mumcle and n e rv e " ; h ie  IneC ruaenC etion  coneieced  o f  e T h o u o n  r e f l e c t i n g  

g e lv e n o a e te r , Du Boie Raymond'e e le c tro d e e ,  end o p t i c a l  m a g n if ic a tio n . 

L a te r  t h a t  aama y e a r ,  Caton re p o r te d  a  a tudy  o f  th e  p o a a ib le  e l e c t r i c a l  

a c t i v i t y  o f  th e  b ra in ;  a c c o rd in g  to  B ra z ie r , "Thia waa th e  d ia co v e ry  o f 

th e  e le c tro e n c ep h a lo g ra m ."  Even aa l a t e  as  th e  1 8 9 0 's , c o n s id e ra b le  con­

tro v e rs y  e x is te d  o v e r c e r t a in  a s p e c ts  o f  th e se  e a r ly  e le c t ro p h y s io lo g ic a l  

s tu d ie s .  Hermann, f o r  exam ple, in d ic a te d  th a t  th e re  "was no such  th in g  

a s  a  r e s t in g  p o te n t i a l " .

Beck found th a t  a f f e r e n t  s t im u la t io n ,  such  a s  l i g h t  (u s in g  a  mag­

nesium  f l a r e )  o r  in  s t im u la t io n  to  th e  h ind  le g  o f  an  an im a l, r e s u l te d  in  

a  d e sy n c h ro n iz a tio n  o f  c o r t i c a l  e l e c t r i c a l  a c t i v i t y .  B ra z ie r  has quoted 

Beck a s  fo llo w s :

In  a d d i t io n  to  th e  in c re a s e  o r  d e c rea se  in  th e  o r ig in a l  d e v ia t io n  
d u rin g  s t im u la t io n  o f  th e  eye w ith  l i g h t ,  rhy thm ic o s c i l l a t i o n s  
th a t  have been p re v io u s ly  d e sc r ib e d  d isa p p e a re d . However, t h i s  
phehomenon was n o t th e  consequence o f l i g h t  s t im u la t io n  s p e c i f i c ­
a l l y  f o r  i t  appeared  w ith  ev ery  k ind  o f  s t im u la t io n  u f o th e r  a f ­
f e r e n t  n e rv e s .

Beck a l s o  f e l t  t h a t  he cou ld  determ ine  a re a s  o f  c o r t i c a l  l o c a l i z a ­

t i o n  by o b se rv in g  th e  p o in t  o f  maxisnim n e g a t iv i ty  o f  th e  e l e c t r i c a l  a c t ­

i v i t y  when a  p e r ip h e ra l  a re a  was s t i s n i la te d .  C onsequen tly , he  reasoned  

t h a t  he  sh o u ld  be a b le  to  produce th e  same s h i f t  by th e  u se  o f  c o r t i c a l  

s t im u la t io n  and perform ed s e v e r a l  experim ents w ith  th e  b ra in s  o f  r a b b i t s  

and dogs. In  t h i s  work w ith  a n im a ls . Beck had f a r  le s s  su ccess  w ith  th e  

a u d ito ry  a re a  th a n  w ith  th e  v i s u a l  a re a .  He reaso n ed  th a t  t h i s  was due 

to  d i f f i c u l t y  in  p la c in g  e le c tro d e s  on th e  in n e r  s u r fa c e  o f  th e  tem poral 

lo b e .

Some c o n fu s io n  e x i s t s ,  how ever, as  to  who was re s p o n s ib le  f o r  th e  

i n i t i a l  re s e a rc h  in  th e  a re a  o f  evoked p o te n t i a l s .  F le is c h l  i s  re p o r te d
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t o  havo w r i t t e n  t h a t  h la  work a n te d a te d  B eck 'a  d ia c o v e r le a  and th a t  th e  

in fo rm a tio n  had been  d e p o s ite d  In  a  v a u l t  a t  th e  Im p e ria l Academy o f 

S c ien ces  In  V ienna some seven  y e a rs  p r io r  to  B eck 's  r e p o r t .

By a m p lify in g  th e  e l e c t r i c a l  Im pu lses, Wedensky was a b le  to  l i s t e n  

to  th e  n e rv e  c u r r e n ts  which a c t iv a te d  a  te le p h o n e  r e c e iv e r .  He in d ic a te d  

th a t  th e  a u d i to ry  s ig n a l  was ex trem ely  f a i n t .

L a rln o v , who i s  re p o r te d  to  have made some o f th e  f i r s t  o b se rv a ­

t io n s  w ith  re g a rd  to  th e  l o c a l i z a t io n  o f to n a l  s t im u l i  in  th e  a u d ito ry  

c o r te x ,  concluded  c h a t th e  c e n te r  f o r  a u d i t io n  e x i s t s  in  th e  tem poral 

lo b e .

A ccording  to  B ra z ie r , Kaufman, around 1910, " . . .  was th e  f i r s t  

to  ex p ress  th e  co n cep t th a t  an  e p i l e p t i c  a t t a c k  would be accom panied by 

abnorm al d is c h a rg e s  and to  t e s t  t h i s  p o s tu la te  by exam ining th e  p o te n t­

i a l s  o f  th e  b r a in  d u rin g  e x p e r im e n ta lly  produced e p ile p s y " .

N em ln sl^ 's  in v e s t ig a t io n ,  p u b lish e d  in  1912, was th e  f i r s t  work 

. re p o r te d  to  c o n ta in  p ic tu r e s  o f  an  e lec tro en cep h a lo g ram . Tuo y e a rs  l a t e r ,  

C ybu lsk i a l s o  p re s e n te d  EEG t r a c in g s .

B erger found th e  c o u n te rp a r t  o f  M eminsky's a lp h a  and b e ta  waves

and su g g es ted  a  change from th e  name o f e lec tro c e re b ro g ra m  to  " E le k tre n -

kephalogramm ". In  r e f e r r in g  to  th e  work o f  B erg er, B ra z ie r  s t a t e d :

In  1924, in  th e  s e c lu s io n  o f  h i s  la b o ra to ry ,  he re tu rn e d  to  s e a rc h  
f o r  an  e l e c t r i c a l  s ig n  o f  se n so ry  s t im u la t io n ,  and t h i s  tim e he 
looked f o r  i t  i n  man. A f te r  many te c h n ic a l  d i f f i c u l t i e s ,  he su c ­
ceeded Che fo llo w in g  y e a r  in  re c o rd in g , w ith  a  Siemens d o u b le -c o il  
g a lv an o m ete r, th e  e lec tro en cep h a lo g ram  o f  man, and in  rep ro d u c in g  
in  suin th e  d e c re a se  in  a c t i v i t y  o f  sen so ry  s t im u la t io n  th a t  Beck 
and Nemlnsky had d e sc rib e d  i n  an im a ls .

A d rian  and Matthews (2) d em onstra ted  c o n c lu s iv e ly  t h a t  e l e c t r i c a l  

changes reco rd ed  from  th e  s c a lp  have t h e i r  o r ig in  in  th e  b ra in ,  and th u s , 

a r e  s im i la r  to  re sp o n se s  o b ta in e d  from  th e  c o r te x  i t s e l f .  They In d ic a te d
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t h a t  th a a a  f in d in g s  s u b s ta n t i a t e  th e  work o f  B erger in  1929.

L in d sley  (3 8 , 39) found th a t  a  p o te n t i a l  re co rd ed  froai th e  s c a lp  

i s  ap p ro x im a te ly  te n  tim es s m a l le r  th an  one reco rd ed  from  th e  c o r te x  and 

a s s o c ia te d  t h i s  re d u c tio n  w ith  th e  d is ta n c e  from th e  c o r te x  to  th e  s c a lp  

and th e  amount o f  t i s s u e  th ro u g h  w hich th e  p o t e n t i a l  must be conducted . 

L in d s le y  a ls o  in d ic a te d  t h a t ,  a s  th e  d is ta n c e  in c r e a s e s ,  th e  am p litu d e  o f 

th e  re sp o n ses  d e c re a s e s . Domino (3 0 ) , in  1964, s t a t e d  th a t  " th e  v o lta g e  

a t t e n u a t io n  i s  ap p ro x io m te ly  tw en ty , depending  on c o n d it io n s " . Cobb and 

S ea rs  (18) r e p o r te d  t h a t  th e y  reco rd ed  p o te n t i a l s  from  th e  c o r te x  a t  a 

d is ta n c e  o f  f iv e  to  s i x  c e n tim e te rs  from th e  s c a lp .

R eports  o f  new te ch n iq u es  designed  to  complement v is u a l  a n a ly s is  

o f  EEG d a ta  r e p re s e n t  a  s iz a b le  p o r t io n  o f  th e  l i t e r a t u r e  from th e  l a t e  

1930*8 to  th e  m id -1 9 5 0 's . K no tt (37) in d ic a te d  th a t  some o f  th e  te c h ­

n iq u es  d esig n ed  to  complement v i s u a l  a n a ly s is  m ere ly  le d  to  f u r th e r  v i s ­

u a l  a n a ly s is  and t h a t ,  a s  m easuring  to o l s ,  th ey  w ere c o n s id e ra b ly  l im ite d .  

A rev iew  o f  th e s e  v a r io u s  m ethods w i l l  n o t be covered  in  t h i s  p ap e r b u t 

may be found in  a n o th e r  r e fe re n c e  (6 3 ) .

In  1936, W alte r (5 7 , 58) found th a t  EEG t r a c in g s  o f  p a t ie n t s  w ith  

i n t r a c r a n i a l  tum ors had a  h ig h -v o l ta g e  wave w hich was s lo w er th a n  th a t  

found in  no rm als , s u b s ta n t i a t in g  th e  work re p o r te d  by B erger a s  t r a n s la t e d  

by Cobb (1 6 ) . I t  was W a lte r 's  c o n te n tio n  th a t  th e  h ig h -v o l ta g e , slow-wave 

components o f  th e  EEG t r a c in g  came from th e  a re a  d i r e c t l y  ov er th e  tum or, 

th u s  making p o s s ib le  a  new te c h n iq u e  f o r  tumor lo c a t io n .  Cobb (16) a ls o  

re p o r te d  t h a t  F o e r s te r  and A lte n b u rg e r  dem onstra ted  t h a t  n e o p la s t ic  t i s s u e  

co u ld  n o t o f  i t s e l f  g iv e  r i s e  to  th e  e l e c t r i c a l  a c t i v i t y .  F o e r s te r  and 

A lte n b u rg e r , a s  w e ll  a s  W a lte r , concluded th a t  th e  e l e c t r i c a l  a c t i v i t y  

m u st, th e r e f o r e ,  come from th e  a re a  d i r e c t l y  su rro u n d in g  th e  tum or.
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S e v e ra l KEG tech n iq u e*  have been developed  to  a id  in  th e  lo c a t io n  

o f  CNS le a io n a . Perhapa th e  e a r l i e a t  o f  th e ae  vaa t h a t  developed  by 

A d rian  and M atth ew  (2 ) and l a t e r  uaed by W alter (57) in  which th e  a c a lp  

i a  aea rch ed  e le c tro e n c e p h a lo g ra p h ic a l ly  f o r  an  a re a  in  which th e  phaae o f 

th e  wavea ia  re v e ra e d . G ibba, G ibba, and Lennon (33 ) f e l t  t h a t  th e  am p li­

tu d e  o f  th e  EEG t r a c in g  waa an  im p o rtan t f a c to r .  I t  waa in d ic a te d  by th e  

e a r ly  in v e a t ig a to r a  c h a t th e  p o te n t ia l*  from numeroua p o a itlo n a  on th e  

a c a lp  ahould  be reco rd ed  in  o rd e r  to  lo c a te  a  le a io n .  G ibba, G ibba, and 

Lennon (33) In d ic a te d  th a t  aa la rg e  an a re a  o f  th e  s c a lp  aa p o s s ib le  

ahou ld  be e n c ir c le d  by th e  e le c t r o d e s .  Cobb (1 8 ) , how ever, in d ic a te d  

t h a t ,  by u s in g  tw e lv e  e le c t r o d e s .  In s te a d  o f  th e  s ix te e n  recommended by 

G ibbs, G ibbs, and Lennon (3 3 ) , th e  head cou ld  be covered  w ith  m u lt ip le  

t r i a n g u la r  arrangem en ts  which would g iv e  a  b e t t e r  p ic tu r e  o f  th e  e l e c t r i ­

c a l  a c t i v i t y .

G ibbs, G ibbs, and Lennon (33) found t h a t ,  o c c a s io n a l ly ,  in s te a d  o f 

a  w id e -sp read  change in  th e  e l e c t r i c a l  a c t i v i t y ,  o n ly  one e le c t ro d e  w i l l  

d em o n stra te  th e  phase  r e v e r s a l  o f  e l e c t r i c a l  change. T h e re fo re , th ey  

have su g g es ted  t h a t  th e  re c o rd in g  be d u p lic a te d  w ith  a n o th e r  e le c t ro d e  

n e a r  th e  p o in t  o f  th e  phaae r e v e r s a l  and th a t  a  second  re c o rd in g  be com­

p le te d  on a  sub seq u en t day to  h e lp  reduce  th e  p o s s i b i l i t y  o f  an  in n a c c u r-  

a t e  re a d in g .

Bagchi and B a s s e tt  (4) in d ic a te d  th a t  th e  u se  o f  th e  m onopolar r e ­

c o rd in g  te ch n iq u e  was o f  th e  u tm ost v a lu e  in  a llo w in g  th e  o b s e rv a tio n  o f  

e l e c t r i c a l  a c t i v i t y  n e a r  a  tum or, f a c i l i t a t i n g  a  more a c c u ra te  in d ic a t io n  

o f  th e  e x ac t lo c a t io n  o f  th e  tum or.

- Cobb (16) p o in te d  o u t t h a t  i t  i s  h a rd ly  p o s s ib le  to  d e te rm in e  th e  

d i f f e r e n c e  " . . .  betw een tum or, a c u te  head in ju r y ,  v a s c u la r  c a ta s tro p h e .
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l o c a l i s e d  c o r t i c a l  a tro p h y , o r  a  lo c a l  Inflam m atory  c o n d it io n , damage, 

d y s tro p h y , o r  d e g e n e ra tio n " . He f u r th e r  s t a t e s  . . a  n e a r ly  norm al 

re c o rd  a s s o c ia te d  w ith  a  f irm  d ia g n o s is  o f  tum or, p a r t i c u l a r l y  o f  th e  

a c c e s s ib le  p a r t s  o f  th e  hem isp h eres , w a rra n ts  th e  view  th a t  th e  le s io n  

i s  p ro b ab ly  b e n ig n " .

S t a t i s t i c s  v a ry  re g a rd in g  th e  r e l i a b i l i t y  o f  EEG In  th e  d e te rm in a ­

t i o n  o f  a  tum or s i t e .  I t  was re p o r te d  by Y eager and B aldes (64) t h a t  86% 

o f  th e  le s io n s  o f  a  s u p e r f i c i a l  n a tu re  can  be lo c a te d .  G ibbs, G ibbs, and 

Lennon (33) have w r i t t e n  t h a t ,  on confirm ed c a s e s , 90% w ere lo c a te d  c o r­

r e c t l y .  Cobb (16) In d ic a te d  c h a t th i r ty - o n e  o f  t h i r t y - t h r e e  c ase s  w ere 

de te rm in ed  w ith  re a so n a b le  a cc u ra cy ; th e  cases  r e p o r te d  w ere th o se  In ­

v o lv in g  c o r t i c a l  tum ors o n ly .

A u d ito ry  A ssessm ent bv EEG 

P. A. D avis (22) and H. D av is , ec  a l .  (21) have d em onstra ted  c h a t 

changes o ccu r in  an  EEG t r a c in g  a s  a  r e s u l t  o f  s t im u la t io n  by a c o u s t ic  

s ig n a l s .  The fo rm er d e sc r ib e d  long la te n c y  re sp o n ses  to  a u d i to ry ,  v i s u a l ,  

and so m atic  s t im u la t io n  i n  awake and s le e p in g  s u b je c t s .  Responses tended  

to  be g r e a t e s t  In  am p litu d e  a t  th e  v e r te x  and w ere re p re se n te d  d i f f u s e ly  

o v e r th e  s c a lp .  . I t  was a ls o  d em onstra ted  by P. A. D avis t h a t  th e  p o te n t­

i a l s  in c re a s e  in  am p litu d e  and d e c re a se  in  la te n c y  a s  th e  s tim u lu s  in te n ­

s i t y  i s  in c re a s e d .

D o e r f le r  (29) and Marcus (41) dem onstra ted  some d eg ree  o f  su ccess  

i n  d e te rm in in g  a u d i to ry  s e n s i t i v i t y  th re s h o ld s  by means o f th e  EEG te c h ­

n iq u e . D o e r f le r ,  how ever, found th a t  th e  EEG re c o rd s  were in o rd in a te ly  

com plex and unw ie ldy , re q u ire d  e x c e s s iv e  a n a ly s is  a f t e r  th e  com ple tion  o f  

th e  t e s t i n g  p ro c e d u re , and o f te n  d id  n o t y ie ld  a  th re s h o ld  m easure which
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cou ld  be I n te r p r e te d  r e l l e b l y .

P e r l  (46) found e  reeeo n eb ly  h ig h  c o r r e l e t lo n  betw een epeech r e ­

c e p tio n  t e s t i n g  end th e  EEG re sp o n se  to  a u d i to ry  s t im u l i  reco rd ed  in  s le e p  

from s u b je c ts  w ith  h e a r in g  lo s s e s .  At ap p ro x im a te ly  th e  same tim e , Derby­

s h i r e  and F r a s i e r  (26) re p o r te d  a  complex waveform re sp o n se  to  a c o u s t ic  

s t im u la t io n  in  s u b je c ts  who were in  l i g h t  s ta g e s  o f  s le e p .  The a u th o rs  

were a b le  to  o b ta in  th re s h o ld s  from tw enty-tw o s u b je c ts  w hich ag reed  

w ith in  i  18 dB w ith  th e  th re s h o ld s  o b ta in e d  by s ta n d a rd  aud iom etry .

Withrow and G o ld s te in  (62) re p o r te d  th re s h o ld s  from  h a rd -o f -h e a r in g  c h i ld ­

re n  th a t  f e l l  w ith in  i  10 dB o f  th re s h o ld s  o b ta in e d  i n  a  r o u t in e  a u d io ­

m e tr ic  m anner.

M i l l s ,  e t  a l .  (44 ) d isc u sse d  a  p ro ced u re  c a l l e d  th e  " a r e a -c e n tro id  

m ethod", w hich th ey  say  " .  . . had o b j e c t i v i t y ,  r e p r o d u c ib i l i ty ,  and p re ­

c i s io n .  . . " i n  p ro v id in g  re c o g n it io n  o f  evoked p o te n t i a l s  t h a t  a r e  p re ­

se n te d  in  on-go ing  EEG t r a c in g s .  In  t h i s  m ethod, th e  "area  under th e  

m idd le  o f  th e  curve o f  th e  evoked p o te n t i a l  i s  s u b tra c te d  from  th e  p o r t io n  

o f  th e  n o n -s tim u la te d  a r e a  o f  th e  t r a c in g  and th e  d i f f e r e n c e  i s  th e n  used  

a s  an  in d ic a t io n  o f  th e  p re sen ce  o r  absence  o f  a  re sp o n se . A ccord ing  to  

th e s e  a u th o rs ,  th e  evoked p o te n t i a l  re sp o n ses  p ro b ab ly  l a s t  f o r  s e v e ra l  

seconds a f t e r  th e  p r e s e n ta t io n  o f th e  s tim u lu s  and s le e p  s t a t e s  o f  th e  

s u b je c ts  do n o t seem to  a l t e r  an  o b s e r v e r 's  a b i l i t y  to  d e te c t  evoked r e ­

sp o n se s . I t  i s  f u r th e r  re p o r te d  t h a t  c o n s is te n t  re sp o n se s  w ere o b ta in e d  

w ith  10 dB o f  th e  s u b je c t s '  v o lu n ta ry  th re s h o ld s .

Webb, e t  a l .  (60) p re se n te d  in fo rm a tio n  o b ta in e d  by u s in g  ou -go ing  

EEG p ro ced u res  on fo u r  groups o f m e n ta lly  re ta rd e d  c h i ld r e n ,  c l a s s i f i e d  

on th e  b a s is  o f  th e  r e s u l t s  o f  p rev io u s  a u d io lo g ic a l  and o to lo g ic a l  t e s t s :  

(a ) n o rm a l-h ea rin g  p a t i e n t s  w ith  th re s h o ld s  o f  no p o o re r  th a n  20 dB o r
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l*m# h e a r in g  la v a l ,  (b ) h e a r in g * lo aa  p a t ie n t s  w ith  th re s h o ld s  o f  p o o re r 

th a n  20 dB HL, o r  a  confirm ed  lo s s  ly  o to lo g ic a l  ex am in a tio n , (c ) Incon­

s i s t e n t  re sp o n d e rs , th o s e  who had f a i l e d  a  h e a r in g  t e s t  b u t p assed  I t  on 

a  r e t e s t ,  (d ) unknown h e a r in g  s t a t u s  p a t i e n t s ,  th o se  who had f a i l e d  to  

respond  to  ev ery  a tte m p t a t  h e a r in g  a ssessm en t. The p ro ced u res  u sed  by 

Webb and h i s  co-w orkers w ere s im i la r  to  th o se  used by D erb y sh ire  and 

F a r le y  (25) In  t e s t i n g  EE6 re sp o n ses  to  a u d ito ry  s t im u l i .  Due to  d i f f i ­

c u l t i e s  en co u n te red  In  m a in ta in in g  an  e le c tro d e  a ttach m en t to  th e  s c a lp ,  

o n ly  th r e e  e le c tro d e s  w ere employed and fa s te n e d  by B e n to n ite  p a s te .  The 

a u th o rs  p o in t  o u t t h a t ,  due to  th e  sms 11 number o f  e le c tro d e s  u sed , no 

a tte m p t was made to  d e te rm in e  " c o r t i c a l "  p a th o lo g y . A u d ito ry  s t im u l i  

c o n s is te d  o f  1000-cps to n e s ,  th r e e  c l ic k s  in  ra p id  s u c c e s s io n , and th re e  

c o n se c u tiv e  l lv e -v o lc e  p re s e n ta t io n s  o f  th e  p a t i e n t 's  name. V arious 

methods w ere used  to  d e te rm in e , from  th e  EEG t r a c in g s ,  th e  approx im ate  

a u d i to ry  th re s h o ld .  The r e s u l t s  a s  re p o r te d  " .  . . I n d ic a te  th a t  In  no 

c a se  was I t  p o s s ib le  to  d is c r im in a te  a  s ig n i f i c a n t  le v e l  betw een no- 

s t lm u l l  p r e s e n ta t io n s  and th e  20-dB p r e s e n ta t io n s . T his was a ls o  t r u e  o f  

a l l  I n t e n s i t y  le v e ls  f o r  th e  h e a r in g - lo s s  s u b je c ts " .  One o f  th e  co n c lu ­

s io n s  reach ed  by Webb and h is  c o lle a g u e s  was t h a t  " .  . . th e  u t i l i t y  o f  

th e  EEG-audlo In  d i f f e r e n t i a t i n g  s u b je c ts  w ith  h e a r in g  lo s s  from unknown 

o r  I n c o n s is te n t  c a te g o r ie s  ap p ea rs  to  be s l i g h t " .

A number o f  p ro ced u res  u sed  to  f a c i l i t a t e  th e  d e te rm in a tio n  o f 

th re s h o ld s  th rough  a n a ly s is  o f  on -g o ln g  EEG resp o n ses  have been re p o r te d  

by D erb y sh ire  and F a r le y  (2 5 ) , D erb y sh ire  and McDermott (2 8 ) ,  D o e rf le r  

(2 9 ) , W ithrow and G o ld s te in  (6 2 ) , and R osenblu t (5 0 ) . T hese a u th o rs  a r e  

I n  g e n e ra l  agreem ent t h a t  th e  on -go lng  EEG I s  o f  l l s d te d  u se  In  d e te rm in ­

in g  a u d i to ry  th re s h o ld .
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A veraging  T echniques Used In  D eterm ining 

P resen ce  o f  Evoked Reaponaes

T here  have been v a r io u s  a tte m p ts  to  a v e rag e  th e  EEG resp o n se  to  

s tim u lu s  p r e s e n ta t io n .  The e x p l i c i t  p u rpose  f o r  d ev e lo p in g  an  av e rag in g  

p ro ced u re  was to  d e te rm in e  store a c c u ra te ly  th e  s p e c i f i c  la te n c y  (tim e 

a f t e r  a  s p e c i f ie d  e v e n t, u s u a l ly  th e  s tim u lu s  p re s e n ta t io n )  and am p litu d e  

(v o lta g e  d i f f e r e n c e s  m easured betw een two g iv e n  p o in ts  in  tim e) o f  th e  

evoked re sp o n se .

Chang (15) gave th e  fo llo w in g  d e f i n i t i o n  o f an evoked re sp o n se :

. . . th e  d e te c ta b le  e l e c t r i c a l  change o f  any p a r t  o f  th e  b ra in  
in  re sp o n se  to  d e l ib e r a t e  s t im u la t io n  o f  a  p e r ip h e ra l  sen se  
o rg a n , a  sen so ry  n e rv e , a  p o in t  on th e  sen so ry  pathway o r  any 
r e l a t e d  s t r u c tu r e  o f  th e  sen so ry  system .

In  an  a tte m p t to  m easure t h i s  e l e c t r i c a l  change, Dawson (23) de ­

veloped  an  app roach  in  w hich a  number o f  evoked resp o n se  re c o rd s , s im i­

l a r l y  re c o rd e d , a r e  superim posed on a s in g le  s h e e t  o f  p a p e r , th u s  a llo w ­

in g  v i s u a l  d e te rm in a tio n  o f  th e  p o in t o r  p o in ts  a t  w hich th e  d e f le c t io n s  

a r e  evoked w ith  r e g u la r  la te n c y . By t h i s  te c h n iq u e , i t  i s  p o s s ib le  to  

d i f f e r e n t i a t e  th e  r e g u la r ly  evoked p o te n t i a l s  from th e  background o r  

spon taneous on -go ing  a c t i v i t y .

U sing th e  Dawson te c h n iq u e , Abe (1 ) re p o r te d  r e s u l t s  w hich in d i ­

c a te d  t h a t  th e  am p litu d e  o f  th e  evoked p o te n t i a l s  d ec rea sed  g ra d u a lly  as 

th e  i n t e n s i t y  o f  th e  s tim u lu s  was reduced . The la te n c y  o f  th e  evoked 

p o te n t i a l s  became s h o r te r  a s  th e  in t e n s i t y  was in c re a s e d . The e a r l i e s t  

la te n c y  re p o r te d  was 90 msec w ith  th e  second d e f le c t io n  a t  150 m sec. He 

a ls o  found th a t  th e  evoked re sp o n se  was maximum a t  th e  v e r te x .  These 

f in d in g s  su p p o rt th e  e a r l i e r  d a ta  re p o r te d  by P. A. D avis (2 2 ) .

Abe a l s o  n o ted  t h a t ,  w ith  th e  s u b je c t  a n e s th e t iz e d  w ith  p en to ­

b a r b i t a l  sodium , th e  evoked re sp o n se  was g r e a t e r  in  am p litu d e  and d u ra tio n
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th an  when no s e d a tio n  waa u aed . Thia in c re a se d  am p litu d e  and d u ra t io n  

co n tin u ed  u n t i l  th e  s u b je c t  was under deep a n e s th e s ia ,  a t  which tim e  the  

evoked re sp o n se  cou ld  n o t be determ ined  by superim posed t r a c in g s .  These 

f in d in g s  o f  Abe con firm  th e  on -go ing  BEG f in d in g s  o f  H. D av is, e t  (2 1 ).

Suzuki and Asawa (5 6 ) , u s in g  th e  Dawson te c h n iq u e , m easured evoked 

p o te n t ia l s  to  a u d ito ry  s t im u l i  from th e  human s c a lp .  P o s i t iv e  resp o n ses  

were o b ta in e d  21.7% o f  th e  tim e  a t  0 dB s e n s a t io n  le v e l  (SL ), 65.7% o f 

th e  tim e  a t  30 dB SL, and 82.6% between 60 and 80 dB SL. The a u th o rs  

concluded t h a t  th e  u se  o f  th e  superim posed te ch n iq u e  h o ld s  p rom ise  as  an 

o b je c t iv e  p ro ced u re  f o r  th e  d e te rm in a tio n  o f  h e a r in g  th re s h o ld s .

Shagass and Schw artz (54) used th e  Dawson p ro ced u re , w ith  m inor 

m o d if ic a t io n s , to  s tu d y  th e  evoked resp o n ses  o f  p a t ie n ts  w ith  m en ta l d i s ­

o rd e rs .  They re p o r te d  th a t  d i f f e r e n t  m en ta l d is o rd e r s  may show d i f f e r e n t  

reco v ery  tim es in  th e  evoked re sp o n se .

The Dawson te ch n iq u e  has many advan tages o v er th e  o b s e rv a tio n  o f 

EEG a c t i v i t y  o v e r tim e . The in t e n s i t y  o f on -go ing  a c t i v i t y  i s  g e n e ra l ly  

in  th e  neighborhood o f 10 to  50 m ic ro v o lts , w hereas p o te n t ia l s  evoked by 

a c o u s t ic  s t im u l i  a r e  g e n e r a l ly  b e lie v e d  to  be 5 to  15 m ic ro v o lts  and thus 

can be "masked" by th e  o n -g o in g  a c t i v i t y  (23 , 5 4 ). W ith Dawson's te c h ­

n ique  o f  p h o to g ra p h ic a l ly  a v e rag in g  th e  re sp o n se , i t  i s  p o s s ib le  to  d e te c t  

th e  v e ry  sm a ll tim e-lo ck ed  evoked resp o n se  in  th e  p resen ce  o f l a r g e r  back­

ground a c t i v i t y .

R o se n b lith  and h is  a s s o c ia te s  (48 , 49) were among th e  f i r s t  to  use  

a  d i g i t a l  com puter f o r  a v e ra g in g  th e  evoked re sp o n se . They developed  a 

p ro cedu re  by which they  av erag ed  th e  v o lta g e  evoked f o r  a  s p e c i f ie d  le n g th  

o f  tim e a f t e r  th e  p r e s e n ta t io n  o f  th e  s t im u l i .  T h is method was u sed  by 

R o sen b lith  (49) and G e is le r  and a s s o c ia te s  (3 1 , 32) em ploying a c o u s t ic
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s t i a u l i  and by o th e r  I n v e s t ig a to r s  w ith  o th e r  ty p es  o f  sen so ry  s t im u li  

(3 , 6 , 12, 14, 19, 20, 38 , 5 1 ).

The u se  o f  an a v e ra g in g  te ch n iq u e  i s  based  on th e  assum ption  th a t  

th e  on-go ing  a c t i v i t y ,  n o t i n i t i a t e d  by sen so ry  s t im u l i ,  i s  random in  

n a tu re  and t h a t ,  a s  su ch , i t s  a d d i t iv e  v o lta g e  a t  any s p e c i f i c  p o s t­

s tim u lu s  la te n c y  w i l l  eq u a l z e ro  a s  th e  number o f  s t im u l i  approaches in ­

f i n i t y .  In  th e  av e rag in g  te c h n iq u e , th e  s tim u lu s  o n s e t  i s  u sed  as  th e  

s t a r t i n g  o r  re fe re n c e  p o in t  (T@) to  an  evoked p o te n t i a l .  A g iv e n  segment 

o f  th e  on -go ing  a c t i v i t y  f o r  a  s p e c i f i c  e lem ent o f  tim e  (T i) can  be s to re d  

in  th e  co m p u te r 's  memory and added to  a  second re sp o n se , w hich a ls o  i s  

tim e -lo ck ed  to  th e  same a s p e c ts  o f  Tq -  T i .  T h is  p ro c e s s , i f  c a r r ie d  o u t 

o v er enough s tim u lu s  p r e s e n ta t io n s ,  th e o r e t i c a l l y  a llo w s  th e  on-go ing  

a c t i v i t y  to  c a n c e l and th e  evoked re sp o n se  to  sum.

G e is le r  and h is  a s s o c ia te s  (3 2 ) , u s in g  th e  a v e rag in g  te ch n iq u e  

w ith  a  d i g i t a l  com puter to  m easure th e  evoked re sp o n se  to  a c o u s t ic  c l ic k s  

from th e  s c a lp  o f  man, d e te rm in ed  th e  o n se t o f  th e  evoked re sp o n se  to  be 

ap p ro x im ate ly  20 msec w ith  a  peak  la te n c y  o f  30 msec. The am p litu d e  and 

la te n c y  o f  th e  resp o n ses  v a r ie d  a cc o rd in g  to  th e  s tim u lu s  i n t e n s i t y  and 

r e p e t i t i o n  r a t e .  T h resho ld  f o r  ap pearance  o f  a  d e te c ta b le  av e rag e  evoked 

re sp o n se  ag reed  c lo s e ly  w ith  th e  minimum i n t e n s i t y  a t  which th e  s u b je c t 

re p o r te d  h e a r in g  th e  a u d i to ry  s t im u lu s . O ther lo n g e r la te n c y  responses 

w ere no ted  w hich co rrespond  w ith  th e  la te n c y  o f  th e  evoked re sp o n se  de­

f in e d  as  th e  K-complex by H. D av is , e t  a l .  (2 1 ) ; how ever, th e s e  resp o n ses  

w ere m erely  m entioned and n o t d is c u s se d  by G e is le r  and h is  a s s o c ia te s .  

T h e ir  s ta te m e n t, "A g iv en  s u b je c t ,  under com parable c o n d i t io n s ,  y ie ld s  

s im i la r  av erag e  resp o n ses  when he i s  t e s t e d  re p e a te d ly " ,  in d ic a te s  l i t t l e  

in t r a s u b je c t  v a r i a b i l i t y  to  a c o u s t ic  c l i c k s .  They a ls o  n o ted  resp o n ses
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o v er w idely  sp re ad  a re a s  o f  th e  s c a lp  and w ith  b i l a t e r a l  r e p r e s e n ta t io n  

o f  resp o n se  to  m onaural c l i c k s .  I t  i s  f u r th e r  re p o r te d  t h a t  th e  o n se t o f  

th e  evoked p o te n t i a l  was s im i la r  to  th o se  re p o r te d  by Dawson (23) f o r  

som atosensory  s t im u la t io n  and by B ra z ie r  (12) f o r  v is u a l  s t im u la t io n .

G e is le r  and h is  co-w orkers sp e c u la te d  t h a t  th e  w idespread  n a tu re  

o f  th e  re sp o n se  may in d ic a te  th e  deep lo c a t io n  o f  th e  a u d i to ry  c o r te x  in  

man. They, a s  had s e v e ra l  p rev io u s  in v e s t ig a to r s .  In d ic a te d  t h a t ,  as 

th e  c l i c k  I n te n s i ty  i s  in c re a s e d , th e  am p litu d e  o f  th e  evoked resp o n se  

in c re a s e s  and th e  peak la te n c y  d e c rea se s  and t h a t ,  w ith  an  in c re a s e  in  

th e  r a t e  o f  s t im u la t io n  up to  te n  p e r  second , th e  am p litu d e  d e c re a se s . 

A lso , th re s h o ld s  o f  evoked p o te n t i a l s  were o b ta in e d  w ith in  ap p ro x im a te ly  

5 dB o f  th e  p sy ch o p h y sica l th re s h o ld .

Lowell and h is  c o lle ag u e s  (40) used a  s p e c ia l ly  d esig n ed  an alo g  

com puter to  av erag e  th e  evoked resp o n ses  to  a c o u s t ic  c l i c k s .  A lthough 

th ey  cou ld  m easure a t  on ly  th r e e  p o in ts  in  tim e a f t e r  th e  p r e s e n ta t io n  o f 

th e  s t im u lu s , th ey  w ere a b le ,  by v a ry in g  th e  th r e e  p o in ts  m easured , to  

dem o n stra te  t h a t  a  p o s i t iv e  peak e x is te d  a t  35 msec a f t e r  s tim u lu s  o n s e t.

A ccording to  G e is le r  (3 1 ) , th e  e a r ly  re sp o n ses  to  a c o u s t ic  c l ic k s  

w ere l a r g e s t  in  th e  o c c ip i t a l  re g io n  o f th e  s c a lp .  The re sp o n se s  were 

e s s e n t i a l l y  b i l a t e r a l  in  n a tu re  and " s u b s ta n t ia l ly  e q u iv a le n t"  when mea­

su re d  from co rre sp o n d in g  p o in ts  on th e  o p p o s ite  s id e  o f  th e  head from th e  

e a r  s t io n i la te d .  H is d a ta  in d ic a te d  th a t  th e  e a r l i e s t  re sp o n se  had a  peak 

n e g a tiv e  la te n c y  o f  30 m sec. C o n sid e rab le  change in  th e  re sp o n se  was 

e v id e n t w ith  changes in  th e  p o s i t io n  o f  th e  s u b j e c t 's  head , w ith  changes 

i n  body p o s i t io n ,  and d u rin g  s le e p .  G e is le r  concluded th a t  th e  30-msec 

re sp o n se  i s  l i k e ly  to  be a  secondary  c o r t i c a l  re sp o n se . No a tte m p t to  

d e te rm in e  th e  v a r i a b i l i t y  o f  th e  evoked re sp o n se  in  am p litu d e  o r  la te n c y
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i s  m entioned . G e is le r  m entions la te n c ie s  s im i la r  to  D a v is ' K-complex bu t 

fo cu ses  h i s  a t t e n t i o n  on th e  f i r s t  60 msec o f  th e  re sp o n se .

B ick fo rd  and h is  group (6 ) have sp e c u la te d  th a t  th e  e a r ly  responses 

re p o r te d  by G e is le r  a r e ,  in  f a c t ,  m yoclonic re sp o n ses  i n i t i a t e d  by th e  

v e s t i b u la r  mechanism. B orsany i (9 ) a ls o  has con tended  t h a t  th e  e a r ly  r e ­

sponses a r e  m yoclonic re sp o n ses  which a re  " . . .  perhaps m ed ia ted  th rough  

a s h o r t  coch leom uscu lar r e f l e x  a rc  . . . p ro cessed  th rough  a c tu a l ly  th e  

v e s t i b u la r  sy stem ". In  a  l a t e r  r e p o r t ,  B orsany i and B lanchard  (10) con­

c luded  th a t  " .  . . we f e e l  t h a t  no prim ary  a u d i to ry  p o te n t i a l s  can be r e ­

corded by s c a lp  e le c tro d e s  in  man by th e  method we d is c u s s e d " . They 

f u r th e r  in d ic a te d  th a t  th e  " . . .  re sp o n ses  w hich can be o b ta in e d  a r e  non­

s p e c i f i c ,  secondary  re sp o n ses  w ith  s u p e r- im p o s itio n  o f  myogenic p o te n t­

i a l s ,  o r  an  o r i e n ta t io n  r e f l e x  (myogenic o r  c o r t i c a l ) " .  In  a  l a t e r  a r t i ­

c l e ,  Cody e t  a l .  (19) re p o r te d  t h a t  th e  l a t e  o r  secondary  components a re  

p re s e n t  and s p e c u la te  t h a t  th e s e  a r e  c o r t i c a l  in  o r ig in  and m ed ia ted  by 

th e  co ch le a .

I t  i s  th e  p re s e n t  a u th o r 's  o p in io n  t h a t  B ick fo rd , B o rsan y i, and 

B lanchard re s o lv e  v e ry  l i t t l e  in  s t a t i n g  th a t  th e  p o te n t i a l s  a r e  e i t h e r  

"myogenic o r  c o r t i c a l "  p o t e n t i a l s .  T h e ir f in d in g s  do n o t e l im in a te  e i t h e r  

from c o n te n t io n , a lth o u g h  t h i s  was th e  p u rp o r te d  purpose o f  t h e i r  s tu d ie s .  

In  a  s tu d y  by Ruhm (5 2 ) , a  s u b je c t  who had undergone b i l a t e r a l  u l t r a s o n ic  

d e s t r u c t io n  o f th e  la b y r in th  y ie ld e d  e x c e l le n t  evoked re sp o n ses  to  acous­

t i c  s t im u l i .  By c o n t r a s t ,  d e a f s u b je c ts  w ith  norm al la b y r in th in e  fu n c tio n  

showed no re sp o n se  to  a c o u s t ic  s t im u l i .  These f in d in g s  su g g e s t th a t  th e  

evoked re sp o n se  i s  a  co ch leo -n eu ro g en ic  pehnomenon r a th e r  th a n  a  v e s t ib -  

u lo-m yogenic p ro d u c t. W ith s u f f i c i e n t  te n s io n  and an  ex trem ely  h ig h  le v e l  

s tim u lu s , a  is o g e n ic  re sp o n se  can  l ik e ly  be e l i c i t e d .  The p re s e n t  a u th o r
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doe# n o t f e e l  t h a t  t h i s  p rec lu d e#  th e  p o # # ib l l l ty  o f  o b ta in in g  a  co ch le o - 

n eu ro g en ic  reap o n ae .

W illiaaM  and Graham (61) compared on -go ing  KEG and com puter a v e r ­

ag in g  tech n iq u e#  and concluded t h a t :

A u d ito ry  a t im u la t io n  produced an  KEG p a t t e r n  t h a t  v a s  d i s t in g u ia h -  
a b le  from  random c o r t i c a l  a c t i v i t y  a p p ea rin g  in  a c a lp  le ad # .
M onopolar a c a lp  reco rd in g #  o f  c o r t i c a l  a c t i v i t y  a a a o c ia te d  w ith  
a u d i to ry  a t im u la t io n  vaa d i f f e r e n t  in  many a a p e c ta  from  b ip o la r  
re c o rd in g # .

Theae r e a u l t a  a r e  a im i la r  to  th o s e  re p o r te d  by o th e r  in v e a t ig a to r a  u a in g  

b o th  on -g o in g  EEG p ro ced u res  and av e rag in g  p ro c e d u re s .

Im tencv-A m pH tude A spects o f  th e  A u d ito ry  Evoked P o te n t ia l s

A lthough i t  i s  a  common p r a c t i c e  o f  many a u th o rs  to  d is p la y  p h o to ­

g ra p h ic  re p ro d u c tio n s  o f  t h e i r  o b ta in e d  r e s u l t s  o f  av erag ed  evoked r e ­

sp o n se , on ly  a  few have re p o r te d  b o th  th e  la te n c y  and am p litu d e  o f  th e  

r e p r e s e n ta t io n .  Among th o se  who have la b e le d  b o th  p a ra m e te rs , th e r e  ap ­

p e a rs  to  be some d i f f e r e n c e  o f  o p in io n  re g a rd in g  am p litu d e . However, th e  

la te n c y  a s p e c ts  ap p ea r to  be f a i r l y  c o n s is te n t .  K e id e l (36) p re s e n te d  

re sp o n se s  o b ta in e d  from  th e  i n t a c t  human s k u l l  w hich have a  p e ak - to -p e a k  

am p litu d e  o f ap p ro x im a te ly  7 .5  m ic ro v o lts .  He a ls o  p re s e n te d  some th a t  

d is p la y  a  p e a k - to -p e a k  m agnitude in  th e  n a tu re  o f  n in e  m ic ro v o lts .  Un­

f o r tu n a te ly ,  no in d ic a t io n  was g iv e n  o f  th e  i n t e n s i t y  o f  th e  a c o u s t ic  

s t im u l i  u sed .

B ick fo rd  and h i s  group (6 ) d isp la y e d  am p litu d es  o f  ap p ro x im a te ly  

60 to  150 m ic ro v o lts  in  components o f  th e  evoked re sp o n se  w ith  la te n c ie s  

p r io r  to  75 m sec. B ic k fo rd 's  re p o r te d  in te r c e r e b r a l  re sp o n se , u s in g  

d ep th  e le c t r o d e s ,  show a sm all e a r ly  component (60 nusec) and a  l a t e r  one 

(180 msec) in  th e  n a tu r e  o f  70 m ic ro v o lts .
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I t  1# I n ta r M t ln g  to  n o te  t h a t  B ick fo rd  used e t im u l i  o f  a p p ro x i­

m ate ly  130 dB aound p re a a u re  le v e l  (SPL) to  evoke reaponaea  in  which th e  

la te n c y  ahown exceeded  125 maec; he ahowa no l a t e  reaponaea (170 m aec).

He haa a ta te d  t h a t  " . . .  even th e a e  l a t e  wavea ( a f t e r  75 maec) d ia ap p e a r 

w ith  r e la x a t io n  o f  th e  neck  m uaclea , a u p p o rtin g  th e  id e a  o f  a  myogenic 

o r ig in  f o r  th e a e  com ponenta". I t  ahould  be p o in te d  o u t th a t  h ia  a n a ly a ia  

tim e waa 500 maec and showed no l a t e  reaponae  a t  150-250 maec. T hia i s  

in  c o n t r a s t  to  h i s  in t r a c e r e b r a l  re c o rd in g , u s in g  th e  same le v e l  o f  s tim ­

u la t i o n  (130 dB SPL) and th e  same number o f  averaged  re sp o n ses  (1 5 0 ), . 

where a  r a th e r  la r g e  150-250 msec component i s  e v id e n t .  I t  i s  a ls o  o f  

i n t e r e s t  t h a t  B ick fo rd  a t t r i b u t e d  components a f t e r  200 swec to  m uscle 

n o is e . One i s  h a rd -p re s se d  to  e x p la in  th e  absence  o f  th e  la rg e  (70 p lu s  

m ic ro v o lts )  in t r a c e r e b r a l  re sp o n se  to  m uscle n o is e , w h e th er a  r e s u l t  o f  

v e s t i b u l a r  o r  c o c h le a r  s t im u la t io n ,  in  view  o f i t s  a p p a re n t absence  from 

th e  i n t a c t  s c a lp  re c o rd in g . T here ap p ear to  be th re e  p o s s ib le  ex p lan a ­

t io n s  f o r  t h i s  a p p a re n t in c o n s is te n c y : (1 ) th e  r e p e t i t i o n  r a t e  used  by

B ick fo rd  may have been  so  ra p id  as  to  a llo w  th e  mechanism to  ad ap t s u f ­

f i c i e n t l y  to  e l im in a te  th e  l a t e r  f i r i n g  o f  th e  neurons (a lth o u g h  B orsanyi 

r e p o r ts  a  s im i la r  f in d in g  w ith  a  s tin m lu s  r a t e  o f  one p e r  sec o n d ), (2 ) th e  

ex trem e am p litu d e  o f  th e  e a r ly  component may have made i t  n e ce ssa ry  to  

r e s t r i c t  th e  d is p la y  am p litu d e  to  a  p o in t  w here an  evoked p o te n t i a l  in  

th e  ran g e  o f  5 to  30 m ic ro v o lts  cou ld  n o t be o b serv ed , (3) perhaps a  

more l i k e l y  re a so n  f o r  th e  absence  o f  th e  l a t e  component i s  th e  le v e l  o f 

s t in tu la t io n ;  i t  ap p ea rs  l i k e l y ,  in  view o f  r e s u l t s  re p o r te d  by o th e r  in ­

v e s t i g a to r s ,  e . g . .  R apin (47) and Ruhm (5 2 ) , t h a t  v e ry  h ig h  le v e l  s t im u l i  

cause  a  d im in u tio n  o f  th e  l a t e  component.

D avis (20) found th e  slow  resp o n se  to  be p re s e n t  w ith  th e  l a r g e s t
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p o s i t iv e  peek a t  160 m sec. He s t a t e d ,  "The re sp o n se  approaches a  maximum 

p e a k - to -p e a k  o f  ab o u t 8 to  10 m ic ro v o lts  w ith  c l i c k s  70 dB above s u b je c t ­

iv e  th r e s h o ld ."

W illiam s and Graham (6 1 ) , u s in g  a  b in a u ra l  a c o u s t ic  s t im u l i  a t  an  

I n te n s i ty  o f  ap p ro x im a te ly  80 dB SL and a  r a t e  o f  one p e r  1 .6  to  2 .0  

seco n d s , found evoked p o te n t i a l s  o f  s l i g h t l y  under 20 m ic ro v o lts .  The 

re sp o n se  shown In  t h e i r  r e p o r t  I n d ic a te s  a  peak la te n c y  o f 159 msec w ith  

an am p litu d e  o f  ap p ro x im a te ly  8 to  9 m ic ro v o lts .

D e rb y sh ire  and McCandleas (27) p re se n te d  a  te m p la te  o f  th e  evoked 

re sp o n se  In  w hich th e  am p litu d e  c f  th e  l a t e  component (?x  -  N2  -  P2 ) I s  

ap p ro x im a te ly  50 m ic ro v o lts ;  th e  la te n c y  o f th e  component I s  80 to  100 

msec f o r  ?%, 150 msec f o r  N2 , and 220-250 msec f o r  ?2 . T h is te m p la te  was 

o b ta in e d  from th e  I n t a c t  s c a lp  w ith  an e le c t ro d e  p la c e d  on th e  l e f t  

c e n t r a l  re g io n  In  th e  I n te r a u r a l  p la n  3 cm l a t e r a l  to  th e  m ld lln e  w ith  

common re fe re n c e  e le c tro d e s  on b o th  m a s to ld s . D e rb y sh ire  and McCandless 

a ls o  r e p re s e n t  th e  p o s i t iv e  d e f le c t io n  (P^ and P2 ) a s  b e in g  tow ard th e  

bottom  o f  th e  g raph  re p re s e n t in g  a  downward d e f le c t i o n .  In  a  l a t e r  a r t i ­

c l e ,  McCandless and B est (43) In d ic a te  p o s i t iv e  d e f le c t io n s  a s  bé lng  

tow ard th e  to p  o f  th e  g raph  a lth o u g h  th ey  make no m en tion  o f  a  change l a  

b a s ic  p ro ced u re . M cCandless (42) has s in c e  s ta t e d  t h a t  th e  second a r t i ­

c le  w hich shows th e  p o s i t iv e  d e f le c t io n  tow ard th e  to p  o f  th e  g raph  Is  

c o r r e c t .  The am p litu d es  re p o r te d  by McCandless and B est f o r  t h e i r  50-dB 

b in a u ra l  s t im u la t io n  f o r  an  N o f  13 a r e  p re se n te d  In  T ab le  1; th e  head ing  

P-56 r e p re s e n ts  a  p o s i t iv e  peak a t  56 msec p o s t s t im u lu s , N-95 a  n e g a tiv e  

p o in t 96 msec p o s t s t im u lu s , and P-163 a  p o s i t iv e  p o in t  163 msec p o s t 

s t im u lu s .



20 

TABLE 1

MEAN LATENCIES AND AMPLITUDES AS SHOWN BY McCANDLESS 
AND BEST FOR 50-dB STIMULATION

P-56 N-96 P-163

Latency A m plitude Latency A m plitude Latency Am plitude

Mean 56.76 9 .61  96.46 21.15 163.07 39.46

SD 8 .5 4  4 .6 8  8 .82  8 .91  12.74 12.99

These in v e s t ig a to r s  re p o r te d  th e  am p litu d es  o f  evoked resp o n ses  

from n in e  s u b je c t s ,  in  m ic ro v o lts  ta k en  from th e  peak a t  N-96 to  th e  peak 

a t  P-163 f o r  s e n s a t io n  le v e l s  o f  10 dB and 50 dB, a s  shown in  T ab le  2.

TABLE 2

INDIVIDUAL SUBJECT RESPONSES TO 10 AND 50 dB SL 
STIMULATION AS SHOWN BY McCANDLESS AND BEST

S u b je c t G.M. L .S . R.G. L.B. L.H. A.G. J .L .  J .E .  N.M.

10 dB 13 .6  17.6  13 .6  15.2  12 .8  7 .2  2 5 .6  8 .8  9 .6

50 dB 3 0 .4  5 0 .4  3 8 .4  3 0 .4  4 6 .4  4 4 .0  27 .2  11 .2  3 4 .4

These re sp o n ses  g iv e  a  mean am p litu d e  o f  13.7  m ic ro v o lts  f o r  th e  

10 dB SL and 3 4 .8  m ic ro v o lts  f o r  th e  50 dB SL.

McCandless and B est in d ic a te d  th a t  th ey  w ere a b le  to  o b ta in  re sp o n ­

se s  from a l l  s u b je c ts  a t  10 dB SL. They add , how ever, th a t  th e r e  were 

c o n s id e ra b le  d if f e r e n c e s  a c ro s s  s u b je c ts ;  one s u b je c t  had a  sm a lle r
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re sp o n se  a t  50 dB th a n  d id  s e v e ra l  s u b je c ts  a t  10 dB. They a ls o  show 

th a t  re sp o n se s  o b ta in e d  a t  a  r e p e t i t i o n  r a t e  f a s t e r  th a n  one p e r  two 

seconds have an  in h ib i to r y  e f f e c t ,  c au s in g  a  d e c re a se  i n  th e  evoked r e ­

sponse a m p litu d e . T h is  e f f e c t  has a ls o  been p o in te d  o u t by o th e r  in v e s t ­

ig a to r s  (1 2 , 14, 17, 31 , 4 3 ).

O ther in v e s t ig a to r s  who have s tu d ie d  th e  la te n c y  o f  th e  evoked 

re sp o n se  (12 , 14, 59) in d ic a te  e s s e n t i a l l y  th e  same c o n f ig u ra t io n  a s  Mc­

C andless and B est. W alte r (59) r e p o r ts  t h a t  h a b i tu a t io n  ta k e s  p la c e  

r e a d i ly ,  a f t e r  ap p ro x im a te ly  35-50 p r e s e n ta t io n s ,  th u s  cau s in g  a  d im inu­

t io n  o f  th e  evoked re sp o n se  a m p litu d e . I t  was im p o ss ib le  f o r  th e  p re s e n t 

a u th o r  to  d e term ine  th e  am p litu d es  o f  th e  l a t e  component a s  re p o r te d  by 

W alte r because  no a m p litu d e  s c a le  was g iv e n .

When o b ta in in g  evoked resp o n ses  to  v i s u a l  s t im u l i  from a c a t .

B ra z ie r  (13) found t h a t ,  by b reak in g  down th e  number o f  s t im u l i  in to

sam ples o f  s ix ty :

. . .  a  tre n d  was seen  to  be d ev e lo p in g  in  w hich th e  second l a t e  
wave was d e c re a s in g  in  am p litu d e ; th e  a n a ly s is  was th e r e f o r e  
c o n tin u e d  to  th e  f i f t h ,  s i x th ,  s ev e n th , and e ig h th  s e r i e s  o f 
s ix ty  resp o n ses  by which tim e th e  l a t e  re sp o n se  d ie d  o u t .  The 
l a t e  wave, c e n te r in g  around 105 m sec, underw ent a  s e r i a l  change 
a s  th e  anim al became used  to  th e  s t im u lu s .

B ra z ie r  f u r th e r  p o in te d  o u t t h a t  th e  la te n c y  o f  th e  evoked p o te n t ia l

s ta y s  ap p ro x im ate ly  th e  same a s  th e  number o f  s t im u l i  in c re a s e .  She

f u r th e r  in d ic a te d  t h a t  a s  th e  an im al changes from  a  drowsy s t a t e  to  an

awake s t a t e ,  th e  la te n c y  changes.

M o rre ll ,  e t  (45) re p o r te d  a  " .  . . more o r  l e s s  o rd e r ly  s e ­

quence o f  changes. . . " i n  th e  e l e c t r i c a l  a c t i v i t y  o f  th e  b ra in  o f  a  

r a b b i t  in  resp o n se  to  a  n o n c y c lic  s e r i e s  o f  r e p e t i t i v e  t r a i n s  o f  l i g h t  

f la s h e s  when each t r a i n  was p receded  by a  to n e  s e p a ra te d  from th e  f la s h e s
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by a c o n s ta n t tim e in t e r v a l .  Uaing th e  EEG t r a c in g s ,  th ey  no ted  th re e  

s p e c i f i c  s ta g e s  o f  change in  th e  p o t e n t i a l s .  In  th e  f i r s t ,  lo n g - la s t in g  

s ta g e ,  th e  a c o u s t ic  s tim u lu s  e l i c i t e d  an  o v e r - a l l  d e sy n c h ro n is a tio n . The 

second s ta g e ,  w hich was v e ry  s h o r t ,  som etim es l a s t in g  f o r  a s  few a s  te n  

c y c le s ,  was c h a r a c te r iz e d  by a  rhythm ic wave from th e  v is u a l  c o r te x  as  

soon a s  th e  to n e  was p re s e n te d  and p r io r  to  th e  o n ae t o f  th e  l i g h t  f l a s h .  

The t h i r d  and f i n a l  s ta g e  was masked by th e  rep lacem ent o f  th e  rhythm ic 

re sp o n se  by a  lo c a l  d e sy n c h ro n iz a tio n  from  th e  v is u a l  c o r te x  a re a .

R apin (47) o b ta in e d  evoked re sp o n ses  from c h i ld r e n  w ith  coom unica- 

t io n  d is o r d e r s .  The la te n c ie s  re p o r te d  in  th e  s tu d y  a r e  e s s e n t i a l l y  th e  

same a s  th o se  re p o r te d  by o th e r  in v e s t ig a to r s .  The am p litu d es  o f  th e  

l a t e  components re p o r te d  in  t h i s  s tu d y  ran g e  from 5 to  30 m ic ro v o lts . 

U n fo r tu n a te ly , i t  i s  n o t p o s s ib le  to  d e te rm in e  th e  SL o f  th e  s tim u lu s  

p re s e n te d  by R apin . A lthough she concludes th a t  th e  e a r ly  components ob­

ta in e d  from  th e  neck m uscles a r e  " .  . . th o u g h t to  co n firm  B ic k fo rd 's  

su g g e s tio n s  t h a t  th e s e  waves a r e  th e  r e s u l t s  o f  r e f l e x  m uscle c o n tra c t io n  

in  re sp o n se  to  th e  sound, and re p re s e n t  ENG and n o t c o r t i c a l  evoked r e ­

sp o n se . . . " ,  i t  i s  i n t e r e s t i n g  to  n o te  t h a t  Rapin goes on to  r e p o r t  a 

l a t e  component o f  ap p ro x im a te ly  30 m ic ro v o lts .  T h is component i s  a b se n t 

from B ic k fo rd 's  d a ta  ex cep t in  h is  in t r a c e r e b r a l  re c o rd in g s . Rapin con­

c lu d e s , " U n ti l  th e  v a l i d i t y  and r e l i a b i l i t y  o f  th e  evoked p o te n t i a l  te c h ­

n iq u e  can  be e s ta b l i s h e d ,  i t  i s  unw arran ted  to  c o n s id e r  c l i n i c a l l y  u s e f u l  

th e  th re s h o ld s  w hich w ere o b ta in e d ."

In  summary, th e  f in d in g s  re g a rd in g  on-go ing  EEG and th e  a v e rag in g  

te ch n iq u es  th u s  f a r  re p o r te d  in d ic a te  t h a t  th e  a v e rag in g  p ro cedure  shows 

some prom ise a s  an  o b je c t iv e  te ch n iq u e  i n  th e  e v a lu a tio n  o f  th e  fu n c tio n  

o f  th e  a u d ito ry  mechanism. As y e t ,  how ever, th e  p rim ary  focus o f  a t t e n -
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tlon has been on Che waveform of Che evoked poCenClals, primarily ac 

aupra-chreahold scimulacion, and Chere has noc been a careful analysis of 

Che amplicudes and lacencies of Che various coaponenCs of Che evoked re­

sponse. Numerous auchors indicaCe chac an increase in Che magnicude of 

Che sCimuli resulCs in an increase in Che amplicude of Che evoked re­

sponse. They do noC indicaCe vheCher all componenCs of Che evoked pocenc- 

ial increase, and, if noC, whac Che differencial efface across componenCs 

mighc be. Ic is also reported chac an increase in intensity causes Che 

lecency of componenCs Co decrease; again, Che specific differencial 

aspecCs across ccsponencs are noc discussed. The usefulness of fuCure 

invescigacions of acousCically evoked responses would be enhanced by a 

descripCion of Chase parameCers.

The presenC sCudy was designed Co invescigace Che variability of 

latency and amplitude of che lace componenc of Che evoked pocencial as 

measured from Che scalp. Â descripCion of Che experimental apparatus, 

subjecCs, and procedures is ouClined in deCail in Che following chapCer.



CHAPTER I I I  

INSTRUMENTATION AND PROCEDURE

T his experim ent v a s  desig n ed  to  e x p lo re  th e  c h a r a c t e r i s t i c s  o f  

peak la te n c ie s  and am p litu d es  o f  th e  human evoked a u d ito ry  re sp o n se  a s  a  

fu n c tio n  o f  tim e , I n t e n s i t y ,  and number o f  s t im u l i .

The a p p a ra tu s  u t i l i z e d  In  t h i s  s tu d y  c o n s is te d  o f  a  netw ork o f 

p u lse  and waveform g e n e r a to r s ,  m atching  tra n s fo rm e rs , a t t e n u a to r s ,  head­

phones, p ickup  e le c t r o d e s ,  a m p l i f ie r s ,  com puter, ta p e  re c o rd e r ,  and moni­

t o r  o s c i l lo s c o p e .  The p u ls e  and waveform g e n e ra to rs  w ere u sed  to  p roduce 

th e  a u d i to ry  s t im u l i ,  w hich w ere th e n  reco rd ed  on m sgnetlc  ta p e . The 

ta p e  system  I n i t i a t e d  th e  t r i g g e r  o f  a p u ls e  g e n e ra to r  w hich th en  fe d  th e  

c l i c k  th ro u g h  a  s e le c te d  m atching  tra n s fo rm e r  and an a t t e n u a to r .  The 

a u d ito ry  s t la a i lu s  from  th e  a t t e n u a to r  was fe d  to  th e  s e le c te d  e a r  o f  th e  

s u b je c t  v ia  th e  headphone.

Each e le c tro d e  a t ta c h e d  to  th e  s c a lp  o f  th e  s u b je c t  went to  a 

h lg h -g a ln , lo w -le v e l p r e - a m p l l f l e r ,  th e n  In to  a  d i f f e r e n t i a l  a m p l i f ie r  

f o r  a d d i t io n a l  a m p l i f ic a t io n .  The s ig n a l  from  th e  d i f f e r e n t i a l  a m p l i f ie r  

passed  th ro u g h  a sw itc h in g  c i r c u i t  p r io r  to  b e in g  fed  s im u lta n eo u s ly  In to  

th e  com puter, ta p e  re c o rd e r ,  and m o n ito r o s c i l lo s c o p e .  The sw itch  p e r ­

m itte d  th e  com puter to  be su p p lie d  e i t h e r  w ith  th e  o u tp u t c i r c u i t  from 

th e  s c a lp  le a d s  f o r  o n - l in e  a n a ly s is  o f  evoked a c t i v i t y  o r  w ith  th e  o u t­

p u t o f  th e  ta p e  re c o rd e r  f o r  o f f - l i n e  a n a ly s is  o f  p re v io u s ly  reco rd ed

24
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a c t i v i t y .

Responses were evoked s t  two s tim u lu s  s e n s a t io n  l e v e l s ,  u s in g  500 

epochs (a n  epoch I s  d e f in e d  a s  one c l i c k  s t im u lu s )  s t  each  s e n s a t io n  le v e l  

a s  a  c o n d i t io n . Each c o n d it io n  was broken down In to  fo u r  ex p erim en ta l 

s e t s  c o n s is t in g  o f  125 epochs each . The ex p e rim en ta l d a ta  w ere c o l le c te d  

a f t e r  a  p i l o t  s tu d y  had been conducted  to  d e te rm in e  th e  le n g th  o f  tim e 

th a t  a  s u b je c t  cou ld  m a in ta in  a  q u ie t  p o s i t io n  and th e  number o f  even t 

p re s e n ta t io n s  t h a t  co u ld  be c o l le c te d  d u rin g  an  ex p e rim en ta l s e s s io n .

A d e te l l e d  d e s c r ip t io n  o f  s u b je c ts ,  a p p a ra tu s , and p ro ced u re  I s  

p re se n te d  In  th e  su b seq u en t s e c t io n s .

S u b je c ts

D ata  w ere c o l le c te d  from  te n  n o rm a l-h ea rin g  a d u l t s .  These sub­

j e c t s  had a  n e g a tiv e  h i s to r y  o f  e a r  pa th o lo g y  and a  n e g a tiv e  n e u ro lo g ic a l  

h i s to r y .  Normal h e a r in g  was d e f in e d  as le s s  th a n  5-dB HL th re s h o ld s  a t  

o c tav e  f re q u e n c ie s  from  125 th ro u g h  8000 cps m easured by s ta n d a rd  a l r -  

co n d u c tlo n  au d io m etry . A ll  s u b je c ts  had com pleted  h ig h  sc h o o l and a l l  

b u t two w ere u n iv e r s i ty  g ra d u a te s . S u b je c ts  c o n s is te d  o f  fo u r  m ales and 

s i x  fem ales who ranged In  age from  e ig h te e n  to  th i r ty - tw o  y e a r s .

A pparatus

A l l  t e s t i n g  was conducted  In  a  s o u n d - is o la te d , two-room s u i t e  a t  

th e  Speech and H earing  C e n te r , U n iv e rs ity  o f  Oklahoma M edical C en te r.

S c reen in g  A pparatus

P u re - to n e  au d iom eters  (B e lto n e , Model lOAH o r  15A) fe e d in g  e i t h e r  

o f  two a ir -c o n d u c te d  r e c e iv e r s  (T e lep h o n ie s , TDK 39, te n  ohm) w ere used  

In  th e  a u d lo m e tr lc  t e s t s .  The a c o u s t ic  o u tp u t o f  th e  au d io m eter was
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M a tu re d  w ith  an  a u d lo a e t r ic  c a l i b r a t i o n  u n i t  (W estern E le c t r i c  640AA 

Condenaor M icrophone: W eetern E le c t r ic -A c o u s t ic a l  L ab o ra to ry , I n c . ,

Condenaor M icrophone C o a p liM n t, Type 100 D/E, o r  A ll ie o n  L ab o ra to ry , 

Model 3 0 0 ).

E x perim en ta l T e s t A pparatus

The e x p e r im en ta l t e s t  a p p a ra tu s  u sed  in  t h i s  experim en t i s  r e p r e ­

sen te d  by th e  b lo ck  d iagram  ahown in  F ig u re  1. A square-w ave p u ls e ,  

i n i t i a t e d  by a  waveform g e n e r a to r  (T e k tro n ix , Type 162) was reco rd ed  on 

M g n e tic  ta p e .  T h is  p re -re c o rd e d  s ig n a l  waa th e n  u sed  to  t r i g g e r  th e  

waveform g e n e ra to r  w hich in  t u r n  t r ig g e re d  th e  p u ls e  g e n e ra to r  (T e k tro n ix , 

Type 1 6 1 ), w hich g e n e ra te d  a  c l i c k  s t i s m l i  o f  .1  maec d u ra t io n .  Theae 

s t im u l i  w ere d e l iv e re d  to  a  t e a t  earphone (S h arp e , Type B, Model HA-10) 

th ro u g h  a  v o lta g e  d iv id e r  ne tw ork , an  a t t e n u a to r  (H ew le tt-P ack ard , Model 

350 AR), and an  im ped an ce-M tch in g  tra n s fo rm e r  (U n ited  T ransfo rm er Comp­

any , Model L S -33). Theae .1  maec c l ic k s  had a  r i s e  tim e  o f  .09 maec to  

maximum am p litu d e  a t  th e  o u tp u t o f  th e  headphone. The same c l ic k s  a iau il-  

ta n eo u a ly  t r ig g e r e d  th e  sweep o f  th e  com puter. The r a t e  a t  which c l ic k s  

were p re s e n te d  was one p e r  two seconds.

The e le c t ro d e s  w hich conducted  th e  on -go ing  e l e c t r i c a l  a c t i v i t y  

w ere co nnec ted  to  a  lo w -le v e l a m p l i f ie r  (T e k tro n ix , Model 122) w ith  a  

g a in  o f  1000. T h is  a m p lif ie d  s ig n a l  was fe d  in to  a  d i f f e r e n t i a l  am p li­

f i e r  (T e k tro n ix , Model 2A63) f o r  f u r th e r  a m p l i f ic a t io n .  The d i f f e r e n t i a l  

a m p l i f ie r  g a in  was a d ju s te d  to  a llo w  f o r  maximum g a in  w ith o u t o v e rd r iv in g  

th e  com puter system  (maximum 3 v o l t s ) .  The o u tp u t o f  th e  f i n a l  a m p l i f ie r  

was fe d  i n  p a r a l l e l  to  a  C o ^ m te r  o f  A verage T ra n s ie n ts  (CAT), an  FM ta p e  

system  (Mnemotron, Model 700 /1400), and a  f o u r - t r a c e  m o n ito r o s c i l lo s c o p e
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(T e k tro n ix , Model 561-A sco p e , Type 3A74 f o u r - t r a c e  a m p l i f ie r ,  and Type 

2867 b a s e ) .  The CAT waa p r e - a e t  to  a n a ly se  th e  Incom ing d a ta  o v er a  500- 

maec p e r io d  a f t e r  th e  o n ae t o f  each  s t im u lu s . The FM ta p e  re c o rd e r  p layed  

th e  re c o rd ed  p u ls e s  w hich . In  tu r n ,  t r ig g e r e d  th e  s t im u l i .  The fo u r -  

t r a c e  o s c i l lo s c o p e  a llow ed  c o n s ta n t  m o n ito rin g  o f  th e  v o l ta g e  In  each 

ch an n e l d u r in g  th e  ex p e rim en ta l ru n s , p ro v id in g  c o n s ta n t In fo rm a tio n  r e ­

g a rd in g  a tta ch m e n t o f  th e  e le c tro d e s  and th e  s t a t e  o f  th e  s u b je c t .  A 

s tim u lu s  c o u n te r  (Mneowtron, Model 562) was p r e - s e t  to  coun t th e  number 

o f  p r e s e n ta t io n s  so  t h a t  each  e x p e rim en ta l c o n d itio n  In c lu d ed  th e  same 

number o f  p r e s e n ta t io n s .

An X-T p l o t t e r  (M osley, Model 2DR-2), In  c o n ju n c tio n  w ith  a  Re­

t r a c e  E lim in a to r  (Mnemotron, Model M591) was used  to  make a  perm anent 

g ra p h ic  re c o rd  o f  th e  d a ta  an a ly zed  by th e  CAT. The X-T p l o t t e r  was con­

n e c te d  In  su ch  a  way th a t  th e  an a ly zed  d a ta  from th e  CAT's meswry cou ld  

be p lo t t e d  g ra p h ic a l ly  on 11" by 17" g raph  p ap e r . The am p litu d e , r e p re ­

s e n te d  by th e  v e r t i c a l  d is p la y  (Y ), and th e  tem pora l a s p e c t ,  re p re se n te d  

by th e  h o r iz o n ta l  d is p la y  (X ), co u ld  be v a r ie d  by c o n tro ls  b o th  on th e  

com puter and th e  X-T p l o t t e r .  I t  was p o s s ib le ,  t h e r e f o r e ,  to  p re s e n t 

th e  d a ta  g ra p h ic a l ly  on c a l ib r a t e d  v e r t i c a l  (v o lta g e )  and h o r iz o n ta l  

( t l s ie )  s c a l e s . By t h i s  m eans, a  perm anent g ra p h ic  re c o rd  was made o f 

each  o f  th e  fo u r  e x p e rim en ta l s e t s  In  each  ex p e rim en ta l c o n d itio n .

C a l ib r a t io n  P rocedure

The p ro ced u re  u sed  to  c a l i b r a t e  th e  system  I s  reco rd ed  In  APPEN­

DIX A.

P rocedure

T h is  experim en t was d esig n ed  to  s p e c ify  th e  c h a r a c t e r i s t i c s  o f
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ampllCude and la te n c y  o f  th e  a u d ito ry  evoked response  a s  a  fu n c tio n  o f 

tim e and number o f  s t im u l i .  The s t im u li  u sed  were a c o u s t ic  c l ic k s  o f  .1 

msec d u ra t io n  p re se n te d  a t  i n t e r v a l s  o f  two seconds and i n t e n s i t i e s  o f 

20 dB and 40 dB SL. A c o n tro l  c o n d itio n  in  w hich no s t im u l i  were p r e ­

se n te d  ( s i l e n t  ru n ) was a ls o  u se d . Summation o f  each s e r i a l  125 epochs 

w ere d e fin e d  a s  an  ex p e rim en ta l s e t ;  th e  f i r s t  s e t  c o n s is te d  o f  th e  f i r s t  

125 ep o ch s, th e  second s e t  o f  th e  nex t 125 epochs, e t c .  A n a ly sis  o f  th i s  

method co n tin u ed  u n t i l  500 epochs had been a n a ly z e d . Each 500 epochs a t  

each  SL was co n s id e re d  to  be an  ex p e rim en ta l c o n d itio n . The v a r i a b i l i t y  

o f  th e  evoked p o te n t i a l  a s  a  fu n c tio n  o f  tim e  and number o f  s t i s w l i  was 

th e n  a n a ly z e d .

To f a c i l i t a t e  t h i s  p ro c e d u re , th e  le a d s  from th e  fo u r  ch an n e ls  

w ere a tta c h e d  to  a  s in g le  s c a lp  lo c a t io n . By sw itch in g  to  th e  v a r io u s  

ch an n e ls  o f  o p e ra t io n  on th e  CAT, i t  was p o s s ib le  to  o b se rv e  each  e x p e r i­

m en ta l s e t  on a  d i f f e r e n t  ch an n e l w ith o u t in te r r u p t in g  th e  s e r i a l  sequence 

o f  epochs. An a n a ly s is  o f  th e  s e r i a l  p r e s n e ta t io n s  o f  125 epochs on th e  

v a r io u s  ch an n e ls  o f  th e  CAT was made to  d e te rm in e  th e  v a r i a b i l i t y  o v er 

tim e.

A p i l o t  s tu d y  was conducted  which confirm ed  o th e r  i n v e s t ig a to r s ' 

r e s u l t s  re g a rd in g  th e  e f f e c t  o f  s tim u lu s  p r e s e n ta t io n  r a t e .  At a  r a t e  

o f  one ev ery  two seconds th e  l ik e l ih o o d  o f  in h ib i t i n g  some o f  th e  c h a r­

a c t e r i s t i c s  o f  th e  evoked re sp o n se  was d e c re a se d .

The o rd e r  o f  p r e s e n ta t io n  o f  S L 's was de term ined  by random s e le c ­

t io n  w ith o u t rep lacem en t. The e le c tro d e  p lacem ent was on th e  v e r te x  

p o s i t io n  w ith  th e  r e fe re n c e  e le c t ro d e  p la c e d  on n a s io n . Both o f  th e  SL 

c o n d itio n s  and th e  s i l e n t  ru n  w ere com pleted w ith o u t th e  e le c tro d e s  being  

removed, th u s  in s u r in g  th a t  a l l  m easurem ents o f  th e  evoked p o te n t i a l  were
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reco rd ed  from th e  same lo c a t io n  on a  g iv en  s u b je c t .

The equipm ent was c a l i b r a t e d  b o th  b e fo re  and a f t e r  each  e x p e r i ­

m en ta l c o n d it io n . I f ,  f o r  any re a so n , th e  equipm ent was found to  be ou t 

o f  c a l i b r a t i o n  fo llo w in g  an  ex p erim en ta l c o n d it io n , th e  d a ta  w ere d i s ­

c a rd ed .

P r io r  to  I n i t i a t i n g  th e  t e s t  p ro ced u re , th e  s u b j e c t 's  s c a lp  was 

m easured w ith  a  m e tr ic  r u le  to  d e term ine  th e  e x ac t lo c a t io n  o f  th e  v e r ­

te x ,  I . e . ,  th e  I n te r s e c t io n  o f  a  l in e  from  n a s lo n  to  In lo n  and a  l in e  

betw een th e  two p r e a u r lc u la r  p o in ts .  P r io r  to  th e  placem ent o f  th e  e le c ­

t r o d e s ,  th e  s u b j e c t 's  s c a lp  around th e  v e r te x  was c lean ed  w ith  a ce to n e  

and s a tu r a te d  w ith  k a o lln e  s u lp h a te  J e l l y  to  In su re  good e l e c t r i c a l  con­

t a c t .  EEG p a s te  (B e n to n ite  p a s te  In fu sed  w ith  a  s a tu r a te d  s o lu t io n  o f 

sodium c h lo r id e )  was p laced  o v e r th e  p rep a red  v e r te x  o f  th e  s c a lp .  Four 

e le c tro d e s  w ere th e n  a p p lie d  to  t h i s  a re a  and covered  w ith  a  2" by 2" 

s u r g ic a l  gauze sponge, b o th  to  p rev en t th e  e le c tro d e s  from s l ip p in g  and 

to  m i t ig a te  p h o to e le c t r ic a l  t r a n s d u c tio n . The same p ro ced u re  was used  

In  p la c in g  one re fe re n c e  e le c tro d e  a t  th e  n a s lo n , ex cep t th a t  i t  was 

covered  w ith  m asking ta p e . . The s u b je c t  was s e a te d  in  a  co m fo rtab le  arm 

c h a i r  and I n s t r u c te d  to  respond  to  each c l i c k  in  th e  earphone by p re s s in g  

a b u tto n  w hich tu rn e d  on a  s ig n a l  l i g h t  in  th e  e x am in e r 's  room. Head­

phones were th e n  p laced  on th e  s u b je c t 's  e a r s  and th re s h o ld  de term ined  

u s in g  th e  lo w est I n te n s i ty  which y ie ld e d  two o u t o f  th r e e  c o r r e c t  resp o n ­

s e s .  The s t im u l i  were p re se n te d  by an ascen d in g  I n te n s i ty  method from a  

s u b th re sh o ld  l e v e l .  A f te r  a c u i ty  th re s h o ld  had been o b ta in e d , th e  sub­

j e c t  was in s t r u c te d  to  rem ain  awake and a s  s t i l l  a s  p o s s ib le  u n t i l  f u r th e r  

n o t ic e .

S u b je c ts  w ere re q u e s te d  to  be w e l l - r e s te d  p r i o r  to  p a r t i c ip a t io n
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In  t h i s  s tu d y  in  o rd e r  to  reduce  th e  p o s s i b i l i t y  o f  a  s u b j e c t 's  s le e p in g  

d u rin g  th e  t e s t  s e s s io n .  Those who re p o r te d  f a t ig u e  w ere re sc h e d u le d .

An o s c i l lo s c o p e  (T e k tro n ix , Model 561-A) was used  to  m o n ito r th e  on-go ing  

a c t i v i t y  to  f a c i l i t a t e  a  d e te rm in a tio n  o f  th e  p re sen ce  o f  s le e p  a c t i v i t y .

Only one e a r  o f  each  s u b je c t  was s t im u la te d . The s tim u lu s  p re se n ­

t a t i o n  o rd e r  was c o u n te rb a la n c ed  a c ro ss  s u b je c ts .

A f te r  a  s u b je c t  had been s e a te d  and th e  e le c tro d e s  had been p la c e d , 

he  was in s t r u c te d  c a r e f u l ly  f o r  th e  d e te rm in a tio n  o f  th re s h o ld  and th e  

e x p e rim en ta l t a s k .  The earphones w ere p laced  on h is  e a r s  and a d ju s te d  

f o r  co m fo rt. The s u b je c t  rem ained s e a te d  th roughou t th e  ex p e rim en ta l 

c o n d it io n . T h resh o ld s  to  th e  a u d ito ry  c l i c k ,  o b ta in e d  u s in g  an  ascen d in g  

method in  2-dB s t e p s ,  w ere de term ined  p r io r  to  each change in  SL. The 

lo w est s tim u lu s  i n t e n s i t y  a t  which th e  s u b je c t  responded to  a t  l e a s t  two 

o u t o f  th r e e  p re s e n ta t io n s  was d e fin e d  a s  th re s h o ld . The s tim u lu s  SL was 

th e n  s e t  a c c o rd in g  to  a  random sch ed u le  and th e  ex p e rim en ta l c o n d itio n  

begun.

At th e  c o n c lu s io n  o f  each  ex p erim en ta l c o n d itio n , th e  d a ta  s to re d  

i n  th e  fo u r  ch an n e ls  o f  th e  CAT w ere p lo t te d  by th e  X-Y p l o t t e r  under th e  

c o n tr o l  o f  th e  CAT.

In  a  s i l e n t  ru n  o f  th e  same tim e p e rio d  a s  th e  ex p e rim en ta l ru n , a 

c e r t a i n  amount o f  n o is e  i s  p re s e n t .  D uring t h i s  s tu d y , th e  p eak -to -p e ak  

n o is e  le v e ls  o f  th e  s i l e n t  runs d id  n o t exceed 1 .6  m ic ro v o lts . T here­

f o r e ,  on ly  components which exceeded t h i s  am p litu d e  w ere c o n sid e re d  as  

re sp o n ses  f o r  th e  purpose o f  t h i s  s tu d y . O ther c r i t e r i a  f o r  th e  s e l e c t ­

io n  o f  evoked p o te n t i a l s  in c lu d e d :

1. th e  re sp o n se  must c o n s is t  o f  a n e g a t iv e -p o s i t iv e -n e g a t iv e  
complex
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2 . Coaponant One o f  th e  re sp o n ee  wee th e  moet n e g a tiv e  p o in t 

a f t e r  40 maec

3 . Component Two wee th e  m ost p o s i t iv e  p o in t  a f t e r  Component 
One

4 . Component T hree wee th e  m ost n e g a tiv e  p o in t  a f t e r  Component 
Two

E x perim en ta l end sam pling  e r r o r s ,  as w e ll a s  i n te r - s u b je c t  v a r i ­

a b i l i t y ,  w ere m itig a te d  by u s in g  th e  fo llo w in g  c o n t r o ls :  (1) a p p ro p r ia te

c a l i b r a t i o n  checks p r io r  to  and fo llo w in g  each  e x p e rim en ta l c o n d itio n ,

(2 ) an  ex p e rim en ta l c o n d it io n  in  w hich no s tim u lu s  was p re s e n te d , (3 ) th e  

u se  o f  young, a l e r t ,  n o rm a l-h ea rin g  a d u l t s ,  (4 ) s h o r t  ex p erim en ta l runs 

to  red u ce  f a t ig u e .

S t a t i s t i c a l  a n a ly s is  o f  th e  d a ta  was u n d e rta k en  by means o f a  ra n ­

dom ised com plete b lo ck  d e s ig n  in  w hich th e  ex p e rim en ta l c o n d itio n s  o r  

" tre a tm e n ts "  were a rra n g ed  in  a  f a c t o r i a l  fa s h io n  (5 4 ) . Each s u b je c t ,  

th e r e f o r e ,  was observed  under (2 x  4 x 6) 48 d i f f e r e n t  ex p e rim en ta l con­

d i t i o n s .  These c o n d itio n s  re p re s e n t  a l l  p o s s ib le  com binations o f  th e  two 

s e n s a t io n  l e v e l s ,  fo u r  s e t s ,  and s i x  days.

I t  was a n t ic ip a te d  from th e  p i l o t  s tu d y , a s  w e ll a s  from in form a­

t i o n  re p o r te d  by o th e r  in v e s t ig a to r s ,  t h a t  each  s u b je c t  would n o t produce 

d a ta  from each  " tre a tm e n t"  com bina tion . I f ,  how ever, th e  la c k  o f  re sp o n se  

aaK>ng s u b je c ts  i s  assumed to  be a  random phenomenon and th e  av erag e  sub­

j e c t  e f f e c t  z e ro , th e n  th e  mean o v e r a l l  re sp o n d in g  s u b je c ts  in  t h a t  p a r ­

t i c u l a r  c e l l  may be used  a s  th e  o b s e rv a tio n  f o r  t h a t  c e l l .  The e r r o r  

term  f o r  th e  a n a ly s is  o f  v a r ia n c e  was chosen to  be th e  th i r d  o rd e r  i n t e r ­

a c t io n  among le v e l s ,  s e t s ,  and d a y s , s in c e  t h i s  i n te r a c t io n  was though t 

to  be n o n e x is te n t .

These d a ta  a r e  p re se n te d  and d is c u s se d  in  th e  fo llo w in g  c h a p te r .



CHAPTER IV 

RESULTS AND DISCUSSION

Th« pu rpose  o f  th e  p re s e n t  in v e s t ig a t io n  vas to  d e te rm in e  th e  

la te n c y  and am p litu d e  o f  th e  l a t e  component o f  th e  evoked p o te n t i a l  as  

m easured from  th e  s c a lp .  P o te n t ia l s  evoked by a c o u s tic  c l ic k s  ( .1  msec 

d u ra t io n )  w ere reco rd ed  from  te n  s u b je c ts  a t  two s e n s a t io n  l e v e l s ,  20 dB 

and 40 dB, on s i x  d i f f e r e n t  d ays. C r i t e r i a  f o r  s u b je c t  s e le c t io n  in ­

c lu d ed  norm al a u d ito ry  a c u i ty  and n e g a tiv e  h i s to r y  o f  e a r  pa th o lo g y  and 

c e n t r a l  nervous system  d is o r d e r s .

The e f f e c t s  o f  i n t e n s i t y  and number o f  s t i s i u l i ,  a s  w e ll as  th e  

e f f e c t  o f  s tim u lu s  p r e s e n ta t io n  on d i f f e r e n t  days was de term ined  by p re ­

s e n t in g  a  number o f  s t im u l i  a t  each  o f two s e n s a t io n  le v e l s  over a  p e r io d  

o f  s i x  d ay s .

L a te n c ie s  o f  th r e e  p o in ts  on th e  evoked p o te n t i a l ,  a s  w e ll a s  th e  

p e a k - to -p e a k  a m p litu d e s , w ere m easured and compared w ith  d a ta  re p o r te d  by 

o th e r  in v e s t ig a to r s .

Each epoch c o n s is te d  o f  an  a c o u s t ic  c l i c k  o f  .1  nmec in  d u ra tio n .

A t o t a l  o f  500 epochs a t  each  s e n s a t io n  le v e l  c o n s t i tu te d  an  ex p erim en ta l 

c o n d i t io n , each  s e q u e n t ia l  125 epochs c o n s t i tu t in g  an ex p e rim en ta l s e t .

The evoked re sp o n se  f o r  each  ex p e rim en ta l s e t  was averaged  over

s u b je c t s .  The mean d a ta  o b ta in e d  from  t h i s  p ro ced u re  a r e  d isc u sse d  in

term s o f  t h e i r  am p litu d es  and l a t e n c i e s ,  a s  w e ll  as  in  r e l a t i o n  to  f in d -

33
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Ings re p o r te d  by o th e r  I n v e s t ig a to r s .  The d a ta  o b ta in e d  from in d iv id u a l  

s u b je c ts  can be found in  APPENDIX B. The s t a t i s t i c a l  a n a ly s is  t a b le s  a re  

lo c a te d  in  APPENDIX D.

Number of Responses Obtained

The number o f  resp o n ses  o b ta in e d  from  in d iv id u a l  s u b je c ts  summed

o v er days f o r  each  s e t  a s  w e ll a s  m arg in a l t o t a l s  a r e  reco rd ed  in  T able 3.

A t o t a l  o f  50 re sp o n ses  were produced in  th e  f i r s t  s e t  a c ro s s  s u b je c ts  a t

th e  20-dB SL c o n d it io n . A l te r n a te ly  s t a t e d ,  te n  ex p e rim en ta l c o n d itio n s

f a i l e d  to  produce a  re sp o n se . The t o t a l  number o f  re sp o n ses  a c ro s s  s e t s

a t  th e  20-dB SL ran g e  from a h ig h  o f  50, produced in  th e  f i r s t  s e t ,  to  a

.low  o f  30, o b ta in e d  in  th e  t h i r d  s e t .  In  view  o f th e  l im ite d  number o f

re sp o n se s  o b ta in e d  from  s u b je c t s ,  i t  was d ec id ed  th a t  a  Friedm an T^fo-Way

A n a ly s is  o f V arian ce  (53) would be used  to  t e s t  f o r  a  d if f e r e n c e  between

s u b je c ts  and s e t s .  Thus, th e  u se  o f  ranks av o id s  th e  assum ption  o f  n o r-
2m a lity  im p l ic i t  in  th e  a n a ly s is  o f  v a r ia n c e . A %r o f  3 .5 4  ( P > .05 ) was 

found , in d ic a t in g  th a t  th e  number o f  re sp o n ses  a t  th e  20-dB SL were no t 

s i g n i f i c a n t ly  d i f f e r e n t  a c ro ss  s e t s .

At th e  40-dB c o n d itio n  th e  t o t a l  number o f  re sp o n ses  a c ro s s  sub­

j e c t s  ranged from a  h ig h  o f 58 in  S e ts  One and Four to  a  low o f  54 in  S e t
2Two. The Friedm an Two-Way A n a ly s is  y ie ld e d  a  % r o f  .8  ( P > .0 5 ) .  In a s ­

much a s  no s ig n i f ic a n c e  was n o ted  a c ro ss  s e t s  a t  e i t h e r  o f  th e  two le v e l s ,  

th e  S ig n  T es t (53) was a p p lie d  to  t o t a l s  o f  each  s e t  f o r  th e  two le v e ls .  

These w ere found to  be s i g n i f i c a n t l y  d i f f e r e n t  ( P < .0 5 ) .

From th e  above in fo rm a tio n  i t  can be seen  th a t  th e r e  i s  n o t a  s i g ­

n i f i c a n t  d e c re a se  in  th e  number o f  re sp o n ses  as  a  fu n c t io n  o f  number o f 

s tim u lu s  p r e s e n ta t io n s ,  a lth o u g h  th e re  i s  a  s ig n i f i c a n t  in c re a s e  in  th e
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TABLE 3

HUMBER OF TIMES A RESPONSE WAS PRESENT IN EACH SET AT 20-dB 
AND 40dB SL FOR EACH SUBJECT. EACH SET IS PART OF 

A CONDITION WHICH WAS REPEATED SIX TIMES.
MAXIMUM POSSIBLE FOR ANY GIVEN 

SUBJECT IN ANY GIVEN SET 
IS SIX RESPONSES

S u b je c t 20 dB 40 dB

# S e t #1 #2 #3 #4 S e t #1 #2 #3 #4

I 6 4 5 5 6 6 6 6

2 6 6 4 5 6 6 6 6

3 4 6 5 5 6 6 6 6

4 1 2 3 1 6 6 6 6

3 6 5 5 5 6 6 6 6

6 6 1 2 2 6 6 6 6

7 6 5 5 6 6 6 6 6

8 5 5 4 6 6 6 6 6

9 5 3 4 3 6 5 4 5

10 5 5 2 2 4 1 3 5

T o ta l 50 42 39 40 58 54 55 58
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number o f  resp o n see  a s  a  fu n c tio n  o f  In c reased  SL. A lso i t  v as  found 

th a t  th e  s u b je c ts  d id  n o t respond d i f f e r e n t l y  v i t h i n  e i t h e r  th e  20-dB o r  

th e  40-dB SL; how ever, a  s i g n i f i c a n t  d if f e r e n c e  in  th e  number o f  resp o n ­

se s  a c ro ss  SL was found as  shown by th e  S ign  T es t (P < .O S ) .

The d a ta  from each  s e t  a s  a  fu n c tio n  o f  days a re  reco rd ed  in  

T ab le  3 . No d if f e r e n c e  was found in  th e  number o f  re sp o n ses  a c ro ss  days 

a t  e i t h e r . t h e  20-dB o r  th e  40-dB le v e l  ( P > .0 5 ) .  T here was a  s i g n i f i ­

c a n t d i f f e r e n c e  a c ro s s  s u b je c ts  in  th e  20-dB c o n d it io n  (P 0 5 ) . How­

e v e r , no d i f f e r e n c e  a c ro s s  s u b je c ts  a t  th e  40-dB SL c o n d it io n  was found 

( P > .0 5 ) .  In  view o f  th e  f a c t  th a t  no s ig n i f i c a n t  d i f f e r e n c e  o ccu rred  

a c ro s s  days a t  e i t h e r  l e v e l ,  th e  resp o n ses  w ith in  each le v e l  w ere com­

b ined  and t e s t e d  as  a  fu n c tio n  o f  l e v e l .  T h is  t e s t  on poo led  d a ta  r e ­

s u l te d  in  a  s ig n i f i c a n t  d if f e r e n c e  a s  a  fu n c tio n  o f  le v e l  (P .0 5 ) .

From in s p e c t io n  o f  th e  in d iv id u a l  s u b j e c t 's  re sp o n ses  a c ro ss  

days (s e e  T ab le  4 ) ,  i t  can  be seen  th a t  on ly  two s u b je c ts  d id  n o t p ro ­

duce an  averaged  evoked p o te n t i a l  in  a t  l e a s t  one o f th e  ex p e rim en ta l 

c o n d itio n s  a t  each  le v e l  on each day. S u b jec t Four on th e  f o u r th  day 

a t  20-dB SL and S u b je c t Ten on th e  second day a t  40-dB SL f a i l e d  to  

y ie ld  a t  l e a s t  one averaged  re sp o n se . No s u b je c t  produced a  resp o n se  

f o r  every  ex p e rim en ta l c o n d itio n  on every  day a t  th e  20-dB s e n s a tio n  

le v e l .  However, e ig h t  s u b je c ts  produced a l l  24 resp o n ses  a t  th e  40-dB 

SL. I t  sho u ld  be em phasized, how ever, t h a t  S u b je c t Nine y ie ld e d  a g r e a te r  

number o f  re sp o n se s  a t  20-dB on th e  t h i r d  day and S u b je c t Ten a ls o  p ro ­

duced a g r e a te r  number o f  resp o n ses  a t  th e  20-dB SL on th e  second , f o u r th ,  

and s ix th  day th an  f o r  th e  co rre sp o n d in g  c o n d itio n s  a t  th e  40-dB le v e l .  

Thus, i t  can  be seen  th a t  some s u b je c ts  e x h ib ite d  a t  l e a s t  a s  many re sp o n ­

s e s  a t  th e  low er s e n s a t io n  le v e l  a s  a t  th e  h ig h e r  s e n s a t io n  le v e l  on some



TABLE 4
NUMBER OF TIMES ON A GIVEN DAY THAT A RESPONSE WAS OBTAINED 

FROM EACH SUBJECT AT 20-dB AND 40-dB SL

SUBJECT , 20-dB SL 40-dB SL

# DAY ÿ 1 2 3 4 5 6 1 2 3 4 5 6

1 3 2 4 3 4 4 4 4 4 4 4 4

2 4 3 4 2 4 4 4 4 4 4 4 4

3 3 4 4 2 4 3 4 4 4 4 4 4

4 2 1 1 0 1 2 4 4 4 4 4 4

5 4 4 3 3 3 4 4 4 4 4 4 4

6 3 2 1 3 1 1 4 4 4 4 4 4

7 3 4 3 4 4 4 4 4 4 4 4 4

8 4 4 4 4 1 3 4 4 4 4 4 4

9 3 2 4 3 2 I 3 3 3 3 4 4

10 2 2 2 3 2 3 3 0 2 2 4 2

w
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days and , in  aome In a ta n c e a , produced a  g r e a t e r  number o f  reaponaea a t  

th e  low er SL. I t  ahould  be emphaalzed th a t  t h i a  d ia c u a a io n  in  no way re -

f l e c t a  th e  am p litu d e  o r  la te n c y  o f  th e  reaponaea  bu t m erely  co n a id e ra

w hether o r  n o t a  reaponae waa p re a e n t in  an  ex p e rim en ta l c o n d itio n .

. From th e  above in fo rm a tio n  i t  ia  concluded  th a t  n o t every  125 

epocha w i l l  r e a u l t  in  an o b ae rv ab le  evoked reaponae  from a l l  a u b je c ta  

when o b ta in e d  by th e  p ro ced u re  d eac rib ed  in  t h i a  a tu d y . I t  ia  f u r th e r  

found th a t  aa th e  a e n a a tio n  le v e l  ia  in c re a a e d , th e  l ik e l ih o o d  o f o b ta in ­

in g  a  reaponae  ia  in c re a a e d .

Latency o f  th e  Evoked P o te n t ia l  

The a n a ly a ia  o f  th e  la te n c y  o f th e  evoked p o te n t i a l  a r e  d iv id e d  

in to  th r e e  a e c t io n a ,  one f o r  each  component.

The mean la te n c ie a  o f  Component One o f  th e  evoked p o te n t i a l  ob­

ta in e d  from th e  te n  a u b je c ta  o f  th ia  a tudy  a r e  g ra p h ic a l ly  p re a e n te d  in  

F ig u re  2 . Aa can  be aeen  in  F ig u re  2 f o r  Component One ( f i r a t  moat nega­

t i v e  p o in t  a f t e r  40-maec la t e n c y ) , th e  la te n c ie a  o f th e  40-dB SL p o te n t-  

i a l a  a r e  a h o r te r  th a n  th o ae  evoked by th e  20-dB SL a t im u l i  in  each a e t .  

S e ta  Two and T hree a t  20-dB ahow a d ecreaae  i n  la te n c y  w ith  S e t Four 

ahowing a  aubaequent in c re a a e  in  la te n c y . The g ra p h ic  r e p re a e n ta t io n  o f 

th e  la te n c ie a  aa a  fu n c tio n  o f  a e ta  a t  40-dB SL ahowa e a a e n t i a l ly  a  

a t r a i g h t  l i n e .  The d i f f e r e n c e  between meana f o r  th e  two a e ta  averagea  

8 .53  m aec. The a t a t l a t i c a l  a n a ly a ia  f o r  Component One ia  ahown in  APPEN­

DIX D. ‘H iia a n a ly a ia  ahowa t h a t  th e re  ia  a  a ig n i f i c a n t  d if f e r e n c e  between 

a e n a a tio n  le v e la  ( P c . O l ) .  T here ia  no a ig n i f i c a n t  d i f f e r e n c e  aa a  fu n c­

t io n  o f  a e ta  n o r ia  th e re  a  a ig n i f i c a n t  l i n e a r  component (P=».05)% A la ck  

o f  a ig n if ic a n c e  (P > .0 5 )  waa a la o  found aa a  fu n c tio n  o f  daya. There waa
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no s ig n i f i c a n t  l i n e a r  component in  th e  days so u rc e  o f  v a r i a t io n .  I f  

a d a p ta t io n  w ere p re s e n t ,  a  u n id i r e c t io n a l  l i n e a r  t re n d  would be p re s e n t 

and would be shown by a  s i g n i f i c a n t  l i n e a r  component. T here was no s ig ­

n i f i c a n t  d i f f e r e n c e  as  a fu n c t io n  o f  th e  in te r a c t io n s  between le v e l s  by 

s e t s ,  le v e ls  by d ay s, o r  s e t s  by d ay s . Thus, th e r e  i s  n o t a  s ig n i f i c a n t  

s h i f t  in  la te n c y  f o r  Component One as  a fu n c tio n  o f  number o f  s t im u l i  p re ­

s e n te d . T h is f in d in g  i s  e s s e n t i a l l y  th e  same a s  was g ra p h ic a l ly  p re sen te d  

by B ra z ie r  (1 3 ) .

The mean la te n c ie s  o f  Component One f o r  each o f  th e  s u b je c ts  a t  th e  

two le v e ls  o f  s t im u la t io n  a r e  p re se n te d  in  F ig u re  3 . W ith th e  e x ce p tio n  

o f  S u b jec t F ou r, th e  mean la te n c ie s  o f  th e  p o t e n t i a l  e l i c i t e d  a t  40-dB a re  

s h o r te r  th an  t h a t  e l i c i t e d  a t  20-dB SL. The d i f f e r e n c e s  range from  ap ­

p ro x im ate ly  13 msec f o r  S u b je c t F ou r, in  which th e  e l i c i t e d  p o te n t i a l  to  

20-dB SL is  s h o r te r  th an  th a t  a t  40-dB SL, to  th e  o p p o s ite  ex trem e in  Sub­

j e c t  S ix , where 20-dB SL produced a  lo n g e r la te n c y  by some 30 m sec.

I t  i s  concluded from  th e s e  d a ta  on Component One, t h a t  a s  th e  in ­

t e n s i t y  o f  th e  s tim u lu s  i s  in c re a s e d , a  s ig n i f i c a n t  d e c rea se  in  la te n c y  

i s  p r e s e n t .  These f in d in g s  su p p o rt th e  r e p o r ts  o f  a  number o f  o th e r  in ­

v e s t ig a to r s  (2 0 , 22, 43, 54, 5 9 ) . I t  was f u r th e r  found th a t  th e  la te n cy  

does n o t change s ig n i f i c a n t l y  a s  a  fu n c tio n  o f  th e  number o f  s t iu m l i  p re ­

se n te d  on a  g iv en  day o r  a s  a  fu n c tio n  o f  th e  number o f  days in  which th e  

s t io iu l i  a r e  p re s e n te d .

The la te n c y  c h a r a c t e r i s t i c s  o f  Component Two, a s  shown i n  F ig u re  4 , 

fo llo w  th e  same g e n e ra l p a t t e r n  a s  th o se  o f Conq>onent One w ith  r e s p e c t  to  

s e t s  and SL. The mean la te n c y  o f  each s e t  f o r  th e  40-dB SL s tim u lu s  i s  

s h o r te r  th an  i t s  co rre sp o n d in g  20-dB SL s e t .  The mean d i f f e r e n c e  between 

th e  two S L 's  i s  on ly  3 .99  m sec, compared to  th e  8 .5 3  msec mean d if f e r e n c e
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betw een th e  two SL 'e f o r  Component One.

The mean la te n c ie s  o f  Component Two f o r  each s u b je c t  a t  bo th  S L 's  

a r e  p lo t te d  in  F ig u re  5 . I t  shou ld  be n o ted  t h a t ,  a lth o u g h  th e  mean d i f ­

fe re n c e  betw een re sp o n se s  o b ta in e d  under th e  two S L 's  i s  s m a ll, on ly  Sub­

j e c t s  Four and Ten e x h ib i te d  40-dB SL re sp o n ses  whose la te n c ie s  exceeded 

t h e i r  20-dB SL la t e n c i e s .

The f in d in g s  f o r  Component Two w ith  re g a rd  to  s t a t i s t i c a l  a n a ly s is  

a re  shown in  APPENDIX D. There i s  a  s ig n i f i c a n t  d i f f e r e n c e  between th e  

two S L 's  (P -s .O S ). As th e  i n t e n s i t y  o f  th e  s tim u lu s  was in c re a s e d , th e  

r e s u l t a n t  la te n c y  o f  Component Two d e c re a se d . The la te n c y  s h i f t  a s  a  

fu n c tio n  o f  in c re a se d  SL was n o t a s  marked as  th a t  found in  Component 

One, b u t was p re s e n t and su p p o rts  th e  f in d in g s  o f  p re v io u s  in v e s t ig a to r s

(20 , 22 , 52, 54, 5 9 ).

A la c k  o f  s ig n i f ic a n c e  ( P > .0 5 )  was found a c ro s s  s e t s .  T here  was 

n o t a  s ig n i f i c a n t  l i n e a r  component as  a  fu n c tio n  o f  s e t s .  This f in d in g  

f a i l s  to  su p p o rt th e  f in d in g s  o f  B ra z ie r  (1 3 ) , who used  im plan ted  e l e c ­

tro d e s  on an im als and e l i c i t e d  re sp o n se  w ith  p h o tic  s t im u l i .  I t  i s  con­

c luded  th a t  th e re  i s  n o t a s ig n i f i c a n t  s h i f t  in  la te n c y  as a fu n c tio n  o f  . 

s e t s .  No s ig n if ic a n c e  was found a s  a fu n c tio n  o f d ay s . No s ig n i f i c a n t  

i n t e r a c t io n  was found between le v e ls  and d ay s , le v e ls  and s e t s ,  o r  days 

and s e t s .  A breakdown o f th e  day so u rce  o f v a r ia n c e  d id  n o t y ie ld  a  s i g ­

n i f i c a n t  F f o r  th e  l i n e a r  component.

The mean la te n c y  o f  Component T hree as a  fu n c t io n  o f  s e t s  and SL 

i s  g r a p h ic a l ly  re p re se n te d  in  F ig u re  6 . E xam ination o f t h i s  g raph  i n d i ­

c a te s  t h a t  no la te n c y  d if f e r e n c e  i s  c o n s is te n t  a s  a fu n c tio n  o f SL.

S e ts  One and Four have s h o r te r  mean la te n c ie s  under th e  40-dB SL c o n d it io n , 

w h ile  S e ts  Two and T hree  have s h o r te r  mean la te n c ie s  u n d er th e  20-dB SL
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c o n d itio n .

In d iv id u a l  la te n c ie s  f o r  C o ^ o n e n t T hree a r e  p lo t te d  in  F ig u re  7. 

S ix  s u b je c ts  have s h o r te r  la te n c ie s  under th e  40-dB SL c o n d it io n  th an  

under th e  20-dB SL c o n d it io n , and fo u r  s u b je c ts  have s h o r te r  la te n c ie s

under th e  20-dB SL c o n d it io n . The mean d i f f e r e n c e s  between th e  two SL

c o n d itio n s  ran g e  from 19 msec (S u b jec t F o u r) , in  which th e  40-dB SL r e ­

sponse la te n c y  was s h o r te r ,  to  17 msec (S u b je c ts  F iv e  and T en ), in  which 

th e  20-dB SL la te n c y  was s h o r te r .

The la te n c y  o f  Component Three a c ro ss  days was more v a r ia b le  chan 

were e i t h e r  Components One o r  Two a t  bo th  s e n s a t io n  l e v e l s , a s  w e ll as

w ith in  s e t s  on each g iv en  day (s e e  APPENDIX B ).

The above in d ic a t io n s  a r e  su p p o rted  by th e  s t a t i s t i c a l  a n a ly s is  

f o r  Component T h ree , sh o rn  in  APPENDIX D. T here were no s ig n i f i c a n t  d i f ­

fe re n c e s  in  any o f  th e  so u rc e s  o f  v a r ia t io n  ( P > .0 5 ) .  T here was no s ig ­

n i f i c a n t  s h i f t  in  la te n c y  as  a  fu n c tio n  o f  SL f o r  Component T h ree , which 

i s  in  c o n t r a s t  to  th e  f in d in g s  o f  Component One and Two. The a n a ly s is  

f u r th e r  in d ic a te s  t h a t  th e re  was no s h i f t  in  la te n c y  as a  fu n c t io n  o f  the  

number o f  s t im u l i  p re se n te d  on a  g iv en  dSy o r  as  a  fu n c tio n  o f th e  number 

o f  days on w hich th e se  s t im u l i  were p re se n te d . A breakdown o f  th e  s e ts  

and th e  days so u rces  o f  v a r i a t io n  showed no s ig n i f i c a n t  l i n e a r  component 

( P > .0 5 ) .

O ther in v e s t ig a to r s  have no ted  th a t  an in c re a s e  in  s tim u lu s  in te n ­

s i t y  d e c re a se s  th e  la te n c y  o f  th e  v a r io u s  components o f  th e  evoked r e ­

sponse . T h is  e f f e c t  was e s p e c ia l ly  s a l i e n t  in  in v e s t ig a t io n s  w hich were 

concerned p r im a r i ly  w ith  th e  e a r l i e r  a sp e c ts  o f  th e  evoked re sp o n se ,

i .  e . , th e  re sp o n se  w hich does n o t exceed 80 msec in  la te n c y . In  th e  

p re s e n t s tu d y , th e  d a ta  in d ic a te d  th e  same c h a r a c t e r i s t i c  f o r  Component
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On#, which occur# a t  ap p ro x im a te ly  86-msec la te n c y  (aee  F ig u re s  2 and 3 ) .  

The same g e n e ra l iz e d  p a t te r n  a ls o  app ears  in  Component Two (mean la te n c y  

o f  143 msec) a lth o u g h  th e  mean d if f e r e n c e  betw een th e  two S L 's  f o r  Com­

ponent Two i s  n o t a s  la rg e  a s  t h a t  o f  Component One (se e  F ig u re s  4 and 5) 

In  c o n t r a s t ,  s tim u lu s  le v e l  d id  n o t s i g n i f i c a n t ly  a f f e c t  th e  la te n c y  of 

Component T hree (mean la te n c y  o f  240 m sec).

The p re s e n t  s tu d y  o f l a te n c ie s  has shotm t h a t ,  a s  th e  i n t e n s i ty  

in c r e a s e s ,  th e  l a te n c ie s  o f  th e  f i r s t  two components d e c re a se  s i g n i f i ­

c a n t ly  ( P < .0 5 ) .  However, th e  t h i r d ,  o r  l a s t ,  component s tu d ie d  rem ains 

unchanged a s  a  fu n c tio n  o f  th e  s tim u lu s  i n t e n s i t y .  The la te n c y  o f  th e  

re sp o n se  to  a  g iv en  s tim u lu s  i n t e n s i t y  v a r ie s  c o n s id e ra b ly  a c ro s s  sub­

j e c t s ,  w hereas th e  v a r i a b i l i t y  w ith in  a g iven  s u b je c t  i s  somewhat l e s s .

A m plitude o f  Evoked P o te n t i a l s .  Component One-Two

The mean p e ak - to -p e ak  am p litu d es  o f  Component One-Two (m easured

betw een th e  n e g a tiv e  peak r e f e r r e d  to  as la te n c y  Component One and th e  

p o s i t iv e  peak  r e f e r r e d  to  as  la te n c y  Component Two) a c ro ss  s e t s  a re  

g ra p h ic a l ly  re p re se n te d  in  F ig u re  8 . Those s e t s  in  which no re sp o n se  was 

o b ta in e d  w ere o m itted  in  c a lc u la t in g  th e  mean a m p litu d e s .

The mean p eak* to -peak  am p litu d es  o f  Component One-Two a t  20-dB SL

range  from s l i g h t l y  le s s  th an  4 .2  m ic ro v o lts  in  S e t One to  a  h ig h  o f

4 .3  m ic ro v o lts  in  S e t Four. The 40-dB c o n d it io n , g ra p h ic a l ly  re p re se n te d  

in  F ig u re  8 , shows a g r e a te r  am p litu d e  in  each  o f  th e  fo u r  s e t s  th an  

o ccu rred  u n d er 20-dB SL s t im u la t io n .  The means o f  th e  s e t s  ran g e  from 

s l i g h t l y  l e s s  th a n  6 .2  m ic ro v o lts  in  S e t One to  5 .7  in  S e t T h ree . F ig ­

u re  9 shows in te r s u b je c t  com parisons o f  mean am p litu d es  o f  a l l  s e t s  com­

b in e d , a t  th e  two SL c o n d it io n s . The 20-dB SL c o n d itio n  ran g es  from  a
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low o f  ap p ro x im a te ly  3 .8  m lc ro v o lta  to  a  h ig h  o f ap p ro x im a te ly  5 .3  m icro* 

v o l t e .  The mean am p litu d ea  a t  40-dB SL a r e  la r g e r  f o r  each s u b je c t  th an  

th o se  o b ta in ed  a t  20-dB SL. The in te r s u b je c t  d i f f e r e n c e s  range from  ap ­

p ro x im ate ly  .2  m ic ro v o lts  f o r  S u b je c t Nine to  ap p ro x im a te ly  2 .8  m ic ro ­

v o l t s  f o r  S u b jec t E ig h t. The f a c t  t h a t  th e  am p litu d e  o f  th e  evoked 

p o te n t i a l  in c re a s e s  w ith  an  in c re a s e  in  s tim u lu s  le v e l  has been m entioned 

by numerous a u th o rs  (1 , 19, 20, 21, 22, 31 , 32, 44, 46 , 47, 49, 50 , 52,

56, 60, 61, 62) and i s  su p p o rted  by th e  p re s e n t  s tu d y . However, th e  in d i ­

v id u a l  d a ta  o f  each  s e t  (s e e  APPENDIX B) show th a t  th e r e  i s  c o n s id e ra b le  

in te r s u b je c t  and in t r a s u b je c t  v a r i a b i l i t y .  Some in d iv id u a l  re sp o n ses  a t  

th e  20-dB SL re v e a l  a  g r e a te r  am p litu d e  th a n  i s  p re s e n t  under th e  c o r r e s ­

ponding 40-dB SL c o n d it io n . T h is  v a r i a b i l i t y  i s  r e f l e c te d  in  in d iv id u a l  

s u b je c t  re sp o n se s , examples o f  which a r e  shown in  APPENDIX B: S u b je c t

Ten, s i x th  day , f o u r th  s e t ;  S u b je c t F iv e , f i r s t  day, t h i r d  s e t .

From th e  s t a t i s t i c a l  a n a ly s i s ,  shown in  T ab le  6 , th e re  i s  a  s i g ­

n i f i c a n t  d i f f e r e n c e  as  a  fu n c tio n  o f  SL ( P < .0 5 )  w ith  no s ig n i f i c a n t  d i f ­

fe re n c e  as a  fu n c t io n  o f s e t s ,  d ay s, o r  i n t e r a c t io n s .  The g ra p h ic  r e p re ­

s e n ta t io n  as a  fu n c t io n  o f  s e t s  as  shown in  F ig u re  8 and in d iv id u a l  sub­

je c t s  a s  shown in  F ig u re  9 in d ic a te  th a t  th e  40-dB SL produced a l a r g e r  

am p litu d e  f o r  Component One-Two th a n  d id  th e  20-dB SL s t im u l i .  I t  shou ld  

be n o te d , how ever, t h a t  th e  re v e r s e  i s  som etim es found when lo o k in g  a t  

in d iv id u a l  s u b je c t  s e t s .

A m plitude o f  Evoked P o te n t i a l s .  Component Two-Three

The p e a k - to -p e a k  am p litu d e  o f  Component Two-Three (m easured between 

th e  p o s i t iv e  peak r e f e r r e d  to  a s  Component Two and th e  n e g a tiv e  peak r e ­

f e r r e d  to  as  Component T hree) in  b o th  th e  20-dB SL and th e  40-dB SL con-
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d ic io n a ,  as  shown in  F ig u re  10, fo llo w  a  p a t te r n  s im i la r  to  t h a t  o f  th e  

e a r l i e r  component. The 20-dB SL c o n d it io n  produced le s s  am p litu d e  th an  

d id  th e  40-dB SL in  each  o f  th e  fo u r  s e t s .  Both le v e l s  fo llo w  an  e sse n ­

t i a l l y  f l a t  fu n c tio n  a c ro s s  s e t s ,  w ith  th e  mean am p litu d e  f o r  a l l  s e t s  

in  th e  20-dB SL re sp o n se  b e in g  4 .7 6  m ic ro v o lts ,  w h ile  th e  mean o f  th e  

40-dB SL resp o n ses  was 6 .1 8  m ic ro v o lts . The in d iv id u a l  s c o re s  may be 

lo c a te d  in  APPENDIX B, w h ile  th e  grand  mean f o r  th e  s e t s  w ith  t h e i r  

accom panying ranges a r e  lo c a te d  in  APPENDIX C.

I t  can be seen  in  F ig u re  11 th a t  th e  am p litu d es  evoked by th e  

40-dB SL s ig n a l  exceeded th o se  o b ta in e d  under th e  20-dB le v e l  from  each 

s u b je c t ,  w ith  th e  e x c e p tio n  o f  S u b je c t Nine f o r  whom th e  re v e rs e  was 

t r u e .

As was ev idenced  in  th e  am p litu d e  o f Component One-Two (s e e

F ig u re  9 ) ,  th e  means a c ro s s  s u b je c ts  u n d e r th e  40-dB SL c o n d it io n  fo llo w
V ■

e s s e n t i a l l y  th e  same c o n f ig u ra tio n  a s  do th o se  a t  th e  20-dB SL c o n d it io n .

The s t a t i s t i c a l  a n a ly s is  computed on Component Two-Three, seen  in  

APPENDIX D, in d ic a te s  a  s ig n i f i c a n t  d i f f e r e n c e  betw een th e  SL 's ( P < .0 1 ) . 

No s ig n i f i c a n t  F r a t i o  was o b ta in ed  as  a  fu n c tio n  o f  day o r  s e t ,  o r  fo r  

th e  i n t e r a c t io n  le v e l s  by d ay s, le v e ls  by s e t s ,  o r  s e t s  by d ay s. N e ith e r  

was a  s ig n i f i c a n t  l i n e a r  component found in  a  breakdown o f th e  day and 

s e t  so u rc e  o f  v a r ia n c e .

In  summary, th e  f in d in g s  w hich a r e  e v id e n t from  t h i s  s tu d y  in d i ­

c a te  t h a t  th e  l ik e l ih o o d  o f o b ta in in g  a  re sp o n se  i s  g r e a te r  a s  th e  SL 

i s  in c re a s e d . A lso , a s  th e  i n t e n s i ty  o f  th e  s t im u l i  i s  in c re a s e d , th e  

la te n c y  o f  Component One (n e g a tiv e  p o in t  w ith  la te n c y  o f  ap p ro x im a te ly  

80 msec) and Component Two ( p o s i t iv e  p o in t  w ith  la te n c y  o f  app ro x im ate ly  

145 msec) d e c re a se s . However, th e  la te n c y  o f  Component Three (n e g a tiv e
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p o in t w ith  la te n c y  o f ap p ro x im a te ly  240 m sec) does n o t d e c re a se  a s  a  fu n c­

t io n  o f  an in c re a s e  in  i n t e n s i t y .  Component One shows a  d e c rea se  in  l a t ­

ency as a fu n c tio n  o f  i n t e n s i t y  in c re a s e  ( P 'C .o i ) .  The mean d e c re a se  in  

la te n c y  f o r  Component Two w ith  th e  in c re a s e  in  i n t e n s i t y  i s  somewhat 

s m a lle r  th a n  f o r  Component One. From th e  p re s e n t f in d in g s  i t  a p p ea rs  th a t  

th e  lo n g e r  th e  la te n c y  o f  a  component, th e  le s s  i t  i s  a f f e c te d  by an  in ­

c re a se  in  s tim u lu s  l e v e l .  The am plitude  o f  Component One-Two (n e g a tiv e  

p o in t c a l l e d  Component One to  p o s i t iv e  p o in t  c a l le d  Component Two) and th e  

am p litu d e  o f  Component Two-Three ( p o s i t iv e  p o in t  c a l l e d  Component Two to  

n e g a tiv e  p o in t  c a l le d  Component Three) b o th  in c re a s e  as  a fu n c tio n  o f  an 

in c re a s e  in  s e n s a tio n  le v e l .  As i s  ev idenced  by th e  in d iv id u a l  s c o re s  

shown in  APPENDIX B, th e r e  i s  c o n s id e ra b le  v a r i a b i l i t y  a c ro s s  s u b je c ts  as 

w e ll a s  w ith in  a s in g le  s u b j e c t 's  re sp o n se .

These f in d in g s  a g re e  in  g e n e ra l w ith  o th e r  s tu d ie s  which have been 

conducted  u s in g  b o th  human and anim al s u b je c ts  in  w hich o th e r  sen so ry  

m o d a l i t ie s ,  a s  w e ll as  a c o u s t ic  s t im u l i ,  w ere used . The f a c t  t h a t ,  as 

s tim u lu s  in t e n s i t y  in c re a s e s  th e re  i s  a  p ro g re s s iv e ly  d e c re a s in g  la te n c y  

a c ro ss  com ponents, has n o t been  p re v io u s ly  m entioned in  th e  l i t e r a t u r e .

I t  has been su g g es ted  by B ra z ie r  (13) and W alter (59) th a t  th e  

evoked re sp o n se  shows a  marked re d u c tio n  i n  am p litude  w ith  an  in c re a s e  

in  th e  number o f s t im u l i  p re s e n te d . In  a d d i t io n .  B ra z ie r  p re se n te d  t r a c ­

ings w hich dem onstrated  th a t  th e re  i s  a l s o  some s h i f t  in  la te n c y  f o r  Com­

ponent Two a s  th e  number o f  epochs i s  in c re a s e d . I t  would ap p ear from 

th e  d a ta  o b ta in e d  in  th e  p re s e n t  s tu d y , t h a t  th e re  i s  n o t a  s ig n i f i c a n t  

change in  th e  la te n c y  o f  Component One, Two, o r  Three a s  a  fu n c tio n  o f 

th e  number o f  s t im u l i  p re s e n te d . I t  was f u r th e r  found th a t  th e re  a r e  n o t 

s ig n i f i c a n t  s h i f t s  in  th e  am p litu d e  o f any o f  th e se  components as  a
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fu n c t io n  o f  th e  number o f  s t im u l i  p re se n te d  on a  g iv en  day o r  a s  a fu n c tio n  

o f  th e  number o f  days in  w hich th e  s t im u l i  were p re s e n te d . These d a ta  do 

n o t su p p o rt a  h y p o th e s is  o f  a d a p ta t io n  in  th e  evoked p o te n t i a l  a s  a  func­

t io n  o f  in t e n s i t y  le v e l  and number o f  s t im u l i ,  when th e  p ro ced u re  u sed  in  

th e  p re s e n t  s tu d y  i s  employed.

I f  such  a  s t a t e  o f  a d a p ta t io n  were to  be e v id e n t from th e  t r a c in g s ,  

i t  would seem th a t  a  d e c re a se  in  am p litu d e  a n d /o r  la te n c y  would be found.

In  view  o f  th e  f a c t  th a t  th e r e  wns n o t a  s ig n i f i c a n t  d e c re a se  in  e i t h e r  

th e  am p litu d e  o r  la te n c y  a s  a  fu n c tio n  o f  th e  number o f  s t im u l i ,  no e v i­

dence has been found su p p o rtin g  th e  p re sen c e  o f a d a p ta t io n  o f  th e  evoked 

re sp o n se .

The la c k  o f  ev id en ce  o f  a d a p ta t io n  cou ld  be due to  two p o s s ib le  

f a c to r s .  The f i r s t  f a c to r  which may m it ig a te  th e  d e te c t io n  o f  a d a p ta t io n  

when, in  f a c t ,  i t  e x i s t s ,  i s  th e  p o s s i b i l i t y  th a t  th e  s c a lp  i t s e l f  func­

t io n s  a s  an  a v e ra g e r  (2 4 ) . Thus, even though some s p e c i f i c  a u d ito ry  

t r a c t s  may a d a p t, th e  a d a p ta t io n  e f f e c t  on th e  t o t a l  o u tp u t o f  th e  s c a lp  

m ight n o t be n o ted . The second p o s s ib le  rea so n  f o r  n o t o b ta in in g  a  mea­

s u ra b le  amount o f  a d a p ta t io n  i s  th e  r e p e t i t i o n  r a t e  o f  one p e r  two seconds 

used  in  th e  p re s e n t  s tu d y . However, th e  r e p e t i t i o n  r a t e  o f  one p e r  two 

seconds i s  s lo w er th an  th o s e  used by e i t h e r  W alter (59) o r  B ra z ie r  (1 3 ).

I t  was shown by A ll is o n  ( 3 ) ,  McCandless and B est (4 3 ) , and by a  p i l o t  

s tu d y  conducted  p r io r  to  th e  p re s e n t in v e s t ig a t io n ,  th a t  a  r e p e t i t i o n  r a te  

o f  one p e r  two seconds does n o t m arkedly change th e  c h a r a c t e r i s t i c s  o f  

evoked re sp o n ses  from th o se  o b ta in e d  w ith  much slo w er r e p e t i t i o n  r a t e s .

A r a t e  f a s t e r  th an  one p e r  two seconds does d e c rea se  th e  am p litu d e  o f  th e  

evoked re sp o n se .

I t  i s  concluded from  th e  f in d in g s  o f  th e  p re s e n t  s tu d y  th a t  Compo-
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nentm One and Two d e c re a se  in  la te n c y  as  a  fu n c tio n  o f  th e  s tim u lu s  i n ­

c re a s e . Coiqionent T hree , how ever, does n o t show a s ig n i f i c a n t  change in  

la te n c y  w ith  an  in c re a s e  in  s tim u lu s  l e v e l .  No s ig n i f i c a n t  change in  

la te n c y  wee n o ted  f o r  any o f  th e  components a s  a  fu n c tio n  o f  number o f  

s t im u l i  o r  number o f  days th e  s tim u lu s  was p re s e n te d .

The am p litu d es  o f  Component One-Two and Component Two-Three show 

a s ig n i f i c a n t  in c re a s e  w ith  an  in c re a s e  in  SL o f  th e  s tim u lu s . T here i s  

n o t a  s i g n i f i c a n t  change in  th e  am p litu d e  o f  th e  two components a s  a 

fu n c tio n  o f  number o f s t im u l i  o r  number o f  days in  which th e  s tim u lu s  was 

p re s e n te d .



CHAPTER V 

SUMMARY AND CONCLUSIONS

C o n sid e rab le  in fo rm a tio n  has been p u b lish e d  r e c e n t ly  re g a rd in g  

a v e ra g in g  p ro ced u res  which a llo w  f o r  a re d u c tio n  o f  th e  random on-going  

EEC a c t i v i t y  and an enhancement o f  th e  s p e c i f i c  p o te n t i a l s  evoked by a 

g iv e n  s e t  o f  s t im u l i .  These s tu d ie s  have c o n c e n tra te d  on a  d e te rm in a tio n  

o f  th e  c h a r a c t e r i s t i c s  o f  p o te n t i a l s  evoked by v a r io u s  ty p es  o f  som ato­

s e n so ry , p h o t ic ,  and a c o u s t ic  s t im u la t io n .  I t  has been f a i r l y  w e ll e s ta b ­

l i s h e d  th a t  one can o b ta in  an  averaged  evoked re sp o n se  from norm al human 

s u b je c ts  w ith  th e se  ty pes o f  s t im u l i ,  p ro v id in g  th a t  th e  s t im u l i  a re  of 

s u f f i c i e n t  m agnitude. I t  i s  n o t y e t  c l e a r ,  how ever, what s p e c i f i c  neuro­

lo g ic a l  pathw ays a re  p rov ided  f o r  th e  t r a v e l  o f  th e  s ig n a l s .  A lthough th e  

la te n c ie s  o f  th e  v a rio u s  evoked re sp o n ses  have been  d e sc r ib e d  and la b e le d , 

th e r e  i s  l i t t l e  agreem ent re g a rd in g  th e  am p litu d e  and la te n c y  changes th a t  

o c cu r as  th e  s tim u lu s  i s  changed. T here  i s  a  g e n e ra l  agreem ent among 

a u th o rs  t h a t  s tim u lu s  in t e n s i t y  and la te n c y  a r e  in v e r s e ly  r e l a t e d .

The a v e ra g in g  p ro cedu re  has been su g g es ted  a s  a  p o s s ib le  to o l  not 

o n ly  to  d e te rm in e  a u d ito ry  a c u i ty ,  b u t a ls o  to  a id  in  d e te rm in in g  s i t e s  o f 

l e s io n .  However, s tu d ie s  have n o t been s p e c i f i c a l l y  conducted  to  d e te r ­

m ine th e  m agnitude o f a c o u s t ic a l ly  evoked re sp o n ses  and th e  s p e c i f i c  

e f f e c t  on them o f  in c re a se d  in t e n s i t y ,  number o f  s tim u lu s  p re s e n ta t io n s ,  

and t e s t i n g  tim e  in  n o rm a l-h ea rin g  s u b je c ts .

58.
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E xperim en ta l D esign 

The purpoee o f  t h i s  s tu d y  wee to  e x p lo re  th e  c h a r a c t e r i s t i c s  o f 

peak la te n c ie s  and am p litu d es  o f  th e  l a t e  a c t i v i t y  o f  th e  human evoked 

re sp o n se  to  a c o u s t ic  s t im u l i  a s  a  fu n c tio n  o f  tim e  and number o f  s t im u l i .

Evoked re sp o n ses  to  a c o u s t ic  c l ic k s  a t  two s e n s a t io n  le v e ls  (20 dB 

and 40 dB) w ere o b ta in e d . C lic k s  o f  .1  msec d u ra t io n  w ere p re se n te d  in  

500 s e r i a l  epochs to  te n  n o rm a l-h e a rin g  s u b je c t s .  I t  was p o s s ib le  to  d i ­

v id e  th e  500 epochs in to  sequences o f  epochs o f  125 each  and to  observe 

th e  e f f e c t  o f  th e  number o f  epochs o v e r tim e a t  th e  two s e n s a t io n  le v e l s .

The ex p e rim en ta l a p p a ra tu s  p e rm itte d  c lo s e  c o n tro l  o f  p u ls e  d u ra ­

t i o n ,  number o f  s t im u l i  p re s e n te d , a m p l i f ie r  g a in , and s to r in g  o f d a ta  in  

com puter memory. The f i r s t  500 msec o f  EEC a c t i v i t y  fo llo w in g  each c l i c k  

was tim e -lo c k e d , s to re d  in  th e  com puter memory, and added a lg e b r a ic a l ly  

to  a l l  o th e r  re sp o n ses  un d er a  g iv e n  e x p e rim en ta l c o n d itio n .

Each s u b je c t  was t e s t e d  a t  20-dB SL and 40-dB SL each  day f o r  s ix

d a y s .

The ex p e rim en ta l p ro ced u re  fo llo w ed  a  random ized com plete b lock  

d e s ig n  where th e  ex p e rim en ta l c o n d itio n s  o r  " tre a tm e n ts "  w ere a rran g ed  in  

a  f a c t o r i a l  fa s h io n . Each s u b je c t  was th e r e f o r e  observed  under ( 2 x 4  

X 6) 48 d i f f e r e n t  ex p e rim en ta l c o n d i t io n s . These c o n d itio n s  re p re se n t 

a l l  p o s s ib le  com binations o f  th e  two s e n s a t io n  l e v e l s ,  fo u r  s e t s ,  and 

th e  s i x  d ay s .

R e su lts  and C onclusions 

The r e s u l t s  o f  t h i s  s tu d y  a g re e  w ith  p rev io u s  f in d in g s  t h a t  an  in ­

c re a s e  in  s tim u lu s  i n t e n s i t y  r e s u l t s  in  an  in c re a s e  in  th e  am p litu d e  o f 

th e  evoked re sp o n se . The d eg ree  to  which th e  am p litu d e  in c re a s e s  v a r ie d
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c o n s id e ra b ly  ac ro ea  s u b je c t s ,  i n t r a s u b je c t  v a r i a b i l i t y  b e in g  le s s  th a n  

in te r s u b je c t  v a r i a b i l i t y .

The la te n c y  o f  th e  f i r s t  and second components (80 msec n e g a t iv i ty  

and 145 msec p o s i t iv e  peak) d ec rea sed  s i g n i f i c a n t ly  as  th e  i n t e n s i t y  vas 

in c re a s e d . The d e c re a se  in  la te n c y  was g r e a te r  f o r  th e  f i r s t  component 

th a n  f o r  th e  second com ponent. The th i r d  com ponent' s  la te n c y  (240 msec) 

d id  n o t d e c rea se  s i g n i f i c a n t l y  a s  a  fu n c tio n  o f  s tim u lu s  l e v e l .  T hus, i t  

would ap p ea r t h a t ,  a s  th e  la te n c y  becomes g r e a te r ,  i t  i s  a f f e c te d  l e s s  by 

v a r i a t i o n  o f th e  s tim u lu s  l e v e l .  The p re s e n t  a u th o r  has been u n ab le  to  

f in d  any p re v io u s ly  p u b lish e d  work which m entions t h i s  phenomenon.

The f in d in g s  o f  th e  p re s e n t  s tu d y  do n o t su p p o rt th o s e  s tu d ie s  

re p o r te d  (13 , 59) in  w hich an  am p litu d e  s h i f t  was no ted  a s  a  fu n c t io n  o f 

e i t h e r  tim e o r  number o f  s t im u l i .  I t  shou ld  be p o in te d  o u t ,  how ever, 

th a t  o th e r  s tu d ie s  have used  s tim u lu s  r e p e t i t i o n  r a te s  w hich were f a s t e r  

th an  th e  r e p e t i t i o n  r a t e  used in  t h i s  s tu d y  and u t i l i z e d  p h o t ic ,  n o t 

a c o u s t ic ,  s t im u l i .  Comparisons a c ro s s  s tu d ie s  a r e  o b v io u s ly  tenuous when 

many u nexp lo red  v a r ia b le s  a r e  in v o lv ed , th e  two g r e a te s t  v a r ia b le s  p o s s ib ly  

b e in g  r e p e t i t i o n  r a t e  and th e  sen so ry  m o d a lity  s t im u la te d .

The r e s u l t s  o f  t h i s  s tu d y  in d ic a te  th a t  no am p litu d e  o r  la te n c y  

s h i f t  o ccu rs  a s  a  fu n c t io n  o f number o f epochs p re se n te d  and th a t  i n t e r ­

s u b je c t  v a r i a b i l i t y  i s  g r e a te r  th a n  In t r a s u b je c t  v a r i a b i l i t y  in  b o th  am pli­

tu d e  and la te n c y .

I t  shou ld  be em phasized t h a t ,  c o n tra ry  to  th e  f in d in g s  o f  McCand­

le s s  and B est (4 3 ) , a  re sp o n se  was no t o b ta in e d  w ith  every  125 epochs. 

However, a s  th e  i n t e n s i t y  o f  th e  s tim u lu s  i s  in c re a s e d , th e  l ik e l ih o o d  o f 

o b ta in in g  a  re sp o n se  in c re a s e s .  Perhaps th e  re a so n  f o r  th e  d i f f e r e n c e  in  

f in d in g s  o f  th e  p re s e n t  s tu d y  and th e  r e s u l t s  re p o r te d  by M cCandless and
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Best is that the stimuli were at different SL's in the two studies. 

Furthermore, the stimuli were presented monaurally in the present study, 

whereas McCandless and Best used binaural stimulation which has been 

found to produce larger amplitudes than monaural stimulation.

Suggestions for Additional Research 

Considerable research into evoked potentials must be conducted 

prior to their utilization as a clinical tool. The ability of an indi­

vidual to inhibit or amplify the evoked response must be investigated 

closely. The effect of other stimulus intensities should be investigated 

in order to determine not only if there is a level at wnich intersubject 

and intrasubject responses are more consistent, but also whether tnere is 

a level at which the subject ceases to respond to high-level stimuli.

Acoustic stimuli of various durations and frequencies should be 

studied to determine whether there is a change in the evoked response 

across levels of these parameters. It is further suggested that, since 

investigations of cross-modality effects have not been directed toward 

an establishment of norms (3 .12. .59), normative data should be ob­

tained in order to determine the effects of inter-sensory stimulation 

on evoked potentials.
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CALIBRATION PROCEDURE

St«p  1. T urn  equipm ent on end a llo w  to  warm up f o r  one h o u r.

S tep  2 . C a l ib r a te  th e  DC le v e l  o f  th e  122 a m p l i f ie r s .
(a )  Open th e  in p u ts  o f  a l l  fo u r  122 a m p l i f ie r s .
(b ) Connect th e  o u tp u t o f  th e  122' s  to  th e  in p u t o f  th e  561-A

sco p e .
(c )  S e t scope to  th e  .05 v o l t s /d iv .  s e t t i n g .
(d ) S e t th e  tim e b ase  to  5 m s e c /d iv is io n . W ith th e  in p u t p o s i ­

t io n  on ground , a d ju s t  th e  t r a c e  to  th e  m idd le  g ra d ic u le .
(e )  Sw itch  in p u t sw itc h  o f  th e  scope from  ground to  dc p o s i t io n  

to  de te rm in e  th e  122 o u tp u t dc change from z e ro .
( f )  I f  th e r e  i s  a  change from z e ro , sw itc h  th e  in p u t p o s i t io n  

from th e  ground p o s i t io n  to  th e  dc p o s i t io n  and a d ju s t  th e  
dc l e v e l .  A d ju s t th e  dc le v e l  on th e  122 u n t i l  th e  t r a c e  
ap p ears  on th e  m idd le  g ra d ic u le .  Sw itch  back to  th e  ground 
p o s i t io n  and check  f o r  c e n te r  p o s i t io n in g .

(g ) On th e  .05 ra n g e , th e  dc s h i f t  sh o u ld  n o t exceed 1 cm; i f  
i t  d o es, r e p e a t  s te p s  (d) th ro u g h  (g ) .

S tep  3 . C a l ib r a te  th e  DC b a lan c e  o f  th e  2A63 a m p l i f ie r .
(a )  Open th e  in p u t o f  th e  2A63 a m p l i f ie r .
(b ) Connect th e  o u tp u t o f  th e  2A63 to  th e  in p u t o f  th e  scope 

a m p l i f ie r .
(c )  S e t th e  scope in p u t to  .2  v o l t s / d i v .  p o s i t io n .
(d ) W ith th e  in p u t sw itc h  o f  th e  sco p e  on th e  ground p o s i t io n ,  

a d ju s t  th e  t r a c e  to  th e  m iddle g ra d ic u le .
(e )  Sw itch th e  in p u t  to  th e  dc p o s i t io n  and a d ju s t  th e  t r a c in g

to  th e  c e n te r  g ra d ic u le  by r o t a t i n g  th e  dc b a lan ce  c o n tro l
on th e  2A63 a m p l i f ie r .  . ^

( f )  When t h i s  i s  a d ju s te d ,  sw itch  th e  in p u t o f  th e  scope from 
dc to  ground. The t r a c e  shou ld  rem ain  in  th e  same p o s i t io n .  
I f  th e  t r a c e  moves more th an  % cm, re p e a t s te p s  (d) th ro u g h
( f) .

S tep  4 . C a l ib r a te  th e  cooason mode r e je c t i o n .
(a )  The o u tp u t o f  th e  122 i s  co n nec ted  to  th e  in p u t o f  th e  2A63.
(b ) The o u tp u t o f  th e  2A63 i s  co n nec ted  to  th e  scope in p u ts .
( c )  The scope sho u ld  be s e t  a t  th e  1 v o l t / d iv .  s e t t i n g  and th e  

tim e base  a t  5 m sec /d iv . S e t th e  in p u t o f  th e  scope on th e  
ac  p o s i t io n .

(d ) Connect th e  " c a l i b r a t e  o u t"  from  th e  scope to  th e  in p u t o f  
th e  122 a m p l i f ie r  u s in g  th e  d i f f e r e n t i a l  a m p l i f ie r  p a tch  
co rd  (p in  1 -  s h ie ld ,  p in s  2 and 3 common to  th e  h o t l i n e ) .

(e )  W ith 1 v o l t  o u t o f  th e  c a l i b r a t e  o u t p o s i t io n  o f  th e  sco p e ,
a  d e f le c t io n  o f  1 cm re p re s e n ts  a  60,000 r e je c t i o n .

( f )  To red u ce  th e  s i z e  o f  th e  common mode r e je c te d  s ig n a l ,  ad ­
j u s t  th e  d i f f e r e n t i a l  ba lan ce  o f  th e  122 a m p l i f ie r  f o r  m in i­
mum s ig n a l  s i z e  on th e  m o n ito r sco p e .
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S tep  5. C a l ib ra te  th e  g a in  o f  th e  ayetem .

(a )  Leave e v e ry th in g  ae  l a  connected  f o r  coaawn mode r e j e c t i o n .
(b ) Reduce th e  c a l i b r a t i o n  o u t a lg n a l  to  .2  m ic ro v o lt.
(c )  R eplace  th e  d i f f e r e n t i a l  a m p litu d e  p a tch  cord  w ith  th e  

a m p l i f i e r  g a in  p a tc h  cord  (p in  2 h o t ,  p in  3 ground , p in  1 
o p e n ) .

(d ) A d ju a t th e  g a in  o f  th e  2A63 ao th a t  a  .2  m ic ro v o lt a lg n a l  
g lv ea  a  12 v o l t  acope re a d in g . T hla l a  ecpial to  a  g a in  o f 
6 0 ,0 0 0 .

S tep  6 . C a l ib r a te  th e  CAT and X-T P lo t t e r  a p p ly in g  a  known v o l ta g e  to
th e  In p u t o f  th e  CAT and th e n  p lo t  t h l a  on th e  X-T re c o rd e r .  Do 
n o t exceed 3 v o l ta  In p u t In  th l a  a te p .

S tep  7. C a l ib ra te  th e  CAT and X-Y P lo t t e r  a p p ly in g  o n e -h a lf  aa  much 
v o lta g e  to  th e  CAT aa waa a p p lie d  In  S tep  6.

S tep  8 . To c a l i b r a t e  th e  v o l ta g e  o b ta in ed  from  th e  ex p e rim en ta l a e ta ,
ap p ly  th e  fo llo w in g  fo rm u la . E , l a  av erag e  in p u t a lg n a l  v o lta g e  
in  v o l t a .

Ag X Eq X Sg X Rg 
Eg "  — where th e  fo llo w in g  in fo rm a tio n

A^ X Sg X R{. i s  known:

Eg “  c a l i b r a t i o n  v o lta g e  in  v o l te

Ag -  am p litu d e  o f  averaged  in p u t  s ig n a l  in  in ch es  
o r  c e n tim e te rs

Ag am p litu d e  o f  averaged  c a l i b r a t i o n  v o lta g e  in  
in ch es  o r  c e n tim e te rs

Sg -  number o f  sweeps f o r  in p u t s ig n a l

Sg “  number o f  sweeps fo r  c a l i b r a t i o n  v o lta g e

Rg ”  v e r t i c a l  ran g e  sw itch  s e t t i n g  when p lo t t i n g  th e  
in p u t

Rg « v e r t i c a l  ran g e  sw itch  s e t t i n g  when p lo t t i n g  th e  
c a l i b r a t i o n  v o lta g e

The c a l i b r a t i o n  p ro ced u re  f o r  th e  CAT and X-Y P l o t t e r  w ere su p p lie d  
by th e  m a n u fa c tu re r 's  r e p r e s e n ta t iv e .



APPENDIX B

In d iv id u a l  S u b je c t D ata



71

TABLE 5

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 20-dB CONDITION. SUBJECT NUMBER ONE.

DAY SET
LATENCY OF COMPONENT 

IN MILLISECONDS
PEAK TO PEAK AMPLITUDE 

IN MICROVOLTS

ONE TWO THREE ONE-TWO TWO-THREE

1 1 73 124 230 4 .2 6 8 .80
1 2 000 000 000 0 .0 0 0 .0 0
I 3 60 122 188 3 .2 7 3 .9 8
1 4 80 132 288 5 .40 9 .6 6
2 1 80 115 237 5 .11 5 .25
2 2 000 000 000 0 .00 0 .0 0
2 3 80 132 178 4 .4 0 5 .25
2 4 000 000 000 0 .00 0 .0 0
3 1 57 107 208 5 .6 8 6 .53
3 2 82 122 213 5.96 6 .53
3 3 73 137 292 5.96 6 .11
3 4 62 112 253 3 .9 8 6 .25
4 1 75 127 233 3 .8 3 6 .25
4 2 71 168 193 3 .4 1 4 .1 2
4 3 000 000 000 0 .00 0 .0 0
4 4 70 117 218 4 .5 4 7.24
5 1 70 157 213 2 .9 8 4 .5 4
5 2 60 137 223 6 .67 7 .10
5 3 73 128 210 5 .25 5 .6 8
5 4 93 128 215 4 .5 4 5 .6 8
6 1 75 127 228 3 .69 4 .2 6
6 2 90 112 229 2 .4 1 5 .5 4
6 3 87 117 213 1.99 4 .7 6
6 4 77 112 218 4 .9 7 3 .8 3
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TABLE 6
SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA

FOR THE 20-dB CONDITION. SUBJECT NUMBER TWO.

DAT SET
LATENCY OF COMPONENT 

IN MILLISECONDS
PEAK TO PEi 

IN MI(
kK AMPLITUDE 
IROVOITS

ONE TWO THREE ONE-TWO TWO-THREE

I I 90 152 278 4 .5 4 5 .6 8
1 2 102 203 340 3 .8 3 5.68
1 3 85 132 324 2 .6 3 3 .27
I 4 77 142 337 4 .9 7 5 .54
2 1 70 172 308 6.67 8.38
2 2 71 147 293 3 .83 4 .5 4
2 3 000 000 000 0 .0 0 0 .00
2 4 85 135 323 2 .27 3.69
3 1 83 148 230 2 .56 1.99
3 2 77 133 283 3 .55 4 .83
3 3 86 148 278 3 .2 7 3 .55
3 4 65 158 288 6 .11 8.66
4 1 91 142 258 2 .9 8 2 .98
4 2 80 157 293 4 .5 4 4 .5 4
4 3 000 000 000 0 .0 0 0.00
4 4 000 000 000 0 .0 0 0.00
5 1 72 153 290 3 .69 4 .40
5 2 77 138 295 2 .9 8 2 .8 4
5 3 82 168 297 3 .4 1 2.70
5 4 87 128 290 3 .27 4 .26
6 1 70 163 200 6.67 6 .53
6 2 80 165 286 3.69 4 .12
6 3 85 201 262 4 .9 7 4 .4 0
6 4 80 222 367 4 .8 3 5.40
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TABLE 7
SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 20-dB CONDITION. SUBJECT NUMBER THREE.

DAY SET
LATENCY OF COMPONENT 

IN MILLISECONDS
PEAK TO PEAK AMPLITUDE 

IN MICROVOLTS

ONE TWO THREE ONE-TWO TWO-THREE

I I 000 000 000 0 .0 0 0 .0 0
I 2 90 137 202 4 .9 7 4 .2 6
1 3 67 153 228 3 .4 8 6 .25
I 4 80 132 252 7.10 5 .6 8
2 I 82 138 255 3 .9 8 4 .1 2
2 2 77 170 245 4 .4 0 3 .55
2 3 88 135 210 3 .6 9 4 .2 6
2 4 93 135 215 2 .4 1 3 .2 7
3 1 71 155 227 3 .9 1 3 .69
3 2 77 172 212 4 .1 9 2 .13
3 3 57 182 225 5 .6 8 5 .82
3 4 100 188 238 4 .2 6 4 .4 0
4 I 000 000 000 0 .0 0 0 .00
4 2 65 127 197 4 .69 3 .69
4 3 85 147 247 5 .25 4 .5 4
4 4 000 000 000 0 .0 0 0 .0 0
5 1 102 148 215 3 .4 1 3 .2 7
5 2 87 167 198 5 .9 6 4 .5 4
5 '  3 65 137 182 3 .69 4 .1 2
5 4 70 147 207 5 .69 4 .7 0
6 I 70 140 227 3 .2 7 2 .70
6 2 85 160 196 2 .4 1 3 .55
6 3 000 000 000 0 .0 0 0 .0 0
6 4 95 137 257 3 .6 9 4 .2 6
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T4BLB 8

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 20-dB CONDITION. SUBJECT NUMBER FOUR.

DAT SET
LATENCY OF COMPONENT 

IN MILLISECONDS
PEAK TO PEAK AMPLITUDE 

IN MICROVOLTS

ONE TWO THREE ONE-TWO TWO-THREE

1 1 95 153 314 3 .55 4 .97
I 2 000 000 000 0 .0 0 0 .0 0
I 3 60 126 210 3 .69 3 .4 1
I 4 000 000 000 0 .0 0 0 .00
2 1 000 000 000 0 .0 0 0 .00
2 2 000 000 000 0 .0 0 0 .0 0
2 3 62 158 210 3 .8 3 3 .3 8
2 4 000 000 000 0 .0 0 0 .0 0
3 1 000 000 000 0 .0 0 0 .00
3 2 86 143 218 4 .9 7 6 .11
3 3 000 000 000 0 .0 0 0 .0 0
3 4 000 000 000 0 .0 0 0 .00
4 1 000 000 000 0 .0 0 b.oo
4 2 000 000 000 0 .0 0 0 .00
4 3 000 000 000 0 .0 0 0 .0 0
4 4 000 000 000 0 .0 0 0 .00
5 1 000 000 000 0 .0 0 0 .00
5 2 85 132 262 5 .4 0 4 .2 6
5 3 000 000 000 0 .0 0 0 .00
5 4 000 000 000 0 .0 0 0 .0 0
6 I 000 000 000 0 .0 0 0 .00
6 2 000 000 000 0 .0 0 0 .00
6 3 95 137 285 3 .2 7 4 .8 3
6 4 75 168 239 3 .6 9 3.83
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TABLE 9
SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 20-dB CONDITION. SUBJECT NUMBER FIVE.

DAY SET
LATENCY OF COMPONENT 

IN MILLISECONDS
PEAK TO PEAK AMPLITUDE 

IN MICROVOLTS

ONE TWO THREE ONE-TWO TWO-THREE

1 I 72 133 242 4 .9 7 5 .68
1 2 93 178 219 3 .12 5 .11
I 3 60 137 172 3 .9 8 2 .70
1 4 62 173 200 3 .5 5 3 .41
2 1 95 131 252 5 .11 5 .68
2 2 66 137 227 2 .4 1 4.27
2 3 61 122 227 2 .5 6 4.12
2 4 80 167 242 4 .6 9 4 .97
3 I 98 139 260 3 .2 7 4 .40
3 2 100 122 238 2 .4 1 3.83
3 3 000 000 000 0 .0 0 0 .00
3 4 110 172 233 2 .5 6 4 .26
4 I 81 147 254 5 .96 5.54
4 2 000 000 000 0 .0 0 0 .00
4 3 62 148 248 4 .9 7 5 .25
4 4 82 138 270 4 .4 0 5 .82
5 1 86 147 218 4 .9 7 5 .40
5 2 95 162 212 3 .6 2 5 .68
5 3 80 151 202 3 .4 1 4 .97
5 4 000 000 000 0 .0 0 0.00
6 1 101 168 259 5 .6 8 6 .25
6 2 82 129 170 4 .4 0 4 .26
6 3 102 138 214 3 .8 3 3 .83
6 4 82 133 194 3 .2 7 3 .41



76

TABLE 10
SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 20-dB CONDITION. SUBJECT NUMBER SIX.

DAY SET
LATENCY OF COMPONENT 

IN MILLISECONDS
PEAK TO PEAK AMPLITUDE 

IN MICROVOLTS

ONE TWO THREE ONE-TWO TWO-THREE

1 1 107 148 209 3 .4 1 3 .27
I 2 000 000 000 0 .0 0 0 .0 0
1 3 107 184 213 3 .69 2.13
1 4 102 149 244 4 .8 3 3 .69
2 1 105 162 222 4 .1 2 2 .41
2 2 000 000 000 0 .0 0 0 .0 0
2 3 000 000 000 0 .0 0 0 .0 0
2 4 62 163 218 3 .83 3 .41
3 1 118 150 200 3 .69 3 .27
3 2 000 000 000 0 .0 0 0 .00
3 3 000 000 000 0 .0 0 0 .0 0
3 4 000 000 000 0 .0 0 0 .0 0
4 1 107 133 208 3 .1 2 3 .9 8
4 2 92 142 203 4 .2 6 3 .2 7
4 3 91 168 198 3 .4 1 4 .4 0
4 4 000 000 000 0 .0 0 0 .0 0
5 1 113 182 207 4 .5 4 2 .56
5 2 000 000 000 0 .0 0 0 .00
5 3 000 000 000 0 .0 0 0 .00
5 4 000 000 000 0 .00 0 .00
6 1 75 162 293 5 .5 4 4 .69
6 2 000 000 000 0 .0 0 0 .00
6 3 000 000 000 0 .0 0 0 .00
6 4 000 000 000 0 .0 0 0 .00
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TABLE II
SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 20-dB CONDITION. SUBJECT NUMBER SEVEN.

DAY SET
LATENCY OF COMPONENT 

IN MILLISECONDS
PEAK TO PEAK AMPLITUDE 

IN MICROVOLTS

ONE TWO THREE ONE-TWO TWO-THREE

1 I 107 152 268 4 .8 3 7.10
I 2 88 135 261 3 .55 5.68
1 3 000 000 000 0 .00 0.00
1 4 75 145 276 6.82 5.96
2 1 107 147 223 3 .41 4 .40
2 2 86 172 260 3 .83 2.98
2 3 60 126 288 3 .55 3.69
2 4 102 152 273 4 .12 4 .40
3 1 112 139 260 3 .9 8 4.12
3 2 000 000 000 0 .00 0 .00
3 3 97 164 255 5.82 6.39
3 4 82 155 265 4 .97 6.39
4 1 102 133 280 3 .41 3 .84
4 2 85 145 250 5 .40 5.82
4 3 100 147 265 4 .83 5.54
4 4 96 157 254 4 .4 0 5.96
5 I 95 136 256 5 .68 6.67
5 2 102 147 253 4 .12 5.25
5 3 92 147 258 7.81 8.52
5 4 102 148 279 6 .96 6.67
6 1 63 135 252 3 .83 5.25
6 2 120 156 290 5 .40 6.82
6 3 87 154 255 5 .54 5.82
6 4 87 168 279 4 .4 0 4.83
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TABLE 12
SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 20-dB CONDITION. SUBJECT NUMBER EIGHT.

DAY SET
LATENCY OF COMPONENT 

IN MILLISECONDS
PEAK TO PEAK AMPLITUDE 

IN MICROVOLTS

ONE TWO THREE ONE-TWO TWO-THREE

I 1 77 163 234 4 .5 4 5 .54
1 2 82 173 223 4 .8 3 5 .45
1 3 97 208 280 5 .68 5.96
I 4 92 169 214 6 .25 4 .54
2 1 97 153 273 3 .55 4 .40
2 2 80 157 262 4 .9 7 4 .26
2 3 85 162 247 7.10 4 .70
2 4 92 173 308 7.38 5 .96
3 1 77 149 236 5 .25 5 .54
3 2 97 175 266 3 .9 8 4 .26
3 3 81 143 203 5 .96 5.25
3 4 96 173 223 6 .11 5 .54
4 1 90 162 277 4 .1 2 4.69
4 2 87 132 253 5 .40 4 .54
4 3 98 149 272 4 .1 2 4 .40
4 4 85 174 278 6 .25 6 .67
5 1 000 000 000 0 .0 0 0 .00
5 2 000 000 000 0 .00 0 .00
5 3 000 000 000 0 .00 0 .00
5 4 97 150 213 4 .8 3 3.55
6 I 102 165 262 4 .6 7 4.97
6 2 79 153 244 5 .40 3 .98
6 3 000 000 000 0 .0 0 0 .00
6 4 96 132 283 4 .97 4.69
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TABLE 13

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 20-dB CONDITION. SUBJECT NUMBER NINE.

DAY SET
LATENCY OF COMPONENT 

IN MILLISECONDS
PEAK TO PEAK AMPLITUDE 

IN MICROVOLTS

ONE TWO THREE ONE-TWO TWO-THREE

I 1 102 167 188 4 .5 4 3 .83
1 2 90 126 217 4 .83 5 .25
1 3 110 131 217 4 .83 5 .68
1 4 000 000 000 0 .0 0 0 .0 0
2 1 112 153 183 4 .2 6 5 .68
2 2 000 000 000 0 .00 0 .0 0
2 3 000 000 000 0 .00 0 .0 0
2 4 112 147 183 5.11 5 .6 8
3 I 85 167 250 4 .40 4 .1 2
3 2 105 157 236 3 .98 4 .5 4
3 3 80 151 237 5 .96 4 .8 3
3 4 95 137 227 3 .98 4 .9 7
4 1 112 132 275 4 .4 0 6.96
4 2 90 122 182 4 .97 3 .9 8
4 3 100 132 275 3 .12 5 .5 4
4 4 000 000 000 0 .00 0 .00
5 1 000 000 000 0 .00 0 .0 0
5 2 000 000 000 0 .00 0 .0 0
5 3 90 135 187 4.12 7.24
5 4 85 126 192 3 .83 4 .8 3
6 1 122 158 223 4 .26 3 .41
6 2 000 000 000 0 .00 0 .0 0
6 3 000 000 000 0 .00 0 .00
6 4 000 000 000 0 .00 0 .00
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TABLE 14
SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA

FOR THE 20-dB CONDITION. SUBJECT NUMBER TEN.

DAY SET
LATENCY OF COMPONENT 

IN MILLISECONDS
PEAK TO PEAK AMPLITUDE 

IN MICROVOLTS

ONE TWO THREE ONE-TWO TWO-THREE

1 I 105 156 216 2 .56 2 .8 4
I 2 80 157 197 4 .2 6 4 .2 6
I 3 000 000 000 0 .0 0 0 .00
I 4 000 000 000 0 .0 0 0 .00
2 1 000 000 000 0 .0 0 0 .00
2 2 89 161 210 3 .55 2 .56
2 3 000 000 000 0 .0 0 0 .00
2 4 79 150 227 3 .1 2 4 .9 7

. 3 1 97 132 215 1 .70 2 .8 4
3 2 000 000 000 0 .0 0 0 .00
3 3 62 143 209 5 .25 4 .8 3
3 4 000 000 000 0 .0 0 0 .0 0
4 1 98 158 205 3 .4 1 3 .83
4 2 107 168 215 4 .2 6 3 .83
4 3 92 117 173 2 .9 8 2 .9 8
4 4 000 000 000 0 .0 0 0 .00
5 1 62 107 203 3 .1 2 4 .9 7
5 2 67 163 200 4 .6 9 2 .70
5 3 000 000 000 0 .0 0 0 .00
5 4 000 000 000 0 .0 0 0 .00
6 I 65 152 212 4 .5 2 3 .98
6 2 85 157 227 4 .6 9 3 .41
6 3 000 000 000 0 .0 0 0 .00
6 4 111 162 212 4 .6 9 3 .69
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TABLE 15
SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA

FOR THE 40-dB CONDITION. SUBJECT NUMBER ONE.

DAY SET
LATENCY OF COMPONENT 

IN MILLISECONDS
PEAK TO PEAK AMPLITUDE 

IN MICROVOLTS

ONE TWO THREE ONE-TWO TWO-THREE

1 1 78 140 222 9.09 8 .23
1 2 70 132 217 7.46 11.22
1 3 78 110 210 6.39 8 .66
1 4 45 102 202 5 .11 6 .2 4
2 1 72 142 204 5 .18 7.55
2 2 72 115 194 6 .0 4 6 .46
2 3 82 112 198 5 .75 6 .4 6
2 4 75 154 196 7 .24 9 .3 7
3 1 75 145 212 5 .0 4 7 .38
3 2 82 117 230 7.46 8 .52
3 3 77 142 225 5 .68 9 .09
3 4 70 122 217 4 .6 0 8 .17
4 1 86 122 203 5 .6 8 7 .8 1
4 2 83 123 225 7.74 6 .96
4 3 72 122 220 5 .68 7 .38
4 4 67 160 225 8 .52 7 .95
5 1 75 107 200 4 .4 0 6 .10
5 2 77 122 217 6 .96 4 .19
5 3 55 126 228 6.67 7 .95
5 4 74 119 201 5 .96 7 .38
6 1 40 127 218 7 .81 6 .11
6 2 80 122 198 3 .2 7 6 .96
6 3 75 117 203 6 .25 7.53
6 4 68 115 206 6 .53 8 .45
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TABLE 16
SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA

FOR THE 40-dB CONDITION. SUBJECT NUMBER TWO.

DAY SET
LATENCY OF COMPONENT 

IN MILLISECONDS
PEAK TO PEAK AMPLITUDE 

IN MICROVOLTS

ONE TWO THREE ONE-TWO TWO-THREE

I 1 90 177 302 5 .11 6 .1 0
1 2 78 140 312 5 .96 5 .96
1 3 85 125 297 3 .69 4 .2 6
1 4 75 132 268 9 .37 9 .23
2 I 85 147 272 5 .82 5 .11
2 2 70 137 303 5 .60 8 .73
2 3 72 163 278 6.39 6.39
2 4 76 133 278 6 .5 4 8.52
3 I 87 147 307 5 .68 5 .53
3 2 87 165 276 3 .12 3 .97
3 3 77 147 286 3 .12 4 .1 1
3 4 70 173 243 5 .53 3 .55
4 I 87 137 275 6 .39 6 .10
4 2 55 138 304 6.39 6.39
4 3 76 142 273 4 .62 5 .11
4 4 80 142 272 6.11 6.39
5 1 87 133 243 5.25 5 .40
5 2 93 140 235 3 .55 3 .12
5 3 82 158 265 4 .97 6 .96
5 4 80 142 278 6 .39 8 .95
6 I 80 142 294 11.47 14.11
6 2 80 143 265 8.09 7 .10
6 3 77 128 270 7 .38 6 .96
6 4 80 157 335 5 .25 5 .96
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TABLE 17
SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 40-dB CONDITION. SUBJECT NUMBER THREE.

DAY SET
LATENCY OF COMPONENT 

IN MILLISECONDS
PEAK TO PEAK AMPLITUDE 

IN MICROVOLTS

ONE TWO THREE ONE-TWO TWO-THREE

1 1 71 152 200 6 .25 4 .4 0
1 2 75 152 217 4 .1 2 4 .8 7
I 3 65 132 236 7.10 7 .53
1 4 59 136 220 5 .82 7 .38
2 1 80 152 222 7.81 5 .82
2 2 77 138 224 6.39 2 .57
2 3 88 143 229 5 .11 4 .9 7
2 4 62 153 213 6 .25 6 .11
3 I 84 160 243 8 .3 8 8 .09
3 2 90 145 258 6 .25 5 .25
3 3 90 122 233 5 .11 5 .54
3 4 81 126 293 5 .6 8 4 .9 7
4 I 75 152 213 5 .82 4 .69
4 2 75 137 228 7.67 5 .68
4 3 75 122 207 6.39 6.39
4 4 80 117 263 6 .9 6 7 .10
5 1 72 142 258 7.95 7.67
5 2 82 137 243 7.24 6.39
5 3 60 122 213 6 .25 6.82
5 4 61 122 287 4 .9 7 5 .54
6 1 65 142 252 4 .4 0 3.69
6 2 72 157 262 5 .25 5.68
6 3 80 173 243 3 .9 8 4 .69
6 4 75 177 242 4 .5 4 3 .4 8
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TABLE 18
SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 40-dB CONDITION. SUBJECT NUMBER FOUR.

DAY SET
LATENCY OF COMPONENT 

IN MILLISECONDS
PEAK TO PEAK AMPLITUDE 

IN MICROVOLTS

ONE TWO THREE ONE-TWO TWO-THREE

1 I 85 147 257 6 .39 7.53
I 2 89 150 228 7.10 6 .82
I 3 83 153 219 7.53 6 .96
1 4 77 143 243 3 .69 3 .83
2 1 97 143 219 5 .68 4 .9 7
2 2 96 173 229 4 .12 4 .12
2 3 93 144 200 5 .11 4 .26
2 4 93 135 251 5 .96 4 .79
3 I 97 163 254 5 .68 6 .67
3 2 102 148 212 6 .32 5 .11
3 3 92 153 207 5 .11 6 .53
3 4 91 152 228 5 .40 5 .11
4 1 90 154 227 6 .39 9 .09
4 2 90 147 242 4 .69 4 .5 4
4 3 91 152 212 4 .97 4 .82
4 4 85 162 212 5 .25 2 .41
5 I 131 146 217 3 .12 3.69
5 2 110 150 295 8 .80 4 .69
5 3 93 150 242 4 .26 4 .8 3
5 4 83 135 215 3 .55 4 .12
6 I 92 180 215 4 .12 3 .69
6 2 87 143 220 5 .11 4 .26
6 3 82 137 230 4 .5 4 4 .82
6 4 87 138 243 5 .68 6 .39
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TABLE 19
SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 40-dB CONDITION. SUBJECT NUMBER FIVE.

DAY SET
LATENCY OF COMPONENT 

IN MILLISECONDS
PEAK TO PEAK AMPLITUDE 

IN MICROVOLTS

ONE TWO THREE ONE-TWO TWO-THREE

I 1 65 125 250 4 .97 5 .54
I 2 104 144 243 3.55 5 .40
I 3 92 149 255 2 .84 5.96
1 4 60 178 254 4 .4 0 5 .68
2 I 85 176 263 2 .84 4 .5 4
2 2 95 143 218 1.99 4 .5 4
2 3 82 143 235 2 .27 5 .11
2 4 87 179 295 2 .41 3 .12
3 1 72 138 258 6 .53 7.38
3 2 40 142 242 3.55 5 .11
3 3 57 112 252 3 .12 4 .4 0
3 4 87 123 238 2 .98 4 .12
4 1 45 142 263 5 .25 7.24
4 2 72 133 218 4 .83 4 .5 4
4 3 76 138 207 5 .68 5.96
4 4 75 122 228 3 .27 4 .69
3 1 40 142 228 7.24 7.10
5 2 71 142 238 5 .11 5 .11
5 3 60 172 247 3 .55 4 .5 4
5 4 70 132 243 5.11 5 .40
6 1 60 153 243 6 .25 6 .67
6 2 65 137 265 6 .74 5 .96
6 3 60 148 218 4 .40 6.39
6 4 65 168 248 3 .69 4 .26
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TABLE 20
SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA

FOR THE 40-dB CONDITION. SUBJECT NUMBER SIX.

DAY SET
LATENCY OF COMPONENT 

IN MILLISECONDS
PEAK TO PEAK AMPLITUDE 

IN MICROVOLTS

ONE TWO THREE ONE-TWO TWO-THREE

1 1 64 150 302 6 .53 6 .25
I 2 67 149 204 3 .55 4 .5 4
I 3 67 160 210 3 .55 5 .18
I 4 88 150 225 4 .12 5 .6 8
2 I 72 158 238 5 .6 8 4 .7 6
2 2 57 157 223 6.11 4 .5 4
2 3 87 163 218 6 .11 6 .11
2 4 77 153 198 5 .5 4 4 .1 9
3 I 63 153 238 6 .11 6 .39
3 2 87 157 263 6 .1 8 3 .41
3 3 78 153 273 6 .11 4 .4 0
3 4 87 152 227 5 .68 5 .40
4 1 62 142 257 6 .39 6 .82
4 2 72 151 222 5 .82 5 .96
4 3 62 142 217 5 .96 7.03
4 4 67 147 204 4 .97 5 .89
5 1 57 143 225 6 .39 5 .6 8
5 2 62 153 257 6 .82 5 .68
5 3 52 143 215 5.82 4 .8 3
5 4 . 60 157 243 5 .68 5 .82
6 1 63 149 240 6.25 5 .54
6 2 66 143 208 7 .10 7.10
6 3 65 137 228 5 .11 6.53
6 4 66 134 238 6 .96 6 .53
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TABLE 21
SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 40-dB CONDITION.. SUBJECT NUMBER SEVEN.

DAY SET
LATENCY OF COMPONENT 

IN MILLISECONDS
PEAK TO PEAK AMPLITUDE 

IN MICROVOLTS

ONE TWO THREE pNE-TWO . TWO-THREE

I I 85 132 251 7-95 7 : , s
I 2 77 128 265 6 .96 .8,80
I 3 86 133 254 7.52 8 .66  ;
1 4 87 134 297 7.10 7 .95
2 1 86 138 264 9 .51 9 .8 0
2 2 85 153 248 7.31 9 .3 7
2 3 87 144 264 6 .39 9 .9 4
2 4 81 133 237 7.95 10,08
3 1 57 154 246 5.11 7 .81
3 2 85 173 288 6 .96 8 .52
3 3 96 143 248 5 .96 8 .95
3 4 75 142 237 • 8 .24 9 .2 3
4 1 86 153 238 7.10 7 .67
4 2 85 130 257 5 .40 7.95
4 3 90 157 268 6 .96 9 .6 6
4 4 58 168 260 9 .37 9 .9 4
5 1 68 130 255 5.25 7 .81
5 2 92 158 263 7.10 9;23
5 3 96 137 263 7.97 6 .96
5 4 86 147 258 5 .11 7 .10
6 I 87 143 234 7.10 8 .38
6 2 57 138 249 7.95 8 .0 8
6 3 88 148 265 7.53 8.66
6 4 72 133 285 8 .80 9 .5 1
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TABLE 22
V

SUBJECT IDENTIFICATICM AND INDIVIDUAL SUBJECT DATA
FOR THE 40-dB CONDITION. SUBJECT NUMBER EIGHT.

DAY SET
LATENCY OF COMPONENT 

IN MILLISECONDS
PEAK TO PEAK AMPLITUDE 

IN MICROVOITS

ONE TWO THREE ONE-TWO TWO-THREE

1 I 82 154 270 8 .2 4 9 .09
1 2 86 164 249 9 .2 3 8 .8 0  ■
1 3 80 162 267 8 .52 8 .8 0
1 4 77 158 259 7 .24 7 .2 4  ,
2 1 75 157 236 7 .81 8 .8 0
2 2 66 147 212 8 .3 8 7.67
2 3 70 156 257 8 .09 7 .10
2 4 85 133 257 10.93 10.65
3 1 92 163 259 8 .8 0 7.53
3 2 82 148 275 5 .6 8 7 .38
3 3 82 178 233 8 .5 2 7 .2 4
3 4 82 138 270 7 .2 4 6 .67
4 1 82 158 243 9 .6 6 7 .10
4 2 82 168 269 8 .95 4 .6 9
4 3 77 163 253 10.08 7 .53
4 4 92 168 243 8 .09 5 .96
5 1 80 145 240 8 .2 4 6 .1 1
5 2 82 142 234 5 .4 0  . 4 .5 4
5 3 72 157 243 9 .6 6 6 .67
5 4 86 178 253 6 .5 3 7.67
6 1 80 146 217 8 .09 6 .67
6 2 86 157 218 6 .25 3 .9 8
6 3 90 131 262 7 .24 7 .24
6 4 94 140 255 7 .38 8 .52
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TABLE 23
SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 40-dB CONDITION. SUBJECT NUMBER NINE.

DAT SET
LATENCY OF COMPONENT 

IN MILLISECONDS
PEAK TO PEAK AMPLITUDE 

IN MICROVOLTS

ONE TWO THREE ONE-TWO TWO-THREE

1 1 87 128 270 4 .26 2 .84  .
1 2 000 000 000 0 .0 0 0 .00
1 3 82 158 198 4 .5 4 3 .69
1 4 70 137 213 5 .82 5 .11
2 1 86 157 268 4 .69 5 .68
2 2 85 142 207 3 .9 8 6 .82
2 3 55 132 162 4 .4 0 3 .27
2 4 000 000 000 0 .00 0 .00
3 1 62 127 162 3 .27 3.12
3 2 90 156 242 3 .27 2 .84
3 3 000 000 000 0 .0 0 0 .00
3 4 87 128 207 3 .40 4 .97
4 I 90 152 203 3 .83 4 .21
4 2 90 126 . 257 2 .9 8 4.69
4 3 000 000 000 0 .00 0.00
4 4 85 125 213 4 .83 6.39
5 1 90 147 212 4 .4 0 4 .97
5 2 66 173 223 6 .11 4 .97
5 3 86 163 238 4 .2 6 4 .12
5 4 55 147 193 5 .11 4 .5 4
6 1 83 138 198 6 .96 6.25
6 2 90 151 202 4 .1 2 5:40
6 3 60 125 233 6 .53 7.38
6 4 55 122 173 5 .11 5.11
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TABLE 24

SUBJECT IDENTIFICATIOK AND INDIVIDUAL SUBJECT DATA
FOR THE 40-dB CONDITION. SUBJECT NUMBER TEN.

DAY SET
LATENCY OF COMPONENT 

IN MILLISECONDS
PEAK TO PEAK AMPLITUDE 

IN MICROVOLTS

ONE TWO THREE ONE-TWO TWO-THREE

1 I 70 161 245 3 .8 3 4 .69
1 2 000 000 000 0 .0 0 0 .00
1 3 73 148. 228 5 .5 4 6 .1 1
1 4 57 138 197 4 .2 6 4 .2 6
2 I 000 . 000 000 0 .0 0 0 .0 0
2 2 000 000 000 0 .0 0 0 .00
2 3 000 000 000 0 .0 0 0 .0 0
2 4 000 000 000 0 .0 0 0 .0 0
3 1 000 000 000 0 .0 0  • 0 .00
3 2 000 000 000 0 .0 0 0 .0 0
3 3 67 178 318 6 .93 5 .34
3 4 78 150 224 3 .5 5 3 .4 1
4 1 76 127 203 3 .97 3 .83
4 2 000 000 000 0 .0 0 0 .00
4 3 000 000 000 0 .0 0 0 .0 0
4 4 70 137 223 3 .4 1 4 .5 4
5 1 65 152 193. 4 .2 6 3 .55
5 2 72 143 190 5 .6 8 3 .55
5 3 76 168 ' 250 4 .2 6 3 .69
5 4 95 138 218 4 .2 6 3 .83
6 I 71 162. 227 4 .9 7 5 .25
6 2 000 000 000 0 .0 0 0 .00
6 3 000 000 000 0 .0 0 o .od
6 4 70 132

<
217 3 .55 4 .5 4
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APPENDIX C

Mean and Range S cores f o r  V arious Components



TABLE 25
MEAN OF INDIVIDUAL SET SCORES COMPRISING THE NUMBER OF RESPONSES, AMPLITUDES, AND LATENCIES IN EACH 

SET FOR EACH SENSATION LEVEL. MEAN AND RANGE SCORES FOR LATENCIES OF COMPONENTS ONE, TWO, AND 
THREE, AND AMPLITUDES FOR COMPONENT ONE-TWO AND TWO-THREE FOR EACH SENSATION LEVEL

20 dB

S e t No.

1
2
3
4

N

50
42
39
40

Component
# 1

89.46
85.45
81.64
86.33

L A T E N C Y
Component

# 2

146.60
150.31
146.59
150.15

Component
#3

241.32
235.55
232.21
249 .80

A M P
Component

1 - 2

4 .1 9 2
4 .2 9 0
4 .3 6 5
4 .6 8 3

L I  T U D E
Component

2 -3

4 .729
4 .474
4 .7 4 6
5 .116

X 342.88 593.65 958 .88 17.530 19.065

X 85.72 148.41 239.72 4 .3 8 3 4 .766

Range 122-57 222-107 367-170 7 .8 1 -1 .7 0 9 .6 6 -1 .9 9

L A T E N C Y A M P L I  T U D E
Se t  No. N Component Component Component Component Component

• #1 * 2 #3 1 - 2 2-3

I 58 77.05 146.41 239 .10 6 .149 6 .353
40 dB 2 54 79.41 144.80 240 .43 5 .8 8 4 5.903

3 55 77.29 144.29 230 .24 5 .7 1 8 6.299
4 58 75 .00 142.55 238 .98 5 .7 4 1 6.196

X 308.75 578.05 956.75 23 .492 24.751
X 77.19 144.51 239.19 5 .873 6 .188

Range 131-40 180-102 335-162 1 1 .4 7 -1 .9 9 1 4 .1 1 -2 .4 1

vO
N
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A n a ly s is  o f  V ariance  T ables
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TABLE 26

SUMAKT OF ANALYSIS OF VARIANCE FOR CGHFONENT ONE

Source o f D egrees o f Sum o f Mean
V a r ia t io n Freedom Squares Square F

Level 1 80278 80278 59 .917 **
Day 5 6060 1212 .904
S et 3 9751 3250.3 2 .425
L E D 5 16658 3331.6 2 .486
L X S 3 12305 4101.7 3 .061
D X S 15 47774 3184.9 2 .377
E rro r 15 20098 1339.8

** S ig n i f ic a n t  a t  th e  one p e r  <cen t le v e l  o f  c o n fid en ce .

TABLE 27

SUMMARY OF ANALYSIS OF VARIANCE FOR COMPONENT TWO

Source o f D egrees o f Sum o f Mean
V a r ia t io n Freedom Squares Square F

L evel 1 16133 16133 7 .372  *
Day 5 16756 3351.2 1 .531
S e t 3 3379 1126.3 .514
L X D 5 10187 2037.4 .931
L X S 3. 9169 3056.2 1.396
D X S 15 28030 1868.7 .854
E rro r 15 32819 2187.9

*  S ig n i f ic a n t  a t  th e  f iv e  per. c e n t le v e l  o f  c o n fid en ce .
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TABLE 28

SUMARY OF ANALYSIS OF VARIANCE FOR COMPONENT THREE

S ource o f 
V a r ia t io n

Degrees o f  
Freedom

Sum o f  
Squares

Mean
Square F

Level 1 1925 1925 .115
Day 3 59646 11929.2 1.793
S e t 3 4176G 13922.1 2 .092
L X D 5 55329 11065.8 1.663
L X S 3 40991 13663.6 2 .053
D X S 15 93529 6235.3 • .937
E rro r 15 99789 6652.6

No s ig n i f i c a n t  le v e l s  o b ta in e d  a t  th e  f iv e  p e r c e n t l e v e l .

TABLE 29

SUMMARY OF ANALYSIS OF VARIANCE FOR AMPLITUDE OF 
COMPONENT ONE-TWO

Source o f Degrees o f Sum o f Mean
V a r ia t io n Freedom Squares Square F

Level 1 2699 2699 149.116 **
Day 5 33 6 .6  . .364
S e t 3 31 10.3 .569
L X D 5 117 2 3 .4 1.292
L X S 3 137 45 .7 3 .29
D X S 15 323 2 1 .5 1.187
E rro r 15 271 18.1

** S ig n i f ic a n t  a t  th e  one p e r  c e n t le v e l  o f  c o n fid en ce .
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TABUS 30

SUMMARY OF ANALYSIS OF VARIANCE FOR AMPLITUDE OF
COMPONENT TWO-THREE

S ource  o f  
V a r ia t io n

D egrees o f  
Freedom

Sum o f  
Squares

Mean
Square F

L evel 1 2233 2233 105.829 **
Day 5 217 4 3 .4 2.056
S e t 3 139 4 6 .3 2 .194
L X D 5 150 30 .0 1.421
L X S 3 90 30 .0 1.421
D X S 15 478 31 .9 1.511
E r ro r 15 317 21 .1

** S ig n i f i c a n t  a t  th e  one p e r  c e n t l e v e l .


