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ABSTRACT 

An e x p e r i m e n t  was  c a r r i e d  o u t  t o  i n v e s t i g a t e  t h e  
r e l a t i o n s h i p s  b e t w e e n  s t e a d y  p o t e n t i a l  l e v e l  (SPL) f l u c t u a t i o n s  
a n d  e v e n t - r e l a t e d  p o t e n t i a l s  (ERP: CNV, N1, P 2 ,  P 3 )  i n  a  CMV 
p a r a d i g m  r e q u i r i n q  a n  a u d i t o r y  d i s c r i m i n a t i o n .  An llA-B-Afl  
d e s i g n  was employed  w i t h  t h e  l1BW c o n d i t i o n  d i f f e r i n g  o n l y  i n  
t h a t  p u n i s h m e n t  (1 s e c o n d  of 95 d b  w h i t e  n o i s e )  was 
a d m i n i s t e r e d  f o r  i n c o r r e c t  o r  d e l a y e d  c h o i c e ,  B e n o p o l a r  
r e c o r d i n g s  of SPL, s p o n t a n e o u s  b r a i n  e l e c t r i c a l  a c t i v i t y  {EEG), 
e y e  movement (EOG), a n d  c e p h a l i c  g a l v a n i c  s k i n  p o t e n t i a l  
a c t i v i t y  (GSP) were o b t a i n e d  f SOB 18 s u b j e c t s  ( 5 ) -  F o r  each S 
s i n g l e - t r i a l  ERP a m p l i  t u d e  t n e a s u r e s  were c o r r e l a t e d  w i t h  e a c h  
o t h e r  a n d  w i t h  SPL p r e c e d i n g  t h a t  t r i a l ,  Few c o n s i s t e n t  
p a t t e r n s  o f  r e l a t i o n s h i p  were o b s e r v e d  b e t w e e n  SPL a e a s u r e d  a t  
Cz a n d  a n y  ERP m e a s u r e ;  however  HI, P2, P3  a n d  t h e  CNV m e a s u r e s  
a l l  d i s p l a y e d  s i g n i f i c a n t  p a t t e r n s  of i n t e r r e l a t i o n s h i p s ,  
A n a l y s i s  o f  w i t h i n - S  c o n d i t i o n  d i f f e r e n c e s  r e v e a l e d  a g r e a t  
d e a l  o f  v a r i a b i l i t y ,  However, i n  Ss s h o w i n g  c o n d i t i o n  effects  
CNB a m p l i t u d e  was i n c r e a s e d  o v e r  t h e  "BH c o n d i t i o n .  P o o l e d  
s u b j e c t  a n a l y s i s  of v a r i a n c e  s h o v e d  s i g n i f i c a n t  s e x ,  c o n d i t i o n ,  
a n d  e l e c t r o d e  d i f f e r e n c e s  n e c e s s i t a t i n g  s e p a r a t e  a n a l y s e s  f o r  
males a n d  feaales,  T h e  females a s  a  whole  d i s p l a y e d  l a r g e r  
a m p l i t u d e  CWVs a n d  E P s  i n  a l l  c o n d i t i o n s  o v e r  a l l  e l e c t r o d e s .  
F o r  b o t h  g r o u p s  t h e  e x p e c t 2 d  a t t e n t u a t i o n  o f  CNB a m p l i t u d e  
d u r i n g  t h e  *s31* c o n d i t i o n  was  n o t  o b s e r v e d  a n d  , i n  f a c t ,  CMV 
a m p l i t u d e  was g e n e r a l l y  i n c r e a s e d  d u r i n g  t h i s  c o n d i t i o n ,  The 
t o p o g r a p h i c a l  d i s t r i b u t i . c n  o f  t h e  CNY o b t a i n e d  i n  t h i s  s t u d y  
d e m o n s t r a t e d  a f r o n t a l l y  d o m i n a n t  e a r l y  c o m p o n e n t  a n d  a  a o r e  
c e n t r a l l y  d o m i n a n t  l a t e r  componen t ,  T h e s e  d a t a  a r e  i n t e r p r e t e d  a s  
s u p p o r t  f o r  t h e  c o n c e p t  o f  t h e  n o n - u n i t a r y  C N V ,  T h e  o v e r a l l  
r e s u l t s  a r e  d i s c u s s e d  i n  terms of t h e  " c e i l i n g  h y p o t h e s i s M ,  t h e  
CNV a n d  s i t u a t i o n a l  a n x i e t y ,  s e x  d i f f e r e n c e s  a n d  m e t h o d o l o g i c a l  
p r o b l e u t s  i n  DC r e c o r d i n g ,  
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Condition f o r  Subject  03 (&a le )  

F z ,  Cz, and P z  C N V  Data Averagen b y  
Gonuition f o r  Subjec t  09 (Eemaie) 



Fz, Cz, a n d  Pz CHV Data Averaged  b y  
C o n d i t i o n  f o r  S u b j e c t  11 ( F e ~ a l e )  

Pz, Cz, and Pz CNV Data A v e r a g e d  by 
c o n d i t i o n  for  S u b j e c t  12  (Female )  

PZ, Cz, a n d  Y z  CNV Data Averaged  by 
c o n d i t i o n  f o r  S u b j e c t  13 (Female )  

Fz, Cz, a n d  Pz CNV D a t a  Averaged  b y  
C o n d i t i o n  f o r  Subject 1 4  ( F e m a l e )  

Pz ,  Cz, a n d  Pz CNV Data Averaged  by  
C o n d i t r o a  f o r  S u b j e c t  15 (Female )  

Pz, C z ,  a n d  Pz CNV Data Averaged  b y  
c o n d i t i o n  f o r  S s b j e c t  16 (Female )  

Fz, Cz, a n d  Pz CHY Data Averaged  b y  
C o n d i t i o n  fo r  S u b j e c t  18 ( P e a a l e )  

Pz, Cz, a n d  Pz CNV Data Averaged  b y  
C o n d i t i o r t  f o r  S u b j e c t  19 ( F e m a l e )  

Fz, Cz, a n d  Pz CNV Data Averaged  b y  
C o n d i t i o n  for  S u b j e c t  20 ( P e a a l e )  

P z ,  C z ,  a n d  Pz CiiV Data Averaged  b y  
C o n d i t i o q  f o r  S u b j e c t  L3 ( F e a a l e )  

Hean CNY h m p i i t u d e  ( M 3 )  by C o n d i t i o n  
f o r  Each of t h e  18 S u b j e c t s  

Bean CEjV I n t e g r a l  Measure  (&4) by 
C o n d i t i o n  f o r  Each  o t  the 18 S u b j e c t s  

Bean B e a c t i o n  Tine by C o n d i t i o n  f o r  
Each o f  t h e  18 S u b j e c t s  

4 e a n  N 1 A m p l i t u d e  by  C o n d i t i o r t  f o c  
Each o f  t h e  18 S u b j e c t s  

Bean PZ A m p l i t u d e  by  C o n d i t i o n  f o r  
Each o f  the 18 S u b j e c t s  



Hean P 3  Amplitude by Condition f o r  
Each o f  t h e  18 Sub jec t s  

CNV and EY Amplitude Measures f o r  
Males and Females ( O v e r  a l l  Conditious 
arid Electrodes)  

Anter ior-Poster ior  Dis t r ibu t ion  of N 1 
A m p l i t u d e  f o r  ha les ,  feiuales and AlL 2s 

Anterior-Poster ior  Dis t r ibu t ion  of P2 
Amplitude f o r  Hales, Females and A l l  2 s  

Anter ior-Poster ior  Distxibut ion of P3 
Amplitude f o r  flales, Feaaf es and A U  2s 

Anterior-Poster ior  Dis t r lbu t ion  of E P  
Latencies  t o r  flales, Females and AlL Ss 

Anterior-Poster ior  Dis t r ibu t ion  of 
CNY-El1 f o r  Bales, femaies a n d  A l l  2s 

Anterior-Poster ior  Dis t r lbu t ion  of 
CNV-B2 f o r  Hales, Eemales and A11 2s 

Anter ior-Poster ior  D i s t s i ~ u t i o n  of 
CNV-PI3 f o r  flales, Pemales and A 1 1  2s 

A n t e r i o r - P o s t e r i o ~  Dis ts ibut ion  of 
CNV-H4 for Males, Females and A l l  Ss 

Spatial-Temporal CNV D i s t r i ~ u t i o n  f o r  
Bales 

Spatial-Temporal CNV D i s t r i b u t i o n  f o r  
Females 

S p a t i a l - T e ~ p o r a l  CNV D ~ s t r i b u t i o a  f o r  
A l l  ss 
tlean N 1  AmplituQe by Condition f o r  
Hales, Peaa les  and A 1 1  Ss 

Hean P2 Amplitude b y  Condition f o r  
Hales, Eeuales and A l l  Ss 



i4ean P 3  ~ m p l i t u d e  by C o n a i t i o n  f o r  
Males, F e m a l e s  a n d  A 1 1  Ss 213 

Hean E P  L a t e n c i e s  by C o n a i t i o n  f o r  
Ilales, F e m a l e s  a n d  A 1 1  2s 215 

Bean  CNV-Pll A t n p l i t u d e  b y  Condition f o r  
Hales, F e m a l e s  a n d  A 1 1  5s 217 

Hean CNV-H2 A m p l i t u d e  b y  C o n d i t i o n  f o r  
Hales, Females a n d  All s s  21 9 

Bean CMV-i%3 A m p l i t u d e  by C o n d i t i o n  $ o r  
Males, P e a a l e s  a n d  All 3 s  22 1 

Mean CNV-?I4 I n t e g r a l  b y  C o n d i t i o n  f o r  
i 4 a l e s ,  Females a n d  A l l  gs 2 1 3  

S a m p l e  Records o f  G S P  A c t i v i t y  from 
DC 17 (6 D i s c a r d e d  Due t o  E x c e s s i v e  
GSP Ac t i e i t y )  2U2 

dumber  af P o s l t i v e  a n d  N e g a t i v e  
C o r r e l a t i o n s  for E a c h  o f  t h e  P a i r s  
o f  Variables. P o s i t i v e  a n d  N e g a t i v e  
C o r r e l a t i o n s  a r e  Above  a n d  B e l o v  
t h e  Bars 

x i i i  



I n t e r e s t  i n  t h e  e x t r e m e  iow e n a  o f  t h e  f r e q u e n c y  s p e c t r u m  

o f  b r a i n  e l e c t f i c a l  a c t i v i t y  Degan w i t h  t h e  e a r l i e s t  recordings 

f rom e x p o s e d  mamaa l ian  c o r t e x  i n  t h e  l a t e  1 9 t h  c e n t u r y  (Ca ton  

1875,  1877,  1887; Beck 1891). T h e s e  p i o n e e r  r e c o r d i n g s  

u t i l i z e d  DC r e c o r d i n g  a t e t h o d o l o g y  which a U o u e d  t h e  

s i m u l t a n e c u s  o b s e r v a t i o q  o f  t h e  ( * s t a n d i n g n  c o r t i c a l  p o t e a  t i a l  

a s  w e l l  a s  t h e  v e r y  s l o v l y  c h a n g i n g  c o s t i c a l  * 8 c u r r e n t s * (  a n d  t h e  

faster  I 8 f  eebleN r h y t h n i c  o s c i l l a t i o n s  o f  t h e  s p o n t a n e o u s l y  

a c t i v e  b r a i n ,  T h e s e  ( ' f e e b l e  c u r r e n t s t #  were n o t h i n g  l e s s  t h a n  

wha t  was l a t e r  t o  b e  c a l l e d  t h e  e l e c t r o e n c e p h a l c g r a n  (after 

B e r g e r  1929) .  However, t h e  t e ~ h n o l o g i c a l  L i m i t a t i o n s  o f  t h e  

r e c o r d i n g  s y s t e m s  l e d  t o  a p r e v a i l i u g  ia teres t  i n  the s l o w e r  

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

of t h e  s p o n t a n e o u s  r h y t h m s ,  b i o n e t h e l e s s  t h e  p r i m a r y  i t t t p o r t a n c e  

of t h e s e  e a r l y  r e p o r t s  was t h e  d e m o n s t r a t i o n  t h a t  t h e  o b s e r v e d  

s l o w  c o r t i c a l  " c u r r e n t s *  were r e a c t i v e  t o  a v a r i e t y  of s e n s o r y  

a n d  a o t o r  phenomena i n  t h a t  b o t h  s t i m u l a t i o n  ( c e n t r a l  a s  well 

a s  p e r i p h e r a l )  a n d  moveaen t  r e s u l t e d  i a  a  s l o w  n e g a t i v e  shf f t .  

T h e s e  s l o w  c h a n g e s  were f o u n d  t o  be somewhat  locai ised t o  t h e  

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

wi th  low v o l t a g e  f a s t  a c t i v i t y  (Beck 1 8 9 1 ) -  B o t h  C a t o n  a n d  



Beck b e l i e v e d  t h a t  t h e s e  q e g a t j v e  s s c u r r e n t s l s  i n d e x e d  t h e  d e g r e e  

o f  cor t ica l  i n a a l v e m e n t  {Brazier 1961) - a  b e l i e f  t h a t  is s t i l L  

w i d e l y  a c c e p t e d  t o d a y  {see r e v i e w  b y  R e b e r t  1976).  

A s  a l r e a d y  a e n t i o n e d ,  t h i s  e a r l y  i n t e r e s t  i n  s J o v  c u r r e n t  

v a r i a t i o n s  was d u e  i n  p a r t  t o  t he  t e c h n i c a l  f i a i t a t i m s  o f  t h e  

r e c o r d i n g  s y s t e m s  which  were a b l e  t o  r e l i a b l y  r e c o s d  s l o g  

c h a n g e s  b u t  c o u l d  n o t  f o l l o w  faster  f r e q u e n c i e s  o r  germit t h e  

o b s e r v a t i o n  of  smaf  1 c u r r e n t  f l u c t u a t i o n s .  T e c h n o l o g i c a l  

a d v a n c e s  i n  a ~ p l i f i e r  d e s i g n  s u b s e q u e n t  t o  t h i s  p e r i o d  p r o v i d e d  

g r e a t e r  a m p l i f i c a t i o n  a n d  a  h i g h e r  t r e q u e n c y  r e s p o n s e  a t  the 

e x p e n s e  o f  d i m i n i s h e d  Low f f e g u e n c y  c a p a ~ i L i t i e s ,  T h i s  was d u e  

t o  t h e  f a c t  t h a t  e a r l y  a i u p l i r i e r s  were i n h e r e n r l y  u n s t a b l e  

n e c e s s i t a t i n g  t h e  a d d i t i o n  of low f r e q u e n c y  { h i g h - p a s s )  f i l t e r s  

t o  remove  b a s d i n e  d r i f t i n g  ( C a s p e r s  1974), The  wide s p r e a a  

k n t r o d u c t i o n  of t h e s e  c a p a c i t a n c e  c o u p l e d  CAC) a i u p l i f i e r s  

i n s u r e d  t h a t  t h e  b u l k  o f  r e s e a r c h  on b r a i n  e lectr ical  a c t i v i t y  

u n t i l  t h e  l a t e  3 0 ' s  would  i g n o r e  t h e  v e r y  s l o w  c o r t i c a l  c h a n g e s  

which h a d  a t t r a c t e d  so  much e a r l y  a t t e n t i o n .  On a B o r e  

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

r e c o r d i n g  i n s t r u m e n t s  o f  s u f f i c i e n t  s e n s i t i v i t y  t o  allow Hans  

B e r g e r  (1 929) t o  o b s e r v e  t h e  r h y t  h a t l c a l  s p o n t a n e o u s  ac t i w i t y  o f  

the human b r a i n  v i t h  e l e c t r o d e s  p l a c e d  o n  t h e  s c a l p .  B e r g e r  



c a l l e d  t h e  r e s u l t i n g  r e c o r a e d  a c t i v i t y  a n  e l e c t r o e n ~ e p h a l o g r a m  

(EEG) , f o l l o v i n g  t h e  p a t t e r n  se t  b y  e l e c t r o c a r d i o g r a p h y  (EKG) . 
a l t h o u g h  B e r g e r  is c o r r e c t l y  credited w i t h  t h e  d i s ~ o a e ~ y  o f  t h e  

human EEG, it was A d r i a n  a n d  B a t t h e w s  ,(193M) uho d i a  t h e  a o s t  

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

p u b l i c  d e m o n s t r a t i o n s  o f  t h e i r  f i n d i n g s .  A s  s o o n  a s  t h e  EEG 

g a i n e d  w i d e s p r e a d  c r e d i b i l i t y ,  e l e c t r o e n c e p h a l o g r a p h y  became the 

p r i m a r y  t o o l  f o r  r e s e a r c h  i n t o  b r a i n  f u n c t i o n ,  S i n c e  t h e  EEG 

is mos t  e a s i l y  d e f i n e d  by its r h y t h a i c i t y  ,(,5 - 30 H z )  2 t h e  

a s c e n d a n c y  o f  BEG a e t h o d o l o g y  was a  t r e n d  t h a t  f u r t h e r  

d i m i n i s h e d  g e n e r a l  i n t e r e s t  i n  t h e  very slow n o n - r h g t h a i c a l  

braia c h a n g e s  f i rs t  r e p o r t e d  b y  Caton.  

D e s p i t e  t h e s e  o b s t a c l e s  DC r e c o r d i n g  b e g a n  t o  a a k e  a 

comeback i n  1939  when D a v i s  a n d  h i s  a s s o c i a t e s  (1939a,  b) 

a t t e m p t e d  DC s c a l p  r e c o r d i n g  fsom humans d u r i n g  s l e e p .  

A l t h o u g h  t h e s e  i n v e s t i g a t o r s  sere a b l e  to  s u c c e s s f u l l y  r e c o r d  

s t e a d y  p o t e n t i a l  l e v e l  (SPL) f l u c t u a t i o n s ,  t h e y  were n o t  ab le  

t o  d e ~ o n s t r a t e  a  c o n s i s t e n t  r e h a t i o n  b e t w e e n  t h e  v a s L o u s  s t a g e s  

o f  s l e e p  a n d  v a r i a t i o n s  i n  SPL, A t  approx j .mate ly  t h e  s a a e  tiate 

L i b e t  a n d  G e r a r d  (1941) b e g a n  a l o n g  a n d  c o n t i n u i n g  series o f  

i n v e s t i g a t i o n s  i n t o  t h e  r e l a t i o n s h i p  b e t w e e n  s t e a d y  p o t e n t i a l  

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



of c h o p p e r  s t ab i l i zed  a n p l i f i e s s  p r o v i d e d  t h e  t e c h n i c a l  m a n s  

f o r  G o l d r i n g  a n d  O S L e a r y  (1950,  1951a ,  1951b, 1953)  arqd K o h l e r  

(1949,  1952,  1955a,  b, 1957)  t o  b e g i n  s e r i o u s  i n v e s t i g a t i o n  o f  

s l o w  b r a i n  phenO5ena a n d  t h e i r  s e l a t i o n s h i p s  t o  p h y s J o d o g i c a l  

a n d  p s y c h o l o g i ~ a l  p r o c e s s e s .  

T h e s e  i n v e s t i g a t i o n s  o p e n e d  t h e  so-caaled modern e ra  of Dc 

r e c o r d i n g  ( C a s p e r s  1974)  a n d  s i n c e  t h a t  time a  s t e a d i l y  

i n c r e a s i n g  number of r e p o r t s  i n v e s t i g a t i n g  v a r i o u s  s l o g  b r a i n  

phenomena h a v e  a p p e a r e d ,  Tbe list o f  p o t e n t i a ~ s  s t u d i e d  Js s o  l o n g  

t h a t ,  f o r  p r a c t i c a l  p u r p o s e s ,  s u b - g r o u p s  o f  slow a c t i v i t i e s  need 

be i d e n t i f i e d .  U n f o r t u n a t e l y  t h e r e  is n o  g e n e r a l  a g r e e m e n t  a s  

t o  t h e  c r i t e r i a  t o  be  u s e d  f o r  c a t e g o r i z i n g  s l o v  b r a i n  a ~ t i u i t y  

and c l a s s i f i c a t i o n  schema abound,  A c c o r d i n g  t o  h e b e r t  (1976) 

s l o v  a c t i v i t i e s  c a n  be c a t e g o r j . z e d  a s  f o l l o w s :  

1) O n  t h e  b a s i s  of a f u n c t i o n a l  ~ h a r a c t e x i s t ~ c  

{ r e s t i n g  v e r s u s  r z a c t i v e  p o t e n t i a l  c h a n g e s )  

2) Xn terms of  t h e  rnechanislas o f  g e n e r a t i p n  

j n e u r o n a l ,  g l i a l ,  v a s c u l a r  and o t h e r s )  

3) I n  terms of t h e  f u n c t i o n a l  s i g n i f i c a n c e  

( r e l a t i o n s h i p s  b e t w e e n  s l o v  p o t e n t i a l  ~ h a n g e  

a n a  n e u r o n a l  a c t i v i t y )  



4)  On t h e  b a s i s  o f  t h e  t e m p o r a l  c h a r a c t e r i s t i c s  

( f r e q u e n c y  ; r h y t h n i t i c ~ t y ;  d u r a t i o n )  

5) I n  terms o f  t h e  g e n e r a l  c e r e b r a l  o r g a n l z a t i o n  

6) I n  r e l a t i o n  t o  s p e c i f i c  n e i i r o c h e m r c a l  s y s t e r a s  

7)  I n  terias o f  d i f f e r e n t  n e u r o n &  a r r a u g e a a e q t s  

( c o r t i c a l  d i p o l e  v e r s u s  r e t i c o l a r )  

8) IB r e l a t i o a  t o  o v e r t  e l i c i t i n g  fac tors  

( s e n s o r y  s t i m u l a t i o n ,  r e i n f o r c e m e n t ,  a a t e r a t i o n  

of g e n e r a l  a r o u s a l  l e v e l ,  i n d u c e d  t i s s u e  

damage,  etc,)  

A s  c a n  be s e e n  f r o m  t h e  p r e v i o u s  list o f  r e l e v a n t  

d i m e n s i o n s ,  m o s t  s l o w  b r a i n  a c t i v i t y  c a n  p r o b a b l y  best b e  

c a t e g o r i z e d  o n  a u l t i p l e  d i m e n s i o n s  a s  n o n e  o f  t h e  d $ ~ e a s $ o n s  

a r e  m u t u a l l y  e x c l u s i v e ,  U n f o r t u n a t e l y  t h e  i n f o r m a t i o n  n e c e s s a r y  

t o  c a t e g o r i z e  a n y  o n e  s l o w  b r a i n  r e p o n s e  o n  many o f  t h e  

r e l e v a n t  d i m e n s i o n s  i s  r a r e l y ,  i f  e v e r ,  p r e s e n t  i n  e s e n  t h e  

most  e l a b o r a t e  s t u d i e s  u s i n g  b o t h  i n t r a c e r e b r a l  a n d  

i n t r a c e 1 1  u l a r  r e c o r d i n g ,  T h i s  p r o b l e m  i s  of c o u r s e  e v e n  

B o r e  s e r i o u s  i n  human s t u d i e s  e iup loy ing  DC s c a i p  r e c o r d i n g  d u e  

t o  t h e  l a c k  o f  c e r t a i n t y  i n  e v e n  i d e n t i f y i n g  the s o u r c e  of t h e  

r e c o r d e d  p o t e n t i a l  a s  n e u r a i ,  B e c a u s e  o f  t h e  p r e s e n t  l a c k  of 

r e l e v a n t  i n f o r m a t i o n  the d e f i n i t i o n a l  terms t h a t  are  comiuonly 

used i n  t h e  l i t e r a t u r e  f o r  c a t e g o r i z i n g  s l o w  b r a i n  a c t & v i t y  



( s t e a d y  p o t e n t i a l  l e v e l ,  s t e a d y  p o t e n t i a l  s h i f t ,  s l p u  p o t e n t i a l  

a n d  i n f r a  s l o w  p o t e n t i a l )  a re  n e c e s s a r i l y  somewhat  P e s s  t h a n  

p r e c i s e .  However, despite t h i s  i m p r e c i s i o n  these t e r a s  r i l l  b e  

d e f i n e d  and a d o p t e d  t h r o u g h o u t  t h i s  t h e s i s  b e c a u s e  t h e y  do 

c l a s s i f y  s l o w  b r a i n  a c t i v i t y  o n  s e v e r a l  r e k e v a n t  d i r e n s i o n s  anti 

allow t h i s  d a t a  t o  b e  i n a i r e c t l y  r e l a t e d  t o  a g r e a t  b o d y  of 

r e s e a r c h  o b t a i n e d  w i t h  i n t r a c e s e b r a l  r e c o r d i n g s  f r o n  p r i ~ a r i l y  

i n f  r a - h u a a n  s p e c i e s ,  



T h e  s t e a d y  p o t e n t j a l  l e v e l  (SPL)  o f  a n y  neuronaJ .  m a s s  

refers t o  t h e  r e l a t i v e a y  c o n s t a n t  p o t e n t i a l  d i f f e r e n c e  t h a t  c a n  

be o b s e r v e d  b e t w e e n  a l m o s t  a n y  t u o  p o i n t s  v i t h i n  t h e  n e u r a l  

a g g r e g a t e .  A l t h o u g h  SPLs  h a v e  b e e n  r e c o r d e d  f r o &  r a n g  c o r t i c a L  

and s u b c o r t i c a f  s i t e s  (Avromov 1965 ,  1966;  Kawasura  a n d  Sawyer 

1964; Wur tz  1365, 1 9 6 6 ) .  t h e  term SPL u s u a l l y  refers 

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

s u r f a c e  a s  l t ieasured a g a i n s t  t h e  d e p t h  of t h e  b r a i n ,  t h e  

v e n t r i c l e s ,  a mt c o r t i c a l  s u r g a c e  o r  a  location o n  *he f r o n t a l  

bone, The  SPL a s  t h u s  d e f i n e d  h a s  a i s o  a t  t i a e s  been l a b e l l e d  

t h e  c o r t i c a l  ' c s t a n d i n g ' g  o r  " r e s t i n g "  p o t e n t i a l ;  b u t  these a o r e  

p h e n o m e n o l o g i c a l  l a b e l s  h a v e  s i n c e  f a i l e n  o u t  o f  f a v o r .  

T h e  e x i s t e n c e  o f  a c o r t i c a l  SPL was f,i.rst r e p o s t e d  by 

C a t o n  (1875)  a a d  s i n c e  t h a t  time it has b e e n  d e a o n s t r a t e d  t h a t  

the s u r f a c e  o f  t h e  m a a ~ a l i a n  c o r t e x  i s  a p p r o x i ~ a t e l y  15 

a i l l i v o l t s  (aVf p o s i t i v e  w i t h  r e s p e c t  t o  co r t i ca l  l a y e r s  V - VI 
( A l d a j o v a  1964) a n d  1 - 3 m V  n e g a t i v e  v i t h  r e s p e c t  t o  f r o n t a l  



b o n e  (fromm a n d  bond 1964). A s  c a n  be  s e e n  f rom t h e s e  two 

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

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

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

r e g a r d l e s s  o f  r e t e r e n c s  s i t e  t h e  SPL a s  r e c o r d e d  with 

i n t r a c e r e b r a l  e l e c t r o d e s  h a s  been  shown n o t  t o  v a r y  b y  more 

t h a n  500 m i c r o v o l t s  or s o  i 4  aa h o u r  ( G o l d r i n g  a n d  O a L e a r y  1964). 

A l t h o u g h  t h e  SPL i s  c o r r e c t l y  d e s c r i b e d  a s  a  n p n - r h y t h m i c  

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

the c o r t i c a l  sari a c e ,  t h e r e  are,  n o n e t h e l e s s ,  a i c r o r r o l t  l e v e l  

f l u c t u a t i o ~ s  i n  SPL which h a v e  beeu related t o  c h a n g e s  i n  

a e t a b o l i c  s t a t e ,  a r o u s a l  l e v e l ,  s e n s o r y  s t i m u l a t i o n ,  movement 

and i n f o r m a t i o n  p r o c e s s i n g .  T h e s e  SPL c h a n g e s  h a v e  g e n e r a l l y  

been l a b e l l e d  a s  s t e a d y  o r  s l o u  p o t e n t i a l  fSP) s h i f t s  (Bowland 

1968)- I n  t h e  p a s t  t h e s e  s l o w  c h a n g e s  h a v e  a l s o  b e e n  c a U e d  

@ b a s e l i n e  s h i f t s l  ( J a s p e r  1936; R o v i a n d  a n d  G o i d s t o n e  1962) d u e  

t o  t h e  o b s e r v a t i o n  t h a t  t h e  SPL i s  t h e  b a s e l i n e  on  v b i c h  t h e  

S p o n t a n e o u s  EEB "rides" ( O a L e a r y  a n d  G o l d r i a g  1964) a n d  

t h e r e f o r e  a c h a n g e  i n  SPL would be  recorded a s  a c h a n g e  i n  



b a s e l i n e .  

Two d i s t i n c t  c l a s s e s  o f  S P  s h i t t s  c a n  be i d e n t i f i e d  

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

c h a r a c t e r i s t i c s .  T h e s e  t u o  t y p e s  o r  SP c h a n g e s  w i U  b e  called 

* t o n i c w  and  " p h a s i c g g  f o l l o w i n g  R e b e r t 8 s  (1976) s u g g e s t i o n  i n  

h i s  r e c e n t  summary ar t icle .  T o n i c  S P  c h a n g e s  a r e  t h o s e  t h a t  

o c c u r  o v e r  a  r e l a t i v e l y  l o n g  p e r i o d  of  tiine and  seem t o  B e  

soiaeuhat  un i fo rm t h r o u g h o u t  t h e  b r a i n ,  I n  a d d i t i o n  l l t p n i c w  SPs 

seem t o  be most c l e a r l y  r e l a t e d  t o  c h a n g e s  i n  the o v e r a l l  

Us t a t e s l  of t h e  o r g a n i s m  and  a r e  n o s t  e a s i l y  e l ici ted by  

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

t i s s u e ,  "TonicM S P s  c a n  be c o n t r a s t e d  v i t h  s lphas ic**  S P s  i n  t h a t  

t h e  " p h a s i c M  SBs a r e  of r e l a t i v e l y  s h o r t  d u r a t i o n  a a d  u s u a l l y  

show a  t o p o g r a p h i c a l  d i s t r i b u t i o n ,  A d d i t i p n a l l y  " q h a s i c n  SPs 

h a v e  been  shown t o  be d i r e c t l y  r e l a t e d  t o  s e n s o r y  i s p u t ,  motor  

o u t p u t  and t h e  s o - c a l l e d  "h ighe r "  p s y c h o l o g i c a l  p r o c e s s e s ,  

Host o f  the r e s e a r c h  on  t p n i c  SP f l u c t u a t i o n s  h a s  

i n v e s t i g a t e d  t h e s e  s l o w  noa - rhy thmic  r e s p o a s e s  i n  r e l a t i o n  to :  



1) t h e  s l e e p - w a k e f u l n e s s  c y c l e ,  2 )  t h e  e f f e c t  o f  v a r i o u s  d r u g s ,  

3) c h a n g e s  i n  c e r e b r a l  g a s  t e n s i o n s  a n d  4 )  i n d u c e d  t i s s u e  

dataage, Only  t h e  f irst  two c a t e g o r i e s  o f  r e s e a r c h  a i l 1  be 

s u m m a r i z e d  h e r e  a s  b o t h  t h e s e  a r e a s  o t  i n v e s t i g a t i o n  h a v e  

p r o v i d e d  i n f o r a a t i o n  r e l a t i n g  l i a r o u s a l "  l e v e l  t o  SPL i n  

r e l a t i v e l y  i n t a c t  o r g a n i s m s .  The l a s t  t w o  c a t e g o r i e s  a re  n o r e  

c l o s e l y  re la ted t o  SPL c h a n g e  p r o d u c e d  b y  f u n c t i o n a l  o r  

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

o f  t h i s  t h e s i s ,  

Bumerous s t u d i e s  o f  SPL f k u c t u a t i o a s  d u r i n g  d r p u s i n e s s ,  

d i f f e r e n t  s t a g e s  o f  s l e e p ,  a n d  a b r u p t  o r  s p o n t a q e o u s  a r o ~ s a i  i n  

b o t h  h u s a n  a n d  i n • ’  ra-human species h a v e  d e n o n s t f a t e d  a 

r e l a t i v e l y  h i g h  c o r r e l a t i o n  b e t w e e n  SPL c h a n g e  a n d  l e v e l  02 

a r o u s a l ,  T h e r e  a r e  o f  c o u r s e  e x c e p t i o n s  to t h l s  g e n e r a l  p a t t e r n  

of r e s u l t s ,  Iq f ac t ,  t h e  first a t t e m p t  a t  r e l a t i n g  SPL t o  sleep 

s t a g e s  ( D a v i s  g& a&, 193Ya, b.) Has d o n e  v i t h  OC s c a l p  r e c o r d i a g  

f r o m  humans a n d  ae t  w i t h  l i t t l e  s u c c e s s ,  The  a u t h o x s  r e p o r t e a  

t h a t  Hno c o r r e A a t i o n  c o u l d  b e  detected b e t u e e n  t h e  s t a g e  of 

s l e e p  a n d  t h e  DC p q t e n t i a l  d i f f e r e n c e s  o r  c h a n g e s  i n  DC 

p o t e n t i a l  o b s e r v e d  b e t w e e n  c h e s t  a n a  h e a d ,  s c a l p  a n d  m a s t o i d ,  

f r o n t a l  and o c c i p i t a l  r e g i o n s ,  o r  r i g h t  a n d  l e f t  sides o f  t h e  

Bead,** D e s p i t e  t h i s  r a t h e r  i n a a s p i c i o u s  s t a r t ,  l a t e r  s t u d i e s  by 



c a s p e r s  (1961b, 1963, 19651, Avraeov  (1965, 19b6), i i u r t z  

(l965), T a b u s h i  g g  a&, (1966) S t a r o b i n i t z  (196S, 3957), 

m a r c z y n s k i  g& a&, (1971) a n d  o t h e r s  h a v e  a e a o n s t r a t e a  t h a t  t h e  

t r a n s i t i o n  f r o a  w a k e f u l n e s s  t o  s l o w  u a v e  s h e e p  is  a a c o a p a n i e d  

by a marked c h a a g e  i n  SPL, A l t h o u g h  most of taese s e p o r t s  were 

b a s e d  o n  da ta  o b t a i n e d  from i n t r a - c e r e b r a l  r e c o r d i n g s ,  i t  is of 

i n t e r e s t  t o  n o t e  t h a t  t h e  S t a r p b i n e t z  ,11966, 1967) a r t i d e s  

r e p o r t e d  s i a i  l a r  f i n d i n g s  w i t h  d a t a  o b t a i n e d  f rom h a ~ a n  s c a l p  

r e c o r d i n g s .  

I n  yeneraJ .  t h e  SPL c h a n g e s  w i t h  s l e e p  o n s e t  hawe  b e e n  

r e p o r t e d  a s  p o s i t i v e  i n  p o l a r i t y ,  f i o u e v e r ,  l l u r t z  a&. (1964) 

a n d  W u r t z  (1965) f o u n d  n e g a t i v e  s h i t t s  p r o d u c e d  Under  t h e  same 

c i r c u m s t a n c e s ,  T h i s  d i s c x e p a n ~ y  is probably d u e  t o  t h e  c h o i c e  

of t h e  r e t e r e n c e  s i te  a s  t h e  blvtrtz s t u d i e s  e m p i o y e d  a n  

e x t r a c e r e b r a l  r e f e r e n c e  w h e r e a s  t h e  o t h e r s  a l l  u s e d  

t r a n s - c o r t i c a l  r e c o r d i n g  ( C a s p e r s  1974) , B u r i n g  t h e  t r a n s i t i o n  

f r o& slow-wave s l e e p  t o  " f a s tw  o r  1 8 r a p i d  e#e movement8* (BEH) 

s l e e p  t h e  SPL shifts i n  a  d i r e c t i o n  o p p o s i t e  t o  t h e  s h i f t  

o b s e r v e d  d u r i n g  t h e  t r a n s i t i o n  f r o s  w a k e f u l n e s s  t o  sleeg 

G a s p e r s  1961b+ 1963; X a v a n u r a  a n d  S a w y e r  1964; W u s t z  g& d. 

1961), 1967; T a b u s h i  gg a&, 1966; U u r t z  1967)- T h e r e f o r e  t h e  

Ba jo r i t y  o f  r e p o r t s  h a v e  described n e g a t i v e  s h i f t s  d u r i n g  t h e  



o n s e t  of  REH s l e e p .  However C a s p e r s  (0963, 1965)  r e p o r t e d  a 

f u r t h e r  s h i f t  i n  p o s i t i v i t y  w i t h  t h e  o n s e t  o f  BEPl p e r i o d s  a n d  

u n f o r t u n a t e l y ,  t h i s  d e s c r e p a n c y  c a n n o t  be  ascribed t o  

r e t h o d o l o g i c a l  d i f f e r e n c e s ,  A r o u s a l  from s l e e p ,  r e g a r d l e s s  o f  

w h e t h e r  it is  s u d d e n  o r  g r a d u a l  p r o d u c e s  a n e g a t i v e  SPL c h a n g e  

of s u f f i c i e n t  a a g n i t u d e  t o  res tore  t h e  SPL t o  i t s  p r e - s l e e p  

level ( C a s p e r s  a n d  Schalze 1959 ;  C a s p e r s  1961b,  1963 ;  Kauainura 

and S a u y e r  1964 ;  T a b u s h i  st 1966) .  T h i s  s h i f t  is e v e n  more 

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

I n  t h e  awake  a n i m a l  i n c r e a s e d  a c t i v a t i o n  h a s  a i so  b e e n  

shown t o  b e  a c c o m p a n i e d  w i t h  s u r f a c e - n e g a t * v e  SPL sh4.fts v h o s e  

o c c u r e n c e  oftea p r e c e d e d  t h e  i n c r e a s e d  a o  t o r  a c t i v i t y  ( C a s p e r s  

1961;  C a s p e r s  a n d  S c h u l z e  1959).  F u r t h z r m o r e  e l e c t ~ & c a l  

s t i m u l a t i o n  o f  t h e  a s c e n a i n g  r e t i c u l a r  a c t i v a t i n g  s p s t e r e  ( B R A S )  

which  i s  e f f e t i v e  i n  p r o d u c i n g  e l e c t r o y r a p h i c  a n a  b e h a v i o u r a l  

a r o u s a l  a l s o  p r o d u c e s  s u s t a i n e d  n e g a t i v e  SBL s h i f t s  ( A r d u i n i  e_& 

1956; A r d u i n i  3958, 3961; K a n a i  a n d  Katzman 1960) ,  

I n  s u n a a r y  i t  a p p e a r s  t h a t  s u f f i c i e n t  e v i d e n c e  has  

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

i n d i c a t e d  by c h a n g e s  i n  t h e  s p o n t a n e o u s  EEG, is r e i a t e d  to  t h e  

a p p e a r a n c e  of s u r f a c e  n e g a t i v e  s h i f t s  i n  SPL. c o n v e r s e l y  



p o s i t i v e  S P L  f - l u c t u a t i o n s  are a s s o c i a t e d  w i t h  d a c r e a s i n g  l e v e l s  

of a r o u s a l ,  The  s p a t i a l  d y n a m i c s  of these c h a n g e s  are no t  so  

t h o r o u g h l y  documented ;  however ,  t h e  m a j o r i t y  of s t u d i e s  

i n v e s t i g a t i n g  t o p o g r a p h i c a l  tomic SPL f l u c t u a t i o n s  h a v e  f o u n d  a 

s i m i l a r  p a t t e r n  t h r o u g h o u t  t h e  b r a i n  ( w u r t z  1Yb5b, 3966b; 

Kawanura a n d  Sawyer  1964 ;  Kawamura a n d  Pomguaqo 1969; Avranov  

1965,  1966). T h e s e  f i n d i n g s  led w u r t z  (1966b)  t o  c o a c l u d e  t h a t  

SPL c h a n g e s  o b s e r v e d  with a i t e r a t i o n s  o f  a r o u s a l  legel  a r e  d u e  

p r i m a r i l y  t o  ~ e t a b o l i c  c h a n g e s  u n i f o r m l y  a f f e c t i n g  t h e  e n t i r e  

b r a i n .  

T h i s  c o n c l u s i o n  is s u p p o r t e d  by t h e  body of l i t e r a t u r e  

d e a l i n g  w i t h  t h e  r e l a t $ o n s h i p  b e t u e z n  S P t  a n d  t h e  effect  of 

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

n a r c o t i c  e f f e c t s  s u c h  a s  t h e  b a r b i t u r a t e s  a n d  other 

h e t e r o c y c l i c  d e r i v i t i v e s  h a v e  b e e n  shown t o  p r o d u c e  p o s i t i v e  S P  

s h i f t s  i n  b o t h  c o r t i c a l  a n d  s u o - c o r t i c a l  s t r u c t u r e s  ( G o l d r i n g  g& 

a. 1954a ,  b ,  1 9 5 9 a ;  T s c h i r g i  a n d  T a y l o r  1958; A r d u i n i  1962;  

K a v a a u r a  a n d  Sawyer  1964;  S t a r o b i n e t z  1966, 1967;  D a v i d  g& &A, 

1969). On t h e  o t h e r  hand  c e n t r a i  n e r v o u s  s y s t e m  (CaS) 

s t i m u l a n t s  s u c h  a s  s t r y c h n i n e ,  v e r a t r i n e  a n d  c a t f e k n e  have b e e n  

shorn t o  i n d u c e  p r o n o u n c e d  n e g a t i v e  s h i f t s  ( L i b e t  a n d  Gerard 

1941;  G o l d r i n g  3963). A d d i t i o n a l l y  i t  h a s  b e e n  d e a ~ n s t r a t e d  t h a t  



a d r e n e r g i c  c o r t i c a l  a c t i v a t i o n  p r o d u c e d  a c o n s i d e r a b l e  n e g a t i v e  

SP s h i f t  (Vanasupa  g& &. 1959)  w h e r e a s  d r u g s  t h a t  s u p p r e s s  

t r a n s a i s s i o n  (eg.  c h l o r p r o a a z i n e )  i n d u c e d  a d r e n e r g i c  s y n a p t i c  

s u r f a c e  p o s i t i v i t y ,  

I n  a d d i t i o n  t o  

i n  S P L  d u e  t o  a l t e r  

t h e  r e l a t i w e l y  l o n g  l a s t i n g  t o n i c  ~ h a n g e s  

a t i o n s  i n  t h e  o v e r a l l  *#sta ten oS t h e  

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

S P s  t h a t  i n  g e n e r a l  c a n  be c h a s a c t e r i z e d  a s  r e f l e c t i n g  e i t h e r  

s t i m u l u s  r e g i s t r a t i o n  o r  s o a e  t y p e  of i n f o r a a t i o n  p s o c e s s i n g .  

B e c a u s e  o f  t h e  s h o r t  t e m p o r a l  d u r a t i o n  of t h e s e  r e a a t i v e  S P s  

t h e y  c a n  g e n e r g c a l l y  be c l a s s i f i e d  a s  w g h a s i c , H  

The f i r s t  r e p a r t  o f  p h a s i c  S P  c h a n g e s  c a a e  f r o m  C a t o n a s  

(1875) ear l ies t  r e c o r d i n g s  f r o m  e x p o s e d  c o r t e x  u h i c h  c l e a r l y  

shoved n e g a t i v e  c u r r e n t  c h a n g e  i n  r e l a t i o n  t o  t h e  p z e s e n t a t i o n  

of v i s u a l  a n d  a u d i t o r y  s t i m u l i .  S u b s e q u e n t  r e s e a r c h  h a s  d e a r l y  

c o n f i r m e d  t h i s  e a r l y  r e p o r t  by  d e a o n s t s a t i n g  t h a t  "if DC 

r e c o r d i n g  i s  u s e d ,  v i r t u a l l y  every  s t i m u l u s - b o u n d  c o r t i c a l  

a c t i v i t y  is s e e n  t o  be a c c o a p a a i e d  b y  a  c h a n g e  ia cort ical  

s t e a d y  p o t e n t i a l "  ( C a s p e r s  IgTC)), U n f o r t u n a t e l y  nuoh o f  t h i s  



ai 

. d u r a t i o n  o f  s t i m u l u s - b o u n d  SPL c h a n g e s  v a r y  o i t h  t h e  

r e c o r d i n g  t e c h n i q u e ,  t h e  k i n d  of s t i m u l a t i o n ,  k i n d  and  d e p t h  of 

a n e s t h e s i a  and  s t a t e  o f  a l e r t n e s s  i n  u n a n e s t h e t i z e d  

p r e p a r a t i o n s .  D e s p i t e  t h e s e  many s o u r c e s  o f  e x t r a n e o u s  

v a r i a t i o n  t h e r e  a r e  s e v e r a l  c o n s i s t e n t  f i n d i n g s  t h a t  c a n  be 

d i s c u s s e d .  The  t i rs t  is t h a t  a n y  e x t e r n a l  s t i m u l a t i o n  - v j s u a 2 ,  

a u d i t o r y ,  t a c t i l e  o r  g n s t a t o r y  - p r o d u c e s  a  ~ u l t i t u d e  of S P  

s h i f t s  i n  b o t h  c o r t i c a l  and  s u b c o r t i c a l  s t r u c t u r e s  (Howland 

9968; G o l d r i n g  a n d  O g L e a r y  1953a,  b ;  h e b e s t  l 9 7 3 a ) -  I t  h a s  been  
I 

shown t h a t  t h e r e  a r e  b o t h  w l o c a l w  and  s s d i f f u s e M  SP  c h a n g e s  

I r e f l e c t i n g  r e s p e c t i v e l y ,  t h e  d i r e c t  s e n s o r y  r e g i s t r a i i o n  a n d  

I its c o n s e q u e n c e s  ( g e n e r a l  a r o u s a l ,  r e i n f o r c e m e n t ,  i n f o r m a t i o n  
- 

- p r o c e s s i n g )  , T h e  " l o c a l * *  S P  c h a n g e s  are r e c o r d e d  tsaxirealdf from 

[ t h e  a r e a  o f  c o r t i c a l  r e p r e s e n t a t i o n  f o r  t h e  p a r t i c u l a r  s t l m u l u s  

modaLity (Gumnit 1960, 1961; L i c k e y  and  Pop 1966; C a s p e r s  1963; 

Kohler  1957) o r  f rom t h e  a p p r o g r i a t e  tfiiilatilic n u c l e i  ( f f a s t o l a  

1955; R e b e r t  I 9 7 3 a ) -  T h e s e  s s l o c a l w  S P  c h a n g e s  h a v e  a l a o s t  

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

s B e s u l t s  d e f i n e s  what L i c k e y  a n d  Pox  (19661 c a l l  t h e  ! # p r i i ~ a r y  

aegatiwe r u l e . "  ~ e c o r d i n g s  f ro@ human s u b j e c t s  h a v e  g e n e r a l l y  

P r o v i d e d  c o n f i r m i n g  e v i d e n c e ,  Koh le r  and  Held (1949) and Kohler  

and Wegener (1955b)  were the f i r s t  t o  d e m o n s t r a t e  S S  c h a n g e s  t o  



complex v i s u a l  and  a u d i t o r y  s t i m u l i  i n  i n t a c t  humans, These  

a u t h o r s  ~ a i n t a + n e d  t h a t  t h e  r e c o r u e d  SRs were t h e  M&so&orphic 

c o r t i c a l  r e p r e s e n t a t i o n  of  t h e  p e r c e p t . "  The p q l a r i t y  o t  t h e s e  

s p  c h a n g e s  was flsst r e p o r t e d  ,(1949) a s  p o s i t i v e  b u t  t h i s  

f i n d i n g  r a s  d u e  t o  the u s e  of t h e  v e r t e x  a s  t n e  r e f e r e n c e ,  B 

l a t e r  s t u d y  (1955b) employ ing  a n  a c t i v e  v e r t e x  e l e c t r o d e  

r e f e r r e d  t o  t h e  neck  produced  t h e  e x p e c t e d  s u r f a c e  n e g a t i s e  

sPs ,  Bore  r e c e n t l y  a  s t u d y  by David $& a&, 11963) d e m o n s t r a t e d  

s c a l p  r e c o r d e d  n e g a t i v e  SP c h a n g e s  t o  t o n e s  and i i g h t  o f  

v a r y i n g  i n t e n s i t y  and d u r a t i o n ,  T h e y  f o u n d  t h a t  t h e  U r a t $ o n  of 

t h e  n e g a t i v e  s h i f t  was e q u a l  t o  t h e  s t i a u f u s  d u r a t i p n ,  

P a r t b e r m o r e  t h e  r e c o r d e d  S P s  t o  l i g h t  rere maximal at t h e  

o c c i p u t  w h e r e a s  the t o n e - i n d u c e d  S P s  were iuaximal a t  t h e  

v e r t e x ,  K e i d e l  (1971a, b) a rgued  t h a t  t h e s t  SPs r e g l e c t  lalocal" 

SP c h a n g e s  r e l a t e d  t o  t h e  s t i m t a l u s  p r o p e r t i e s ,  Ilowearer, t h i s  

eornc lus ion  u a s  c o n t e s t e d  by  J a s v i l e h t o  and  P r u h s t o r f e r  ( 1973) 

rho d e a o n s t r a t e a  t h a t  i d e n t i c a l  S P s  were r e c o r d e d  to r a n d o a  1 

second  t o n e  b u r s t s  and  t o  random 1 s e c o n d  " s i l e n t * *  g e r i o d s  set 

a g a i n s t  a n  o t h e r w i s e  c o n t i n u o u s  t o n e  background.  T h e s e  a u t h o r s  

L a i n t a i n e d  t h a k  t h e  S P s  r e c o r d e d  i n  t h i s  s i t u a t i o n  were 

l a a l a g o u s  t o  t h e  c o n t i n g e n t  n e g a t i v e  v a r i a i i o n  (CWV) d e s c r i b e d  

b y  i d a l t e r  gt a, (I!IfiU), An e q u a l l y  p l a u s i b l e  e x p l a n a t i o n  is 

that  t h e s e  S P s  a r e  t h e  @ * d i f f u s e "  componen t s  of t h e  



s t i m u l u s - i n d u c e d  s l o w  a c t i v i t y  r e f l e c t i n g  a more g e n e r a l  

p r o c e s s  s u c h  a s  o r i e n t a t i o n  o r  a r o u s a l ,  

One o f  t h e  c o n s i s t e n t  r e s u l t s  o ~ t a i n e d  i n  t h e  huaan  

(Koh le r  a n d  Wegener 1955)  , i n  t h e  c h r o n i c  i m p l a n t e d  c a t  

( ~ o w f a n d  a n a  G o l d s t o n e  1963; Gumnit  1 9 6 1 ) ,  i n  t h e  a c u t e  

p l a x e d i l i z e d  c a t  ( L i c h e y  a n d  Fox 19t>6) and  i n  t h e  r a t  {Rowland 

1968) i s  t h e  f a i r l y  r a p i d  d e c r e a s e  i n  SP a n p l i t u d e  due  t.o 

s i m p l e  r e p i t i t i o n  of t h e  e l i c i t i n g  s t i m u l u s .  T h i s  6 P  

h a b i t u a t i o n  e f f e c t  is o b s e r v e d  o n l y  w i t h  n o n r e i n r o r ~ i n g  s t i a u l i  

l aowland  1 9 6 8 ) -  I f  r e i n f o r c i n g  s t i m u l i  a r e  u sed  t h e  SP 

a m p l i t u d e  and p o l a r i t y  is ne te r tp ined  b y  t h e  %lrive s t a t e M  of t h e  

o rgan i sm (Rowland 1963, 1968; Bowland and G o i d s t o n e  1963) , The 

r e i n f o r c i n g  s t i a u l i  i n v e s t i g a t e d  i n  t h i s  series o f  studies were 

food ,  p e r i n e a l  s t i m u l a t i o n  i n  t h e  e s t r o u s  c a t  and  rat, p e r i p h e r a l  

electric s h o c k  a n d  b o t h  p o s i t i v e l y  and  n e g a t i v e l y  r e i n f o r c i n g  

h y p o t h a l a m i c  s t i m u l a t i o n ,  

S i m i l a r  r e i n f o r c e i e n t  e f f e c t s  were r e p o r t e d  by t larcnynski  

41969, 1971a, 1976)  i n  f e c o r d i n g  trom i a p l a n t e d  cats, These  

s t u d i e s  d e m o n s t r a t e d  a  p o s i t i v e  S P  s h i f t ,  t h e  r eward  c o n t i n g e n t  

P o s i t i v e  v a r i a t i o n  {BCPV) , a c c o ~ t p a n y i n g  r e i n f o r c e f a e n t ,  3CPV was 

found t o  depend  o n  t h e  q u a l i t y  of r e i n f o r c e m e n t  a s  t h e  SP s h i f t  



1  B 

was g r e a t l y  r e d u c e d  when u a t e r  was s u b s t i t u t e d  f o r  m i l k ,  

s t e i n m e t z  and  R e b e r t  (1972) a l s o  o b s e r v e d  6 P  s h i f t s  t h a t  v a r i e d  

w i t h  t h e  q u a l i t y  o f  reward.  These S P s  were n e g a t i v e  i n  p o l a r i t y  
- 

and o b s e r v e a  i~ t h e  t r o n t a l  a r e a s  f o l l o v i n g  c o n s u a p i i o n ,  No 

c o m p a r a b l e  S P s  were o b s e r v e d  a t  t h e  s u b c o r t i c a l  e l e o t r o d e s ,  

However, I r v i n  and  P e b e r t  (1970) r e p o r t e d  SP  c h a n g e s  t o  

r e i n f o r c i n g  s t i i u u l i  f r o a  such widesp read  s u b c o r t i c a l  a r e a s  a s  

t h e  l a t e r a l  h y p o t h a l a a u s ,  med ia l  a a y g d a l a  a n d  a i d b r a i n  

r e t i c u l a r  f o r  mat ion,  

k 

T h e  f i r s t  e v i d e n c e  t h a t  S P s  c o u l a  t h e m s e l v e s  be 

c o n d i t i o n e d  was p r o v i d e d  by Hor re l i .  (1960) ,  I n  t h i s  s t u d y  an 

a u d i t o r y  s i g n a l  was paired with low-f requency    rain s t i m u d a t i o n  

- i a  a c l a s s i c a l  c o n d i t i o n i n g  paradigm, A f t e r  a  number o f  t r i a l s  

the p r e s e n t a t i o n  of the p r e v i o a s l y  i n e f  fectiwe a u d i k o r y  

mt imulus  began t o  e l i c i t  SPs  similar t o  t h o s e  produced  b y  t h e  

b r a i n  s t i ~ u l a t i o n ,  S i r s i l a r  d e n o n s t r a t i o n s  o f  t h i s  same 

henomena were p r o v i d e d  b y  Rouland (1961, 3957, 1968) a n d  

ouland and  G o l d s t o n e  (1963) who were a b l e  t o  d e n o n s t r a t e  

n d i t i o n e d  SPS by p a i r i n g  " n e u t r a l M  s t i m u l i  w i t h  r e i n f o r c i n g  

t lmul i  i n  a c l a s s i c a l  paradigm, These  i n v e s t i g a t o r s  f o a n d  that 

fter a  number of p a i r i n g s  t h e  p r e s e n t a t i o a  of t h e  n e u t r a l  

*Amulus began t o  e l i c i t  SPS r e s e m b l i n g  t h e  s h i f t s  p roduced  by 



#- 

: the p r e s e n t a t i o n  o f  t h e  r e i n f o r c i n g  s t $ a u l u s  a l o n e ,  Z h e s e  
.el 

a, 

~ o n d i t i o n e d  s h i f t s  d e v e l o p e d  more r a p i d l y  v i t h  e lectr ical  s h o c k  

t h a n  v i t h  f o o d  a s  t h e  r e i n f o r c e r .  O p e r a n t  c o n d i t i o n i n g  of SP 

r e s p o n s e s  h a s  b e e n  d e m o n s t r a t e d  b y  Pi rcrh  and O s t e r h o l m  (1974)  

- - in r a t s ,  by Bosen  2s a_&. (1974)  I n  monkeys a n d  b y  Cohen (1974) 

i n  man- 

SP s h i f t s  a c c o m p a n y i n g  l e a r n i n g  h a v e  p r i a a r i l y  b e e n  

s t u d i e d  d u r i n q  c i a s s i c a l  c o n d i t i o n i n g  p a r a d i g m s  u s i n g  s h o c k  a s  
i 

I t h e  u n c o n d i t i o n e d  s t i m u l u s  ( U C S ) ,  B e c e n t  s t u d z e s  have 

d e m o n s t r a t e d  t h e  a p p e a r a n c e  o f  a n u l t i t u d e  o f  c o r t i c a l  a n d  

' L a b c o r t i c a l  S P  c h a n g e s  d u r i n g  a o n a i t i o n i n g  i n  r a b o i t s ,  caks, 

dogs ,  p i g e o n s  a n d  ~ o n k e y s  ( C h i o r i n i  1969; P i n t o - H a a u y  g& &, 

4969; P i r c h  a n d  B a r n e s  1972; S k i n n e r  l97l), It is d i t f  i c a l t  t o  

hake g e n e r a l  s t a t e m e n t s  a b o u t  t h i s  da ta  a s  t h e s e  S O s  d i s ~ l a y  

both s p a t i a l  and  t e m p o r a l  p a t t e r n s  t h a t  a p p e a r  t o  be a t  l e a s t  

) a r t l y  d e p e n d e n t  upon t h e  s p e c i e s  a n d  t h e  p a r t i c u l a r  p a r a d i g i a  

p l o y e d ,  F o r  e x a i a p l e  C h i o r i n i  ( 19 b9) o b s e r v e d  n e g a t i v e  S P s  

Eon t h e  f e l i n e  s o n m t o s e n s o r y  a n d  m o t o r  cortices t h a t  d e v e l o p e d  

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

h o v e r t r a i n i n g  and e x t i n c t i o n ,  On t r a i n i n g  t r i a d s  t h e  6P was 

r g e s t  o v e r  t he  c o r t e T  c o n t r a l a t e r a l  t o  t h e  a p p l i e d  UCS, T h i s  

t e r a l i z a t i o n  was n o t  o b s e r v e d  d u r i n g  e i t h e r  p r e - t r a i n i n g  



h a b i t u a t i o n  o r  e x  t i n c t i o n ,  S i a i l a r  r e p o r t s  o f  n e g a t i v e  SPs 

a c c o a p a n y i n g  c o n a i t i o n i n g  c a n  be f o u n d  for t h e  r a t  A P i r c h  a n d  

B a r n e s  1 9 7 2 ) ,  p i g e o n  ( D u r k o v i c  a n d  Cohen 1868) a n d  Gat { S k i n n e r  

1 9 7 1 ) -  On t h e  other  h a n d  P in tp -Baauy  gq &, (196$) r e c o r d e d  

p o s i t i v e  S P s  f rom b o t h  s e n s o r y  a n d  m o t o r  c o r t e x  i n  t h e  rabbit .  

T h e s e  S P s  d e v e l o p e d  e a r l y  i n  t h e  t r a i n i n g  s e s s i o n  a n d  t h e n  

s u b s i d e d  when t h e  a n i m a l s  p e r f o r m a n c e  had s tab i l i zed ,  A n i x t u r e  

o f  p o s i t i v e  a n d  n e g a t i v e  S P  s h i f t s  was r e p o r t e d  b y  febert a n d  

f r v i n  (1969) a n d  I r w i n  a n d  iiebert (1978)  i n  s t u d i e s  

i n v e s t i g a t i n g  b o t h  c l a s s i c a l  a g p e t i t i v e  a n d  a v e r s i v e  

c o n d i t i o n i n g  i n  cats ,  T h e s e  a u t h o r s  r e p o r t e d  a n  i n t e r a c t i o n  

b e t w e e n  t y p e  of c o n d i t i o n i n g ,  s o t i v a t i o n  l e v e l  a n d  t h e  

e l e c t r o d e  l o c a t i o n ,  I n  t h e  ea r l i e r  s t u d y  (1969) n e g a t i v e  SPs  

were n o t  o b s e r v e d  i n  t h e  m o t o r  c o r t e x  d u r i n g  a c q u i s i t i o n ,  

However, i n  t h e  s e c o n d  s t u d y  (1970)  i t  was d e m o n s t r a t e d  t h a t ,  

w i t h  t h e  same p a r a d i g a  c o r t i c a l  S P s  c o u l d  be r e c o r d ~ d  if 

e x t r e a e l y  m o t i v a t i n g  s k i m u l i  were u s e d ,  T h i s  i n f l u e n c e  of 

r o t i v a t i o n a l  f a c t o r s  was a l s o  o b s e r v e d  f o r  SP s h i f t s  recorded 

from t h e  l a t e r a l  h y p o t h a l a m u s ,  a a y g d a l a  a n d  r e t i c u l a r  

f o r m a t i o n ,  N e g a t i v e  s h i f t s  were o b t a i n e d  f r o n  v e n t s a l i s  

p o s t e r o a e d i a l i s  t h a t  i n c r e a s e d  o v e r  t r a i n i q g  s e s s i o n s  u n t i l  t h e  

C o n d i t i o n e d  r e s p o n s e  (CB) s t a b i l i z e d ,  a t  v h i c h  p o i n 4  the SOs 

began t o  decrease. T h e s e  s h i f t s  were o b s e r v e d  i n  b p t h  



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

l e v e l  of m o t i v a t i o n -  T h e  f u r t h e r  o b s e r v a t i o n  t h a t  t h e  S P s  

a v e r s i v e  c o n d i t i o n i n g  a n d  t h e  S P s  a c c o a p a n y i n g  

a p p e t i t i v e  c o n d i t i o n i n g  h a d  a d i f f e r e n t  t o p o g r a p h i c a l  

d i s t r i b u t i o n  adds  a n  a d d i t i o n a l  l e v e l  of c o i u p l e x i t y  t o  a n  

a l r e a d y  cofnplep q u e s t i o n  ( I r w i n  a n d  Bebert 1 9 7 0 ) .  %%is d a t a  a n d  

r e p o r t s  by  o t h e r s  ( S k i n n e r  1973; Borda  1378)  s u g g e s & s  t h a t  t h e r e  

are a number of d i f f e r e n t  SPs a n d ,  of c o u r s e ,  a n  e q u a l  n u a b e r  

of S P  g e n e r a t o r s  r e f l e c t i n g  d i i j f e r e n t  a s p e c t s  o f  t h e  s i t u a t i o n ,  

l b e  n o t i o n  t h a t  t h e r e  is  a u n i f o r a  SP c o r r e l a t e  o f  a o n d i t i o n i n g  

is no  l o n g e r  t e n a b l e ,  

X&Aas&in4ent&~t&v%Ja~ti~n~1c~vL 

The CNV is a p a r t i c u l a r  tgpe of p h a s i c  n e g a t i v e  SB f i r s t  

d b s e r v e d  by  Halter e& (1964)  i n  s c a l p  r e c o r d i n g  f r o m  

humans, T h i s  SP was s e e n  t o  d e v e l o p  i n  t h e  i n t e r v a d  b e t w e e n  t w o  

Itirnu3.i {Sl a n d  52) a s  s o o n  a s  t h e  s u b j e c t  had formed a n  

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

r b j e c t s  were f i r s t  p r e s e n t e d  v i t h  a r a n d 0 5  series p i  c l i c k s  

1) arqd f l a s h e s  f S 2 ) .  T h e  t w o  s t i m u l i  were t h e n  paired 

p e a t e d l y  a n d  t h e n ,  finally, the s t i m u l i  were a g a i n  p a i r e d  a n d  

he s u b j e c t  was r e q u i r e d  t o  make  a motor r e s p O n s e  t6, the  o n s e t  



of S2. T h i s  las t  c o n d j t i o n ,  a  f i x e d  f o r e p e r i o d  r e a ~ t i o n  time 

t a s k ,  i s  what has  come t o  b e  ca l led  g& CNY p a r a d i g m ,  Walter $& 

a l e  (1964) fortnna t h a t  v h e u  S 1  a n d  S 2  were p r e s e n t e d  s e p a r a t e l y  -- 
t h e  v e r t e x  r e c o r d i n g s  d i s p l a y e d  o n l y  t y p i c a l  e v o k e d  p o t e n t i a i s  

(EPS) t o  t h e  o c c u r e n c e  of. e a c h  of t h e  s t i a a l i ,  P a i r i n . g  pf S1 

a n d  S 2  r e s u l t e d  i n  m i n o r  i m m e d i a t e  c h a n g e  t o  t h e  EP c o a p o n e n t s f  

a l t h o u g h  h a b i t u a t i o n  by c o n t i n u o u s  r e p $ t i t $ o n  r a p i d L y  d e c r e a s e d  

the a a p l i t u d e  ot t h e  r e c o r d e d  p o t e a t i a l s ,  The a d d i t i o n  of t h e  

a o t o r  r e s p o n s e  r e q u i r e m e n t  r e s u l t e d  i n  t h e  d e v e l o p m e n t  o f  a 

s l o v  v e r t e x - n e g a t i v e  s h i f t  i n  t h e  i n t e ~ s t i a u l u s  i n t e r v a l  t h a t  

reached p e a k  a a p l i t u d e  just p r i o r  t o  SZ, 3 h i s  s l o n  s h & f t  u a s  

l a b e l l e d  t h e  C I V  a n d  was a s c r i b e d  t h e  f u n c t i o n  o f  ! * c o r t i c a l  

p r imer ;#*  p r e p a r u g  t h e  s u b j e c t  f o r  a q u i c k  a n d  e f f i o i e n t  

r e s p o n s e ,  L a t e r  Walter (1964b, 1968) b e l i e v e d  t h e  ClJV t o  be t h e  

a l e c t r a p h y s i o l o g i c a 1  r e p r e s e n t a t i o n  o f  a c o n d i t i o n e d  

a s s o c i a t i o n  b e t w e e n  discrete e v e n t s ,  E v i d e n c e  t o  s u p p o f t  t h i s  

elaim was p r o v i d e d  by t h e  d e m o n s t r a t i o n  t h a t  t h e  c o f p l e t e  

~ i t h d r a u a l  o f  52 ( e x t i n c t i o n )  r e s u l t e d  i n  a p r o g r e s s i v e  a n d  

b i n a l l y  t o t a l  d e c r e m e n t  of CIV a m p l i t u d e ,  I n  p a r t i a l  

O x t i n c t i o n ,  where 52 o n l y  f o l l o u e d  S1 p a r t  o f  t h e  t iae, t h e  CNV 

a r p l i t u d e  was f o u n d  t o  be d i r e c t l y  r e l a t e d  t o  t h e  p r o b a b i l i t y  

6f S 2 . s  o c c u r e n c e  ( p r o b a b i l i t y  d i l u t i o ~ ) ,  However, i f  the S I - S L  

c o n s i s t e n t  CHVs  r e c o r d e d  o v e r  



a n  i n d e f i n i t e  n u a b e r  o f  t r i a l s  as l o n g  a s  t h e  s u b j e ~ t  was 

a t t e n t i v e  a n d  r e s p o n d i n g  (Halter 1964a) .  Data more c o n s i s t e n t  

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

c o n d i t i o n i n g  p a r a d i g a  (Walter lY64a). I n  t h i s  s i t u a t i o n  n o  

o p e r a n t  r e s p o n s e  was r e q u i r e d  a n d  c o n s e g u e n t l y  t h e  CYY r e a c h e d  

mariaurn a a p l i t u a e  a f t e r  a b o u t  20 t r i a l s  a n d  t h e n  d e a l i n e d  

r a p i d l y ,  The  decrease i n  CNV a m p l i t u d e  O C G U r e d  a t  a p p r o r i a a t e l y  

the s a a e  time t h a t  the r e s p o n s e  h a d  become well e s t a b l i s h e d ,  

A f t e r  60 t r i a l s  v e r y  l i t t l e  n e g a t i v i t y  c o u f d  b e  o b s e r v e d  a n d  

the CB was a p p e a r i n g  r e g u l a r l y ,  

A l t h o u g h  t h e  d i s c r e p a n t  r e s u l t s  fo r  the  c l a s s ioa l  a n d  

i n s t r u m e n t a l  p r o c e d u r e s  were merely n o t e d  ia t h i s  e a r l y  f e p o r t ,  

s u b s e q u e n t  i n v e s t i g a t i o n s  h a v e  e x t e n s i v e l y  e x a m i n e d  t h e  r o l e  o f  

t h e  i n s t r u m e n t a l  motor  r e s p o n s e  i n  t h e  CNV p a r a d i g m  (see r e v i e v  

by T e c c e  1 9 7 2 ) -  T h i s  c o n c e r n  was pro tap ted  i n  p a r t  4x8 t h e  n e a r l y  

e i n u l t a n e o u s  d i s c o v e r y  by K o r n b u b e r  a n d  D e e c k e  (1965) o f  the  

P B e r e i t s c h a f  t s p o t e n t i a l "  o r  r e a a i n e s s  p o t e n t i a l  (BP) , a s u r f  ace 

i e g a t i v e  s l o w  p o t e n t i a l  o b s e r v e d  p r i o r  t o  v o l i t i o n a l  rnovenent. 

Phe RP d a t a  led some i n v e s t i g a t o r s  t o  c o n c l u d e  t h a t  t h e  CNV a n d  

BP were i d e n t i c a l  y h e n o a e n a  (Vaughan 1 9 6 9 ) -  T h i s  a s s e r t i o n  

W o v i d e d  t h e  " r a i s o n  d S e t r P  f p r  numerous  s t u d i e s  d e a o n s t r a t i n g  
- 

." ahat t h e  CNV c o u l d  b e  o b t a i n e d  i n  s i t u a t i o n s  t h a t  d i d  n o t  



r e q u i r e  a n  o v e r t  r e s p o n s e  (Cohen a n d  Walter 1966 ;  Cohen 

1973; Donch in  g& ql, 1 9 7 2 ;  P i c t o n  a n d  Low I W l ) ,  Ehe 

i n d e p e n d e n c e  be tween  t h e  EIP a n d  t h e  CNV were m o s t  c k a r l y  

d e m o n s t r a t e d  when 52 was n o v e l  ( G u l l i c k s o n  l 9 7 O ) ,  n p c i c e g t i v e  

 ruin g& af. 1966) or  s i g n a l e d  t h e  s t a r t  o f  a n  a r i t h m e t i c  t a s k  

 o on chin s& qr- 1972)  * F u r t h e r  e v i d e n c e  $ o r  t h e  i n d e p e n d e n c e  of 

cUV a n d  RP came f r o m  @ s e r v e d  a ~ p l i t u d e  a n d  t o p o g r a g h i c a l  

d i f f e r e n c e s  (McCallum 1 9 7 6 )  a s  well a s  froiu r e c e n t  s t u d l e s  by  

L o v e l e s s  a n d  S a n f o r d  (1974a ,  b, 1 9 7 5 ) .  Weerts a n d  Lang 41973) 

a n d  K l o f a a n  a n d  B e n s t e n  (1975,  1976)  s h o w i n g  b i p h a s i c  CNVs w i t h  

& l o n g  i n t e r s t i m u l u s  i n t e r v a l  ( ISI )  pa rad igm.  T h e s e  l a t te r  

a u t h o r s  a r g u e  t h a t  t h e  b i p h a s i c  CNV r e c o r d e d  u n d e r  t h e s e  

c o n d i t i o n s  d e m o n s t r a t e s  t h a t  the CUY r e c o r d e d  w i t h  t h e  u s u a l  

-1.5 s e c o n d  IS1 is a c t u a l l y  the s u a ~ a t i o n  o f  a t  least two 

f f e r e n t  SPs ,  e a c h  ot which c a n  be e x p e r i m e n t a l l y  m a n i p u l a t e d  

a d e p e n d e n t  o f  t h e  o t h e r ,  The ' * e a r i y "  SP i s  f r o n t a l k y  d o m i n a n t  

i.8 a p p e a r s  t o  re la te  t o  o r i e n t a t i o n ,  a s  c h a n g e  i n  t h e  S1 

meters c a n  s e l e c t i v e l y  i n f l u e n c e  t h i s  c o a p a n e n t ,  The 

aterH SP is c e n t r a l l y  d o m i n a n t ,  maximal a t  S 2  o n s e t  a n d  seems 

p r i m a r i l y  reflect p r e p a r a t i o n  t o  r e s p o n d  (Heefts a n d  Lang 

3 ) .  T h e s e  f i n d i n g s  o f  a n o n - u n i t a r g  CHV r u l e  o u t  a n y  s i i a p l e  

Uatian of C N V  a n d  BP e v e n  t h o u g h  the " l a k e r 8 *  CNV ~ o m p o n e n t  

reflect RP a n d  CUV p r o c e s s e s .  



I n  a d d i t i o n  t o  p r o v i d i n g  e v i d e n c e  t n a t  t h e  CNV a n d  R P  are 

n o t  i d e n t i c a l  phenomena,  t h e  p r e v i o u s l y  c i t ed  boay of d a t a ,  

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

g e c e s s a r y  r a t i o n a l e  f o x  u n d e r s t a n d i n g  a n d  i n t e g r a t i n g  r a n y  of 

t h e  c o n f l i c t i n g  r e p o r t s  c o n c e r n i n g  t h e  CNV a n d  i ts  r e l a t i o n  t o  

p a r t i c u l a r  p s y c h o l o g i c a l  * l c o n s t r u c t s n ,  T h i s  n e c e s s i t y  arose i n  

t h e  y e a r s  s u b s e q u e n t  t o  t h e  classic s t u d y  ,{Pal ter  g& a&, 1964); 

as t h e s e  r e s e a r c h e r s  a n d  o t h e r s  b e g a n  i n t e n s i v e  i n v e s t i g a t i o n  

i n t o  t h e  p s y c h o l o g i c a l  r e l e v a n c e  o f  t h e  C W ,  A c c o r d i n g  t o  

Halter (1965a)  a n d  h i s  c o - u o r k e r s  i n  d r i s t o l  t h e  C#V was 

p r i m a r i l y  related t o  g a e x p e c t a n c y w  a n d ,  t o  a lesser d e g r e e ,  

" a t t e n t i o n w  (&cCallurii  3 968)- E v i d e n c e  t o  s u p p o r t  ktalter *s 

a s s e r t i o n  t h a t  t h e  CNV was t h e  cortical c o r r e l a t e  of e s p e c t a n c y  

c a n e  b o t h  from t h e  da ta  s h o v i n g  d e c r e m e a t s  i n  CNV a r p l i t u d e  d u e  

t o  p r o b a b i l i t y  d i l u t i o n  a n d  f r o &  t h e  n u a e r o u s  s t u d i e s  

i n d i c a t i n g  t h e  s e e m i n g  i n d e p e n d e n c e  o f  t h e  CUV f r o m  t h e  

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

series of s t u d i e s  b y  Lou q&, (1965, 1  %6a,  b) r e p e a t e d  a n d  

g r e a t l y  e x t e n d e d  much o f  H a l t e x * s  e a r l y  work, Houever ,  o n  t h e  

Basis o f  t h e i r  f i n d i n g s ,  t h e s e  i n v e s t i g a t o r s  c o n c l u d e d  t h a t  t h e  

V was more d i r e c t l y  r e l a t e d  t o  8acoaa t ion ;p  - t h e  i n t e n t  t o  

e s p o n d  - t h a n  t o  e x p e c t a n c y  ggg 22, A n o t h e r  c o n f l i c t i n g  



v i e w p o i n t  was p u t  f o r w a r d  by t h e  Foma g r o u p  which m a i n t a i n e d  t h a t  

* r m o t i ~ a t i o n , ~ *  as  d e f i n e d  i n  t h e  H u l l i a n  f  rameuorr ,  p r o v i d e s  t h e  

p s y c h o l o g i c a l  s n a e r p i n n i n g s  f o r  t h e  C N Y .  I n  t h i s  w i e w  CNV 

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

s u b j e c t  i n  t h e  p a r t i c u l a r  s i t u a t i o n ,  S h i s  t h e o r e t i c a l  

f o r m u l a t i o n  is  a b l e  t o  a c c o u n t  f o r  much of t h e  CBV data w i t h  

o n e  n o t a b l e  e x c e p t i o n  - t h e  e f f e c t s  o f  d i s t r a c t i o n  ATecce 

1972).  X t  h a s  been d e m o n s t r a t e d  by some i n v e s t i g a t o r s  (ElcCal l t ta t  

1957, 1969; Tecce and  S c h e f g  1959; Tecce and  H a m i l t ~ n  1973) 

t h a t  d i s t r a c t i o n  r e s u l t s  i n  a  d e c r e a e n t  i n  t h e  a m p l i t u d e  of t h e  

CYV which i s  somewhat i n d e p e n d e n t  o i  m o t i w a t i o u  ( i t  s h o u l d  b e  

n o t e d  t h a t  n o t  a l l  r e p o c t s  on t h e  e f f e c t  of d i s t r a c t i o n  are i n  

agreefnent ;  see Weinberg,  Cur ry  and  Peters 1 9 7 6 ) -  Tp a c c o u n t  f ~ r  

the d a t a  on d i s t r a c t i o n  Tecce .(1970, 1971, 1976) a n d  T e c ~ e  and  

S c h e f f  (1969) p roposed  t h a t  t h e  ClJV is s i a r i l t a n e o u s l y  r e l a t e d  

t o  b o t h  " a t t e n t i o n "  and  ( t a r o u s a l M  which a r e ,  i t  i s  argued ,  t u o  

s e p a r a t e  a l b e l f  r e l a t e d  c o n s t r u c t s ,  Accord ing  t o  t h i s  p o s i t i o n  

the CNV is d e t e r m i n e d  b y  t h e  s j . a u l t a n e o u s  i n t e r a c t i p n  o f  

a r o u s a l  and  a t t e n t i o n  p r o c e s s e s ,  A t t e n t i o n  is b e l i e x e d  t o  b e  

p o s i t i v e l y  and  s o n o t o n i c a l l  y r e l a t e d  t o  C H I  ampl i t ude .  On 

the o t h e r  hand  t h e  r e l a t i o n  be tween  a r o u s a l  l e v e l  and t h e  C I Y  

is b e l i e v e d  t o  be t h e  f a n i l i a r  noa-monotonic  i n ~ e r t e d - ~ u ' g  

(Tecce 1972) s o  t h a t  b o t h  e x t r e a e l y  low a n d  e x t r e a e A y  h i g h  



A s  c a n  b e  s e e n  irom t h i s  a u r s o r y  r e v i e u ,  t h e  p r i n ~ i g a l  CNV 

r e s e a r c h e r s  h a v e  a t t e e t p t e d  t o  d e m o n s t r a t e  t h a t  t h e  CNV is 

p s y c h o l o g i c a l l y  r e l e v a n t  b y  m a n i p u l a t i o n  of v a r i a b l e s  k n ~ w n  f o r  

p resumed)  t o  p r o d u c e  c h a n g e s  i n  a p a r t i c u l a r  p s y c h o l o g i c a l  

c o n s t r u c t .  I f  t h e  CNV a l s o  v a r i e s  w i t h  t h e s e  m a n i p u l a t i o n s  i r  

is a s s e r t e d  t h a t  t h e  C I Y  is related to ,  or  is a f e f f e c t i p n  of ,  

t h i s  p a r t i c u l a r  c o n s t r u c t ,  I t  is a p p a r e n t  t h a t  t h e r e  are 

s e v e r a l  p r o b l e a s  w i t h  t h i s  a p p r o a c h ,  T.he f i rst  p r o b l e ~  c o n c e r n s  

t h e  l a c k  of p r e c i s i o n  i n  t h e  d e f i n i t i o n  a n d  e l a b o r a t i o n  05 

t e r a s  s u c h  as " e ~ p e c t a a c y , ~ '  u c p n a t i o n , "  a a m p t i v a t i o n "  a n d  

a a r o u s a l , "  A s e c o a d  a n d  r e l a t e d  p r o b l e ~  i s  t h a t  t h e  c o n s 2 r u c t s  

t h e m s e l v e s  a r e  n o t  e v e n  i n d e p e n d e n t ,  le t  a l o n e  m u t a a f l y  

e x c l u s i v e ,  I n  a n y  o n e  b e h a v i o u r a l  s i t u a t i o n  a n  i n d i v i d u a l  w i l l  

be s i m u l t a n e o u s l y  e x p e c t a n t ,  c o n a  t i v e ,  m o t i v a t e d ,  a t t e n t i v e  and  

a r o u s e d  t o  v a r y i n g  d e g r e e s ,  If t h e  e x p e r i m e n t a l  m a n i p u l a t i o n s  

are d e s i g n e d  t o  i n c r e a s e  s o m e t h i n g  c a l L e d  * * a r o u s a l , A  t h e r e  w i l l  

P a d o u b t a b l y  be s i ~ u l t a n e o u s  a l t e r a t i o n s  i n  f o r  e x a n p l e ,  

l e v e l s  of a r o u s a l  l e a d  t o  CNV d e c r e m e n t s ,  T h i s  p o i n t  r a s  

f u r t b e r  d e v e l o p e d  (Tecce a n d  Cole 1976; T e c c e  9% a&. 1976) a s  

t h e  w d i s t r a c t i o n - a r o u s a l  h y p o t h e s i s .  In t h i s  series o f  p a p e r s  

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

t h e  CNV is  d u e  t o  i n c r e a s e d  a r o u s a l  l e v e l s ,  



l n o t i v a t i o n a l  and a t t e n t i o n a l  l e v e l s ,  A t h i r d  ana e a e n  a p r e  

s e r i o u s  problem i s  t h e  r e c e n t  e v i d e n c e  p r o v i d e d  by L o v e l e s s  a n d  

S a n f o r d  (1975)  a n d  o t h e r s  a s  t o  t h e  n o n - u n i t a r y  n a t u r e  of  t n e  

CNV. I n  a d d i t i o n  t o  t h e  p r e v i o u s l y  d i s c u s s e d  d a t a  p b t a i n e d  with 

l o n g  IS1 pa rad igms  ( L o v e l e s s  a n d  S a n f o r d  1974a, b; Heerts a n a  

Lang 1973; K losaan  a n d  Bens t en  1975, l 8 7 6 ) ,  o t h e r  i n v e s t i g a t o r s  

have  come t o  t h e  same c o n c l u s i ~ n  by examin ing  t h e  tppag raphy  of 

t h e  CHV (we inbe rg  and  P a p a k o s t o p o u l o s  1975; Can t  and Bgckford 

1967) - A d d i t i o q a l  s u p p o r t  f o r  t h e  n o n - u n i t a r y  n a t u r e  o f  t h e  CNV 

comes from i n t r a c e r e b r a l  r e c o r d i n g s  i n  b o t h  human a n d  

inf ra -human s p e c i e s  d u r i n g  CNV t a s k s ,  

' '  l a r g e r  s h i f t s  n o r e  c e n t r a l l y  t h a n  f r o n t a l l y  d u r i n g  the f i r s t  
k 

B a s i c a l l y  t h e  i n t r a c e r e b r a l  r e c o x d i n g s  p r o v i d e  f o u r  

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

non-un i t a ry  CNV ~ o d e l ,  One i n t e r e s t i n g  f i n d i n g  r e p o r t e d  b y  

s e v e r a l  i n v e s t i g a t o r s  i s  t h a t  there a r e  c h a n g e s  i n  t h e  

d i s t r i b u t i o n  o f  t h e  CNV a s  a f r n c t i o n  o f  t a s k  a c q u i s i t i o n .  

B e b e r t  ( 1 9 7 2 ~ )  o b s e r v e d  c o n d i t i o n e d  SPs i n  t h e  ret jaular  systea 

2 t o  3 d a y s  p r i o r  t o  t h e i r  a p p e a r a n c e  a t  t h e  cor t ica l  s u r f a c e ,  

B a b l i t z  (1973)  employed 2-week t r a i n i n g  b l o c k s  and o h s e r u e d  

l o c k  o f  t r i a l s ,  However, by the t h i r d  block t n i s  r e l a t i o n s h i p  

ad r e v e r s e d  so t h a t  l a r g e r  s h i f t s  were r e c o r d e d  f r p n t a l i y .  



~ u l t i p l e  c o r t i c a l  r e c o r d i n g s  have d e m o n s t r a t e d  t h a t  there a r e  

a t  l eas t  two g e n e r a t o r s  o f  t h e  C#V. L a r g e  f r o n t a l  a s  well a s  

c e n t r a l  C N Y s  h a v e  b e e n  r e p o r t e d  i q  a o n k e y s  b y  Lou ,(1969), Borda 

{1970) ,  Donch in  gt a&. (1971)  B e S h e r r y  a n d  Borda ,(I9734 a n d  

~ a b l i t z  (1 9 7 3 ) -  A d d i t i o n a l l y  t h e  f o r m  a n d  d i s t r i b u t i o q  of t h e  

CNV h a s  b e e n  shown t o  be i n f l u e n c e d  b y  t h e  t a s k  r e q u i r e m e n t s ,  

I n  monkeys  Donchin et d, (1931) r e p o r t e d  t h a t  d u r i n g  a 

s t a n d a r d  CBY p a r a d i g m  t h e r e  was l i t t l e  e v i d e n c e  o f  SPs 

p o s t - c e n t r a l l y  a s  t h e  d i s t r i b u t i o n  was f r o n t a l l y  d o m i q a n t ,  

Bowever, by requiring t h e  monkey t o  make a m o t o r  r e s p o p s e  t o  

S1, a l a r g e  shift a p p e a r e d  a t  t h e  p o s t - c e n k r a l  electrode a n d  

s i m u l t a n e o u s f  y  t h e  f r o n t a l  C I Y  was reuuced, L a s t l y r  e v i d e n c e  

h a s  a c c u m u l a t e d  d e m o n s t r a t i n g  b o t h  a d i s s o c i a t i o n  b e t w e e n  S P s  

r e c o r d e d  a t  c o r t i c a l  a ~ d  s u b c o r t i c a l  s i t e s  a n d  the  n u l t i p l $ c i t y  

of s u b c o r t i c a l  s h i f t s  o c c u f  i n g  c o o c u r r e a t l p  ( H a i d e r  1968; 

Rsbert  1 9 7 2 ~ .  1976;  & c C a l l u ~  gt a&, 1973, 1976) .  

Taken as  a  whole  t h e s e  r e p o r t s  p r o v i d e  c o ~ p e l l j n g  e v i d e n c e  

t h a t  t h e r e  is n o  such e n t i t y  a s  t,4g CNV, I n s t e a d  t h e r e  a p p e a r s  

t o  b e  a n u ~ l b e r  of d i f f e r e n t  SPs t h a t  e i t h e r  s e p a r a t e l y  o r  i n  

C o a b i n a t i o n  c a n  b e  r e c o r d e d  i n  p a r t i c u l a r  e x p e r i m e n t a l  

8 i t u a t i o n s .  A* leas t  s e v e r a l  o f  t h e s e  SPs a p p e a r  t o  be 

aiff  e r e n t l y  a k f e c  ted by  v a r i o u s  p s y c h o l o g i c a l  p r o c e s s e s  so 



t h a t  t h e  s e a r c h  f o r  &hq p s y c h o & o g i c a l  c o r r e l a t e  o f  && CBV is 

p r o b a b l y  f r u i t i e s s .  

A s e p a r a t e  class of s l o w  b r a i n  a c t i v i t y  h a s  m e n  d e s c r i b e d  

by  Alad  j a l o v a  , ( l 9 6 4 ) ,  Morton a n d  Jewett (1965), S a m  (1967)  a n d  

o t h e r s .  T h e s e  i n v e s t i g a t o r s  h a v e  r e p o r t e d  r h y t h m i c  slow 

o s c i l l a t i o n s  r a n g i n g  from 15 t o  - 5  o r  l e s s  c y c i e s  p e r  rsintate, 

T h e s e  i n f r a  slow p o t e n t i a l  o s c u l a t i o n s  (ISPO) h a v e  b e e n  

r e c o r d e d  f r o a  b o t h  human a n d  i n f  r a - h u a a n  s p e c i e s ,  & l a d  j a l o v a  

(1964) a n d  S a n o  (1967) b o t h  r e 9 o r t  ISPO o b t a i n e d  f rpn hureans 

t h a t  d i d  n o t  s e e a  t o  relate t o  a n y  o b s e r v e d  p h y s i o l o g i c a l  o r  

p s y c h o l o g i c a l  v a r i a b l e .  t fouever ,  G i r t o n  et i 1973) r e g o r t  

ISPO r e c o r d e d  f r o .  t h e  human s c a l p  t h a t  a p g e a r e d  t o  be r e l a t e d  

t o  r e s p i r a t i o n  e v e n  t h o u g h  t h e  o s c i l l a t i o n s  c o p t i n u e d  d u r i n g  

p r o l a n g e d  b r e a t h - h o l d i a g .  f n  r e c o r d i n g s  froa i m p l a n t e d  a a i ~ a i s  

Alad j a l o v a  (1954) o b s e r v e d  c h a n g e s  i n  I S P O  t h a t  seemed t o  b e  

r e l a t e d  t o  t h e  i n d u c t i o n  o f  stsess a l t h o u g h  t h e  l a t e n c y  pf 

t h e s e  c h a n g e s ,  u p  t o  aq h o u r  o r  more, c a s t s  d o u b t  o n  t h e  n a t u r e  

of t h e  r e l a t i o e s h i p  b e t w e e n  t h e  s t i m u l a t i o n  a n d  ISPO,  I n  a d d i t i o n ,  

O t h e r  i n v e s t i g a t i o s l s  ( l o r t o n  a n d  Jewett 1965; P i r c h  a n d  N o r t o n  

1967; B a s o s  a n d  B o s e n b l e u t h  1967)  h a v e  r e p o r t e d  XSPO i n  a n i m a l s  



n o t  s p e c i f i c a l l y  s t r e s s e d .  A t  p r e s e n t  i t  seems clear t h a t  t h e  

p h y s i o l o g i c a l  a n d / o r  p s y c h o l o g i c a l  s i g n i f  i c a q c e  oZ these v e r y  

s l o w  o s c i l l a t i o n s  h a s  y e t  t o  be d e l i n e a t e d ,  

One o f  t h e  f i r s t  r e p o r t s  o f  b r a i n  e l e c t r i c a l  a a t i v i t y  

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

n e g a t i v e  s h i f t s  were a l w a y s  a c c o m p a n i e d  b y  a decrease i n  t h e  

@ f e e b l e r w  r h y t h m i c  c u r r e n t s  (Beck 3 8 9 l ) ,  Z h i s  o b s e r v a t i o n  was 

n o t h i n g  less t h a n  t h e  firs& r e p o r t  o f  a l p h a  b l o c k i n g  (EEG 

d e s y n c h r o n i z a t i o n )  o c c n r i n g  s i a u l  t a n e o - u s l  y u i t h  s u r e a c e  

n e g a t i v i t y  (Brazier 1 9 6 1 ) -  H a l f  a c e n t - u s y  l a t e r ,  J a s p e r  (1936) 

became t h e  first t o  e x p l i c i t l y  h y p o t h e s i z e  a n d  d e n o n s t r a t e  t h a t  

n e g a t i v e  SPL s h i f t s  are re la ted  t o  i n c r e a s e d  cor t ica l  

e x c i t a b i l i t y  aad a s  such s h o u l d  b e  re la ted t o  low v p l t a g e  f a s t  

a c t i v i t y  i n  t h e  EEG, S i n c e  t h a t  time t h e r e  h a v e  b e e n  numsrous  

o b s e r v a t i o n s  o f  t h e  r e l a t i o n s h i p  between SPL a n d  t h e  EBG. 

P r o b a b l y  t h e  n o s t  t h o r o u g h l y  documented  s t u d i e s  a re  t h o s e  t h a t  

have e x a a i n e d  SPL f l u c t u a t i o n s  d u r i n g  t h e  s l e e p - u a k e f u J . n e s s  

c y c l e  (see s e c t i o n  on t o n i c  S P s ) .  I n  g e n e s a l  i t  h a s  b e e n  

d e a o n s t r a  t e d  t h a t  i n c r e a s e d  e x c i t a b i l i t y  (BEG 

d e s y n c h r o n i z a t i o n )  is a s s o c i a t e d  with s u r f a c e  n e y a l t i v i t y  



w h e r e a s  h i g h  v o l t a g e  s l o w  a c t i v i t y  i s  d c c o r ~ ~ i n l e d  ~ 4 t h  s u r f a c e  

p o s i t i v i t y ,  C h a n g e s  i q  the s p e c t r a l  c o m p o s i t i o n  of  t h e  EEG 

~ e l a t i v e  t o  p h a s i c  SP  c h a n g e s  h a v e  b e e n  r e p o r t e d  b y  Bowland a n d  

 olds stone (1963) ,  H c C a U u a  a n d  U a l t e r s  (1968b) .  P e t e r s  (1976) 

and o t h e r s .  B a s i c a f l y  t h e s e  researchers h a v e  a l so  f o u n d  t h e  

same r e l a t i o n s h i p  b e t w e e n  i n c r e a s e d  negativity a n d  East 

a c t i v i t y  a l t h o a g h  t h e r e  is some e v i d e n c e  (Rouland  1968; p e t e r s  

1976) t h a t  t h e  c h a n g e s  i n  SP a a d  EEG are  n o t  c a u s a l l y  r e l a t e d  

as t h e y  c a n  a t  times be d i s s o c i a t e d ,  

I n  a d d i t i p n  t o  t h e  e v l d e n ~ e  just p r e s e n t e d  t o  d e n o n s t r a t e  

that t h e  EEG a n d  SPL a re  r e l a t e d ,  theze is  a c o m p a r a b l e  b o d y  of 

l i t e r a t u r e  d e t a i l i n g  t h e  r e l a t i o n s h i p  be t  ween SPL a n d  e v o k e d  

p o t e n t i a l s  ( E P s )  recordea f rom t h e  c o r t i c a k  s u r f a c e  (Bindman 

1962; B i s h o p  a n d  D a L e a r y  3950; L i p p o l d  g& a&. 1961; 

Boldr ing  a n d  OsLeary 1951;  Froam a n d  Bond 39b7)- Q u o t i n g  

froa B i n d a a n  g& &_lo (1  962) r 

c It h a s  b e e n  d e a o n s t r a t e d  t h a g  t h a  fo rm,  s ize and  

i p o l a r i t y  of e v o k e a  r e s p o n s e s  are related t o  t h e  

p r e - e x l s t i n g  s u r f a c e  p o t e n t i a l  of t h e  c o r t e x ,  T h i s  

seeas t o  be  t r u e  w h e t h e r  t h e  c h a n g e s  i n  p p t e n t a a l  are 

s p o n t a n e o u s  o r  p r o d u c e d  e x p e r i m e n t a l l y ,  Ehen t h e  



c o r t i c a l  s u r f a c e  of  t h e  b r a i n  g o e s  p o s i t i s e  t h e  

e v o k e d  p o t e n t i a l  becomes l a r g e r ;  i f  n e g a t i v e  s r a L l e r ,  

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

p o l a r i t y  i s  a p p l i e d  a c r o s s  t h e  c o r t e x  a n d  t h e  

a m p l i t u d e  o f  t h e  EEG waves i n c r e a s e ,  t h e  i n i t i a l  

p o s i t l v e  c o a p o n e n t  o f  t h e  v i s u a l  e v o k e u  r e s p o n s e  

d i s s a p e a r s ,  t h e  n e g a t i v e  c o a p o n e a t  i n c r e a s e s  i n  s i z e  

a n d  the n u a b e r  o f  s i n g l e  c e l l  d i s c h a r g e s  i n c r e a s e ,  

T h e  o p p o s i t e  e f f e c t s  are p r o d u c e d  by s u r f a c e  n e g a t i v e  

p o l a r i z a t i o n ,  

This f i n d i n g  of a  r e c i p r o c a l  r e l a t i o n s h i p  b e t v e e n  t h e  p o f a r i t y  

of t h e  SPL f l u c t u a t i o n s  a n d  t he  a u g a e n t a t i o n  o f  p a s t i c u l a r  EP 
-- 

a o a p o n e n t s  h a s  heen  s u p p o r t e d  b y  nuiiierous i n v e s t i g a t i o n s  

m a n i p u l a t i n g  SPL by s u c h  v a r i o u s  means a s  a p p l i e d  p o l a r i z a t i o n ,  

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

F u r t h e r  e v i a e n c e  t h a t  SPL c h a n g e s  c a n  i n • ’  l u e n c e  t h e  

l p l i t u d e  of EP c o m p o n e n t s  h a s  been p r o v i d e d  by studies 

W e s t i g a t i n g  t h e  EPs t o  e i t h e r  S 2  o r  a n  a d d i t i o n a l  s t i m u l u s  

t r o d u c e d  i n t o  t h e  IS1 o t  t h e  CNY parad igm.  The  r e l a t i o n s h i p  

ween t h e  a m p l i t u d e  o f  t h e  CIV a n d  tae EP t o  52 was i n i t i a l l y  

r t e d  a s  i n v e r s e  by Yaltes J19b4a,  b, 1 9 6 6 a ) -  S e a e r a 2  



u e n t  st 

1970)  o  

( 1976) 

u d i e s  f o u n d  e i t h e r  n o  r e l a t i o n s h i p  (Small a n d  

r a p o s i t i v e  one (Cohen a n d  Walter l9SS) .  I fouever ,  

s y s t e a a t i c a l l y  compared  EPs t o  i d e n t i c a l  s t i n u l i  

b o t h  CNfl  (52) a n d  non-CIY s i t u a t ~ o n s  a n d  r e p o r t e d  greater 

o ~ i t i ~ i t y ,  less  n e g a t i v i t y  a n d  s h o r t e r  l a t e n c y  i n  the CNV 

i t u a t i o n ,  EPs  t o  s t i m u l i  i n t e r j e c t e d  i n t o  t h e  1SI o f  t h e  CMV 

a s k  were f o u n d  t o  b e  of l a r g e r  a m p l i t u d e  a n d  s h o r t e r  l a t e n c y  

ban E p s  t o  i d e n t i c a l  s t i n u l i  p r e s e n t e d  i n  the i n t e r - t r i a l  

a t e r v a l  [McAdam 1969; T i m s i t  & =A. 1 9 6 9 ) .  T h e s e  f i n d i n g s  have 

n  i q t e r p r e t e d  a s  e v i d e n c e  t o  s u p p o r t  W a l t e r ' s  (3064a)  n p t i o n  

B a t  t h e  CUY f u n c t i o n s  a s  a a g e o r t i c a l  p r i m e r , "  

A l t h o u g h  t h e  d a t a  r e l a t i n g  S P L  t o  t h e  EEG a n d  t h e  EB 

re n o t  t o t a l l g  c o h e r e n t ,  t h e r e  a r e  n o n e t h e l e s s  c e r t a i n  

o n s i s t e n c i e s  w o r t h  s u a ~ a r i z i n g ,  S u r f a c e  n e g a t i v e  EPL c h a n g e  

as g e n e r a l l y  b e e n  r e l a t e d  t o  low v o l t a g e  f a s t  a c t i v i t y ,  

segmentation of t h e  p o s i t i v e  EP c o m p o n e n t s ,  a t t e n u a t i o n  o f  t h e  

B e g a t i v e  EP c o m p o n e n t s  a n d  a d e c r e a s e  i n  t h e  l a t e n c y  of a l l  

@Oaponents ,  On t h e  o t h e r  hand  s u r f a c e  p o s i t i v i t y  h a s  b e e n  

a s s o c i a t e d  with EEG s y n c h r o n i z a t i o n ,  a u y a e a t a t i o n  of the  

n e g a t i v e  a n d  a f t e n u a t i o n  cf t h e  p o s i t i v e  EP c o m p o n e n t s ,  The 

data o b t a i n e d  f r o m  EPs c o l l e c t e d  d u r i n g  v a r i o u s  s l e e p  stages 

b a a o n s t r a t e  t h a t  the l a t e n c y  o f  mos t  c p a p o n e n F s  i n c r e a s e s  as a  



f u n c t i o n  o f  t h e  l e v e l  o k  s l e e p  ( S h a g a s s  a n d  T r u s t y  1966; 

S b a g a s s  1972)  . T h i s  p r o v i d e s  

p o s i t i v i t y  i s  a s s o c i a t e d  w i t h  

SPS are known t o  o c c u r  d u r i n g  

i n d i r e c t  e v i d e n c e  t n a k  s u r f a c e  

i n c r e a s e d  l a t e n c y  sincze p o s i t i v e  

s l e e p  (see s e c t i o n  on t o n i c  SPs). 

I n  s t r i k i n g  c o a t r a s t  t o  t h e  nuiiterous a t t e a p t s  a t  r e l a t i n g  

SPL t o  b o t h  t h e  EEG and t h e  EP, t h e r e  h a v e  b e e n  v e r g  f e w  

i n v e s t i g a t i o n s  c o n c e r n i n g  t h e  ~ e i a t i o n s h i p s  b e t w e e n  u a r i u u s  SP 

ypes ,  D e s p i t e  t h i s  l a c k  o f  d a t a  a t h e o r e t i c a l  r e l a t i o n s h i p  

e t v e e n  t h e  CMV a n d  S P L  h a s  b e e n  postulates by Knot* a n d  I r v m  

1967,  1968) t o  a c c o u n t  f o r  soae s e e m i n g l y  a n o u a 1 o . u ~  CBV 

d i n g s ,  I n  t h e s e  s t u d i e s  a n d  o t h e r s  (Lou a n d  Sw$dt  1971;  K n o t t  

.ad P e t e r s  1974;  P e t e r s  a n d  K n ~ t t  1976)  i t  was d e a o n s t r a t e d  

h a t  l o w  a n x i e t y  s u b j e c t s  p r o d u c e a  l a r g e r  a m p l i t u d e  CNVs t h a n  

i d  h i g h  a n x i e t y  s u b j e c t s  i n  a s t r e s s f u l  s i t u a t i o n  whereas 

h e r e  were no d i f f e r e n c e s  i n  a l o w  stress s i t u a t i o n ,  " T h i s  was 

t e r p r e t e d  t o  be d u e  t o  t h e  f a c t  t h a t  h i g h  a n x i e t y  s u b j e c t s  

e r a t e d  n e a r e r  t o  t h e i r  rtlaxiava n e g a t i v e  c o r t i c a l  L e v e l  i n  a l L  

t u a t i o n s  a n d  t h a t  when t h e y  are  s t r e s s e d  {and d e v e l o p  a 

f f u s e  c o n d i t i o n e d  e r p o t i o n a l  r e s p o n s e )  t h e  s h i f t  g o e s  to  o r  

a r l y  t o  t h e  maxiaturn, When t h e  t q r e s p o n s e m  c o q d l t i p n  (CBIV) is 

ded n o  f u r t h e r  s h i f t  c a n  rre d e v e l o p e d t 3  ( K n o t t  3979) .  T h i s  

t e r p r e t a t i o ~  h a s  b e e n  l a b e l l e d  t h e  " c e i l i n g  h y p o t h e s i s N  i n  



t h a t  the SPL is a s s u m e d  t o  h a v e  a  f i n i t e  r a n g e  a n d  a s  t h e  SPL 

a p p r o a c h e s  its p o i n t  of g r e a t e s t  n e g a t i v i t y ,  @ ' t h e  c e i l i n g , * *  a n y  

f u r t h e r  n e g a t i v e  s h i f t  w i l l  n e c e s s a r i i y  b e  r e d u c e d  p r  

e l i m i n a t e d -  I n d i r e c t  e v i d e n c e  c o n c e r n i n g  t h e  v a l i d i t y  of tne 

c e i l i n g  h y p o t h e s i s  is r a t h e r  s k e t c h y ,  Low t195Y) o b s e r v e d  t h a t  

i n  s o 5 e  cases t h e  C N V s  a p p e a r e d  t o  be l a r g e r  it t h e  p re -S1  

b a s e l i n e  h a d  s h i f t e d  p o s i t i v e i y .  A d d i t i o n a l l y  8 e b e r t  (1976) 

r e p o r t e d  t h e  o b s e r v a t i o n  t h a t  i n  o n e  monkey a 2 - 3 mV n e g a t i v e  

sPL f l u c t u a t i o n  o c c u r r e d  s p o n t a n e o u s l y  d u r i n g  a CNV p a r a d i g m  

and c o t r p l e t e l y  a b o l i s h e d  t h e  CYV f o r  i t s  d u r a t i o n ,  Houeuer ,  it 

h a s  a l s o  b e e n  d e m o n s t r a t e d  t h a t  t h e  CNB d o e s  n o t  n e ~ e s s a r i l y  

peak a t  its p h y s i o l o g i c a l  liait as  a d d i t i o n a l  a a n i p u i a t i o n s  c a n  

r e s u l t  i n  g r e a + e r  n e g a t i v i t y ,  Low a n d  H c S h a r r y  (1968) 

s u p e r  imposed  a n  a d d i t i o n a l  Cli V t a s k  b e t w e e n  t h e  51-S2 i n t e r v a l  

and r e p o r t e d  a f u r t h e r  e l e v a t i o n  o f  t h e  CHN i n d i c a t i n g  t h a t  t h e  

two r e s p o n s e s  were somewhat  a d d i t i v e ,  f u r t h e r  s u p p o s t i n g  

-evidence h a s  b e e n  p r o v i d e d  by P e b e r t  gi. (1976) who were 

able t o  i n d u c e  t o n i c  SP c h a n g e s  d u r i n g  a C I V  p a r a d i g m  b y  h a v i n g  

e s u b j e c t  l ift  w e i g h t s  w i t h  a h  

o s i t i v e  r e l a t i o n s h i p  b e t w e e n  t 

a m p l i  

t Lap 

'11; t o  

t ude 

p f  ox 

b e  r 

of t h e  t o n i c  n e g a t i  

i m a t e l y  30 p o u n d s  of 

e la ted  t o  t h e  a a o u n t  

a n d  g s i p .  T h e r e  a g p e a r e d  

h e  a a o u n t  of v e i g h t  p a l l e d  

ve SP, a t  l e a s t  up  t o  some 

p u l l ) ,  CBV a m p l i t u d e  was 

of e p e c t i o n  i n  that t h e r e  

t o  be 

a n d  

was 



a 5 m i c r o v o l t  i n c r e a s e  b e t v e e n  15 a n d  30 p a u n d s  of p u l l ,  

Houever ,  t h e r e  was n o  d i f f e r e n a e  b e t w e e n  e i t h e r  0 a n d  15 o r  

b e t w e e n  30 a n d  45 p o u n d s  o f  p u l l ,  T h e s e  f i n d i n g s  are 

i n t e r p r e t e d  a s  e v i d e n c e  f o r  t h e  i n d e p e n d e n c e  o t  t h e  CNV a n d  t h e  

t o n i c  SP s i n c e  t h e  CHV c o u l a  still b e  s u p e r i m p o s e d  upon t h e  

t o n i c  s h i f t  e v e n  a f t e r  it had a p p r o a c h e d  i t s  a s y m p t p t e ,  

Taken  a s  w h o l e  t h e s e  f e u  scattered o b s a r v a t i o n s  p r o w l d e  

c o n f l i c t i n g  h i n t s  a s  t o  tae n a t u r e  of  t h e  r e l a t i o n s h i p  be tween  

SPL a n d  t h e  CNV, T h i s  c o n f l i c t  m e r e l y  ~ o i n t s  t o  t h e  n e e d  4 0 r  

e x t e n s i v e  and d e t a i l e d  i n v e s t i g a t i o n  c o r r e l a t i n g  S81 

f l u c t u a t i o n s  w i t h  CNV a m p l i t u d e ,  The r e s e a r c h  d e s c x i b e d  i n  t h i s  

t h e s i s  is o n e  a t t e m p t ,  

The r e s e a r c h  p r e s e n t e d  i n  t h i s  t h e s i s  was designed t o  

answer  a number o f  q u e s t i o n s  a b o u t  t h e  i n t e r - r e l a t i o n s h i p s  

be tween  d i f f e r e n t  t y p e s  o f  r e c o r d e d  b r a i n  a c t i v i t y .  The p r i m a r y  

q u e s t i o n  c o n c e r n e d  t h e  r e l a t i o n s h i p  b e t w e e n  s c a l p - r e c o r d e d  SYL 

and t h e  CNV, One of t h e  a a j o r  d i f f i c u l t i e s  i n  a study of t h i s  

n a t u r e  is t h a t  SPL r e c o r d i n g  r e q u i r e s  DC a e t h o d o l o g y  for  

a c c u r a t e  a m p l i f i c a t i o n  of t h e  e x t r e i s e l p  slow c h a u g e s .  OC 



r e c o r d i n g  i n  g e n e r a l  is much Bore  p r o n e  t o  a r t l f a c t  b e c a u s e  o f  

t h e  v a s t  number o f  p o s s i b l e  s o u r c e s  for  a n y  o b s e r v e d  s t e a d y  

p o t e n t i a l  (see Bowland 1974)- DC s c a l p  r e c o r d i n g  f u r t h e r  

compounds t h e  p r o b l e m  irpraensely d u e  t o  t h e  r e r p o t e n e s s  02 t h e  

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

s e p a r a t i n g  t h e  e l e c t r o d e  f rom t h e  c o r t e x  a re  a l l  k ~ p w n  to  

t h e m s e l v e s  p r o d u c e  b i o e l e c t r i c  s l o w  a c t i v i t y ,  B e c a u s e  o f  the 

m u l t i t u d e  02 p o t e n t i a l  p r o b l e m s  w i t h  DC r e c o r d i n g ,  t h e  f i x s t  a n d  

a o s t  e x t e n s i v e  p a r t  o f  t h i s  p r p j e c t  u a s  d e d i c a t e d  t o  d e v e l o p r a g  

a DC r e c o r d i n g  sy s t e rp  a q d  t e c h n i q u e  c a p a b l e  o f  f a i t h f u l l y  

r e c o r d i n g  m i c r p v o l t - l e v e l  SPL g l u c t u a  t i o n  s,. T h i s  r e c o r d i n g  

s y s t e m  is d e s c r i b e d  i n  d e t a i l  i n  t h e  a e t h o a s  s e c t i o n .  The 

s p e c i a l  t e c h n i q u e  a n d  p r o c e d u r e s  U s e d  & o r  t h i s  UC r e c o r d i n g  

were d e s i g n e d  t o  min imize  c o n t a i u i n a t i o n  o t  t h e  SPL by t h e  more 

o b v i o u s  a r t i f a c t u a l  s o u r c e s  - t h e  electrodes (Coopes  1969) a n d  

t h e  s k i n  ( P i c t o n  and H i l l y a r d  1972). Zhe p r o c e a u r e s  u t i l i z e d  

f o r  e l e c t r o d e  and  s k i n  p r e p a r a t i o n  are a l so  d e s c r i b e d  i n  t h e  

r e t h o a s  s e c t i o n ,  A l t h o u g h  it is  i f p o s s i b l e  t o  a s s e s s  t h e  

e f f e c t s  of e l e c t r o d e  c h a n g e s  o n  t h e  S P L ,  i t  is p o s s i b l e  t o  

i n d i r e c t l y  examine  t h e  s k i n  p o t e n t i a l  c o n t r i b u t i o n  by 

m o n i t o r i n g  sPL a n d  s k i n  p o t e n t i a l  a c t i v i t y  s i m u l t a n e o u s i y .  I n  

o r d e r  t o  e x a m i e e  t he  r e l a t i o n s h i p  be tween  S P L  a n d  t h e  g a i v a n i c  

Sk in  p o t e n t i a l  [GSP) a n d  t o  assess t h e  e f f i c a c y  of t h e  s k i n  



p r e p a r a t i o n s ,  2 c h a n n e l s  of GSB were r e c o r d e d  from d i t f e r e n t i y  

p r e p a r e d  e l e c t r o d e s  a d j a c e n t  t p  t h e  v e r t e x  SPL e l e c t r o d e .  T h e  

r e f e r e n c e  f o r  t h e  GSP e l e c t r o d e s  was a n  e l e c t r o d e  p l a c e d  e i t h e r  

on t h e  ear l o b e  o r  o v e r  t h e  m a s t o i d  p r o c e s s e s .  The ~ e f e r e n c e  

s i te  a n d  o n e  o f  t h e  GSB electrgdes were p r e p a r e d  i n  t h e  sase 

f a s h i o n  a s  t h e  SPL e l e c t r o d e s  w i t h  t h o r o u g h  l e s i o n i n g  of t h e  

o u t e r  l aye r s  of t h e  s k i n .  The a c t i v i t y  r e c o r d e d  b e t v e e n  t h e s e  

t u o  s i tes  uas e x p e c t e d  t o  be v e r y  s ie t i lar  io t h e  a c t j v i t f  o n  

t h e  SPL c h a n n e a  a s  n o  GSP s h o u f a  b e  r e c o r d e d  v i t n  b o t h  

e l e c t r o d e  s i t e s  l e s i o n e d ,  The S e c o n d  e l e c t r o d e  was a p p l i e d  t o  

t h e  i n t a c t  s k i n  s o  w h a t e v e r  GSP a c t i v i t y  was p r e s e n t  o n  

t h e  s u p e r i o r  surface o f  t h e  s c a l p  would be recorded, It was 

e x p e c t e d  t h a t  c o r r e l a t $ o n s  b e t w e e n  t h e  SPL a n d  t h e  GSP r e c o r d e d  
-- - 

from t h e  l e s i o n e d  s i t e  would b e  much h i g h e r  t h a n  t h p s e  o b t a i n e d  

be tween  SPL a n d  t h e  GSP r e c o r d e d  f r o m  the i n t a c t  s c a l p .  

The  p a r a d i g m  c h o s e n  f o r  t h i s  i n v e s t i g a t i o n  o f  t h e  

e l a t i o n s h i p  b e t w e e n  SBL a n d  the CNV was a u d i t o r y  

i s c r i a i n a t i o n  t a s k  w i t h  t h r e e  c o a d i t i o n s  p r e s e n t e d  i n  a n  

k- &1-3-~2  s e q u e n c e ,  The o n l y  s u b s t a n t i v e  d i f f e r e n c e  b e t w e e n  t h e  A 
t 

d t h e  B c o n d i t i o n s  was t h a t  d u r i n g  t h e  B c o n a i t i o a  i n c o r r e c t  

d e l a y e d  r e s g a n s e  was " p u n i s h e d 8 *  w i t h  a 3 s e c o n d  b l a s t  of 95 

w h i t e  n o i s e ,  T h i s  p a r a d i g m  was c h o s e n  b e c a u s e  o f  i t s  



s i m i l a r i t y  t o  t h e  s i t u a t i o n s  u s e d  by K n o t t  a n d  Irwin (1967,  

1968) , P e t e r s  a n d  K n o t t  (1976) a n d  K n o t t  a q d  P e t e r s  (1973) t o  

d e m o n s t r a t e  t h e  a t t e n u a t i n g  effects OL "stresstt o n  t h e  CNV, The 

,*stressw effect is  h y p o t h e s i z e d  t o  r e s u l t  # r o a  i n c r e a s e d  

a r o u s a l  m a n i f e s t e d  a s  a s v s t a i n e d  n e g a t i v e  SYL s h i f t ,  I f  t h o  

t o n i c  n e g a t i v e  SP is s u f f i c i e n t i y  l a r g e ,  i t  w i l l  i n c r e a e n t  t h e  

sPL t o w a r d s  t h e  " c e i l i n g w  s o  t h a t  t h e  r a n g e  o f  f u r t h e r  

n e g a t i v i t y  b e c o a e s  restricted, T h e r e f o r e  a s  the  # c e 4 1 i n g M  is 

a p p r o a c h e d  t h e  ~iiaximum p o s s i b l z  a a p l i t u d e  of any s s l p e r i a p o s e u  

n e g a t i v e  s h i f t  becomes  reducea .  T h i s  r e d u c t i o n  i n  CNV a m p l i t u d e  

h a s  been r e p o r k e d  a s  more p r o n p u n c e d  In reaales [Knokt a n d  P e t e r s  

1973) s u g g e s t i n g  a  more n e g a t i v e  t o n i c  SPL f o r  f e m a f e s ,  

T h e  s p e c i f i c  h y p o t h e s e s  t o  b e  e x a a i n e d  i n  t h i s  t h e s r s  a r e :  

1) t h e  r e l a t i o n s h i p  b e t w e e n  SPL a n d  CNV a m p l i t n d e  

w i t h i n  a n y  o n e  s u b j e c t  w i l l  b e  i n v e r s e  so t h a t  n e g a t i v e  

SPL c h a n g e s  w i l l  be a s s o c i a t e d  w i t h  d e c r e a s e d  CNV 

a e a p l i t  ude, 

2) W i t h i n  asly one s l a b j e c t  a n  i n v e r s e  r e l a t i o n s h i p  

w i l l  be f o u n d  f o r  t h e  a a p l i t u d e  o f  t h e  N1 c o ~ p p n e n t  o f  t h e  

EP t o  S1 a n d  SPL s u c h  t h a t  n e g a t i v e  SPL c h a n g e s  w$lA be 

a s s o c i a t e d  w i t h  d e c r e a s e d  N 1  a m p l i t u d e .  

3) M i t h i n  a q y  o n e  s u b j e c c  t n e  a a p l i t u d e s  o f  t h e  P2 

a n d  P 3  c o a p o n e n t s  o f  t h e  EP t o  51 u i l L  be c o r r e l a t e d  w i t h  

SPL s u c h  t h a t  n e g a t i v e  S P L  c h a n g e s  w i l l  b e  a s s o c i a t e d  with 



i n c r e a s e d  a ~ p l i t u d e s  o f  the p o s i t i v e  c o m p o n e n t s ,  

4) Y i t h i n  a a y  o n e  s t n b j e c t  t h e  a m p l i t u d e  p# t h e  N 1  

c o m p o n e n t  of t h e  EP t o  S 1  w i l l  be  r e l a t e d  t o  C I V  a m p l i t u d e  

s u c h  t h a t  i n c r e a s e d  CHV a ~ p i i t u d e  w i l l  be  r e l a t e d  to  

i n c r e a s e d  ki1 a m p l i t u d e ,  

5) H i t h i n  a n y  o n e  s u b j e c t  t h e  a r ~ p l i t u d e  of t h e  p L  

a n d  P 3  c o a p o n e n t s  o f  t h e  EP t o  S 1  u i l L  be c o r r e l a t e d  s u c h  

t h a t  l a r g e  CNVs w i l l  b e  a s s o c ~ a t e d  w i t h  aecreased P2 a n d  

P 3  a m p l i  t n d e s .  

6 )  W i t h i n  a n y  one s u b j e c t  t h s  a & @ i t u d t ?  pf t h e  Y l  

c o a p o n e n t  0 5  t h e  EP t o  S 1  w i l l  be  r e l a t e d  t o  t h e  V L  a n d  P3 

c o m p o n e n t s  s u c h  t h a t  i n c r e a s e d  N 1  a m p l i t u d e  wid1 b e  

r e l a t e d  t o  d e c r e a s e d  P2 a n u  P 3  a a p l i t n d e s .  

7)  W i t h i n  a n y  one s u b j e c t  t h e  P2  a n u  P 3  e o i a p o n e n t s  

o f  t h e  EP t o  S 1  w i l l  b e  r e l a t e d  s u c h  t h a t  l a r g e  P 2  

a m p l i t u d e s  w i l l  b e  a s s o c i a t e d  wi th  L a r g e  P3  a a p l i t u d e s .  

8) W i t h i n  a n y  o n e  s u b j e c t  a n d  a c r o s s  a l l  s u a  jects 

t h e  CNV a n p l i t u d e  w i l l  be r e l a t e d  t o  c o n d i t i o n  

d i f f e r e n c e s ;  s p e c i f i c a l l y  t h e  CNV u i l l  be a t t e n u a t e d  

d u r i n g  t h e  B or  s t r e s s t u l  c o n d i t i o n ,  

9) The  c o n d i t i o n  e f f e c t  w i l l  b e  c o n f o u n d e d  w i t h  a 

s i g n i f i c a n t  s e n  {X) c c n d i f i o n  i n t e r a c t i o n  s u c h  t h a t  t h e  

f e m a l e s  w i l l  s h o u  g r e a t e r  CNY decreaent d u r i n g  t h e  B 



c o n d i t i o n ,  

10) There w i l l  b e  a s i g n i f i c a n t  e l e c t r o d e  effect 

c o n f i r m i n g  the known t o p o g r a p h i c a l  d i s t r i b u t i o n  of the 

C I V ,  N1, P2 and P3, 

1 1 )  The i n t e n s i t y  o L  t h e  tone u s e d  a s  S 1  rill not 

i n f l u e n c e  cNV a m p l i t u d e ,  

12) The intensity of the t o n e  u s e d  a s  S 1  &ill 

i n f l u e n c e  t h e  a m p l i t u d e  of t h e  EP c o m p o n e a t s  N 1  and B2,  



___ s u b j e c t s  __- 
T h e  s u b j e c t s  were s e v e n  male a n a  eleven female a s y m g t o i a a t i c  

p a i d  v o l u n t e e r s  ($2, SO/hour )  r e c r u i t e d  f r o m  t h e  u n i v e r s i t y  

communi ty .  The s u e j e c t s  were r i g h t - h a n d e d  a n d  r a n g e d  i n  a g e  

front 18 t o  29 y e a r s ,  A 1 1  s u b j e c t s  b u t  o n e  fDC1) Liere n a i v e  

w i t h  r e s p e c t  t o  t h e  e x p e r i m e n t a l  p r o c e d u r e s  a n a  p r o t o c o l  a n d  

a l l  s u b j e c t s  were n a i v e  w i t h  r e s p e c t  t o  t h e  p a r t i c u l a r  

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

(males) were r u n  b u t  t h e i r  data was discarded u u e  t o  e g c e s s i v e  

a r t i f a c t  i n  t h e  r e c o r d i n g s ,  

s e a d y  P o t e n t i a l  L e v e l  

S t a a d y  P o t e n t i a l  L e v e l  (SBL) was r e c o r d e d  bet ween selected 
- 

p a i r s  of ~ e c k  i a n  B i o p o t e n t i a l  electrodes a f f i x e d  t o  t h e  v e r t e x  

Cz; J a s p e r ,  1958) a n d  e i t h e r  k h e  l e f t  a a s t o i d  p r o c e s s  o r  ea r  

e w i t h  c o l l o d i a n  s o a k e d  g a u z e  p a t c h e s  (see F i g u r e  1). d o t h  

e f e r e n c e  s i tes  were u s e d  t o  e x a a i n e  d i f f e r e n t i a i  

U s c e p t i b i l i t y  t o  GSP a r t i f ac t .  



F i g u r e  1 

R s c o r d i n y  Montagz 
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The  t w o  SPL electrode s i t e s  were f i rs t  c l e a n e d  v i t h  

r u b b i n g  a l c o h o l  and  t h e 4  t h o r o u g h l y  abraaed v i t h  Gedux, A f t e r  

a s e c o n d  c l e a n i n g  w i t h  alcohol t h e  s i tes  e r e  t h e n  l i g h t l y  

p e r f o r a t e d  v i t h  a s ter i le  30  g a u g e  hypoderea ic  n e e d l e  { P i c t p n  

and  L i i l i y a r d ,  3972; B a r s h ,  p e r s o n a l  c o m n u n i c a t i o a ,  '1976) t o  

i n s u r e  l e s i o n i n g  o f  t h e  o u t e r  s k i n  l a y e r s .  F i n a l l y  a s a a l l  

amount of t h e  e l e c t r o l y t e ,  EKG S o l  ( B u r t o n ,  P a r s o n s  a n d  C o ,  

Inc . )  , u a s  r u b b e d  i n t o  t h e  e l e c t r o d e  si tes j u s t  p r i p r  t o  

electrode a p p l i c a t i o n ,  Iatera&actrode i a p e d e n c & s  S p r  t h e  SPL 

e l e c t r o d e s  were a l w a y s  1 K ohn or  less a s  a e a s u r e d  with a Grass 

EZM-1 I n p e d e n c e  Pleter, 

T h e  DC r e c o r d i n g  s y s t ~ a  d e s i g n e d  t o  m o n i t o r  SPL i n c l u d e d  

an e i g h t - c h a n n e l  E l a a - S c h o n a n d e r  EtlT 12-B a n d  B i n g o g r a p h  800 

c o m b i n a t i o n  p h y s i o l o g i c a l  r e c o r d e l :  ( S i e a e  ns) , a se p a r a t e  t r u e  

DC o f f s e t a ~ l e  a m p l i f i e r  ( b u i l t  a r o u n d  a Burr-Brown Model 3520 f(; 

d i f f e r e n t i a l  i n s t r u m e n t a t i o n  a a p l i f i e r )  , a  Her1 e t t - e a c k a r d  (fiP) 

2116 B c o m p u t e r  v i t h  b o t h  a n a l o g - t o - d i g i t a l  (A/D) a n d  

1- to- a n  

. B bl 

a l o g  

o c k  

c o n v e r t e r  

a  of t h i s  

s a n d  

s y s t e m  

t h e  

c an 

s u p p o r t  

be  f o u  

i n g  s o g t w a r e  

nd i n  f i g u r e  



F i g u r e  2 

BlocK Diagram of t h e  DC 

R e c o r d i n g  System 
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T h e  o v e r a l l  p u r p o s e  o f  t h e  r e c o r d i n g  s y s t e m  hias t o  g r o v i d e  

o n t i n u o u s ,  a c c u r a t e  a % c r o v o l t  l e v e l  i a e a s u r e a e n t  o f  SPL c h a n g e s  

Y n i n i n i z i n g  t h e  i n f l u e n c e  of t h e  r e c o r d i n g  s y s t e r  on t h e  

r e p a r a t i o n .  T h i s  was a c c o m p l i s h e d  w i t h  a DC a n p l i f i e r  

e s i g n e d  s u c h  t h a t  o f f s e t  c o n t r o l  was p r o v i d e d  b y  summing a  

o l t a g e  i n t o  t h e  f i n a l  s t a g e s  o t  t h e  DC a n p l i f i e r ,  T h i s  i s  i n  

o n t r a s t  t o  most DC r e c o r d i n g  s y s t e a s  t h a t  m a i n t a i n  o f f s e t  

o n t r o l  by w b u c k i n g l l  a  v o l t a g e  a c r o s s  the  i n p u t  s i g n a l  asd 

h i f t i n g  t h e  DC l e v e l  a t  t h i s  p o i n t ,  The g r o b l e m  v i t h  s y s t e a s  

t h i s  s o r t  is t h a t  t h e  " b u c k i n g  v o l t a g e w  p o l a r i z e s  t he  

P e c t r o d e s  p r o d u c i n g  a s i t u a t i o n  i n  which ,  a t  l e a s t  

r p o r a r i l y ,  c u r r e n t  w i l l  flow n o r e  r e a d i l y  i n  one d i r e c t i o n  

ban i n  t h e  o t h e r ,  Even t h e  best s o - c a l l e d  r e v e r s i b l e  o r  

o n - p o l a r i z a b l e w  e l e c t r o d e s  b e h a v e  a i f  f e r e n t l y  ( a n d  r a t h e r  

p r e d i c t a b l y )  when a DC v o l t a g e  is p a s s e d  be tween  e l e c t r o d e  

irs, A s  t h e  e l e c t r o d e s  p o l a r i z e  i t  S h e r e f o r e  ~ e c o a e s  

p o s s i b l e  t o  s e p a r a t e  t r u e  SPL f l u c t u a t i o n s  f r o m  p p l a f i z a t i o n  

d u c e d  c h a n g e s ,  T o  m i n i m i z e  t h i s  s o r t  o f  a r t i f a c t  t h e  s y s t e n  

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

nal a a p l i f i e r  s t a g e  i q  s u c h  a say t h a t  n o  o f f s e t  i s  r e g i e c t e d  

ck t o  t h e  s i g n a l  s o u r c e ,  F o r  r e a s o n s  o f  a c c u r a c y  a n d  

o n v e n i e n c e ,  t h i s  o f f s e t  c o n t r o l ,  a s  well a s  t h e  S P L  

a s u r e m e n t  p r o c e d u r e ,  was p u t  u n d e r  aa t o m a t i c  c o m p u t e r  



c o n t r o l .  

/ 

P r i o r  t o  e a c h  d a t a  c o l l e c t i o n  s e s s i o n  t h e  DC r e c o r d i n g  

s y s t e m  was c a l i b r a t e d  a s  p a r t  of p r o g r a n  i n i t i a l i z a t i o n  by 

r e q u i r i n g  t h a t  s e q u e n t i a l l y  a " b a s s l i n e "  o r  "ze ro t1  e o i n t  a n d  

t h e n  a  s p e c i f i e d  c a l i b r a t e d  v o l t a g e  be i n p u t  t o  t h e  A/D 

c o n v e r t e r ,  W i t h  t h e s e  l e v e l s  s p e c i f i e d ,  the c o n p u t e r  c o u f d  

Beasore SPL f l u c t u a t i o n s  r e l a t i v e  t o  t h i s  b a s e l i n e  &eve1 and 

c o n v e r t  t h e s e  c h a n g e s  t o  m i c r o v o l t s .  B e c a u s e  the i n i t i a l  

c a l i b r a t i o n  was maae w i t h  t h e  a a p l ~ f l e r  i n g u t  s h o r t e d  t o  

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

b e t w e e n  t h e  SPL e l e c t r o d e s  o n c e  t h e  3 uas i n  p l a c e  b y  t i lanual ly  

b i a s i n g  the S c h o n a n d e r  p r e - a m p l i f i e r  c $ r c u i t r y  i n  s u c h  a way 

t h a t  o n c e  a g a h  no  o f f s e t  u a s  reflected b a c k  t o  t h e  s i g n a l  

s o u r c e ,  Once t h e  s t a n d i n g  p o t e n t i a l  h a d  b e e n  of rse t  a n d  thus 

t h e  pen  r e c e n t e r e d ,  t h e  p r o g r a a  was r e a d y  t o  iueasure  SPL 

c h a n g e s  r e l a t i v e  t o  t h a t  #*zeross  p o i n t .  

The s p e c i a l l y  p r e p a r e d  S P Z  e l e c t r o d e s  were c o n n e c t e d  

directly t o  t h e  DC a m p l i f i e r  which had a n  l n p u t  i m p e d e n c e  o i  

150 megohms a n d  p r o v i d e d  10 X a a p l i f i c a t i o n .  Tne o u t p u t  o f  

t h i s  DC a m p l i f i e r  went  t o  o n e  c h a n n e l  o x  t h e  S c h o n a n d e r  which 

u a s  set  t o  p a s s  DC t o  3 0  Hz ( 3  db p o i n t )  u$ th  a sensitivity o f  



5 1 

00 m i c r o v o l t s / c n  p e r  d e f l e c t i o n ,  S i n c e  t h e  uc a m p l i f i e r  h a d  

l r e a d y  boosted t h e  s i g n a l  b y  a f ac to r  of 30 t h e  a c t u a l  o v e r a l l  

e n s i t i v i t y  of t h e  s y s t e a  was 50 a i c r o o o l t s / c m ,  whiah was 

q u i v a l e n t  t o  t h e  s e n s i t i v i t y  p f  t h e  EDG and EOG c h a n n e l s ,  

The f u l l y  a m p l i f i e d  s i g n a l  i r o n  t h e  S c h o n a n d e r  H a s  i n p u t  

o t h e  A/D c o n v e r t e r  o f  t h e  HP a n d  s a i u p l e d  a t  a rate of 

/ s e c o n d ,  T h e  A/D o u t p u t  was c o n t i n u a l l y  c o m p a r e d  u i t h  t h e  

zero" l e v e l  and a n y  d e v i a t i o n s  f r o n  zero were c a l c u l a t e d  and 

o n v e r t e d  t o  m i c r o v o l t s ,  The c o n t i n u o n s l y  c a l c u i a t e d  SPL was 

i s p l a y e d  on a n  oscilloscope i n  t h e  l a b ,  Any d e v i a t i o n s  f r o@ 

ero were a u t o m a t i c a l l y  o f f s e t  by  t h e  &/A c o n v e r t e r  which ,  

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

n p l i f i e r  k e e p k n g  t h e  g e n  c e n t e r e d ,  T h i s  u a s  a l so  d o n e  a t  a 

ate  of 5 times p e r  s e c o n d ,  a l t e r n a t i n g  v i t h  t h e  A/D s a m p l i n g .  

h e  s e q u e n c e  o f  e v e n t s  H a s  t h a t  t h e  A/D would  s a f a p l e  t h e  

e c o r d ,  t h e  BY would c a l c u l a t e  SPL r e l a t i v e  t o  zero  p o i n t  a a d  

hen t h e  D/A would  a p p l y  a v o l t a g e  p r o p o r t i o n a l  a n d  o p p o s i t e  i n  

p o l a r i t y  t o  t h e  SPL c h a n g e  t o  t h e  a l a p l i f i e f ,  r e t u r n i n g  t h e  pen  

c e n t e r  (see f i g u r e  2 ) .  

T h e  n e t  r e s u l t  was a n e g a k i v e  f e e d b a c k  l o o p  s u ~ h  t h a t  t h e  

mount of o f f s e t  was a l w a y s  d i r e c t l y  p r o p o s t i o n a l  t p  t h e  SPL 
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and  o p p o s i t e  i n  s i g n .  The t o t a l  amount  o f  o f f s e t  a g g l i e d  was 

c o n t i n u a l l y  r e a d j u s t e d  i n  c o r e  b y  i n c r e a e n t i n g  the " z e r o w  

p o i n t -  T h e r e f o r e  a t  any o n e  t i m e  p o i n t  t h e  SuL u a s  c a l c u l a t e d  

by a d d i n g  t h e  s a ~ p l e d  A/D v o l t a g e  ( r a n g e  +/- 75 a i c r o v o l t s j  t o  

t h e  s t o r e d  z e r p  l e v e l  ( r a n g e  +/- 9-5 ~ i c r o v o l t s ) .  Bt t h e  n e x t  

p o i n t  t h e  p r e v i o u s  SPL r a l u e  would become t h e  z e r o  v a l u e  

and t h e  new S P L  v o u i d  t h e n  be c a l c u l a t e d  b y  a d d i n g  t h e  rtlost 

r e c e n t l y  s a m p l e d  A/D v a l u e  t o  t h a t  w z e r o i 4  p o i n t .  Hard c o p y  

l i n e p r i n t e r  o u t p u t  o f  SPL was p r o v i d e d  e v e r y  2 s e c o n d s  

p r o v i d i n g  a  r u n n i n g  r e c o r d  of  S P L  o v e r  time, 

a n d  EOG Barcording %!eclg&ge ---------------- 

B r a i n  e l e c t r i c a l  a c t l v i t y  (EEG) was r e c o r d e d  f rom Beckiaan 

i o p o t e n t i a l  e l e c t r o d e s  a f f i x e d  t o  t h e  s c a l p  w i t h  c p l l o d i o n  

s o a k e d  g a u z e  p a t c h e s  a t  t h e  v e r t e x ( C z ) ,  a n i d i i n e  f r o n t a l  p ( F ~ )  

and a & i d l i n e  p a r i e t a l  (Pz) s l t e  ( J a s p e r ,  3958). Eye aowaments  

(BOG) were r e c o r d e d  w i t h  a  B ~ O  p o t e n t i a l  e l e c t r o a e  secured w i t h  

d o u b l e  a d h e s $ v e  c o l l a r  o n  t h e  i n f r a - o r b i 8 a l  r i d g e  of t h e  l e f t  

ye (see f i g u r e  1 ) -  These e i e c t r o a e s  H e r e  r e f e r e n c e d  t o  

n o t h e r  B e c k m a  B i o p o t e n t i a i  a l e c t r o d e  p l a c e d  e i t h e s  o o  t h e  

f t  ear l o b e  o r  o v e r  t h e  l e f t  inas to id .  A 1 1  e l e c t r p d e  s i t e s  

ere t h o r o u g h l y  a b r a d e d  w i t h  Bedux p r i o r  t o  e l e c t r o d e  
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p p l i c a t i o n .  S i n c e  t h e  v e r t e x  a n a  r e f e r e n c e  e l e c t r o d e s  l o r  t h e  

EG were t h e  s a a e  a s  f o r  t h e  S$L r e c o r d i n g ,  t h e  elaborate 

l e c t r o d e  p r e p a r a t i o n  f o r  t h e s e  t w o  s i t e s  a r e  documented  i n  t h e  

pL r e c o r d i n g  6 e c t i o n .  X n t e r e l e c t r o d e  i m p e d e n c e s  of  t h e  s o a l p  

l e c t r o d e s  n e v e r  e x c e e d e d  2 K ohms a n d  t h e  EOG e i e c t r o d e  

mpedence n e v e r  e x c e e d e d  5 K ohms (Gfass fZn-1). 

The BEG a n d  EOG a c t i v i t y  was r e c o r d e a  o n  a n  d - a h a n n e l  

g l e ~ a - S c h o n a n d e r  E#T 12-8 and  H i n g o g r a g h  800 c o m b i n a t i o n  

o l y g r a p h  w i t h  a s e n s i t i v i t y  04 5 0  microvoJ.ts/cfa, A 70 Bz h i g h  

r e q u e n c y  f i l t e r  (3 d b  p o i n t )  a n d  a 5 s e c o n d  time c c t n s t a n t  were 

s e d  fo r  a l l  EEG and EOG c h a n n e l s ,  

g_aecordhncrr&uLsus 

Beckman b i o p o t e n t i a l  e l e c t r o d e s  s e c u r e d  w i t h  c o l l o d i o n  

m p r e g n a t e d  g a u z e  p a t c h e s  were u s e d  t o  r e c o r d  c e p h a d i c  g a l v a n i c  

k i n  p o t e n t i a l  (GSP) f r o m  two d i f f e r e n t l y  p r e p a r e d  e l e c t r o d e  

i tes  l o c a t e d  2 cm t o  e i t h e r  s i d e  o f  t h e  v e r t e x  ( C z )  o n  t h e  

t e r a u r a l  l i n e  ( s e e  f i g u r e  1 ) .  One s c a l p  s i t e  a n d  t h e  

f e r e n c e  s i te  e i t h e r  o n  t h e  r i g h t  e a r  o r  o v e r  t h e  r i g h t  

a s t o i d  p r o c e s s  were p r e p a f e d  i n  t h e  s a a e  n a n n e r  a s  t h e  SPL 

l e c t r o d e s  w i t h  t h o r o u g h  s c a l p  c l e a n i n g  a n d  l e s i o n L a g  o f  the 
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s k i n  (see SPL s e c t i o n  f o r  d e t a i l s ) ,  T h e  o t h e r  GSP s i te  

p r e p a r a t i o n  c o n s i s t e d  of m e r e l g  a g e n t l e  s k i n  c l e a n i n g  w i t h  

u b b i n g  a l c o h o l  t o  remove s u r t a c e  o i l ,  C a a t i o u  was e x e r c j s e d  

t o  a v o i d  a b r a d i n g  t h i s  s i t e  w i t h  t n e  c p t t o n  u s e d  f o r  c l e a n i n g ,  

I n t e r e l e c t r o d e  i m p e d e n c e  f o r  t h e  a b r a d e d  p a i r  ,(GSP1) n e v e r  

e x c e e d e d  1 K ahia, F o r  t h e  u n a b r a d e d  e l e c t f o d e  c o n n e c t e d  t o  t h e  

l e s i o n e d  r e f e r e n c e  (GSP2) t h e  i m p e d e n c e  r a n g e d  be tween  8 a n d  2 0  

II o h a s  (Grass EZ#-1)- 

GSP a c t i v g t y  was r e c o r d e d  on a 3 C  s y s t e a  sirnilas t o  the 

o n e  d e s i g n e d  for  SYL r e c o r d i n g ,  The tnajor d i f  t e r e n c e  b e t v e e n  

t h e s e  s y s t e a s  was t h a t  t h e  SPL s y s t e n  u a s  o p e r a t e d  u n d e r  d i r e c t  

c o m p u t e r  c o n t r o l ,  The  GSP recording s y s t e a s ,  o u  t h e  o t h e r  

hand, were u n d e r  manua l  c o n t r o l ,  The  two  GSP a m p l i f i e r s  Mere 

c o n s t r u c t e d  a r p u n d  OP-10 a n d  OB-1 ~ n s t r u n i e n t a t i o n  o p e r a t i o n a l  

a m p l i f i e r s  ( P r e c i s i o n  M o n o l i t h i c s )  and h a d  a n  i n p u t  l a p d a n c e  of 

100 G i g a  ohms, The  g a i n  o f  t h e s e  a m p l i f i e r s  was set for  u n i t y  

with a b a n d p a s s  o f  DC t o  100 Hz (3  db p o i n t ) .  H a n u a l  DC o f f  s e t  

c o n t r o l  was e x e r c i s e d  by t u r n i n g  a 8 - t u r n  p o t e n  t l o a e  ter t h a t  

a r i e d  a v o l t a g e  t h a t  was a p p l i e a  t o  t n s  f i n a l  a & p J . i f ~ e r  s t a g e  

(+J- 999 m i c r o v a l t s )  , T h e s e  o f f s e t  v a l u e s  reflected "truea1 

V o l t a g e  i n  t h a k  i 8 O n  was t h e  g r o u n d  o r  i s o p o t e n t i a l  p o i n t ,  



The o u t p u k  from e a c h  o f  t h e  GSP a m p l i f i e r s  was i u p u t  t o  

t h e  S c h o n a n d e r - B i n g o g r a p h  p o l y g r a p h  u i t b  t h e  p r e a m p l i t i e r s  set 

a t  500 m i c r o v o l t s / c m  s e n s i t i v i t y  and t h e  f i l t e r  s e t  t o  p a s s  

from DC t o  30 Hz (3 db  p o i n t ) ,  A l l  o f f s e t  v a l u e s  were r e c o r d e d  

on t h e  p a p e r  record f o r  l a t e r  a n a l y s i s .  

A 4 - c h a n n e l  a n c o d i n g / d e c o d i u g  d e v i c e  s a s  u s e d  t o  c o d e  

t i m i n g  a n d  s t i a u l u s  e v e n t s  on t h  p a p e r  r e c o r d  a n d  P I  t a p e .  

  his d e v i c e  c o n n e c t e d  a G r a s o n - S t a a l e r  p rogrammiug  r a c k  w i t h  

o n e  c h a n n e l  of t h e  S c h o o a n a e r  r e c o r d e r ,  The y r e a m p l ~ f i e r  f o r  

t h a t  c h a n n e l  was set t o  r e c o r d  from Dc t o  700 Hz wiQh a 

s e n s i t i v i t y  o f  1 m i l l i v o l t / c a .  L o g i c  l e v e l  f l u c u a - t i o n s  f roia 

t h e  p r o g r a ~ ~ i n q  r a c k  c o r r e s p o n d i n g  t o  the o c c u r e n c e  of each of 

t h e  s t i m u l i  p r e s e n t e d  4.51, 52 ,  f e e d b a c k )  a s  well a s  t o  a t i n e  

p o i n t  750 msec p r i o r  t o  S l  each t r i g g e r e d  o n e  c h a n n e l  of the 

e n c o d e r ,  Each  of t h e s e  i ~ p u t  s r g n a l s  o u t p u t  a p u l s e  of 

p a r t i c u l a r  a n p l i t u d e  t o  t h e  p o l y g r a p h  a n d  Pi4 t a p e  r e c o r d e r ,  On 

t a p e  p l a y b a c k  i n t o  t h e  d e c o r d e r  s e c t i o n  each o x  the r e c o r n e d  

v o l t a g e  l e v e l s  p r o d u c e d  a p u l s a  t h a t  c o u l d  be u s e d  t o  

S y n c h r o n i z e  c o m p u t e r  s a n p l i n q ,  etc. 



O u t p u t  s i g n a l s  from t h e  S ~ h o n a n d e r - B i n g o g r a p h  r e c o r d e r  

were s t o r e a  o n  a P I  6200 FH t a p e  reccrder f o r  s u b s e q u e n t  

o f f - l i n e  a n a l y s i s  o n  a PDP-12 c o t e p u t e r  (Digital E g u i g m e n t  

c o r p o r a t i o n ) .  P r i o r  t o  each data c o l l e c t i o n  s e s s i o n  a series 

of c a l i b r a t i o n  p u l s e s  f r o a  a Gfass SWC la c a l i b r a t o r  were 

s t o r e d  o n  t h e  3% tape, F o r  t h e  EEG a n d  EOG c h a n a e L s  t h e  

c a l i b r a t e d  p u l s e s  were -20 a i c r o v o i t s  a n d  f o r  t h e  t u o  GSP 

c h a n n e l s  the p u l s e s  were -200 r a i c r o v o l t s ,  

P r e s e n t a t i o n  a n d  t i a i n y  o f  a l l  s t i a u l i  u s r e  c o n t r o l & e d  b y  

a G r a s o n  S t a d l e r  Series 1200 p s o g r a a a a b l e  l o g i c  r a c k ,  The  

series o t  v a r i a b l e  i n t e n s i t y  1000 Hz t o n e s  u s e d  as  53 a n d  S2 

were p r o d u c e d  b y  a H a r c o a i  AP O s c i l l a t o r ,  t h e  o u t p u t  o f  uhkch 

l i f i e d  by one channe l  of a n o n a r c h  f80del SA-615) stereo 

er, The  a a p l i f i e r  o u t p u t  was g a t e d  t h r o u g h  a 

progrataraable a t t e n u a t o r  ( G r a s o n  S t a d l e r  B o d e 1  12843 t o  a 

l o u d s p e a k e r  p l a c e d  u n d e r  t h e  2's bed, T h i s  s y s t e m  ~ r o d u c e d  7 

tones r a n g i n g  f r o a  4 8  t o  90 d b  t h a t  c o u l d  be selected iu any 

Order  f o r  p r e s e n t a t i o n  [see Appendix  A f o r  t h e  s p e c i f i ~ a t i o n  
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and s e q u e n c i n g  of t o n e  s t i m u l i ) ,  i i h i cheve r  t o n e  was s e l e c t e d  

f o r  S l  was p r e s e n t e d  f o r  150 ~ i A l i s e c o n d s  and was f o l l o w e d  1.5 

s e c o n d s  l a t e r  b y  t h e  i m p e r a t i v a  s t i m u l u s ,  S2, S i n c e  52 

r e q u i r e d  a  b u t t o n  p r e s s  t o  t e r m i n a t e  t h e  t o n e ,  S2 d u r a t i o n  was 

e q u a l  t o  e i t h e r  t h e  2 ' s  r e a c t r o n  time (BT) o r  1 second, 

whichever  was t h e  s h o r t e r ,  

B e a c t i o n  time was r e c o r a e d  t o  t h e  n e a r e s t  m i l l i s e c o n d  b y  

u s i n g  an  EAI 6200 c o u n t e r  d r i v a n  by a G r a s s  S-4 s t i a u i a t o r  a t  a 

frequency o f  1 K Hz, S i n c e  S2  o n s e t  g a t e d  t h e  s t i ~ u i a t o r  on 

and t h e  S 9 s  r e s p o n s e  t u r n e d  i t  o x f ,  t h e  c o u n t e r  t h u s  d i s p l a y e d  

r e a c t i o n  time i n  m i l l i s e c o n d s ,  

I n  the wBw o r  s t r e s s f u i  c o n d i t i o n ,  p e r f o r a a n c e  f e e d b a c k  

uas p r o v i d e d  t p  t h e  S b y  p r e s e n t i n g  n e g a t i v e  r e i n f o r c e r s e n t  f o r  

i n c o r r e c t  o r  d e l a y e d  c h o i c e  (2s Mere t o  r e s p o n d  vitbin 500 

r i l l i s e c o n d s  of S2 o n s e t )  . T h e  feedback c o n s i s t e d  of  a  1 

second p r e s e n t a t i o n  of 95 db white n o i s e  (Grason Staailer &ode1  

1285) which h a d  a  c e n t e r  f r e q u e n c y  o f  3 K Hz, 

During  d a k a  c o l l e c t i o n  t h e  2 r e c l i n e d  on a n  a d j u s t a b l e  
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o s p i t a l  bed  w i t h i n  a n  e l e c t r i c a l l y  s h i e l d e d ,  s o u n d - a t t e n u a t e d  

bamber (Bel l -Crof  t I n d u s t r i e s ) ,  The charaber was i u u m i n a t e d  

o s t  s u f f i c i e n t l y  t o  p e r m i t  c l o s e d - c i r c u i t  v i d e o  v i ewing ,  

rnnedia te ly  a f t e r  t h e  2 was p o s i t i o n e d  contf o r t a b l y  h e  u a s  

n s t r u c t e d  t o  z i o s e  h i s  e y e s  and  r e l a x  w h i l e  t h e  r e o o r d i n g  

y s t e n s  were c o n n e c t e d  a n a  calibrates. T h i s  r e i a x a k i o n  p e r i o d  

a s t e d  f o r  a  s u t f i c i e n t  a a o u n t  o f  time t o  i n s u r e  t h a t  a t  least 

45 n i n u t e s  had e l a p s e d  s i n c e  the a p p l i c a t i o n  of t h e  SPL 

e l e c t r o d e s  a l l o w i n g  t h e  e l e c t r p d e - e l e c t r o l y  t e - s k i n  i n t e r f a c e s  

s t a b i l i z e ,  At t h e  end o i  this period t h e  S was a s k e a  t o  

h i s  e y e s  a a d  u a s  g i v e n  t h e  f o l l o w i n g  s e t  o f  i n s t r u c t i o n s :  

The & a s k  t h a t  you a r e  t o  do t o d a y  is a  s i a p l e  

a u d i t o r y  l o u d n e s s  d i s c s i n t i n a t i o n ,  You w i l l  b e  p r e s e s t e a  

w i t h  p a i r s  of t o n e s  o c c a s s i o n a l l y  a n a  you a e r e l q  h a u e  t o  

d e c i d e  whe the r  t h e  two t o n e s  a r e  t h e  s a a e  o r  d i f f e r e n t  

l o u d n e s s .  You a r e  t o  i n d i c a t e  you r  d e c i s i o n  b y  p r e s s i n g  

t h e  a p p r o p r i a t e  b u t t o n ,  T h i s  b l a c k  b u t t o n  1s Enr your  

r i g h t  hand a n d  t h i s  is t o  be p r e s s e d  i f  t h e  t o n e s  a r e  t h e  

same, T h i s  r e d  b u t t o n  is z o r  y o u r  l e f t  hand  and  is t o  be 

p r e s s e d  if t h e  t o n e s  a r e  o f  d i f f e r e n t  l o u d n e s s ,  T h e  

s e q u e n c e  of e v e n t s  is t h a t  one t o n e  w i l l  be p r e s e n t e d  f o r  

a  s h o r t  p e r i o d  of t i a e ;  t h i s  t o n e  wi lL  t h e n  g o  o f f  and  

s o a e t i a e  l a t e r  a  s e c o a a  t o n e  v i i l  b e  p r e s e n t e d ,  A s  soon  



a s  y o u  h e a r  t h e  s e c o n d  t o n e  I w a n t  y o u  to  d e c i d e  w h e t h e r  

i t  is o f  t h e  saae o r  d i f f e r e n t  l o u d n e s s  t h a n  t h e  f i r s t  a n d  

t o  p r e s s  t h e  a p p r o p s i a t e  b u t t o n  a s  q u J c k l y  a s  g o s s i b L e ,  

Ik you  r e s p o n d  q u i c k l y  y o u  c a n  o b t a i n  soae feedback a s  t o  

y o u r  p e r f o r m a n c e  b e c a u s e  t h e  correct b u t t o n  r e s p o n s e  u i l l  

t e r a i n a t e  t h e  t o n e ,  T h e  i n c o r r e c t  o n e  w i l l  n o t ,  However 

t h e  s e c o n d  t o n e  w i l l  b e  p f e s e n t e d  f o r  o n l y  a s h o r t  ~ e r i o d  

of  time so i t  is  i m p o r t a n t  t h a t  you  r e s p o n d  q u i c k l y  t o  

o b t a i n  feedback. Do you h a v e  a n y  q u e s t i o n s ?  

After r e s p o n d i n g  t o  a n y  q u e s t i o n s  t h e  2 m i g h t  have bad, 

e x p e r i m e n t e r  p r e s e n t e d  t h e  p u s h b u t t o n s  t o  t h e  2 a n d  i n s t r u c t e d  

a b o u t  a i n i m i z i n g  eye b l i n k  a n d  b o d y  movements ,  T o  reduce 

q o v e m e n t s  a f i x a t i o n  p o i n t  was p r o v i d e d  a n d  S ' s  were a s k e a  

t t e r n p t  

t h e r e  

l r s p e r s e  

i n u o u s  

a l s o  i n  

t h e  ex 

. n n i n g  a  

After 

t o  a a i n t a i n  f i x a t i o n ,  The  2 u a s  t o l d  a t  t h i s  time 

wou lu  be s e v e r a l  s e p a r a t e  data  c o l l e c t i o n  s e s s i o n s  

d w i t h  rest p e r i o d s  s o  t h a t  a n y  o n e  p e r i p d  o f  

o c u l a r  f i x a t i o n  would  n o t  b e  t o o  p r o l o n g e d .  The 2 

s t r n c t e d  i n  t h e  u s e  of a n  i n t e r c o m  a n d  was i n f o r m e d  

p e r i m e n t e r  w o u l d  u s e  t h e  i n t e r c o a  t o  a n n o u n c e  t h e  

nd e n d  of d a t a  s e s s i o n s ,  

i n s a x i n g  t h a t  t h e  S u n d e r s t o o d  t h e  i n s t r u c t i o n s  a n d  



was a s  r e l a x e d  a s  p o s s i b l e ,  t h e  e x p e r i n e n t e r  r e t u r n e d  t o  the  l a b  

a r e a  a n d  s t a r t ed  d a t a  c o l l e c t i o n ,  Each  2 was p r e s e n t e d  v i t b  a n  

i d e n t i c a l  e x p e r i m e n t a l  s e s s i o n  c o n s i s t i n g  o f  t h r e e  ~ o p d i t i o n s  

r u n  i n  a n  "AI-B-A2" o r d e r  o f  p b e s e n t a t i o n ,  T h e  two  slAw 

c o n d i t i o n s  were i d e n t i c a l  e x c e p t  f o r  t h e  s e q u e n c i n g  of t o n e  

p a i r s .  T h e  " E l w  c o n d i t i c n  d i f f e r e d  frotn t h e  "Aw c o n d i t i o n s  i n  

t o n e  s e q u e n c i n g  a n d ,  more i a p o r t a n t l y ,  i n  t h a t  n e g a t i v e  

r e i n f o r c e m e n t  was a d m i n i s t e r e d  f o r  i n c o r r e c t  o r  d e l a y e d  

r e s p o n s e ,  The a v e r s i v e  s t i m u l u s  was a 1 s e c o n a  b u r s t  o f  95 db 

w h i t e  q o i s e .  

I n  e a c h  o f  t h e  t h r e e  c o n d i t i o n s  t h e r e  were SO 

d i s c r i m i n a t i o n  t r i a l s  p r e s e n t e d  w i t h  the i n t e r - t r i a i  i n t e r v a l  
- - 
r 

v a r y i n g  b e t w e e n  2 a n d  2 0  s e c o n d s ,  T h e  s z q a e n c e  o f  t o n e  s t i m u l i  

. p a i r s  /S1-S2) f o r  e a c h  c o n d i t i o n  c a n  be f o u n d  i n  A p g e n d i x  A, 

&a o r d e r  t o  i n s u r e  t h e  t a d i f f i c u l t y "  of t h e  t a s k ,  i n  e a c h  

cirondition 8 t r i a l s  o f  i d e n t i c a &  t o n e  p a i r s  were progzamaed  t o  

e q u i r e  a  b u t t o n  r e s p o n s e  i n d i ~ a t i n g  t h a t  t h e y  were a d i f f e r e n t J a  

n o r d e r  t o  b e  s c o r e d  a s  c o r r e c t ,  I n  B p p e a d i x  A these are t h e  

one p a i r s  markea w i t n  an a s t e r i s k ,  

A t  t h e  e n d  o f  b o t h  t h e  A 1  and  B c o n d i t i o n s  a 10 a i n u t e  

t p e r i o d  was i n s t i t u t e d ,  The  S was a s k e d  t o  c l o s e  h i s  eyes 



b n d  r e l a x ,  A t  t h e  e n d  o f  t h e  rest b r e a k  t h e  2 was i n s t r u c t e d  S 
t o  o p e n  h i s  e y e s  and a p p r o ~ r i a t e  i n s t r u c t i o n s  r o r  t h e  n e x t  

c o n d i t i o n  were g i v e n ,  P r e c e d i n g  t h e  B c o n d i t i o n  t h e  2 Mas 

t o l d :  

T h i s  s i g n a l s  t h e  end  of y o u r  rest p e r i o d ,  F o r  t h e  

n e x t  s e s s $ o u  w e  a r e  g o i n g  t o  c o n t i n u e  with t h e  s a & e  

d i s c r i m i n a t i o n  t a s k ,  However, t h i s  t i n e  you w$dl r e c e i v e  

s o n e  a d d i k i o n a l  f e e d b a c k  a s  t o  how well you are d o i n g ,  If 

you r e s p o n d  i n c o r r e c t i y  o r  t o o  s l o w l y  - t h a t  is, i f  $t 

t a k e s  you l o n g e r  t h a n  h a l g  a  s e c o n d  to  make y o u r  r e s p o n s e  

- you w i l l  r e c e i v e  a 1 s e o o n d   last of m i t e  n o i s e  

i n d i c a t i n g  t h a t  you c o u l d  be d o i n g  b e t t e r  - s o  1 want  you 

t o  r e s p o n d  a s  q u i c k l y  and a c c u r a t e l y  a s  p o s s i b d e  t o  a v o i d  

h e a r i n g  t h e  w h i t e  n o i s e .  Okay? 

Preceding t h e  A 2  c o n d i t i o n s  t h e  i n s t r u c t i o n s  were: 

Its time t o  g o  b a c k  t o  worw, T h i s  t i a e  we w i l f  

c o n t i n u e  w i t h  t h e  d i s c r i m i n a t i o n  t a s k  b u t  t h e r e  wilf  be  no  

v h i t e  n o i s e  p r e s e n t e d  f o r  e r r o r s  - s o  t h i s  c o n d i t i o n  is 

t h e  s a n e  a s  t h e  f i rs t ,  O k a y ?  

A t  t h e  c o m p l e t i o n  o f  the d a t a  c o l i e c t i o n  t h e  2s were 

t h o r o u g h l y  d e b r i e f e d  a s  t o  t h e  n a t u r e  and p u r p o s e  of t h e  

a e c e p t i o n .  



F o r  e a c h  S t h e  EEG, BOG a n d  GSP da ta  a l o n g  w i t h  t h e  

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

were p l a y e d  i n t o  a PDP-12 c o a p o t e r  f o r  o f f - l i n e  d a t a  

c o f l e c t i o n ,  Each c h a n n e l  of r e c o r d e d  d a t a  was i n p u t  a i r e c t l y  

i n t o  o n e  o f  t h e  PDP-12's A/D c o n v e r t e r s .  I n  a d d l t i o n  t h e  

v e r t e x  (Cz) EEG d a t a  was l o w - p a s s  t i l t e r e d  a t  5 Hz *(Krobn-fi i te  

F i l t e r  H o d e l  3323) a n d  i n p u t  t o  a n o t h e r  o n e  of  t h e  A/D 

c o n v e r t a r s .  

T h e  d a t a  s a a p l i n g  Mas d o n e  b y  a p r o g r a m  (Dump A/D, w r i t t e n  

by H - J . P a l c o n e r  f o r  J - P - P e t e r s )  t h a t  a l i o w e d  t h e  u s e r  t o  i n p u t  

a n  a c c e p t / r e j e c t  t r i a l  t a b l e  s o  aa ta  p r e v i o u s l y  i d e n t i f l e d  a s  

c o n t a a i n a t e d  w i t h  a r t i f  a c t  c o u a d  b e  s k l p p e d ,  T h e r e f  o r e  a l l  

p a p e r  r e c o r d s  #ere s c a n n e d  p r i o r  t o  d a t a  s t o r a g e  a n d  a n y  t r i a l s  

s h o w i n g  e x c e s s i v e  EOG a c t i v i t y  o r  a n y  o t h e r  s i g n  o f  a r t i fac t  

were e l i m i n a t e d  f r o m  t h e  a n a l y s i s ,  The  P I  t a p e  c h a n u e l  

c o n t a i q i n g  t h e  e n c o d e d  e v e n t  p u l s e s  was i n p u t  t o  t h e  d e c o d e r  so  

t h a t  the r e c o r d e d  p u l s e  t h a t  o c c u r r e d  750 rpsec p r i o r  t o  S1  

c o u l d  b e  s e n s e d  a n d  u s e d  t o  t r i g g e r  a p u l s e  of  s u f f i c i e n t  

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

3 s e c o n d s  o v e r  256 p o i n t s  p e r  c h a n n e l ,  AIL s a s p l e d  s i n g l e  



t r i a l  d a t a  v e r e  w r i t t e n  o n  d i g i t a l  m a g n e t i c  t a p e  f o r  p e r a a n e n t  

s t o r a g e .  F o r  e a c h  2 a v e r a g e s  #era c o n s t r w t e d  o f  all t r i a l s  i n  

e a c h  c o n d i t i o a ,  i n  e a c h  q u a r t e r  of each c o n d i t i o n  ( c o n d i t i o n  

s u b s e t )  a n d  f o r  e a c h  o f  t h e  t o n e s  u s e d  a s  S1, I u  aLl a t o t a l  

of 22 a v e r a g e s  u e r e  f o r m e d  f o r  e a c h  o f  t h e  d a t a  c h a n n e l s  for 

e a c h  i n d i v i d u a l  S ,  

SPL v a l u e s  f o r  e a c h  t r l a l  uere o b t a i n e d  froa the 

l i n e p r i n t e r  l i s t i n g  pr0dtWed b y  the o n - l i n e  oc r e c o r d i n g  

sys tem,  E v e r y  2 s e c o n d s  the pEoqraru o u t p u t  t h e  c u r r e n t  S P L  

v a l u e  t o  t h e  p r i n t e r  w i t h  t h e  t h e  of tha  s a i a p l e  i n d i c a t e d ,  

The n i n g o g r a p h  p a p e r  r e c o r d  r a s  @ a r & e a  a t  t h e  s t a r t  of the DC 

s a m p l i n g  p rogram and a l l  t r i a l  t i a a s  u e r e  c a l c u l a t e d  r e l a t i v e  

t o  t h a t  p o i n t ,  For e a c h  t r i d l  t h e  tima o f  o c c u r e n c e  was 

c h e c k e d  a g a i n s t  t h e  SPL l i n e p r i n t e r  log and t h e  t h r e e  SPL 

v a l u e s  p r e c e d i n g  each t r i a l  ( c o v e r b q  b - 8 s e c o n d s )  were 

a v e r a g e d  t o  o b t a i n  a r e p r e s e n t a t i v e  SPL measuse .  

S i n g l e  t r i a l  c e p h a l i c  skin p o t e n t i a l  l a v e s  fGSP)  v e r e  

a a p i i t u d a  o f  t h e  

b o t h  the aDraaea 

a c t i v i t y  o v e r  

a n d  i n  tact 



r e c o r d i n g  s i tes ,  F o r  e a c n  t r i a l  t h i s  wa lue  was added  t o  t h e  

amount o f  a m p l i f i e r  o f f s e t  t h a t  h a d  b e e n  r e q u i r e d  t p  z e r o  the 

r e c o r d i n g  s y s t e m ,  The  o f f s e t  wa lues  v e r e  o b t a i n e d  Ason tae 

paper  r e c o r d  a s  t h e  i n i t i a l  o f f s e t  v a l u e  and  a n y  s u b s e y u e n t  

c o r r e c t i o n  had  b e e n  m a n u a l l y  r e c o r d e d  d u r i n g  d a t a  c o l l e c t ) o n ,  

From t h e  EEG d a t a  c h a n n e i s  o n l y  t h e  v e r t e x  ( C z )  a c t i v i t y  

was q u a n t i f i e d  a n d  a n a l y z e d  on  a  s i n g l e  t r i a l  b a s i s ,  Cz s l o w  

p o t e n t i a l  d a t a  were o b t a i n e d  f r o a  t h e  c h a n n e l  u h i c h  haa been  

low-pass  f i l t e r e d  a t  5 Hz, The C N V s  were q u a n t i f i e d  a s  bo th  

t h e  mean a m p l i t u a e  o f  t h e  200 a s e c  p e r i o d  p s e c e d i n g  52 

( r e l a t i v e  t o  the 750 a s e c  pre-51 " b a s e l i n e " )  a n d  t h e  i n t e g r a l  

o f  t h e  a c t i v i t y  i n  t h e  p e r i o d  from 500  a s e c  pos t -S1  t o  t n e  

o n s e t  of S2 ( B B  and  B4 i n  f i g u r e  3) .  S i n g L e  t r idl  evoked  

p o t e n t i a l  (EP)  rpeasures  c o n s i s k e d  s o l e l y  o f  b a s e l i n e - t o - p e a k  

a m p l i t u d e  a e a s u r e s  o f  t h e  Nf, P2 and P3 c o a p o n e n t s  of t h e  

evoked r e s p o n s e  t o  S1, N1 was d e f i n e d  a s  a  m e y a t i v e  peak u i t h  

a l a t e n c y  o f  a p p r o x i m a t e l y  100 - 150 msec and  P2 and  P 3  were 

d e f i n e d  a s  p o s i t i v e  p e a k s  w i t h  l a t e n c i e s  o$ r e s p e c t i v e l y ,  

200-220 a s e c  and  300-500 m s e c .  The &P a a p l i t u d e  m e a s u r e s  were 

Bade on t h e  Cz d a t a  c h a n n e l  t h a t  was n o t  a d d i t i o n a l l y  f i l t e r e d  

a t  t a p e  p l a y b a c k  so t h e  bandwidth  mas a s  d e t e r m i n e d  by t h e  

/ Schonander  f i l ter- s e t t i n g s  (a 6 s e c o n d  tiraa c o n s t a n t  a n a  70 Hz 



Figure 3 

S a m p i e  Averaged C N V  d e p i c t i n g  t h a  

E P  and C N V  measures e m p l o y e d  





F o r  e a c h  S t h e  CNV a n d  E P  da ta  a t  each electrode (Fz, Cz, 

_ and  Pz) a v e r a g e d  by c o n d i t i c n ,  by c o n d i t i o n  s u b s e t :  a n d  by 51 

- t o n e  i n t e n s i t y  were q u a n t i f i e d  a s  f o l l o u s ,  P o u r  CNV a e a s u r e s  

(11-84) were o b t a i n e d  f r o &  e a c h  v a r r e f o r a  (see f i g u r e  3) .  k11-~3 

Here mean a m p l i t u d e s  o v e r  t h e  ~ e r i o d s  r e s p e c t i v e l y ,  500-700 

asec pos t -S1 ,  1000-1200 msec p o s t - S 1  a n d  2 0 0  iasec p s e - S Z ,  A l l  

a a p l i t u d e  m e a s u r e s  were r e l a t i v e  t o  t h e  mean a m p l i t u d e  og the 

750 n s e c  pre-S1 4 4 b a s e l i n e . u  k4 uas t h e  i n t e g r a t e d  a m p l i t u d e  

o v e r  t h e  p e r i o d  500 B s e c  p o s t - 5 1  t o  t h e  o n s e t  o f  52.  B a s e l i n e  

t o  peak  a s i p l i t f u d e  a n d  l a t e n c y  m e a s u r e s  were o b t a l n e d  f o r  the 

HI, PZ a n d  P3 c o m p o n e n t s  o i  t h e  e v o k e d  r e s p a n s e  t o  51, 

To i n v e s t i g a t e  t h e  r e l a t i o n s h i p s  a n d  i n t e r r e l a t i o n s h i p s  

be tween  t h e  SPL, GSP a n d  EBP s i n g l e  t r i a l  a e a s u r e s ,  c o r r e l a t i o n  

c o e f f i c i e n t s  ( P e a r s o n  8) fo r  s e l e c t e d  p a i r s  of v a r i a a l e s  were 

o b t a i n e d  f o r  e a c h  2, C o r r e l a t i o n  c o e f f  e c i e n t s  were c o ~ p u t e d  

o v e r  b o t h  t h e  e n t i r e  d a t a  s e s s i o n  a s  well a s  w i t h i n  e a c h  

c o n d i t i o n ,  A d d i t i o n a l l y ,  the s i n g l e  t r i a l  d a t a  was p o o l e d  o v e r  

all n a l e s ,  o v e r  a l l  females a n d  o v e r  a l l  Ss t o  e x a m i n e  t h e  



w. 

I n i t i a l l y  a c o n d i t i o n  (X)  t o n e  a n a l y s i s  o f  v a r i a p c e  was - 
- a p p l i e d  t o  e a c h  2's s i n g l e  t r i a l  d a t a  t o  i n s u r e  t h a *  there u a s  

n o t  a s i g n i f i c a n t  c o n d i t i o n  ( X )  t o n e  i n t e r a c t i o n ,  80 s u c h  

i n t e r a c t i o n s  rere f o u n d  a n d  c o n s e q u e n t l y  w i t h i n - 3  ose-way 

a n a l y s e s  o f  v a r i a n c e  f o r  c o n d i t i o n  a n d  t o n e  e f fec ts  &ere 

employed,  I n  t h i s  a n d  i n  a l l  p t h e r  i n s t a n c e s  i n  which a 

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

were examined  w i t h  D u n c a n ' s  f i u l t l p l e  Bange T e s t ,  B d d i t i p n a l l y  

t h e  s i n g l e  t r i a l  d a t a  were p o o l e d  o v e r  a l l  2s a n d  e r a m i n e d  v i t h  

a s e x  ( X )  c o n d i t i o n  ( X )  t o n e  a n a l y s l s  02 v a r i a n c e ,  T h e  

r e s u l t i n g  s i g n i f i c a n t  sex effects a u d  t h e  l a c k  o f  h i g h e r - o r d e r  

i n t e r a c t i o n s  j u s t i f i e d  s e g a r a t e  one- way a n a l y s i s  o f  v a r i a n c e  

f o r  c o n d i t i o n  a n d  t o n e  s f f e c t s  f o r  a l l  t h e  a i n y l z  t r l a l  data 

p o o l e d  over a l l  m a l e s  a n d  o v e r  a l l  f e i n a i e s ,  

A n a l y s i s  of t h e  a v e r a g e d  d a t a  u a s  p r i n a r i l y  u n a e r t a k e n  t o  

e x a a i n e  t h e  d a t a  frofa e l e c t r o d e s  o t h e r  t h a n  Cz a s  sell  a s  t o  

c o n f i r m  t h e  c o n d i t i o n  a a d  s e x  e r f e c t s  a l r e a d y  o b s e r v e d ,  

I n i t i a l l y  a seg (X)  c o n d i t i o n  (X) e l e c t r o d e  a n a l y s i s  o f  

V a r i a n c e  u a s  a p p l i e d  t a  t h e  d a t a  a v e r a g e d  w i tbm c o n d i t i o n  
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s u b s e t s  p o o l e d  o v e r  al;b Ss (4 s u b s e t s  p e r  c o n d i t ~ o n ) ,  

s i g n i f i c a n t  m a i n  e f fec ts  a n d  the l a c k  of h i g h e r - o r d e r  

i n t e r a c t i o n s  n e c e s s i t a t e d  f u r t h e r  s e p a r a t e  one-way a n a l y s i s  of 

v a r i a n c e  o n  the sale a n d  f e ~ a l e  d a t a ,  Thz e f L e c t  of S I  t o n e  

i n t e n s i t y  was Eirst e x a i n i n e d  u s i n g  a l l  t h e  data w h i c h  haa Been  

a v e r a g e d  s e p a r a t e l y  f o r  each tone i n  a t o n e  (X) elect rode ( X )  

sex a n a l y s i s  o f  v a r i a n c e .  Once  a g a i n  t h e  lack o t  s i g n i f i c a n t  

i n t e r a c t i o n ,  d e s p i t e  t h e  s i g n i f i c a n t  ma in  effects, aliowed t h e  
8r 

u s e  o f  one-way a n a l y s e s  o f  v a r i a n c e  o n  t h e  male and female d a t a  
-- 
; s e p a r a t e l y .  



B a s u l t s  ------ 

Wi+&iin-S = p i a t i o n s  -- ----- 

a n d  11 p r e s e n t  the c o r r e f a t i o  n  c o e i f e a i e n t s  

computed f o r  t h e  s i n g l e - t r i a l  SPL and  CNV ( 8 3  a n d  M i . 1 )  m e a s u r e s  

f o r  e a c h  o f  t h e  18 2s.  T h e s e  t a b l e s  p r e s e n t  b o t h  t h e  

c o r r e l a t i o n s  o b t a i n e d  o v e r  a l l  c o n d i t i o n s  a s  well a s  t h e  

c o r r e l a t i o n s  w i t h i n  each c o n d i t i o n ,  E x a a i n a t i o n  o f  t h e s e  t a b l e s  

reveals v e r y  l i t t l e  c o n s i s t e n c y  a c r o s s  s u b j e c t s ,  F o r  B3 (the 

aean a a l p l i t u d e  200  msec p r e - S L )  11  o f  t h e  18 2s h a d  p o s i t i v e  

c o r r e l a t i o n s  w i t h  SPL a v e r  a l l  c o n d i t i o n s  a l t h o u g h  p n l y  o n e  JDC 

21) r e a c h e d  s i g n i f i c a n c e  f p 1 , 0 5 ) ,  P o r  t h e  r e m a i n i n g  7 Ss the 

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

However, o n l y  f o r  3 s u b j e c t s  (DC 10,  DC 1 2  a n u  DC 14) v e r e  t h e  

c o r r e l a t i o n s  s i g n i i i c a a t  $p_(,US), The  d a t a  r e l a t i n g  SPL t o  C N V  

a m p l i t u d e  a t  P z ,  Cz a n d  Pz fo r  e a c h  S are d i s p l a y e d  g r a p h i c a l l p  

i n  f i g u r e s  4 t o  21, The C I V  a n d  SPL da ta  Mere a v e r a g e d  by  

c o n d i t i o n  s u b s e t  (4 s u b s e t s  p e r  c o n u i t i o n ) ,  The 12 a v e r a g e s  p e r  

S v e r e  p l o t t e d  s e q u e n t i a l l y  b y  s h i f t i n g  t h e  y - a x i s  b e t w e e n  

p l o t s  t o  p r o v i d e  a n  i n d i c a t i o n  o f  t h e  c h a n g e s  o v e r  a n d  w i t h i n  



Cors~ldtion C o a i ~ l c l a ~ t a  U b t a ~ n e d  Between 
C L ~ V  A m p l i t u c l e  (&j)  a n a  SYL 

S- Cond.A1 conci,~ ~ o n a ,  AL O v e r a l l  



C o r r e l a t i o n  C o e f L i c i e ~ ~ t s  d b t a i n e u  d z t w e * n  
L N V  ~ n t e g r a l  hedsLIr2 (a4)  a n d  SPL 

Cdnd,A1 C 0 n a . d  Conu,  H L  Overail 

01-male  -.Od - 0 0 1  . d 4  -.23* 
03-Male  - 0 2 7  -, 1 9  1 7  09  

- 3 4  .1L 27  -, 1 0  
5 - d a l e  -. 1 1  - 0 1 0  -.d7 0 1 

.34*  - .LO . 0 4  - , 05  
-,O3 - 0 5  , 1 0  - 0 4  

08- ale -,07 - , O L  -, 2 b  - 2  5* 
0 9 - F e m a l s  - 0 2 9  -, 27 - 1 1  -, 19*  
1 1 - F e m a l z  - 0 1  - 1 5  1 0  - 0 8  
12-Fema le  - .3b  - 0 3  --  4 1 - ,27*  
13-Ferndl2 -, 1 3  - 2 7  - 1 1  - ,04  
14-Female - .23 , c)3 , L l  -,48* 
1 5 - f e m a l e  .U7 - ,  1 3  -, 1 5  - 0  1 
1 6 - f e m a l e  -,2b , 1 3  , 1 3  .dl3 
18-Fema le  - 1 9  -,37* - 0 0 3  - 0 6  
1 9 - F e m a l e  ,Od - , u l  0 4  -03 
2 0 - P e m a l s  .O8 . 0 2  - .Oh - 0 7  
2 1 - F e m a l t  - , d 9  -, 1 4  . 2 1  . L L *  



F i g u r e  4 

CNV 3nd  SPL Data Averagea o y  

C o n d i t i o n  S u b s e t  f o r  S u ~ j e c t  0 1  (dale) 



:. 
1 sec. '.A*... . r  
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single trial scattergram n=i 36 



F i g u r e  5 

CNV 3nd SPL Data A v e r a g s d  b y  

C o n d i t i o n  S u b s e t  for S u b j e c t  0 3  (Male) 



51 s2 
SPL-C z. 

single trial scattergram n=95 



F i g u r e  b 

CNV a n d  S P L  Data A v e r a g e d  b y  

C ~ n d i t i o n  S u b s e t  for Subject U 4  ( d a l e )  
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Figure 7 

CNV a n d  SPL Data Averaged u y  

C o n d i t i o o  S u b s z t  f o r  S u b j e c t  0 5  ( S a l e )  



2 0 4  

1 sec. 

single trial scattergam n=96 



F l q u r e  8 

CNV a n d  S P L  Data Averagsd s y  

C o n d i t i o n  Suoset for S u b j e c t  Ob (dal*) 
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Figure 9 

CNV a n d  S P L  Data Averaged oy 

C o n d i t i o n  S u b s e t  for Suu j e c t  0 7  (Hale) 
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F i g u r e  10 

CNV a n d  S P L  D a t a  Averagad by 

C o n d i t i o n  S u b s e t  for S u b j e c t  O b  (Male) 
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F i g u r e  11 

CNV and SPL Data A v s r a y e d  by 

C o n d i t i o n  Subset f o r  S u b j e c t  0 9  (Pemalz )  
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F i q u r e  1.2 

CNV a n d  SPL d a t a  Averaged b y  

C o n d i t i o n  Subset f o r  S u b j ~ c t  1 1  [Female) 



. .  . i I. . . . . .  isec. . . "  . i~ 
. . . . a .  . . . . . .  

. . 
: .. = ieL 
: . t  - *., . . . .  . - . , .. . :*---.. . .  DC I I 

.is 
. :. . B .  . i ' 14 . . . .  

................... r .  . - -*-. - . . : .f > . ,  : 
~ 

. . a .  . . :  
: , . . . .  , ' .  +- . . -3- , iz 

! .  . , iu 
t .  

, . . ---.,- 51 C . . . . . . . . . . . . .  :... . .  
-1320  SPL-C* -600 

single trial scat'tergram n= 138 



F i g u r e  1 3  

CNV a n d  SPL Data A v e r a g e d  b y  

C o n d i t i o n  Subsat for S u b j e c t  1.2 (Femdle) 
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single trial scattergram n=70 



F i g u r e  1 4  

CEV a n d  SPL Data Averaq2d  by 

C o n d i t i o n  Subset f o r  Su~ject 1 3  (Feuale) 



1 sec. R =  .06 

P = N.S. 

single trial scattergram n=l42 



F i g u r e  15 

CNV and SPL Data Averaqed DY 

C o n d r t F o n  Subset f o r  S u b j e c t .  1 4  (Femaie) 
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F i g u r e  16 

CNV a n d  SPL Data A v e r a g e d  uy 

L o n d i t i o n  S u b s e t  for Subject 15 (Feaale)  
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single trial scattergram n=138 



F i g u r e  17  

CNV 3nd SPL Data Averaged u y  

C o n d i t i o n  S u b s e t  f o r  S u b j e c t  1 6  (Femdls) 
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single trial scattergram n=l2o 



F i g u r e  18 

CNV a n d  SPL u a t a  Averaijzd by  

C o n d i t i o n  Subset f o r  S u b j e c t  1 6  (Female) 
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single trial scattergram n=132 



F i g u r e  19 

CNV and  S P L  Data A v e r a ~ e u  by 

Conaition S u b s s t  for S u ~ j e c t  19 {Female) 



0 SPL-C, +I260 pv 

single trial scattergram n= 130 



Fiqure 20 

CNV a n d  SPL Data A v ~ r a g z d  by  

C o n d i t i o n  S u b s e t  foz S d b j e c t  2 0  (Female) 
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F i g u r e  ~1 

CNV s n d  S P L  O a t a  Averaged  b y  

C o n d i t i o n  S u b s e t  for Subject 2 1  (Femal~) 



s~ 52 
SPL- Cz@ 

single trial scattergram mlol 



c o n d i t i o n s ,  A d d ~ t i o n a l l y  a s c a t t e r p l o t  o f  t h e  S P L  and t h e  CgV 

4113) m e a s u r e s  is d i s p l a y e d  to g r a p h i c a l l y  i n d e x  t h e  d e g r e e  o f  

r e l a t i o n s h i p ,  

T a b l e  I1 i n d i c a t e s  t h a t  t h e  c o r r e l a t i o n s  o b t a i n e a  b e t w e e n  

t h e  SPL v a l u e s  a n d  M4 { i n t e g r a l  o f  t h e  a c t i v i t y  500 msec p o s t  

S 1  t o  S 2 )  d i s p l a y e d  t h e  same g e n e r a l  p a t t e r n s  a s  was obserrred 

for 83 ,  T h i s  i s  n o t  a t  a l l  s u h p r i s i n g  a s  t h e  c o r r a A a t L o n s  

o b t a i n e d  b e t u e e n  H3 a n d  H4 { t a b l e  XV) r a n g e d  b e t u e e n  - 7 6  a n d  

-89, P o r  b o t h  B 3  a n d  H4 t h e  p a t t e r n s  o f  c o r r e i a t i o n  s h o v  e v e n  

less c o n s i s t e n c y  a s  t h e  u i t h i n - c o n d i  t i o n  c o r r e l a t i o n s  a r e  

e x a m i n e d  ( t ab l e s  I a n d  11). In g e n e r a l  t h e s e  r e s u l t s  c a n n o t  

be i n t e r p r e t e d  a s  s u p p o r t  f o r  t h e  h y p o t h e s i s  t h a t  t h e r e  is a n  

i n v e r s e  r e l a t i o n s h i p  b e t w e e n  S P L  a n d  CBV a a p l i t u a e ,  

N 1  a n d  SPL --------- 

T a b l e  111 d i s p l a y s  t h e  ~ ~ ~ r e l a t i o n  c o e f f e c i e n t s  o b t a i n e a  

b e t w e e n  t h e  s i n g l e - t r i a l  N 1  a n d  SPL v a l u e s  fo r  e a c h  o f  t h e  Ss, 

f o r  7 o f  t h e  18 Ss t h e  c o r r e l a t i o n s  were i n  t h e  e x p e c t e d  

n e g a t i v e  d i r e c t i o n  a l t h o u g h  ror o n l y  o n e  S IDC 15) was t h e  

c o r r e l a t i o n  s t a t i s t i c a l l y  s i g n r f i c a n t  ,fp(,OS). T h e  r e a a i n i n g  

11 2s  a l l  d i s p l a y e d  p o s i t i v e  c o r r e l a t i o n s  of w h i c h  Q (DC 0 6 ,  



0 8 ,  18, a n d  20) uere s i g n i f i c a n t .  T h i s  i n c o n s i s t e a t  p a t t e r n  

d o e s  n o t  s u p p o s t  t h e  h y p o t h e s i z e d  i n v e r s e  r e l a t i o q s h i p  b e t w e e n  

g1 a ~ p l i t u d e  a n d  SPL, 

~ x a m i n a t i o n  o f  t a b l e s  IV and V i n d i c a t e  t n a t  t h e  o b s e r v e d  

r e l a t i o n s h i p s  b e t w e e n  S P L  a n d  the  p o s i t i v e  c o a p o n e n t s  o f  the EE! 

t o  5 1  were more c o n s i s t e n t  b o t h  a c r o s s  s u b j e c t s  a n d  v i t h  t h e  

h y p o t h e s i s ,  F o r  P2 a m p l i t u d e  t h e  c o r r e l a t i o n s  w i t h  SPL v e r e  

i n v e r s e  f o r  10 o f  t h e  18 Ss, B u r t h e r i a o r e  5 of  t h e s e  

c o r r e l a t i o p s  were s t a t i s t i c a l l y  s i g n i f i c a n t  (ps -053  - F o r  t h e  

r e ~ a i n i n g  8 2s t h e  c o r r e l a t i o n s  were p o s i t i v e  a l t b o u q h  n o n e  

was s i g n i f i c a n t .  The P 3  a n d  SBL c o r r e l a t i o n s  d i s p l a y e d  t h e  

same g e n e r a l  p a t t e r n  of  i n v e r s e  r e l a t i o n s h i p ,  F o r  3 1  2s t h e  

c o r r e l a t i o n s  w i t h  SPL v e r e  n e g a t i v e  a n d  5 o f  t h e s e  were 

s t a t i s t i c a l l y  s i g n i f i c a n t ,  However t h e  c o r r e l a t i o n  c o e f  i i c i e n t  

o b t a i n e d  f r o m  o n e  of t h e  2 s  displaying a p o s i t i v e  c o r r e l a t i o n  

u a s  a l s o  s i g n i f i c a n t ,  I n  g e n e r a l  t h e s e  r e s u l t s  somewhat  

e q u i v o c a l l y  s u p p o r t  t h e  h y p o t h e s i s  t h a t  a s  SPL s h i f t e d  

p o s i t i v e l y  t h e  a u p l i t u d e  of  t h e  p o s i t i v e  g o i n g  EP c o a p o n e n t s  was 

a t t e n u a t e d ,  



C o a f f i  
Ailrpli 



C o r r e l a t i o n  C o e f i i c i e n t s  O b t a i n e a  b 2 t w s e n  
P 2  A m p ~ l t u d e  aiia S P L  

S - Cond, A 1  Cond,B Lorid, A2 O r e r a l l  



Conu. A 2  O v t t r a l i  



crJV a n d  N1 

T a b l e s  V I  a n d  VII d e m o n s t r a t e  t h e  r e l a t i v e l y  c p n s i s t e n t  

r e l a t i o n s h i p  o b s e r v e d  b e t w e e n  t h e  C d V  a e a s u r e s  ( H 3  a n d  M U )  a n d  

$1 a m p l i t u d e .  E o r  a l l  2s t h e  a3 ( t ab le  VI) a n a  t h e  HU ( t a b l e  

V I I )  n e a s u r e s  were p o s i t i v e l y  c o r r e l a t e d  w i t h  N 1  a m p l i t u d e ,  ?or 

8 o f  t h e  3s t h e  c o r r e l a t i o n s  b e t v e e a  H3 a n d  N1 were 

s t a t i s t i c a l l y  s i g n i f i c a n t  (p< .O5) ,  The t i 4  m e a s u r e  was e v e n  a o r e  

c o n s i s t e n t l y  a n d  h i g h l y  c o r r e i a t e d  with N1 a n p l i t u d e  a s  t h e  

c o r r e l a t i o a  f o r  1 1  of t h e  2 s  were s i g n i f i c a n t  a n d  t h e  o b t a i n e d  

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

f o r  t h e  h y p o t h e s i s  t h a t  C#V a m p l i t u d e  is d i r e c t l y  r e l a t e d  t o  

t h e  a n p l i t u d e  o f  the N 1  c o m p o n e n t  o f  t h e  EP t o  51,  

T a b l e s  V I H I  - X I  i l l u s t r a t e  t h e  i n v e r s e  r e l a t i a s h i p  

o b s e r v e d  b e t w e e n  b o t h  PZ a n d  P 3  a a p l i t u d e  a n d  t h e  CaV Beaaures 

(H3 a n d  H U ) ,  T h e  c o r r e l a t i o n s  o b t a i n e d  b e t w e e n  P 2  and  N 3  ( t a b l e  

V I f I )  were p o s i t i v e  f o r  17  of  t h e  16 2s- Of t h e  17, 12 sere 

s t a t i s t i c a l l y  s i g n i f i c a n t  ( p s . 0 5 ) ,  F o r  a l h  2s M4 was 

p o s i t i v e l y  c o r r e l a t e d  w i t h  P2  a m p l i t u d e  ( t ab le  ZX) , For 1 4  2s 

t h i s  c o r r e l a t i o n  was s i g n i f i c a n t ,  S i g n i f i c a n t  p o s i t i v e  





C o r r e l a t i o n  C o e f L i c i a t s  U ~ t a i n e d  d e t w e e n  
CNV I r t e g r a l  Pleasure ( 8 4 )  a n d  N 1  l m p ~ l t u d e  

S - <ondo ti1 C o n d .  b Cunu. A2 O v e r a l l  



C o r r e l a t i o n  C o e f t l c i e n t s  O b t a i n e d  b t t w e e n  
CBV A k p l i t u d e  ( f i3)  aria PA A m p l i t u a c  

S - Cond. A1 Concl. b Zonct, AL Overall 





C o r r e l a t i o r i  C o t 2 f f i c i e n t s  O b t a i n e d  B e t u e e n  
C h V  A ~ p l i t u a e  (h3) a u i  P3 A a t p l l t u u e  

2 L'ona.Al C o n d ,  b Cond. A L  o v e r a l l  

' f a b l e  X 



C o r r e l a t i o n  C o a f f i c i e ~ t s  O b t d i n e a  ~e tweeL  
CNV l i i t z y r a l  Pleasure (114) tina P 3  amplituae 

S - CondoA1 Cond-fl Conu. A2 O v e r a l l  



c o r r e l a t i o n s  uere o b t a i n e d  f o r  a l l  2 s  b u t  t h r e e  b e t v e e n  P 3  

a s p l i t u d e  a n d  H3 ( t ab le  X )  , P3 a n d  fi4 uere a s  c o n s i s t e n t l y  

c o r r e l a t e d  as P3 a n d  83 a n d ,  i n  a d d i t i o n ,  t h e  c o r r e l a t i o n  

c o e f f i c i e n t s  mere g e n e r a l l y  l a r g e r  ( t ab l e  X I ) ,  T h e s e  r e s u l t s  

s u p p o r t  t h e  h y p o t h e s i s  t h a t  t h e  a m p l i t u d e  of t h e  p o s i t i v e  

c o a p o n e n t s  o f  t h e  EB t o  S 1  is r e l a t e d  t o  C N V  a u p l i t q d e  s u c h  

t h a t  l a r g e  a a p l i t u d e  C S V s  are associated w i t h  low a a p l i t u d e  EP 

p o s i t i v i t  yo 

T a b l e  X I 1  a n d  XIII p r e s e n t  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  

between b o t h  P2 a n d  P3 a a p l i t u d e s  a n d  P I  a a p l i t u d e ,  F o r  a l l  of 

t h e  2s Hl a n d  PL a m p l i t u a e s  were p o s i t i v e l y  c o r r e l a i e d  [ t a b l e  

XII) , 13  of t h e s e  c o r r e l a t i o n s  were s i g n i f i c a n t  & p 1 , 0 5 ) ,  

However 8 1  a n d  P 3  were n o t  as  well c o r r e l a t e d  a s  a p o s i t i v e  

c o r r e l a t i o n  was o b t a i n e d  f o r  o n l y  16 o f  t h e  18 2s ( t ab l e  XIIl). 

O f  these 16 c o r r e l a t i o n s  9 were s t a t i s t i c a l l y  s i g n i f i c a n t ,  Xhus 

i t  a p p e a r s  t h a t  b o t h  P2 a n d  P 3  are r e l a t e d  t o  N 1  such t h a t  

l a r g e  N 1  a m p l i t u d e s  t e n d  t o  b e  r e l a t e d  t o  l o w  a m p l i t u d e  P 2  a n d  

P3  c o a p o n e n t s ,  However t h i s  r e l a t i o n  a p p e a r s  t o  B e  more r o b u s t  

f o r  HI a n d  P2 t h a n  fo r  N 1  and  i33, 



C o r r e l a t i o n  C o e f f i c i e ~ t s  O b t a l n z d  B e t w e e n  
ti1 anu P L  Amplitudes 

) 01-Hale 
03-Male 
04-Male 
05-Male 
Ob-Male 
07-&ale 
08-Male 
09-Female 
11-Female 
12-Female 
13-Female 
14-Female 
15-Female 
16-Femle  
1 El-Female 
19-Female 
LO-Female 
L 1-Female 

Cond-b  Cond. A2 Overdli 



c o r r e l a t i o n  C o e f i i c i e u t s  O b t a i n e a  B e t w e e n  
N l  a n d  P 3  A f f i p l i t u d t s  

S - 2ond.Al Cond- i l  Coua. A2 Ove ra l l  



T a ~ l e  X I V  i l l u s t r a t e s  t h e  a i r e c t  r e l a t i o n s h i p  p b s e r v e d  

b e t w e e n  t h e  P 2  a n d  P 3  c o m p o n e n t s  o f  t h e  EP t o  S1.  P o r  a l l  o f  

t h e  Ss t h e  two p o s i t i v e  c o m p o n e n t s  were p o s i t i v e l y  r e l a t e d  a n d  

15 of t h e s e  c o r r e l a t i o n s  were s t a t i s t i c a i l y  s i g n i f i a a n t  

(p<-O5) ,  T h e s e  f i n u i n g s  s u p p o r t  t h e  h y p o t h e s i s  t h a t  P2 a n d  P 3  

) 
I a r e  d i r e c t l y  related s o  t h a t  l a r g e  P 2  a a p l i t u d e s  tead t o  be  

a s s o c i a t e d  w i t h  l a r g e  P 3  a m p l i t u d e s ,  

B e c a u s e  of t h e  c o n s i s t e n t  p a t t e r n  of c o r r e l a t L o n s  observed 

b e t w e e n  t h e  CNY a n d  EP m e a s u r e s  t h e  s i n g l e - t r i a l  data was 

pooled o v e r  a l l  males, a l l  females a n d  a l l  subjects t o  e w a n i n e  

o v e r a l l  p a t t e r n s  o f  CMV a n a  E P  r e l a t i o n s h i p  oy s e x -  T h e s e  

c o r r e l a t i o n s  a r e  p r e s e n t e d  i n  t a b l e  XVF. d t  c a n  be s e e n  t h a t  

t h e  c o r r e l a t i o n  b e t w e e n  a 3  a n d  fi4 o f  t h e  CNV were u a i f o r i u l y  a n d  

s i g n i f i c a n t l y  h i g h  r e g a r d l e s s  of sax, However, t h e  c o r r e l a t i o n s  

b e t w e e n  K 3  a n d  t h e  EP c o m p o n e n t s ,  p a r t i c u l a r l y  N 1  aad P2,  

a p p e a r  t o  i n t e r a c t  w i t h  s e x ,  H1 a a p l l t u d e  corre la ted more 

h i g h l y  u i t h  a3  f o r  m a l e s  t h a n  $ o r  f e m a l e s  v h e r e a s  f p r  P2 t h e  

r e v e r s e  was f oand ,  T h e  d i f  r e r e n c e s  f o r  P 3  a r e  n o t  a s  o b v i o u s ,  



s - Cond.Al Cona.B Cond. A 2  Overall 

01-Hale 
03-Male 
04-Male  
05-Maie 
06-Hala 
07-Hale 
O d - d a l e  
09 -Fe raa l e  
1 1  -Foinale 
1.2-Femal5 
13-Peaale 
1 4 - F a m a l e  
1 5 - F e n a l e  
l o - f  zruale 
1 8 - F e m a l e  
1 +Female 
LO-Fernals 
~ 1 - E ' e m a i =  



S - Cond. n1 C0nd.b Concl. A 2  Overall 



C o r r e l a t i o n  Coef Llc ients  O b t d i n e a  1 3 s t w e ~ n  
CNV A n t p l i t u d e  (Ci3) aha C b V  l n t e g r a l  (n4),  

N1, Pi and P 3  Usinq Sibgle T r i a l  Oata 
P o o i e d  O v e r  n a i ~ s ,  temaies ana 

A i l  2s  



~ 1 1  o f  t h e  c o r r e l a t i o n s  a r e  s i g n i f i c a n t  (p1.05) a n d  Jn t h e  

d i r e c t i o n  h y p o t h e s i z e d  f o r  t h e  w i t h i n - 2  c o r r e l a t i o n s ,  

y i t h i s - S  A n a l y s i s  of V a r i a q ~ g  

F i g u r e s  22-39 p r e s e n t  t h e  CNV a n d  EP d a t a  a v e r a g e d  by 

c o n d i t i o n  f o r  e a c h  o t  t h e  18 2 s .  E x a m i n a t i o n  af t h e s e  r i g u r e s  

r e v e a l s  t h a t  ior e a c h  o f  t h e  Ss t h e  e x p e c t e d  s u b s t a n t i a l  

d e c r e m e n t  i n  CNY a m p l i t u d e  d u r i n g  t h e  @ B n  c o n d i t i o n  d i d  n o t  

o c c u r ,  I n  fact ,  f o r  lrtost 2s CNV a m p l i t a d a  was i n c r e a s e d  a s  a 

r e s u l t  o f  t h e  n e g a t i v e  r e i n f o r c e m e n t ,  T h i s  t r e n a  is i l f u s t r a t e d  

i n  f i g u r e s  40 a n d  4 1  which  are p l o t s  o f  the c o n d i t i o n  B e a n s  f o r  

t h e  Cz B3 a n d  &4 CNV m e a s u r e s  f o r  e a c h  o f  t h e  s u b j e ~ t s .  Similar 

p l o t s  f o r  t h e  r e a c t i o n  time a n d  EP aa t a  are  p r e s e n t e d  i n  

f i g u r e s  42-45, E x a m i n a t i o n  o t  t h e s e  f i g u r e s  shows  t h a t  

r e a c t i o n  t i a e  ( f i g u r e  4 2)  g e n e r a l l y  d e c r e a s e d  o v e r  c o n d i t i o n s .  

F u r t h e r m o r e  t h i s  d e c r e a s e  was more p r o n o u n c e d  u e t u e e n  t h e  " A l W  

a n d  the "8" c o n d i t i o n  t h a n  be tween  t h e  "Bn a n a  t h e  nA2w 

c o n d i t i o n ,  The  E P  a a p l i t u d e s  v e r  e i n c o n s i s t e n t l y  r e l a t e d  t o  

t h e  c o n d i t i o n s  a s  some s u b j e c t s  showed i n c r e a s e d  and o t h e r s  

d e c r e a s e d  a m p L i t u d e  b e t u e e n  t h e  A1 a n d  B c o n d i t i o n ,  T h e s e  

c o n d i t i o n  mean v a l u e s  f o r  a i l  s i n g l e - t r i a l  m e a s u r e s  are  t a b i e d  

i n  Append ix  B. T o  s t a t i s t i c a l l y  e x a m i n e  t h e s e  c o n d i t i o n  ef iects  



F i g u r ~  L L  

Fz, Cz a n d  Pz CNV Data Averagea 

by c o n d i t i o n  for Subject 01 ( h a l e )  





F i g u r e  23 

Fz, Cz a n d  Pz CNV Data Averaged 

by C o n d i t i o n  f o r  S u b j s c t  3 3  (Yale) 





F i q u r e  24  

Pz, Cz and Pz CNV Data Averayad  

by C o n d i t i o n  f o r  S u b j t c t  04 (i5ale) 





j . :  

F i g u r e  25 

Fz, C z  a n d  Pz CNV Data Averagea 

by C o n d i t i o n  t o r  S u r i j e c t  05 (Ba le )  





F i g u r e  2 6  

Fz, Cz a n d  Pz CWV Data Averages 

by Condition f o r  S u b j z c t  3 6  ( d a l e )  





F i g u r e  27 

Fz ,  Cz a n d  Pz CNV Ddta Averaged 

b y  C o n d i t i o n  ro r  L u ~ j e c t  u7 ( ~ a l z )  





F i g u r i !  28 

Fa, C z  a n d  Pz CNV Data Averaqea 

by C o n d i t i o r ,  f o r  S u b j e c t  08 ( n a l e )  





Figure 29 

Fz, Cz a n d  Pz CNV D a t a  A v e r a g e u  

b y  C o n d i t i o n  f o r  S u b j e c t  3 9  (Female) 
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F i g u r s  3 0  

Fz, Cz a n d  Pz CNV Data A v e r ~ g e d  

b y  Condition t o r  S u b j e c t  1 1  (Female) 





Figure 3 1  

Fz, Cz and Pz CNV Data Avaraged 

b y  Condi t ion f o r  Subject 1.2 (Fernale) 





F i g u r e  3 2  

fz, Cz a n d  Pz CNV Data A v e r l g e u  

by C o n d i t i o n  tor S u b j e c t  13 ( F s m a l e )  





F i g u r e  3 3  

Fz,  Cz a n d  Pz CNV Data  Aver3ged 

by Condition r o r  Subjzct 14 ( P e m a l s )  





F i g u r e  3 4  

F z ,  Cz a n d  Pz CNV Data Averaged  

b y  C o n d i t i o n  f o r  Subject 15 ifemale) 





F i g u r e  3 5  

Fz, Cz a n d  Pz CNV Data Averaged 

by C o n d i t i o n  f o r  Sub jzct 16 (Female) 





F i g u r e  35 

Pz, Cz a n d  Pz CNV Data A v e r a g e d  

by Condition f o r  s u b j e c t  18  i F e m a l e )  





F i g u r e  37 

F z ,  Cz and  Pz CNV Data Averagea 

b y  C o n d i t i o n  f o r  S u b j e c t  19 (Female) 





Fiqure 38 

Fz, C z  and Pz CNV Data Av?ragea 

by C o n d i t i o n  f o r  s u b j e c t  L O  (Female) 





F i g u r e  39  

P z ,  C z  and  Pz CIIV Data Averaged 

by C o n d i t i c n  f o r  S u b j e c t  2 1  {Pemals) 





F i g u r e  40 

Mean CNV A m p l i t u d e  (N3) rjy C o n d i t i o n  

f o r  Each of t h e  I b  S u b j e c t s  



CONDITIONS 



F i g u r e  4 1  

tlean ZNV I n t e g r a l  Measura (E4) by 

C o n d i t i o n  f o r  E a c h  ~f the 18 S u b j e c t s  



CONDITIONS 



Figure 4 2  

dean Reaction T i m e  L y  C o n d i t i o n  

f o r  Each of t h e  18 S u u j e c t s  



B 

CONDITIONS 



F i g u r e  4 3  

Mean N 1  Ampiituae by C o n d i t i o n  
\ 

f o r  E a c h  of ths 18 S u b j e c t s  



CONDITIONS 



Figure 4 4  

Plean P2 ~ m p l i t u d e  by Condition 

f o r  E a c h  of ths 18 S u b j e c t s  



B 

CONDITIONS 



F i g u r e  4 5  

Hean  P 3  A m p l i t u d e  by C o n d i t i o n  

f o r  E a c h  of the 18 S u b j e c t s  



CONDITIONS 



T h e s e  w i t h i n - 2  a n a l y s e s  o S  v a r i a u c e  f o r  c o n d t i p n s  d o  n o t  

a t  all s u p p o r t  t h e  p r i m a r y  h y p o t h e s i s  t h a t  t h e  effect  o f  t h e  

HBm or % t r e s s $ u l "  c o n d i t i o n  u ~ u l u  be a d e c r e a s e  i n  CNV 

a m p l i t u d e ,  On t h e  c o n t r a r y ,  the CNV was e i t h e r  n o t  a f f e c t e d  o r  

s i g n i f i c a n t l y  i n c r e a s e d  b y  t h e  a d d i t i o n  o f  a p u n i s h n e n t , @ t  The EP 

a one-way a n a l y s i s  o f  v a r i a n c e  was u s e d  o n  e a c h  of t h e  

s i n g l e - t r i a l  data sets, T h e  r e s u l t s  f o r  each are summar ized  

i n  t a b l e  XVIX a n a  Appendix  D. A s  c a n  b e  s e e n  t r o m  t a b l e  XVII 

r e a c t i o n  time a n d ,  t o  a lesser e x t e n t ,  CNV a m p l i t u d e  b o t h  

showed somewhat  c o n s i s t e n t  s i g n i r i c a n t  (p<, 05) c o n d i t i o n  

effects, F o r  10 o f  t h e  2s r e a c t i o n  tlme was f o u n d  ko d e c r e a s e  

o v e r a l l ;  p a r t i c u l a r l y  bf tueen  t h e  " A I M  a n d  " B N  c o n d i t i o n s .  T h e  

s i g n i f i c a n t  8 3  a n d  M4 c o n d i t i o n  e f f e c t s  f o u n d  f o r  one  t h i r d  o f  

t h e  2s reflects  t h e  g r e a t l y  i n c r e a s e d  CNV a ~ p l i t u a e  d u r i n g  t h e  

tiBtt c o n d i t i o n  r e l a t i v e  t o  t n e  **Be c o n d t i o n s ,  U 1  a m g l i t u r l e  was 

s i g n i f i c a n t l y  a f f e c t e d  b y  c o n d $ t i o n s  f o r  o n l y  4 o f  t h e  2 s .  Of 

t h e s e  4 t w o  show a d e c r e a s e ,  o n e  a n  i n c r e a s e  a n d  o n e  n o  c h a n g e  

i n  N 1  a m p l i t u d e  b e t w e e n  t h e  "83" a n d  "B" c o n d i t i o n s ,  T h e  

o b s e r v e d  condition e f f e c t s  Lor  Y2 a n d  g3 a u p l i t u u e  are  s o a e u h a t  

more c o n s i s t e n t  a s  e a c h  o f  t h e  s i g n i f i c a n t  effects x e f l e c t s  

d e c r e a s e  i n  t h e  a m p l i t u d e  o f  t h e s e  c o a p o n e n t s  d u r i n g  t h e  lt-BN 

c o n d i t i o n ,  



Sunimary f a n l e  o f  S i g n l L i c a n t  ( p < .  U 5 )  Condition 
E f t e c t  f o r  t h e  S r n g i e  T r i a l  Data 

EE n3 Pl4 h 3  i m p  P L  Amp r3 Amp 

X i[ X X x X 
X 
X X X 
X X 

K 

A 

X X 

-Pen a1  e k X X 
-Female k 1 

n X X 
-Female X 

X 
- F e m a l e  X 

x 
- F e m a l e  X X 
- F e ~ a l s  X X X 

X X X X 
emalas X X X A X 

X X X A Ir X 

T A B L E  a V I f  



c h a n g e s  o v e r  c o n a t i o n s  a r e  n o t  a s  easily i a t e r p r e t e d  s i n c e  t h e  

c o n d i t i o n s  are c o n f o u n d e d  u i t h  time; a n d  h a b i t u a t i o n  i s  known t o  

p r o d u c e  d e c r e m e n t s  i n  t h e  a a p l i t u d e s  of a l l  s c a l p - r e c o r a e d  EP 

c o m p o n e n t s  (Began 1972) -  However, t h e  PL a n d  P 3  c h a n g e s  are  i n  

t h e  o p p o s i t e  d i r e c t i o n  t o  the CNV c h a n g e s  w h i c h  c a n f i r r e  t h e  

r e l a t i o n s h i p s  p b s e r v e d  i n  t h e  c o r r e l a t i o n  d a t a ,  

T h e  e f f e c t  of S 1  t o n e  i n t e n s i t y  was e x a a i n e d  w i t h  one-way 

a n a l y s e s  of v a r i a n c e  u s i n g  e a c h  o f  t h e  S 4 s  s i n g l e - t r i a l  d a t a ,  

T h e s e  r e s u l t s  are s u m m a r i z e d  i n  taa le  X V I I I  a n d  A p p e n d i x  D, As 

c a n  h e  s e e n  f r o @  t a b l e  XVTII there were n o  s i g n i f i c a n t  t p n e  

effects for e i t h e r  of t h e  CMV m e a s u r e s  (H3 o r  B4). N e i t h e r  was 

t h e r e  a  c o n s i s t e n t  p a t t e r n  of t o n e  e f f e c t s  tor t h e  EP 

c o a p o n e n t s ,  N I  a p p e a r s  t o  h a v e  Deen ~ o s t  s e n s i t i v e  t o  t o n e  

i n t e n s i t y  a l t h o u g h  t h e  r e l a t i o n s h i p  d o e s  n o t  a p p e a r  t o  be a t  

a l l  l i n e a r  (see A p p e n d i x  D ) ,  T h e  saree p a t t e r n  uas gound f o r  t h e  

s c a t t e r i n g  of s i g n i f i c a n t  PL a n d  P 3  t o n e  e f f e c t s .  

T o  e x a m i n e  the c o n s i s t e n c y  o i  t h e  c o n d i t i o n  a n d  t o n e  

effects  t h e  s i n g l  e t r i a l  d a t a  ~ o o l e d  o v e r  a l l  ~ a i e s ,  o v e r  a l l  

females a n d  o v e r  a l l  g s  were e r a m i n e d  w i t n  one-way a n a l y s e s  o f  



T a b  
i f e  

l e  of S i g n i t i c d i t  ( p  
cts i c r  the S i n g l e  T 

< , O S )  T o n e  
rial Uata 

T A B L E  X V f  11 



p 
and  Appendix F, A d d i t i o n a l l y  t h e  a e a n s  f o r  a l l  t h e  poo led  

s i n g l e - t r i a l  n e a s u r e s  are  t a b l e d  i n  Appendix C, T a b l e  X V f f  

d e m o n s t r a t e s  t h a t  t h e  p a t  t e r n  of v a r i a b l e s  s h o v i n g  ~ p n d i t i o n  

e f fec ts  was s u b s t a n t i a l l y  d i f f e r e n t  f o r  a a l e s  t h a n  f o r  f e m a l e s ,  

f o r  b o t h  males and  i e m a l e s  r e a c t i o n  t i n e ,  CNV a i e p l i i u d e  (H3) 

and  P3 a m p l i t u d e  d i s p l a y e d  s i g n i f i c a n t  (ps ,  05) c o n d i t i o n  

d i f f e r e n c e s .  However, r e a c t i o n  time u e c r e a s e d  s t e a d i l y  over 

c o n d i t i o n s  f o r  t h e  f e a a l e s  whereas  f o r  t h e  a a l e s  t h e r e  was a n  

i n i t i a l  d e c r e a s e  from t h e  I 8 A l M  t o  "BW c o n d i t i o n s  and no  f a r t h e r  

change  f r o a  the "Bat t o  t9AL8s c o n d i t i o n s ,  CNV amplitude (W3)  was 

i n c r e a s e d  d u r i n g  t h e  "B4* c o n d i t i o n  t o r  ~ 0 t h  g f o u p s  a n d  t h e n  

d e c l i n e d  t o  "AYt t  l e v e l s  f o r  t h e  f e m a l e s ,  F o r  m a l e s  t h e  CYV s t a y e d  

e l e v a t e d  d u r i n g  t h e  "A2" c o n d i t i o n ,  P 3  ampl ikude  for t h e  ma le s  

d e c l i n e d  s t e a d i l y  o v e r  c o n d i t i p n s ,  For  t h e  f e a a i e s  t h e  #@BU 

c o n d i t i o n  p rodaced  a  s i g n i f i c a n t  P 3  d e c r e a a n t  and  no f u r t h e r  

c h a n g e  was o b s e r v e d  be tween  t h e  H B "  a n d  "A2" c o n d i t i o n s ,  I n  

a d d i t i o n  P2 a a p l i t u d e  was s e n s i t i v e  t o  c o n d i t i o n s  f o r  t h e  n a l e s  

o n l y ,  For  t h e  & a l e  d a t a  P2 a m p l i t u a e  was d e c r e a s e d  i n  t h e  b 

c o n d i t i o n ,  I n  c o n t r a s t ,  f o r  the  i e a a l e s ,  t n e  CNV i n t e g r a l  

(C14) and  N 1 a m g l i t u d e  b o t h  d i s g l a  yed s i g n i f i c a n t  c o n d i t i o n  

e f f e c t s ,  far  both o f  t h e s e  ineasures  t r a n s i e n t  i n c r e a s e s  were 



p o o l ~ d  o v e r a l l  gs  a l l  o f  t h e  m e a s u r e s  d i s p l a y e d  s i g n ~ f i c a n t  

c o n d i t i o n  effects,  R e a c t i o n  time decreased c o n t i n u o u s l y  over 

c o n d i t i o n s ,  The  CNV m e a s u r e s  ,(H3 a n d  H4) a u d  N l  a a ~ l i t u d e  were 

i n c r e a s e d  b y  wstress,w T h i s  e n h a n c e m e n t  u a s  t r a n s i e n t  a s  t h e  A 1  

a n d  A 2  c o n d i t i o n s  d i d  n o t  d i f f e r ,  P2 a n d  83 a m p l i t u d e s  v e r e  

s i m i l a r l y  decreased o v e r  t h e  i888s a n d  M828* c o n d i t i o n s ,  

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

i n t e n s i t y  effects a r e  p r e s e n t e d  i n  t ab l e  XVIII, E x a m i n a t i o n  o f  

t h i s  t a b l e  s h o w s  t h a t  t h e r e  v e r e  s u b s t a n t i a l  s e x  d i g f e r e n ~ e s  i n  

t h e  m e a s u r e s  s h o v i n g  t h e  effect of t o n e  i n t e n s i t y ,  F o x  t h e  

p o o l e d  a a l e  d a t a  n o n e  of t h e  a e a s u r e s  s h o w e d  t o n e  e g g a c t s  

w h e r e a s  f o r  t h e  t eaa le  data  s i g n i f i c a n t  effects ro r  r e a c t i o n  

t i n e ,  CNV a m p l i t u d e  (a3 a n d  i44) a n d  ~1 a a p l i t u d e  weze f o u n d ,  

F o r  t h e  s i n g l e - t r i a l  d a t a  p o o l e a  o v e r  a l l  5 s  s i g n i f i c a n t  t o n e  

d i f f e r e n c e s  v e r e  f o u n d  o n l y  f o r  r e a c t i o n  time a n d  N Z  a m p l i t u d e ,  

E x a m i n a t i o n  o i  A p p e n d i x  F r e v e a l s  t h a t  o n l y  t h a  H1 r e s u l t s  a re  

r e a l l y  i n t e r p r e t a b l e ,  T h e  a m p l i t u d e  of t h i s  c o m p o n e ~ t  was 

f o u n d  t o  b e  d i r e c t l y  r e l a t e d  t p  t h e  i n t e n s i t y  01 t h e  t o n e ,  



F o r  e a c h  S t h e  s i n g l e - t r i a l  d a t a  a t  Fz, Cz a n d  Pz were 

a v e r a g e d  by c o n d i t i o n  s u b s e t  (U s u b s e t s  p e r  c o n d i t i o n )  a n d  b y  

s1 t o n e  i n t e n s i t y .  CNV a n d  EP a a p l i t u d e  m e a s u r e s  Mere o b t a i n e d  

a s  f o r  t h e  s i n g l e - t r i a l  da ta  u j t h  t h e  a d a i t i o n  of  t u o  m e a s u r e s  

( # I  a n d  HL) of t h e  e a r l y  a n d  a i d d l e  s e g m e n t s  o f  the CNV 

waveforiu (see f i g u r e  3).  A d d i t i o n a l l y  t h e  l a t e n c i e s  o f  t h e  EP 

c o m p o n e n t s  N1, P2 a n u  P3 were o b t a i n e d ,  The 10 m e a s u r e s  

o b t a i n e d  from e a c h  a v e r a g e d  waweform wefe p o o l e d  o v e r  a l l  Ss t~ 

form c o n d i t i o n  a n d  t o n e  i n t e n s i t y  d a t a  sets, A n a l y s e s  o S  

v a r i a n c e  were ssed o n  e a c h  d a t a  se t  t o  exainine  e l e c k r o d e ,  s e x  

a n d  e i t h e r  t o n e  o r  c o n d i t i o n  effects, The r e s u l t s  o f  t h e s e  

a n a l y s e s  a r e  i l l u s t r a t e d  i n  f i g u r e s  46-65 and s u m m a r i z e d  i n  

t a b l e s  XIX t o  XXII a n d  A p p e n a i g  E, 

I n i t i a l l y  a s e x  ( X )  c o n d i t i o n  ( X )  e i a c t r o d e  a n a l y s i s  o f  

v a r i a n c e  was a p p l i e d  t o  t h e  c o n d i t i o n  d a t a  s e t  t o  e e a m i n e  

p o s s i b l e  i n t e r a c t i o n s ,  No s i g n i L i c a n t  i n t e r a c t i o n s  were f o u n d  

s o  s e p a r a t e  one-way a n a l y s e s  of v a r i a n c e  f o r  s e x ,  e l e c t r o d e  a n d  

c o n d i t i o n  effects  u e s e  employed,  T a b l e  XIX shows  t h a t  

s i g n i f i c a n t  s e p  d i k t e r e n c e s  ( o v e r a l l  e l e c t r o d e s  a n 4  c o n d i t i o n s )  

were o b t a i n e d  f o r  a l l  b u t  o n e  o f  t h e  d e p e n u e n t  a e a s t l r e s  ( P 2  
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A n t e r i o r - P o s t s r i o r  D i s t r i b u t i o n  of P 3  A m p i i t u d r  

f o r  f l a l ~ s ,  Females  a n d  A l l  2s 
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A n t c r l o r - P o s t e r i o r  Distribution o f  E P  Latencies 

f o r  Males, Ezmales a s d  All Ss 
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A n t e r i o r - P o s t e r i o r  D i s t r l b u t i o n  of CNV-M2 

f o r  H a l e s ,  Females a n d  A l l  2 s  
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S p a t i a l - T e m p ~ r a l  CNV D i s t r i b u t i o n s  f o r  k l a l e s  
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S p a t i a l - F 2 m p o r a l  CNV Uistributions f o r  Famales 
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S p a t i a l - T e m p o r a l  CNV D i s t r i b u t i o n s  for All 2s 
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Mdan P3 Amplitude by C o n d i t i o n  

f o r  Males, Females a n d  All Ss 





Figure 6 1  

Mean EP La tenc i e s  by C o n d i t i o n  

f o r  Males, Ftaaies a n d  Ail 2s 
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Mean C N V - M 3  A m p l i t u d e  b y  C o n a i t i o n  

f o r  Plales, Feaa ies  and A l l  Ss 
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Mean CNV-kl4 Integrdl b y  Z o n d i t i o n  

f o r  Males,  Fema le s  ana Ail 2s 
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T A B L E  XIX 









a m p l i t u d e ) ,  T h e s e  r e s u l t s  a r e  d e p i c t e d  g r a p h i c a i l y  i n  f i g u r e  46 

f o r  e a c h  o f  t h e  a m p l i t u d e  m e a s u r e s ,  Bs c a n  be s e e n  from a n  

e x a m i n a t i o n  o f  t h i s  f i g u r e  t h e  a m p l i t u d e  of  N1, P 3  a n d  t h e  two 

l a t e r  CNV measures (W2 ani l  83) were s i g n i t i c a n t l y  greater  $ o r  

f e m a l e s  t h a n  for males, T h i s  t r e n d  u a s  p a r t i c u l a r l y  e v i d e n t  f o r  

B2 a n d  B 3  o f  t h e  CNV, F o r  #1 t u i s  s i t u a t i o n  was r e w e r s e d  a s  t h e  

m a l e s  p r o d u c e d  l a r g e r  a m p l i t u d e  e a r l y  n e g a t i v i t y ,  T h i s  

i n c o n s i s t e n t  f i a d i n q  is p r o b a ~ i y  d u e  t o  t h e  l a r g e r  a n p h i t u d e  

a n d  L o n g e r  l a t e n c y  o f  t h e  P 3  c o m p o n e n t  i n  females a s  I91 s t a r t e d  

o n l y  500 msec af ter  S 1  a n d  would h a v e  i n c l u d e d  some l a t e  

p o s i t i v i t y -  

S i g n i f i c a n t  (ps, 05) electrode effects  o v e r a l l  ~ o n d i t i o n s  

are  s u m ~ m a r i z e d  i n  t a b l s  XX f o r  aa les ,  f e m a l e s  ahd a l l  2s. 

T h e s e  f i n d i n g s  are a l s o  a i s p l a y e d  g r a p h i c a k l y  i n  f i g u r e s  47-57. 

P i g u r e  47  p r e s e n t s  t h e  t o p o y r a g h i c a l  distribution of t h e  N 1  EP 

componen t ,  A s  c a n  be s e e n  N l  is l a r g e s k  a t  t h e  v e r t e x  a n d  of 

a b o u t  e q u a l  a m p l i t u d e  a t  Fz a n d  Pz, T h i s  f i g u r e  i l k u s t r a t e s  t h e  

p r o n o u n c e d  sex d i f f e r e n c e s  for ~1 o b s e r v e d  o n l y  a t  fz, A t  t h i s  

o n e  e l e c t r o d e  4 1  u a s  s i g n i f i c a n t l y  l a r g e r  for  females t h a n  for  

m a l e s ,  

P i g u r e  4 8  d i s p l a y s  t h e  a n t e r i o r - p o s t e r i o r  d i s t r i b u t i o n  of 



P2 a m p l i t u d e  which was p a r i e t a l l y  d o m i n a n t  w i t h  Cz l a r g e r  t h a n  

Fz, T h i s  f i g u r e  a l s o  i l l u s t r a t e s  a n  i n t e r e s t i n g  a l t h o u g h  

n o n - s i g n i f  i c a n t  i n t e r a c t i o n  b e t w e e n  s e x  a n d  P2 t o p o g r a p h y ,  

The P 3  d i s t r i b u t i o n  is d e p i c t e d  i n  f i g u r e  49 which c lear ly  

s h o w s  t h a t  t h e  iuaxiaum a m p l i t u d e  was a t  Pz a n d  t h e  E z  was 

s l i g h t l y  l a r g e r  t h a n  Cz, Maximum s e x  d i f f e r e n c e s  for P 3  uere 

o b s e r v e d  a t  P z  a l t h o u g h  a t  a l l  e l e c t r o d e s  t h e  ieinales had 

l a r g e r  a m p l i t u d e  f3 c o m p o a e n t s ,  

The l a t e n r y  o f  t h e  E P  c o a p o n e n t s  a t  e a c h  of t h e  e l e c t r o d e s  

is i l l u s t r a t e d  i n  f i g u r e  50, Y 1  l a t e n c y  is s i g n i f i o a n t l y  

d e c r e a s e d  f r o m  P z  t o  Pz f o r  b o t h  maies a n d  f e m a l e s ,  The l a t e n c y  

o f  P2  showed n o  t o p o g r a p h i c  o r  s e x  d i f f e r e n c e s ,  P 3  l a t e n c y  i o r  

males showed n p  t o p o g r a p h i c  d i s t r i b u t i o n ,  However, f o r  f e m a l e s  

P 3  l a t e n c y  was  s i g n i f i c a n t l y  l o n g e r  t h a n  f o r  males and  

a d d i t i o n a l l y ,  s h o v e d  s h o r t e r  l a t e n c y  a t  fz t h a n  a t  e i t h e r  Cz or 

T h e  f r o n t a l l y  d o m i n a n t  d i s t r i b u t i o n  05 t h e  e a r l y  CNV 

coa iponen t  ( H I )  is c l e a r l y  d i s p l a y e d  i n  f i g u r e  51, afte f i n d i n g  

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

u n i f o r a l y  a t  dl e l e c t r o d e s ,  



F i g u r e  5.2 s h o w s  t h e  t o p o g r a p h i c a l  d i s t r i b u t i o n  o f  B2,  t h e  

wnaiddle8* CNV measure ,  T h i s  m e a s u r e  u a s  l a r g e s t  a t  t h e  v e r t e x ,  

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

The H2 m e a s u r e  was f o u n d  t o  oe l a r g a r  f o r  f eaa les  a t  e a c h  of 

t h e  e l e c t r o d e s  a l t h o u g h  t h e  d i f f e r e n c e  was more p r o n o u n c e d  a t  

Pz. 

The  d i s t r i b u t i o n  of CNV M 3  was c e n t r a l l y  d o m i n a n t  a s  c a n  

b e  s e e n  i n  f i g u r e  53, F o r  t h i s  m e a s u r e  f z  a n d  Pz d i s p l a y e d  v e r y  

s i m i l a r  a m p l i t u d e s .  E x a m i n a t i o n  o f  t h i s  f k g u r e  a l s o  s h o w s  t h a t  

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

p r o n o u n c e d  f o r  M 3  a l t h o u g h  the d i f f e r e n c e s  were o n c e  a g a i n  

l a r g e r  a t  Fz, Tne d i r e c t i o n  of t h e  s a x  d i g f e r e n c e s  &as s u c h  

t h a t  t h e  females d i s p l a y e d  s i g n i f i c a n t l y  l a r g e r  CNV v a l u e s ,  

The t o p o g r a p h y  of the CNV i n t e g r a l  m e a s u r e  (fi4+ is 

p r e s e n t e d  i n  t ab l e  54,  T h i s  m e a s u r e  of o v e r a l l  n e g a t i v i t y  

s h o v e d  a p r o m i n a n t  f r o n t a l - c e n t r a l  d o m i n a n c e  f o r  t h e  CNY 

o b t a i n e d  i n  t h i s  d i s c r i m i n a t i o n  t a s k ,  T h e  Pz  i n t e g r a l  is 

g r e a t l y  r e d u c e d  r e l a t i v e  t o  Pz a n d  Cz, The f e m a l e s  d e n o n s t r a t e d  

g r e a t e r  n e g a t i w i t y  a t  a l l  electrodes a l t h o u g h  t h e  d i f f e r e n c e s  

sere a g a i n  a c c e n t u a t e d  a t  Pz, 



F i g u r e s  55-57 p r e s e n t  t h e  s p a t i a l - t e m p o r a l  d i s t r i b u t i o n  o f  

t h e  CldY f o r  t h e  males ( f i g u r e  55) , t o r  t h e  f e r i l a l es  , ( f i g u r e  56) 

a n d  f o r  a l l  2 s  ( z i g u r e  57)- E x a m i n a t i o n  of  t h e s e  f i g u r e s  

c l e a r l y  d e a o n s t r a t e s  t h e  f r o n t a l  d o m i n a n c e  o f  t h e  e a r l y  CNV 

m e a s u r e  ( H I )  a n d  t h e  c e n t r a l  d p a i n a n c e  o f  t h e  l a t e r  CNV 

n e a s r e s .  T h e s e  s p a t i a l - t e n p o r a l  d i s t r i b u t i o n s  a l s o  show s e x  

I d i f f e r e n c e s  which  a re  ~ o s t  p r o n o u n c e d  fo r  ;Pz, F o r  t h e  males Pz 

a ~ p l i t u d e  i s  l a r g e s t  a t  H 1  and  then r a p i d l y  d e c l i n e s  o v e r  t h e  

CNV i n t e r v a l  so t h a t  b y  a3  it is o f  l o w e r  a ~ p l i t u d e  t h a n  82.  I n  

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

t h e  ClJV i n t e r v a l  s o  t h a t  H3 is  l a r g e r  t h a n  H I ,  

The s i g n i f i c a n t  c o n d i t i o n  effects a t  e a c h  a n d  o v e r a l L  

e l e c t r o d e s  are s u m a a r i z e d  i n  t a b i o  X X I ,  A d d i t i o n a l l y  the 

c o n d i t i o n  effects o v e r a l l  e l e c t r o d e s  a r e  i l l u s t r a t e d  i n  d i g u r e s  

58-65, P r o n  e $ a m i n a t i o n  of t ab le  HXI i t  c a n  be  s e e n  t h a t  

g e n e r a l l y  t h e  females were more i n f l u e n c e d  b y  t h e  c p n d i t i o n s  

t h a n  were t h e  males, P u r t h e r a o r e  ~t c a n  be s e e n  t h a t  t h e  Cz a n d  

Pz m e a s u r e s  were f a r  mare s e n s i t i v e  t o  c o n d i t i o n  effects t h a n  

were t h e  Pz m e a s u r e s ,  Elaximua s e x  d i f f e r e n c e s  f o r  ~ o n d i t i o n  

effects were s e e n  a t  Cz. None of the C z  m e a s u r e s  f o r  t h e  males 

were s i g n i f i c a n t  whereas t h e  a2, kl3 a n d  fl4 CNV m e a s u r e s  $ o r  t h e  



f eiuales a l l  r e a c h e d  s i g n i f i c a n c e ,  

F i g u r e  58 d e p i c t s  t h e  c o n d i t i o n  e f f e c t s  o n  N ?  a m p l i t u d e  

f o r  males, f o r  f e m a l e s  a n d  f o r  a l l  2s. The a m p l i t u d e  of I1 was 

s e e n  t o  r e n a i n  r e l a t i v e l y  c o n s t a n t  b e t v e e n  t h e  "81" a u d  t h e  "bW 

c o n d i t i o n s  b u t  t o  d e c r e a s e  s i g n i f i c a n t l y  be tween  t h e  "3" a n d  

WA2" c o n d i t i o n s ,  T h i s  t r e n d  was o b s e r v e d  f o r  b o t h  a a l e s  a n d  

females, It c a n  b e  s e e n  t h a t  N1 a m p l i t u d e  uas s l i g h t l y  L a r g e r  

f o r  f e ~ a l e s  t h a n  f o r  males f o r  e a c h  o t  t h e  c o n d i t i o n s ,  

P2 a m p l i t u d e  was s e e n  t o  decrease d u r i n g  t h e  *El@# c o n d i t i o n  

a n d  t h e n  t o  i n c r e a s e  s l i g h t l y  d u r i n g  t h e  "82" c o n d i t i o n  ( f i g u r e  

59). T a i s  f i g u r e  r e v e a l s  t h a t  a n  i n t e r e s t i n g  n o n - s $ g n i f i c a n t  

i n t e r a c t i o n  w a s  o b t a i n e d  b e t w e e n  s e x  a n d  c o n d i t i o n  b e c a u s e  t h e  

m a l e s  d e m o n s t r a t e d  a & o r e  pronounces d e c r e a e n t  i n  P2 d u r i n g  t h e  

" s t r e s s f u l "  c o n d i t i o n ,  

F i g u r e  60 i l l u s t r a t e s  t h e  c o n d i t i o n  e k f e c t s  o n  P3 

a m p l i t u d e ,  E x a m i n a t i o n  o f  t h i s  f i g u r e  c l e a r l y  shows  t h e  

d e c r e m e n t  i n  a m p l i t u d e  b e t w e e n  * A l "  a n d  H3" a n d  the 

s t a b i l i z a t i o n  b e t w e e n  * B t t  a n d  PA2",  T h i s  e f f e c t  was c o n s i s t e n t  

fo r  b o t h  aa les  a n d  f e m a l e s  a l t h o u g h  t h e  females d e a p n s t r a t e a  

l a r g e r  P3 a m p l i t u d e s  f o r  a l l  c o n d i t i o n s ,  



The mean l a t e n c y  o f  t h e  EP c o m p o n e n t s  b y  c o n d i t i o n  is  

p r e s e n t e d  i n  f i g u r e  61, T h i s  f i g u r e  d e a r l y  s h o w s  t h a t  t h e  

l a t e n c y  o f  t h e  EP c o m p o n e n t s  was n o t  s i g n i f i c a n t l y  a f f e c t e d  b y  

c o n d i t i o n ,  However, a  s i g n i f  i c a a t  sex a i f f  e r e n c e  f p r  p3 l a t e n c y  

was o b s e r v e d ,  I n  e a c h  of t h e  ~ o n d i t i o n s  l o n g e r  latency P3 

componen ts were o b t a i n e d  f r o a  t h e  f e m a l e s ,  

F i g u r e  6 2  i l l u s t r a t e s  t h e  n o n - s i g n i f  i c a n t  c o n d i t i o n  ef s e c t  

f o r  t h e  ti1 C U V  a e a s u r e ,  liowever, i t  c a n  b e  s e e n  t h a t  t h e r e  was 

a t r e n d  f o r  g r e a t e r  n e g a t i v i t y  d u r i n g  t h e  Unn c o n d i t i o n ,  T h i s  

f i g u r e  a l s o  s h o w s  t h e  p r e v i o u s l y  o b s e r v e d  s e x  a i f f e c e n c e s  o f  

l a r g e r  a a p l i t u d e  m e a s u r e s  &or t h e  males o v e r  e a c h  of t h e  

c o n d i t i o n s .  

CNV M2 c o n a i t i o n  e f f e c t s  are p r e s e n t e d  i n  f ~ g u r e  6 3 .  T h e  

i n c r e a s e  i n  CNV a r t t p l i t u d e  a s  a r e s u l t  o f  M e  U ~ w  c o n d i t i o n  i s  

s e e n  t o  b e  larger f o r  females t h a n  f o r  males, T h e  c o n d i t i o n  

effect  f o r  m a l e s  was n o t  s i g n i f i c a n t  w h e r e a s  f o r  f e n a l e s  i t  

was, T h e r e  was a l so  a n  o b s e r v e d  d i f f e r e n c e  i n  a ~ p l i t u d e  be tween  

t h e  n a l e s  a n d  t h e  f e a a l e s  (females more n e g a t i v e )  t h a t  

i n t e r a c t e d  a  b i t  w i t h  c o n d i t i o a s ,  The s e x  d i f f e r e n c e s  i n c r e a s e d  

b e t w e e n  t h e  n A 1 "  a n d  t lBw c o n d i t i o n s  a n d  t h e n  d e c r e a s e d  t o  



a l m o s t  n o t h i n g  d u r i n g  t h e  "82" c o n d i t i o n ,  

F i g u r e  6 4  d e p i c t s  t h e  CNV h 3  c o n a i t i o n  e f f e c t s .  

E x a m i n a t i o n  o f  t h i s  f i g u r e  s h o v s  t h e  s i g n i f i c a n t  i n c r e a s e s  i n  

H3 f o r  b o t h  makes a n d  f e m a l e s  d u r i n g  t h e  a388 c o n d i t j o n .  

F u r t h e r m o r e  the sex d i f f e r e n c e s  i n  M 3  a n p l i t u d e  a r e  e x t r e m e l y  

p r o n o u n c e d ,  I n  e a c h  og t h e  c o n d i t i o n s  t h e  f e n a l e s  d $ s p l a y e d  

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

C o n d i t i o n  effects f o r  t h e  CMV i n t e g r a l  m e a s u r e  [MU) are  

p r e s e n t e d  i n  k i g u r e  65. It c a n  b e  s e e n  t h a t  t h e  i n a r e a s e  i n  

n e g a t i v i t y  over t h e  "stressqt c p n d i t i o n  u a s  much more p r o n o u n c e d  

f o r  f e m a l e s  t h a n  f o r  i a a l e s ,  I n  a l l  c o n d i t i o n s  t h e  ke rna les  

d i s p l a y e d  g r e a t e r  n e g a t i v i t y  a l t h o u g h  t h e  sex uif f erence uas 

g r e a t l y  r e d u c e d  o v e r  t h e  " A 2 "  c o n d i t i o n ,  

T a b l e  X X X I  s u a ~ a r i z e s  the s i g n i f i c a n t  t o n e  effects ,  A s  c a n  

be  s e e n  i r o n  t h i s  r a t h e r  s p a r s e  t a b i e  o n l y  P 1  a a p l i t u d e  Has a t  

a l l  r e l a t e d  t o  t o n e  i n t e n s i t y .  T h e  r e l a t i o n s h i p  b e t w e e n  t o n e  

i n t e n s i t y  and  I1 a a p l i t u d e  is r e l a t i v e l y  iiirect i n  t h a t  t n e  

n o r e  i n t e n s e  t o n e s  p r o d u c e d  1 a r g e r  N 1 a a p l i  t u d e s .  



The p r i s a r y  a i ~  o f  t h i s  t h e s i s  was t o  d e t e r m i n e  t h e  

r e P a t i o n s h i p ( s )  be tween  SPL f l u c t u a t i o n s  a n d  E P  a n d  CNY 

a m p l i t u d e  i n  a n  e x p e r  l a e n  t a l  s j t u a t i o n  s imi lar  t o  t h o s e  t h a t  

h a v e  p r e v i o u s l y  b e e n  shown t o  p r o d u c e  d e c r e m e n t s  i n  CNV 

a r s p l i t u d e  d u e  t o  i n d u c e d  t*stress.l* The  selected p a r a d i g a  u a s  a 

3 c o n d i t i o n  a u d i t o r y  d i s c r i n i n a t i o n  t a s k  t h a t  r e q u i r e d  the 2 t o  

m e r e l y  d e c i d e  i f  t h e  t u o  t o n e s  p r e s e n t e d  a s  S1 a n d  5 2  were o f  

e q u a l  or  d i f f e r e n t  i n t e n s i t y .  The 3 c o n d i t i o n s  uere p r e s e n t e d  

i n  a n  w A 1 - B - 8 2 n  f o r m a t  v i t h  t h e  '*BM o r  s t r e s s f u l  c o n d i t i o n  

d i f f e r i n g  f r o n  t h e  @ A "  c o n d i t i o n s  o n l y  i n  t h a t  n e g a t i v e  

r e i n f o r c e a e n t ,  i n  t h e  f o r &  of a 95 d b  b i a s t  of white n o i s e ,  was 

a d a i n i s t e r e d  f o r  i n c o r r e c t  o r  d e l a y e d  c h i c e ,  S i a i l a r  p a r a d l g a s  

h a v e  been u s e d  p r e v i o u s l y  by K n o t t  a n d  P e t e r s  (1374) a n d  Peters 

a n d  K n o t t  (1976) t o  i n r r e s t i g a t e  t h e  effect o f  s i t u a t i o n a l  

a n x i e t y  o n  t h e  CNV. T h e s e  a u t h o r s  h a v e  r e p o r t e d  t h a t  nog$ous  

f e e d b a c k  p r o d u c e d  a  d e c r e a e n t  i n  CSV a m p l i t u d e  t o r  female 2s. 

No s u c h  effect  was o b s e r v e d  for t h e  n a l e s ,  The k i n d i n g  of a 

r e d u c e d  CNV i n  females was a s c c i b e d  t o  a n  $ n c f e a s e d  l e v e l  o f  

a n x i e t y  i n d u c e d  by  t h e  n o x i o u s  f e e d b a c k ,  g r e v i o u s  r e p o r t s  b y  o n  

o f  t h e  a u t h o r s  ( K n o t t  1972; K n o t t  a n d  I r v i n  1967, 1868) h a v e  

a t t r i b u t e d  s u c h  d e c r e a e n t s  t o  s i t u a t ~ o n - i n d u c e d  n e g a t i v e  SPL 



s h i f t s ,  I n  t h e  1 9 7 2  a r t ic le  K n o t t  p o s i t s  t h a t  t h e r e  i s  a n  

o v e r a l l  l i m i t  t o  c o r t i c a l  n e g a t i v i t y  ( the   ceiling^^) a n d  

c o n s e q u e n t l y  a n y  s u s t a i n e d  n e g a t i v e  s h i f t  l i m i t s  t h e  maximum 

a m p l i t u d e  of a n y  f u r t h e r  n e g a t j v e  slow a c t i v i t y .  The  closer t h e  

SPL i s  t o  t h e  c e i l i n g ,  t h e  l e ss  t h e  a m p l i t u d e  o f  a n y  a d d i t i o n a l  

n e g a t i v i t y  t h a t  c a n  b e  e x p r e s s e d  f u l l y ,  T h i s  h y p o k h e t i c a l  

s t a t e m e n t  o f  a n  i n v e r s e  r e l a t i o n s h i p  b e t w e e n  t h e  CNV a n d  SPL h a s  

I b e e n  l a b e l l e d  t h e  * ' c e i l i n g  h y p o t h e s i s "  ( K n o t t  1972) a n d  has 

o c c a s i o n a l l y  b e e n  c i t e d  t o  e x p l a i n  o t h e r w i s e  i n e x p l i c a b l e  

s i t u a t i o n - s p e c i f i c  CNV d e c r e m e n t s  (Poon,  T h o a p s o n  a n d  Marsh 

1976)  a s  well as  s u b j e c t - s p e c i f i c  CNV a n o m a l i e s  ( K n p t t  a n d  

I r w i n  1957, 1988 ;  Low a n d  S w i f t  1 9 7 1 ) .  

T h e  r e s e a r c h  d e s c r i b e d  i n  t h i s  t h e s i s  was i n t e n a e d  t o  be 

t h e  f i r s t  a t t e m p t  a t  s u b j e c t i n g  t h e  " c e i l i n g  h y p o t h e s i s M  t o  

direct e x p e r i m e n t a l  test, T h e  e x p e c t e d  CNV d e c r e m e n t s  a t i r i n g  

t h e  u s t r e s s f u l M  c o n d i t i o n  ue r*  t o  be a c c o a p a n i e d  by n e g a t i v e  

SPL c h a n g e s  r e f l e c t i n g  i n c r e a s e d  a r o u s a l  l e v e l s ,  O b s e r v a t i o n  of 

t h i s  s o r t  of r e l a t i o n s h i p  would h a v e  b e e n  c o n s i d e r e d  a s  

c o n f i r m a t i o n  of t h e  " c e i l i n g  h y p o t h e s i s , "  A l t e r n a t i v e l y ,  i f  t h e  

CNV c h a n g e s  c o a l d  h a v e  b e e n  d i s s o c i a t e d  f  r o a  t h e  SPL 

f l u c t u a t i o n s  t h i s  v o u l d  h a v e  b e e n  i n t e r p r e t e d  a s  

d i s c o n f  i r a a t i o n  of t h e  r e l a t i o n s h i p ,  U n f o r t u n a t e l y  the total ;  y 



u n e x p e c t e d  r e su l t s  o f  i n c r e a s e d  CNV a m p l i t u d e  a u r i n g  t h e  

: ~ s t r e s ~ f u l ~ ~  c o n d i t i o n  makes  i t  i m p q s s i b l e  t o  relate t h i s  d a t a  

t o  t h e  : : c e i l i n g  h y p o t h e s i s n  Egg S e ,  

N o n e t h e l e s s  t h e r e  a r e  c e r t a i n  c o n s i s t e n c i e s  i n  t h e  SPL 

d a t a  a n d  i n  t h e  o b s e r v e d  r e l a t i o n s h i p s  b e t w e e n  t h e  SPL a n d  t h e  

C P V  a n d  &P data  t h a t  are  o f  i n t e r e s t ,  F i r s t  o f  all, fo r  13 o f  

t h e  18 2s t h e  SPL s h i f t e d  p r e d o m i n a n t l y  p o s i t i v e l y  pwer t h e  

c o u r s e  of t h e  e r p e r i a e n t a l  s e s s i o n  (see f i g u r e s  4-21). The 

s i g n i f i c a n c e  o f  t h e s e  p o s i t i v e  s h i f t s  i s  o# c o u r s e  o p e q  t o  

a u l t i p l e  i n t e r p r e t a t i o n s .  The mos t  o b v i o u s  o n e  is & h a t  t h e s e  

SPL s h i f t s  a r e  p r e d o m i n a n t l y  a r t i f a c t u a l  a a d  c o n s e q u e n t l g  b e a r  

l i t t l e ,  i f  any, r e l a t i o n s h i p  t o  n e u r a l  p r o c e s s e s .  8 h e  

r e l a t i v e l y  i n s i g n i f i c a n t  p a t t e r n s  of reJ .a t$on b e t w e e n  SPL a n d  

t h e  CNY a n d  E P  would  i n d i r e c t l y  s u p p o r t  s u c h  an  i n t e r p r z t a t i o n ,  

On t h e  o t h e r  hand ,  t h e r e  a re  s e v e r a l  p o i n t s  t h a t  s t r o n g l y  a r g u e  

a g a i n s t  a n y  s i a p l e  e q u a t i o n  o f  t h e  SPL d a t a  w i t h  a r t i f a c t ,  A s  

m e n t i o n e d  p r e v $ o u s l y  t h e r e  are t w o  a a j o r  p o t e n t i a l  s o u r c e s  o f  

a r t i f a c t  i n  DC s c a l p  r e c o r d i n g  - t h e  e l e c t r o d e s  a n d  the s k i n ,  

The  e l a b o r a t e  p r o c e d u r e s  e a p l o g e d  t o  i n i n i a i z e  e l e c t r o d e  a n d  

s k i n  p r o b l e m s  are d e t a i l e d  e l s e u h e r e ,  S u f f i c e  it t o  s a y  t h a t  

a l l  c o n c e i v a b l e  p r e c a u t i o n s  were t a k e n  p r i o r  t o  d a t a  c o l l e c t i o n  

t o  i n s u r e  & h a t  m i n i a a l  a r t i f a c t  would be i n t r o d u c e d  a t  t h i s  



s t a g e ,  A d d i t i o n a l l y ,  t h e  c o n s i s t e n c y  o f  the SPL daBa i n  a s  f a r  

a s  t h e  d i r e c t i o n  of  t h e  s h i f t  a r g u e s  a g a i n s t  t h e  e l e c t r o d e s  a s  

b e i n g  t h e  s o u r c e ,  T h e  t w o  s e l e c t e d  SPL e l e c t r o d e s  Mere 

a l t e r n a t e d  a c r o s s  2s a s  t o  which e l e c t r o d e  was a p p l i e d  t o  t h e  

v e r t e x  a n d  which t o  t h e  r e f e r e n c e  site, If the e l e c t r o d e s  

t h e a s e l v e s  were u n b a l a n c e d  t h e  d i r e c t i o n  o f  d r i f t  n o u l a  h a v e  

a l t e r n a t e d  o v e r  Ss, No s u c h  c o n s i s t e n t  p a t t e r n  was o b s e s v e d  

b e t v e e n  SPL a n d  t h e  s p e c i f i c  e l e c t r o d e  c o n f i g u r a t i o n ,  A 

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

p r i m a r i l y  r e s p o n s i b l e  f o r  t h e  r e c o r d e d  s h i f t s  is t h e  q o n - l i n e a r  

n a t u r e  o f  t h e  SPL d a t a  f o r  t h e  m a j o r i t y  o f  2s. E l e c t r o d e  d r i f t  

t e n d s  t o  be u n i - d i r e c t i o n a l  a s  t h e  d r i f t  is  a r e f l e o t i o n  of  

d e c r e a s i n g  e l e ~ t r o d e  p o t e n t i a l  d i f f e r e n c e ,  T h e r e f  o r e  t h i s  

a u t h o r  m a i n t a i n s  t h a t  t h e  e l e c t r o d e s  a re  a n  u n l i k e l y  s o u r c e  f o r  

t h e  r e c o r d e d  SPL f l u c t u a t i o n s ,  

The d e g r e e  t o  w h i c h  t h e  SBL a e a s u r e s  are c o n t a ~ k n a t e d  by 

c e p h a l i c  GSP a c t i v i t y  i s  more d i f f i c u l t  t o  a s s e s s .  Tuo 

i n v e s t i g a t i o n s  ( P i c t o n  a n d  K i l l y a r d  1972; Corby ,  ~ 0 t h  a n d  

K o p e l l  1974) h a v e  r e c e n t l y  e x a m i n e d  t h e  c o a t r i b u t i o a  of G S P  

a c t i v i t y  t o  s c a l p  r e c o r d e d  CNVs ,  P i c t o n  a q d  k i i l l y a t d  (1972) 

f o u n d  t h a t  f o l l o w i n g  s e n s o r y  s t i a u l a t i o n  a  s u r f a c e  n e g a t i v e  

t r a n s e p i d e r m a l  s l o w  p o t e n t i a l  of s e v e r a l  m i l l i v o l t s  s a y  be 



s u p e r i i n p o s e d  upon t h e  r e s t i n g  p o t e n t i a i ,  ' P h i s  s h i f t  p r e s u m a b l y  

r e f l e c t s  s w e a t  g l a n d  a c t i v i t y  ( V e n a b i e s  a n d  C r i s t i e l ,  1973) ,  

C N V s  r e c o r d e d  t h r o u g h  i n t a c t  s k i n  vere seen t o  c o n t a i n  these 

p h a s i c  m a s t o i d  p o s i t i v e  v a v e s  which a r t  i f  a c t u a i l y  augmented  t h e  

l a t e r  c o a p o n e n t s  o f  t h e  CBV a n d  a l t e r e d  i ts wavetoria, S u c h  

e l e c t r o d e r i n a l  c o n t a n i n a t i o n  o f  CNV r e c o r d i n g s  was more 

p r e v a l e n t  i n  H a r m  a n d  d r o w s y  s u b j e c t s ,  e s p e c i a l l y  where t h e  cNV 

t a s k  was p a r t i c u l a r l y  d e ~ a n d i n g ,  Corby  2% a&, (1934) s t u d i e d  

t h e  p r e v a l e n c e  a n d  n e t h o d s  o f  e l i m i n a t i n g  G S P  d u r i n g  a CNV 

t a s k .  T h e s e  a u t h o r s  f o u n d  s i g n i f ~ c a n t  s t i a u l u s - i n d u e d  GSP 

a r t i f a c t  i n  t h e  EEG of 10  o f  t h e i r  21  Ss, However, b o t h  s t u a i e s  

f o u n d  t h a t  p u n c t u r i n g  t h e  skin, e i t h e r  before electrode 

a p p l i c a t i o n ,  o r  b y  t h e  use of  s u b d e r a a l  p i n  e l e c t r o d e s ,  

e l i a i n a  t e d  t h e  GSP *$con tamina  t i o n i a ,  

Based  on t h e s e  x i n d i q g s ,  b o t h  u e r n a b r a s i o n  a n d  s k i n  

l e s i o n i n g  v e r e  u s e d  i n  t a i s  s t u d y  t o  n i n i m j z e  GSP a r t i f a c t  i n  

t h e  SPL a n d  CBV d a t a ,  To assess t h e  e g f i c a c y  o f  these s k i n  

p r e p a r a t i o n  t e c h n i q u e s  s i n u l t a a e o u s  r e c o r d 4 n g s  o f  GSP weze 

o b t a i n e d  f r o a  two a i f f e r e n t l y  g r e p a r e d  " a c t i v e M  scaty 

electrodes r e f e r e n c e d  t o  t h e  s a a e  l e s i o n e d  s i t e ,  O n e  o f  t h e  

s c a l p  s i t e s  was p r e p a r e d  a s  f o r  t h e  S P L  e l e c t r o d e s ,  T h e  s e c o n d  

s i t e  was p r e p a r e d  t o  r e c o r d  GSP a c t i v i t y  so care was t a k e n  t o  



a v o i d  d a a a g i n g  t h e  o u t e r  s k i n  L a y e r s .  It was e x p e c t e d  t h a t  t h e  

d i f f e r i n g  a m o u n t s  o f  r e c o r d e d  G S P  a c t i v i t y  i n  t h e  tmo c h a n n e l s  

would i n d i c a t e  t h e  s u c c e s s  of  s k i n  p e n e t r a t i o n  as  a B e a n s  o f  

r e d u c i n g  G S P  a r t i f a c t ,  A d d i t i o n a l l y  t h e  o n e  c h a n n e l  o f  " t r u e "  

G S P  was t o  p r o v i d e  a n  i n d e p e n d e n t  m e a s u r e  o f  t h e  l * a n x i e t y * *  o r  

r a a r o u s a l w  p r o d u c e d  b y  t h e  e x p e r i m e n  t a i  i a a n i p u l a t i o n s ,  However, 

i n  a l l  2s b u t  one { f i g u r e  45) t h e r e  was n o  s i g n  o f  a n y  G S P  

: a c t i v i t y  i n  e i t h e r  o f  t h e  two CSP c h a n n e l s ,  T h i s  f i n d i n g  

d e m o n s t r a t e d  t h a t  s k i n  l e s i o n i n g  is u s u a l l y  a n  e f f e c t i v e  

t e c h n i q u e  f o r  e l i m i n a t i n g  o r  r e d u c i n g  G S P  a r t i f a c t ,  F u r t h e r m o r e  

t h e  s i ~ i l a r  p a t t e r n s  o f  a c t i v i t y  r e c o r d e d  f rom t h e  

l e s i o n e d -  l e s i o n e d  p a i r  a n d  t h e  n o n - i e s i o n e d - l e s i o n e d  p a i r  

s u g g e s t s  t h a t  m o s t  r e p o r t s  o f  GSP c o n t a m i n a t i o n  are  p r o b a b f y  

d u e  t o  s k i n  a c t i v i t y  a t  t h e  r e f e r e n c e ,  T h i s  s u y g e s t i o a  is 

s u p p o r t e d  by  L i y u r e  66 which i i l u s t r a t e s  t h e  o u e  i n s t a n c e  o f  

r e c o r d e d  GSP a c t i v i t y ,  T h i s  f i g u r e  p r e s e n t s  f o u r  t r i a l s  

s e l e c t e d  t o  show s u c c e s i v e l y  l a r g e r  G S P  r e s p o n s e s .  From 

e x a e t i n a t i o n  o f  t h i s  f i g u r e  it c a n  be s e e n  t h a t  t h e  a c t i v i t y  

f rom t h e  two GSP c h a n n e l s  (7 a n d  8; l a b e l l e d  C S P 1  a n d  2) was 

n e a r l y  i d e n t i c a l  d e s p i t e  t h e  d i f f e r e n t  e l e c t r o a e - s k i n  

p r e p a r a t i o n s ,  A d d i t i o n a l l y  t h e  l a r g e  a m p l i t u d e  ( u p  t o  s e v e r a l  

m i l l i v o l t s )  s k i n  p o t e n t i a l s  were n o t  r e f l e c t e d  a t  a&& i n  the 

EEG c h a n n e l s .  I n  c o n c e r t  t h e s e  t w o  o b s e r t r a t i o n s  d e a o n s t r a t e  



F i g u r s  6b 

S a m p i r  Records o f  GSP A c t i v i t y  trom 

DC 17  (2 D i s c a r d e d  Due t o  E x c e s s i v ~  

GSP A c t i v i t y )  



- u - - V " h * c C * ~ ) ~  

EYE (INFRA-ORBITAL RIDCE-AZI- , ,., .,, XILI.-.g-\ - 
,' - - 

CSPI-AI - - - -  - 

CSP2-AI - 
S DC 17 - CNV+ DC 

7 
. -4 

7 

July 7/  76 
- - -. - - - 

-- -s- - -  s2 
Ch-6-7- 6 0 0 ~ ~  /cm 



!k t h a t  t h e  s k i n  p o t e n t i a l  a c t i v i t y  was o r i g i n a t i n g  a t  t h e  l e f t  
F 

m a s t o i d ,  T h i s  e l e c t r o d e  s i t e  was a p p a r e n t l y  i m p r o p e r l y  p r e p a r e d  

a s  was a l s o  t h e  e y e  e l e c t r o d e  a s  t h e  EOG c h a n n e l  d i s p l a y e d  s k i n  

p o t e n t i a l  a c t i v i t y  o f  o p p o s i t e  polarity, Zn i a c t  t h e  d a t a  f r o &  

t h i s  S was d i s c a r d e d  f r o m  t h e  a n a l y s i s  d u e  t o  t h e  e r c e s s i v e  G S E  

a c t i v i t y  r e c o r d e d  a t  t h e  e y e  lead. A s  t h i s  was t h e  o n l y  3 u h o  

showed  a n y  s k i n  p o t e n t i a l  r e s p o n s e  a t  a l l  t h e  e v i a e n c e  f o r  

: d i f f e r e n t i a l  s u s c e p t i b i l i t y  o f  t h e  t w o  r e f e r e n c e  s i t e s  t o  s k i n  

p o t e n t i a l  c o n t a m i n a t  i o n  is r a t  h e r  s p a r s e .  However, i t  s e e n s  

t h a t  w i t h  c a r e f u l  s k i n  p r e p a r a t i o n s  b o t h  t h e  m a s t o i d s  a n d  

e a r l o b e s  c a n  De u s e d  s u c c e s s f u b l y ,  

I n  g e n e r a l  the GSP d a t a  is s i g n z i i c a n t  i n  t h a t  i t  p r o v i d e s  

i n d i r e c t  e v i d e n c e  t h a t  t h e  SPL r e c o r d i n g s  ifere n o t  c o n t a m i n a t e d  

w i t h  t h e  p h a s i c  t y p e  o f  s k i n  p ~ t e n t i a l  a c t i v i t y ,  N p n e t h e l e s s  i t  

is s t i l l  p o s s i b l e  t h a t  t o n i c  c h a n g e s  i n  s k i n  p o t e n t l a 1  l e v e l  

( o f  which v e r y  l i t t l e  i s  known; see V e n a b l e s  a n d  C h r i s t i e  1973) 

may h a v e  been  a s o u r c e  of a r t i f a c t ,  The i n c o n s i s t e n t  p a t t e r n s  

o f  r e l a t i o n s h i p  b e t w e e n  t h e  2 GSP c h a n n e l s  a n d  t h e  SPL d a t a  

(see Appendix  G) do  n o t  p r o v i d e  e v i d e n c e  o n e  way o r  t h e  o t h e r ,  

However t h e  s u b s t a n t i a l l y  l o w e r  p o t e n t i a l  d i f f e r e n c e s  r e c o r d e d  

be tween  t h e  l e s i o n e d  GSP p a i r  t h a n  b e t w e e n  the i n t a c t - l e s i o n e d  

p a i r  (see Appendix  B) s u g g e s t  tha t  t h e  s k i n  p o t e n t i a l  level was 



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

l e s i o n e d  s i tes ,  T h i s  t e n - f o l d  d i f f e r e n c e  &n i n i t i a l  p o t e n t i a i  

i n d i c a t e s  t h a t  w i t h  s k i n  p e n e t r a t i o n  t h e  s k i n  p o t e n t i a l  l e v e l  

c a n  be g r e a t l y  r e d u c e d  i f  n o t  e l i m i n a t e d .  

T h e  c o n s i s t e n t  p o l a r i t y  of t h e  S P L  c h a n g e s  makes  i t  

d i f f i c u l t  t o  a k t r i b u t e  t h e s e  slow c n a n g e s  t o  some 05 t h e  o t h e r  

p o s s i b l e  a r t i k a c t u a l  s o u r c e s  a s  i t  b e c o m e s  n e c e s s a r g  t o  

p o s t u l a t e  p r o c e s s e s  t h a t  a f f e c t  o n e  e l e c t r o d e  laore t h a n  t h e  

o t h e r .  Any t e m p e r a t u r e  d i f f e r e n c e s  between t h e  e l e c t r o d e s  a n d  

t h e  s k i n  would  h a v e  b e e n  minisized o v e r  t h e  45 m i n u t e  p e r i o d  

between t h e  tife of e l e c t r o d e  a p p l i c a t i o n  a n d  t h e  &art  of 

d a t a  c o l l e c t i o n ,  F u r t h e r  e l e c t r o a e - s k i n  t e m p e r a t u r e  a i t f e r e u c e s  

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

h a v e  affected b o t h  e l e c t r o d e s  e q u a l i y .  S i m i l a r l y ,  c h a n g e s  i n  

e l e c t r o l y t e  c o n c e n t r a t i o n  a t  t h e  e l e c t r o d e - s k i n  i n t e r r a c e  due  

t o  t i s s u e  damage s h o u l d  h a v e  o c c u r r e d  e q u a a f y  a t  both  electrode 

s i tes  a s  t h e  p r e p a r a t i o n s  were i d e n t i c a l ,  T h e r e f o r e  i t  is 

c o n s i d e r e d  i m p r o b a b l e  t h a t  t h e  S P L  data u e r e  p r i m a r i l y  a 

r e f l e c t i o n  of p h y s i c a l ,  i i o n - b i o l ~ g i c a l  p r o c e s s e s .  

D e s p i t e  t h e  r e c o g n i z e d  u n g e r t a i n t i e s  i n v o l v e d  i n  DC s c a l p  

r e c o r d i n g ,  i t  is t e n t a t i v e l y  c o n c l u d e d  t h a t  t h e  SPL d a t a  



p r i a a r i l y  reflected a n e u r a l  c h a n g e  o c c u r r $ n g  a t  t h e  c o r t i c a l  

s u r f a c e ,  The p h y s i o l o g i c a l  a n d / o r  p s y c h o l o g i c a l  s i g n i f i c a n c e  of 

t h e s e  slow c h a n g e s  c a n  o n l y  be s p e c u l a t e d  a s  t h e  d i r e c t i o n  o f  

c h a n g e  was p r e d o r t l i n a n t l y  c o u n t e r  t o  e x p e c t a t i o n s ,  i iouever ,  

t h e r e  are  s e v e r a l  p l a u s i b l e  i n k e r p r e t a t i o n s  t h a t  c a n  be g i v e n  

t o  t h e  SPL f i n d i n g s  t h a t  are  e q u a l l y  c o n g r u e n t  w i t h  t h e  

o b t a i n e d  CNV d a t a .  I f  it i s  a s s u a e d  t h a t  t h e  r e l a t i o n s h i p  

b e t w e e n  a r o u s a l  l e v e l s  a n d  SPL is s u c h  t h a k  i n c r e a s e d  a r o u s a l  

i s  a s s a c i a t e d  w i t h  n e g a t i v e  s h i f t s  a n d  c o n v e r s e l y ,  decreases 

a r o u s a l  is a c c o ~ p a n i e d  by p o s i t i v e  s h i f t s ,  t h e  SPL a n d  C N I  da ta  

c a n  be p u t  i n t o  a  p e r s p e c t i v e  c o ~ p a t i b k e  w i t h  t h e  * c e i l i n g  

h y p o t h e s i s , "  I n  f a c t ,  i f  o n e  i s  w i l l i n g  t o  c o n j e c t u r e  t h a t  t h e  

a r o u s a l  l e v e l  o f  t h e  Ss d e c r e a s e d  u n i f o r m l y  o v e r  t h e  

e x p e r i m e n t a l  s e s s i o n  somewhat i n d e p e n d e n t l y  of t h e  c z o n d i t i o n s ,  

a n  a r g u n e n t  c a n  b e  made t h a t  t h r s  d a t a  i s  n o t  o n l y  c o n p a t i b l e  

w i t h ,  b u t  i n d i r e c t l y  s u p p o r t i v e  o f  t h e  i s c e i l i n g  h y p o t h e s i s . "  It 

Bay v e r y  well be t h a t  f o r  the n a i v e  2 t h e  a o s t  m s t r e s s f u l w  o r  

* a r o n s i n g l ~  p a r t  o f  t h e  e x p e r i m e n t  c o n c e r n s  t h e  i n i t i a l  

p r e p a r a t i o n s  a n d  s e t - u p ,  The u n c e r t a i n t i e s  o f  t h e  n a i v e  w i t h  

r e s p e c t  t o  t h e  p r o c e d u r e s  i n v o l v e a ,  t h e  t a s k  r e q u i r e n e n t s  a n d  

t h e i r  s u b s e g u e a t  p e r f o r m a n c e  may create a v e r y  s t r e s s f u l  

s i t u a t i o n ,  This may b e  p a r t i c u l a r l y  t r u e  i n  r e c o r d i n g  s i t u a t i o n s  

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



e m p l o y e d  t o  allow t h e  electrodes t h e  t o  s t a b i l i z e  i s  t o  l e a v e  

t h e  9 a l o n e  a n d  i n a c t i v e  i q  t h e  r e c o r d i n g  s i t u a t r o n  f o r  some 

p e r i o d  of time t o  o s t e n s i b l y  w r e l a x , w  If t h e  2 was a l r e a d y  

a p p r e h e n s i v e  a b o u t  t h e  s i t u a t i o n  t h i s  p e r i o d  o L  i n a o t i v i t y  may 

a c t u a l l y  h e i g h t e n  r a t h e r  t h a n  d e c r e a s e  t h e  a n x i e t y  l e v e l ,  

T h e r e f o r e  if the a s s u m p t i o n  a b o u t  i n c r e a s e d  a n x i e t y  and  a r o u s a l  

l e a d i n g  t o  p r o f o n g e d  s u r f a c e  n e g a t i v ~ t y  i s  c o r r e c t ,  it is 

p o s s i b l e  t n a t  t h e  2s a a y  h a v e  b e e n  close t o  t h e  " c e i l i n g , "  t h e  

p o i n t  o f  m a x i m m  p o s s i b l e  n e g a t i v i t y ,  a t  t h e  s t a r t  oi data 

c o l l e c t i o n ,  E a a i f i a r i z a t i o n  w i t h  t h e  e x p e r i m e n t a l  s i t u a t i o n s  

a n d  its demand wou ld  q u i c k l y  r e d u c e  t h e  o v e r a l l  l e v e l  o f  

a r o u s a l  p r o d u c i n g  a s u s t a i n e d  g o s i t i v e  SPL s h i f t .  3 h a t  t h i s  

s h i f t  was n o t  r e a c t i v e  t o  t h e  4 4 s t r e s s k u i H  c o n d ~ t i o n  say be a 

r e f l e c t i o n  of e x p e r i m e n t e r  n a i v e t e  i n  d e s i g n i n g  *@stsessf u l i 8  

s i t u a t i o n s ,  

T h e  SPL data ob ta ined  i n  t h i s  s t u d y  a re  b a s i c a k l y  

c o m p a t i b l e  u i t h  s u c h  a view, f o r  13 ot t h e  18 2 s  SPL d i d  s h i f t  

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

s e s s i o n  ( s e e  i i g u r e s  4-24 ) , F u r t h e r m o r e ,  f o r  a p p r o ~ i a a t e f  y  

h a l f  of t h e s e  5s CHV a a p l i t u d e  d i d  l n c s e a s e  c o a c o m i t a n t l y  v i t h  

t h e  p o s i t i v e  SPL s h i f t s  (see tab le  I ) ,  T h e s e  Z i n c l i n g s  do 

p r o v i d e  some e v i d e n c e  t h a t  t h e  r e l a t i o n s h i p  b e t w e e n  SPL a n d  the 



CliV i s  i n v e r s e ;  a n d  a s  t h i s  r e l a t i o n s h i p  is a n e c e s s a r y  

c o m p o n e n t  o f  t h e  t 8 c e i l i n g  h y p o t h e s i s , ( (  t h e s e  d a t a  c o u l d  b e  

i n t e r p r e t e d  a s  i n d i r e c t l y  s u p p p r t i n g  t h i s  v i a w p o i n t ,  

An a l t e r n a t i v e  i n t e r p r e t a t i o n  o f  t h e  SPL r e s u l O s  i s  b a s e d  

p a r t l y  on  p i l o t  work d o n e  by t h i s  a u t h o r  on t h e  r e l a t i o n s h i p  

b e t v e e n  s c a l p  r e c o r d e d  S P L  f l u ~ t u a t i o n s  and t h e  s t a g e s  of 

s l e e p ,  I n  t h i s  r e s e a r c h  o n e  o$ t h e  more c o n s i s t e n t  f i n d i n g s  h a s  

b e e n  s u r f a c e  p o s i t i v e  SPL s h i f t s  with t h e  t r a a s i t i o n  from 

slow-wave t o  BBH s l e e p  a n d  troa s l e e p  t o  war& u i n e s s  (see a l so  

s t a r o b i n e t z *  1966  r e p o r t  of R E H  M e l e c t r o - p o s i t v i t y n )  . T h i s  is 

i n  a a r k e d  c o n t r a s t  t o  t h e  b u l k  of a n i m a l  research t h a t  h a s  

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

t r a n s i t i o n s ,  A s  a l l  of t h e s e  i n v e s t i g a t i o n s  had  used  

t r a n s - c o r t i c a l  r e c o r d i n g ,  i t  is of  i n t e r e s l  t h a t  Wu~tz  ( 1 9 6 5 ) ,  

u s i n g  a n  e x t r a - c e r e b r a l  r e f e r e n c e ,  r e p o r t e d  s u r f  ace p o s i t i v i t y  

upon a w a k e n i n g  a n d  d u r i n g  t h e  t r a n s i t i o n  f r o m  slow-wave t o  BEB 

s l e e p .  I t  is t e m p t i n g  t o  p o s t u l a t e  t h a t  the s t e a d y  p o t e n t i a l  

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

n e g a t i v i t y  r e c o r d e d  b e t w e e n  t h e  cor t ica l  s u r f a c e  a n d  a n  

e x t r a - c e r e b r a l  r e f e r e n c e  o r  b e t w e e n  two e x t r a c e r e b r a l  

e l e c t r o d e s .  A c c e p t i n g  t h i s  p o s t u l a t e ,  t h e  S P L  da ta  c a n  t h e n  be 

v i e w e d  a s  g e n e r a l l y  i n d i c a t i n g  IHCBEASED a r o u s a l  o v e r  t h e  

e x p e r i m e n t a l  s e s s i o n ,  T h i s  i s  s o m u h a t  more  i n  a y r e e a e n t  w i t h  



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

a n d  s u b j e c t i v e  r e p o r t s  g a t h e r e d  a t  t h e  e n d  o f  t h e  d a t a  s e s s i o n .  

g d d i t i o n a l l y  i t  h a s  b e e n  d e m o n s t r a t e d  t h a t  t h e  effeot o f  

i n c r e a s i n g  l e v e l s  o f  a r o u s a l  ( u p  t o  a p o i n t )  is  t o  i n c r e a s e  C N V  

a m p l i t u d e  (Tecce 1972) s o  t h e  CNV d a t a  are  e q u a l l y  c o u p a t i b l e  

w i t h  t h i s  i n t e r p r e t a t i o n .  Bowever, t h e  l a c k  o f  SPL c h a n g e  t o  

t h e  "B" o r  M s t r e s s f u l w  c o n d i t i o n  is s t i l l  t r o u b l e s o n e ,  

P e r h a p s  t h e  l a t e n c y  of s i t u a t i o n - i n d u c e d  SPL c h a n g e  is 

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

l a c k  o f  t e m p o r a l  c o n t i g u i t y ,  The A l d a j o l o v a  (1954) d a t a  o n  

infra s l o w  p o t e n t i a l s  i n  r a t s  s u p p o r t s  t h e  i d e a  o f  s u c h  a  l o n g  

l a t e n c y  r e a c t i o n  t o  stress, On t n e  o t h e r  hand ,  p e r h a p s  t h e r e  is 

no  d i r e c t  r e l a t i o n s h i p  b e t u e e n  t r a n s i e n t  a l t e r a t i o n s  i n  a r o u s a l  

a n d  S P L ,  The d a t a  o b t a i n e d  o n  SPL c h a n g e s  d u r i n g  t h e  

s l e e p - w a k e f u l n e s s  cycle reflects p a t e n t i a l  c h a n g e  due  y r i a a r i l y  

t o  e n d o g e n o u s  u e t a b o l i c  p r o c e s s e s  which a re  r e g u l a t e d  b y  a 

p l e t h o r a  o f  i n t e r n a l  mechanisms.  The s n s c e p t i ~ i l i t #  o f  t h e s e  

p r o c e s s z s  t o  t r a n s i e n t  e x t e r n a k  u o d i f i c a t i o n  h a s  n o t  r e a l l y  

b e e n  d e r p o n s t r a t e d ,  It is a p p a r e n t  t h a t  a u c h  f u r t h e r  r e s e a r c h  

n e e d s  t o  be  d o n e  t o  u e t e r m i n e  b o t h  t h e  s p a t i a l  a n d  t a a p o r a l  

p a t t e r n s  o f  SPL c h a n g e  a n d  t h e  r e l a t i o n s h i p s  these c h a n g e s  h a v e  

t o  h e u r i s t i c  p h y s i o l o g i c a l  a n d  p s y c h o l o g i c a l  c o n s t r u c t s  s u ~ h  a s  



a r o u s a l .  

Whatever t h e  u n d e r l y i n g  s i g n i f i c a n c e  o f  t h e  SPL d a t a  t h e r e  

are n o n e t h e l e s s  some m i l d l y  i n t e r e s t i n g  p a t t e r n s  of c o r r e l a t i o n  

b e t w e e n  SPL a n d  t h e  a a p l i t u d e  o f  t h e  e v e n t - r e l a t e d  p o t e n t i a l s ,  

f i g u r e  67 i l l u s t r a t e s  t h e  p a t t e r n  02 c o r r e l a t i o n  o b t a i n e d  

be tween  SPL, CNV, N1, P2 a n d  P 3  f o r  e a c h  o f  t h e  c o n d i t i o n s ,  The 

b a r s  i n d i c a t e  t h e  n u a b e f  o f  Ss s h o w i n g  a  p o s i t l v e  a n d  t h e  

number o f  Ss showing  a  n e g a t i v e  c o r r e l a t i o n  ( t o t a l  = 18) f o r  

a n y  o f  t h e  c o r r e l a t e d  p a i r s  of v a r i a b l e s  i n  e a c h  c o n d i t i o n ,  The 

numbers  a b o v e  a n d  below t h e  bars  are t h e  mean p o s i t i s e  a n d  

n e g a t i v e  c o r r e l a t i o n s .  I t  can be s e e n  t h a t  t h e  f i rs t  j l e g t )  

p a r t  o f  t h e  f i g u r e  s h o w s  a  r e l a t i v e l y  e q u a l  n u a b e r  o i  p o s i t i v e  

and n e g a t i v e  c p r r e l a t i o n s ,  T h i s  p a r t  o f  t h e  g r a p h  d e p i c t s  t h e  

r e l a t i o n s h i p s  b e t w e e n  SPL v a l u e s  a n d  CNV, B 1 ,  P L  a n d  P 3  

a a p l i t u d e s ,  T h i s  l a c k  of c o n s i s t e n c y  i n  t h e  a i r e c t i o n  of  

r e l a t i o n  is p a r a l l e l e d  b y  the g e n e r a l l y  low c o r r e l a t i a n  

c o e f f i c i e n t s .  C o a p a r i s o n  o f  t h i s  f i g u r e  w i t h  t ab l e s  X - V which 

p r e s e n t  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  e a c h  S o v e r  a l l  

c o n d i t i o n s  a n d  w i t h i n  c o n d i t i o n s  d e a o n s t r a t e s  t h a t  t h e  o v e r a l l  

c o r r e l a t i o n s  were e q u a l l y  i n c o n s i s t e n t ,  However, t h e r e  

is a  t r e n d  f o r  t h e  s i g n i f i c a n t  c o r r e l a t i o n s  b e t w e e n  SPL a n d  t h e  

CVV, P2 a n d  P 3  t o  b e  n e g a t i v e  i n  s i g n  v h i c h  is i n  t h e  d i r e c t i o n  
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Number  a f  p o s i t i v e  a n d  n e g a t l v e  c o r r e i a t i o n s  

Lor  e a c h  of t h e  p a i r s  of t r a r i a b l e s .  Mean 

p o s i t i v e  a n d  n e q a t l v e  correlations ark a b o v e  

a n d  b d o v  t h e  bars .  
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h y p o t h e s i z e d ,  A s  t h e  SPL s h i f t e d  p o s i t i v e k y  i t  u a s  e x p e c t e d  t o  

b e  r e l a t e d  t o  b o t h  i n c r e a s e d  CNV a n d  B 1  a a p l i t u d e s  a n d  

d e c r e a s e d  Y 2  a n d  P 3  a a p l i t u d e s ,  A s  c a n  be  s e e n  from t ab le s  1 - 
V there  is some s c a n t  e v i d e n c e  f o r  t h i s  r e l a t i o n s h i g  h o l d i n g  

be tween  SPL a n d  t h e  CNV a n d  t h e  p o s i t l v e  EP componen ts .  However 

t h e  s i g n i f i c a n t  N 1 c o r r e l a t i o n s  a r e  p o s i t i v e  i q d i c a t i n g  

d e c r e a s e d  N 7 a l l t p l i t u d e  w i t h  p o s i t i v e  SPL c h a n g e ,  T h i s  r e v e r s e d  

f i n d i n g  i s  p r o b a b l y  d u e  t o  t h e  effects o f  h a b i t u a t i o n  o n  t h i s  

EP c o m p o n e n t  i n d e p e n d e n t  o f  t h e  SPL, U n f o r t u n a t e l y  t h e  

s i g n i f i c a n t  f i n d i n g s  f o r  P2  a n d  P 3  c o u l d  p o s s i ~ l y  b e  e x p l a i n e d  

s i a i l a r l y ,  T h e r e f o r e  i t  is d i g t i c u l t  t o  cofne t o  a n g  c o u c l u s i o a s  

a b o u t  t h e  r e l a t i o n s h i p  b e t  ween t h e  t o n i c  s t e a d y  p o t e n t i a l  l e v e l  

a n d  t h e  o b s e r v e d  a m p l i t u d e s  o f  the CLV a n d  EP coraponen t s ,  T n e s e  

f i n d i n g s  c a n  b e  i n t e r p r e t e d  i n  o n e  o f  t u o  vays ,  The f irst  is 

t h a t  t h e  SPL d a t a  is s u f k i c i e n t l y  c o n t a m i n a t e d  v i t h  e x t r a n e o u s  

a r t i f a c t  t h a t  t h e  " t r u e N  relationship is o b s c u r e a  i n  d i f f e r e n t  

5s t o  v a r y i n g  d e g r e e s  d ~ p e n d i a g  o n  t h e  a ~ o u n t  o f  c o n t a a i n a t i o n ,  

If t h i s  is true t h e n  f u r t h e r  r e t i n e m e a t  i n  m e t h o d o l o g y  s h o u l d  

be e x p e c t e d  t o  p r o d u c e  more c o a s i s t e n t  r e s u l t s ,  T h e  s e c o n d  

p o s s i b i l i t y  i s  t h a t  t h e r e  real ly  a r e  n o  direct  r e l a t i o n s h i p s  

b e t w e e n  t h e s e  t y p e s  of b r a i n  a c t i v i t y  s o  t h e  xeu s i g n i f i c a n t  

r e s u l t s  a re  s o l e l y  d u e  t o  c h a n c e ,  T h e  o n l y ,  a n d  a d m i t t e d l y  

r a t h e r  i n d i r e c t  e v i d e n c e  t o  a r g u e  a g a i n s t  & h i s  s e c o n d  



p o s s i b i l i t y  is t h e  c o n s i s t e n t  p a t t e r n  p i  r e l a t l o n s h 4 p s  o b s e r v e d  

b e t w e e n  t h e  CNV a n d  t h e  EP c o a g o n e n t s ,  T h i s  g e n e r a l  p a t t e r n  

i n d i c a t e s  a  r e c i p r o c a l  r e l a t i o n s h i p  b e t w e e n  e x p r e s s e d  

p o s i t i v i t y  a n d  e x p r e s s e d  n e g a t i v i t y ,  

T h e s e  f i n d i n g s  are i l l u s t r a t e d  i n  t h e  s e c o n d  h a l f  o g  

f i g u r e  67, T h e  c o n s i s t e n c y  of t h e s e  i n t e r r e l a t i o n s h i p s  is 

a p p a r e n t  i n  t h e  o v e r u h e l a i n g  p e r c e n t a g e  of p o s i t i v e  

c o r r e l a t i o n s  (see a l s o  t ab les  VI - XV), One i a t e r e s t i n j  t r e n d  

a p p a r e n t  i n  t h i s  f i g u r e  i s  t h e  s o ~ a w h a t  d e c r e a s i n g  c o n s i s t e n c y  

o f  t h e  r e l a t i o n s h i p s  b e t w e e n  CBV a e p l i t u d e  a n d  the EP 

c o m p o n e n t s  o v e r  c o n d i t i o n s ,  A s  m e n t i o n e d  p r e v i o u s l y  t h i s  

a p p e a r s  t o  b e  d u e  t o  t h e  e ifect  o f  h a b i t u a t i o n  d i f f e r e n t i a l l y  

a f f e c t i n g  t h e  CNV a n d  EP, N o n e t h e l e s s  f o r  a n y  o n e  c o n d i t i o n  a n d  

o v e r a l l  c o n d i t i o n s  t h e r e  are  v e r y  s i g n i f i c a n t  

i n t e r r e l a t i o n s h i p s  b e t w e e n  t h e s e  e v e n t - r e l a t e d  p o t e n t i a l s -  

L a r g e  a m p l i t u a e  C W s  t e n d  t o  be  a s s o c i a t e d  w i t h  l a r g e  a m p l i t u d e  

N 1  a n d  d e c r e a s e d  P2 a n d  P 3  componen ts ,  C o n v e r s e l y ,  lower 

a m p l i t u d e  CNVs t e n d  t o  b e  a s s o a i a t e a  w i t h  smaller N 3  a n d  l a r g e r  

P2 a n d  P3 a m p l i t u d e s ,  

T h e s e  f i n d i n g s  a re  of i n t e r e s t  s i n c e  p r e v i o u s  s t u d i e s  

i n v e s t i g a t i n g  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  EP t o  S 1  a n d  CNV 



a a p l i t u d e  h a v e  r e p o r t e d  r a t h e r  i n c o n s i s t e n t  r e s u l t s .  S e v e r a l  

i n v e s i t g a  t i o n s  h a v e  r e p o r t e d  weak p o s i t i v e  c o r r e l a t i o n s  (Walter 

1 9 6 4 ~ ;  Wazak a n d  O b r i s t  1969;  #cCa l ium a n d  g a i t e r  1968; Cohen 

1 9 6 9 )  w h e r e a s  o t h e r s  (Cohen a n d  Ualter 1966 ;  H i l l y a r d  1969a)  

h a v e  r e p o r t e d  n o  c o n s i s t e n t  r e l a t i o n s  w h a t e v e r ,  H o u e v e r ,  a s  

most o t  t h e i r  s t u d i e s  e x a m i n e d  *#a veraged*a waveforms ,  the 

d i f f e r e n c e s  i n  r e s u l t s  may be d u e  t o  t h e  method o f  a n a l y s i s .  It 

I is e x p e c t e d  t h a t  s i n g l e - t r i a l  a n a l y s i s  u o u l d  be a  more  

s e n s i t i v e  iraeasnre o f  the p a t t e r n s  of c o v a r i a t i o n ,  

The u n e x p e c t e d  e f fec t s  o f  s t ress  on CNV n i e a s u r e s  o b s e r v e d  

i n  t h i s  r e s e a r c h  (see f i g u r e s  22-41 a n d  62-65; t a b l e s  XVIf a n d  

X X I )  a re  d i f f i c u l t  t o  r e c o n c i l e  w i t n  t h e  r e s u l t s  r e g o r t e c l  by 

K n o t t  a n d  P e t e r s  13974) a n d  Lou a n d  S w i f t  . ( I97 1) o f  decreases 

CNV a m p l i t u d e  w i t h  i n c r e a s e d  s i t u a t i o n a l  stress. P a r t  of t h e  

d i s c r e p a n c y  Bay b e  d u e  t o  a c o n f o u n a i n g  o f  d i s c r i m i n a t i o n  

d i f f i c u l t y  w i t h  t h e  i n d u c e d - s t r e s s  a s  t h e  p a r a d i g m s  u s e d  b y  

t h e s e  i n v e s t i g a t o r s  h a v e  e a p l o p e d  s u c c e s s i v e l y  more d i f f i c u l t  

d i s c r i m i n a t i o n s  w i t h  c o n s e q u e n t l y  more errors, E a c h  error 

p r o d u c e d  some n e g a t i v e  r e i n f o r c e m e n t  which a c t e d  a s  a stsesser. 

T h e  a a o u n t  of  stress was e q u a t e d  w i t h  t h e  number  of errors. 

However, Delse & a, (1972) h a v e  s h o v n  t h a t  i n c r e a s i n g l y  

d i f f i c u l t  a u d i t o r y  d i s c r i m i n a t i o n  w i t h  non-nox ious  f e e d b a c k  



p r o d u c e s  CtiV d e c r e m e n t s  p r o p o r t i o n a l  t o  t h e  t a s k  d i , f f i c u L t y  so 

t h a t  t h e  "stress8# e f f e c t s  a a y  be d u e  p r i a a r i l y  t o  task 

d i f f i c u l t y .  The same o b j e c t i o n  c a n n o t  be r a i s e d  f o s  the P e t e r s  

a n d  K n o t t  (1976) s t u d y  i n  which t h e  sartie d ; i s c r ~ a i n a t i o n  

p a r a d i g m  u a s  e n p l o y e d  w i t h  a n d  w i t h o u t  n e g a t i v e  feedback, 

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

r e p o r t ,  P e t e r s  a n d  K n o t t  f o u n d  d e c r e a s e d  CWV a a p l i  tude  w i t h  

n o x i o u s  o r  stressfa1 f e e d b a c k .  T h e  n o x i o u s n e s s  of t h e  n e g a t i v e  

r e i n f o r c e r s  u s e d  i n  t h e  s t u d i e s  was p r o b a b l y  c o m p a r a b l e  a s  t h e  

i n t e n s i t y  of the  d i f f e r e n t  s o u n d s  was e q u a l  (95 d b ) ,  

A d d i t i o n a l l y  o n e  i n v e s t i g a t o r  was e x p o s e d  t o  b o t h  s i t u a t i o n s  

a n d  f o u n a  them e q u a l l y  o b n o x i o u s  ( P e t e r s ,  p e r s a n a l  

c o m m u n i c a t ~ o n s  3 976). Therefore t h e  p r o b a ~ ~ l i t y  of t h e  

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

stress seems somewhat  r e a o t e ,  An a l t e r n a t i v e  e x p l a s l a t i o n  h a s  t o  

d o  w i t h  t h e  d i f f e r e n t  t a s k  r e q u i r e m e n t s ,  I n  t h e  P e t e r s  a n d  

K n o t t  s t u d y  t h e  3 was r e q u i r e d  t o  make a  d ~ s c r i m i n a t i o n  a t  S 1  

a s  t o  w h e t h e r  or n o t  a  r e s p o n s e  s h o u l d  be n a d e  t o  Sa,  Ln t h i s  

t a s k  a l l  t h e  i n f o r m a t i o n  n e c e s s a r y  f o r  t h e  d i s c r i m i a a t j . o n  is  i o  

S1, The  IS1 would  p r o b a b l y  b e  u s e d  by t h e  2 t o  decide w h e t h e r  

o r  n o t  t o  r e s p o n d .  The  r e d u c e d  CMY w i t h  s k r e s s f  u l  feedback i n  

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

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



m i n i m i z e  e r r o r s ,  I n  c o n t r a s t ,  t h e  d i s c r i a i q a t i o n  task  i n  t h i s  

s t u d y  r e q u i r e d  t h e  2 t o  c o m p a r e  t h e  i n t e n s i t y  o f  $he t o n e  p i p s  

p r e s e n t e d  a s  S 1  a n d  52, T h e r e f o r e  t h e  i n f o r m a t i o n  r e q u i r e d  t o  

s u c c e s s f u l l y  make t h i s  d i s c r i m i n a t i o n  Mas e q u a l l y  i a  the two 

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

c o u l d  n o t  be made u n t i l  t h e  p r e s e n t a t i o n  o f  52 s o  t h a t  o v e r  t h e  

IS1 t h e  S u a s  t t terely r e q u i r e d  t o  8 1 r e ~ e a b e r 1 a  t h e  i n t e n s i t y  o f  

: S1, I n  t h i s  p a r a d i g a  t h e  i n c r e a s e d  CNV is  p r o b a b l y  d u e  t o  

i n c r e a s e d  a t t e n t i o n a l  o r  m o t i v a t i o n a l  f a c t o r s  a s  b o t h  h a v e  b e e n  

shown t o  p r o d w e  i n c r e a s e s  r n  a a p l i t u d e  ( T e c c e  1 9 7 2 ) -  Whether  

o r  n o t  t h i s  is i d e n t i c a l  t o  a wstressw e f f e c t  r e m a i n s  t o  be 

s e e n ,  The  l a c k  o f  a n  i n d e p e n d e n t  measure  o f  a u t o n o m i c  

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

A n o t h e r  d i s c r e p a n c y  b e t w e e n  t h e s ~  r e s u l t s  a u d  what  was 

e x p e c t e d  is t h e  l a c k  o f  s i g n i f i c a n t  i n t e r a c t i o n  b e t v e e n  s e x  a n d  

*sstress,tt Knot f  a n d  P e t e r s  (1 974) had d e m o n s t r a t e d  a s t r o n g  

i n t e r a c t i o n  s u c h  t h a t  t h e  CNV i n  feaaies  was g r e a t l y  a t t e n u a t e d  

w h e r e a s  t h e  CNVs  i n  iuales s h o v e d  n o  stress t f f e c t  a t  a l l .  

However t h e  P e t e r s  a n d  K n o t t  (1976)  s t u d y  f o u n d  n o  s i g n i f i c a n t  

i n t e r a c t i o n  b e t w e e n  s e x  a n d  stress, The r e s u l t s  of t h $ s  p r e s e n t  

r e s e a r c h  a r e  i n  a g r e e m e n t  w i t h  t h e  l a t e r  s t u d y ,  F o r  b o t h  

g r o u p s  t h e  CNY showed i n c r e a s e d  a ~ p l i t u d e  d u r i n g  t h e  "3" v 

o r  a l l e g e d l y  s t r e s s f u l  c o n d i t i o n  a l t h o u g h  t h e r e  u a s  a 



d e f i n i t e  t r e n d  f o r  t h e  e f f e c t  t o  be more p r o n o u n c e d  i n  females 

(see t a b l e  X X I  a n d  f i g u r e s  62-65), 

D e s p i t e  t h e  l a c k  o f  i n t e r a c t i o n  b e t w e e n  s e x  a n d  t h e  

c o n d i t i o n s ,  t h e r e  were pronounced  sex d i f f e r e n c e s  o b s e r v e d  f o r  

a l m o s t  a l l  o f  t h e  CNV a n d  EP B e a s u r e s  (see t a b l e  X I Y  a n d  

f i g u r e s  46-65), I n  g e n e r a l  t h e  a m p l i t u d e s  of both  t h e  EV 

I c o m p o n e n t s  a n d  t h e  CNV were l a r g e r  t o r  females t h a n  f o r  males ,  

A d d i t i o n a l l y  t h e  f e m a l e s  nad  l a r g e r  l a t e n c i e s  f o r  t h e  EP 

components .  T h i s  f i n d i n g  i s  p a r t i c u l a r l y  e v i d e n t  f o r  P3, Sex 

d i f f e r e n c e s  i n  CNVs a n d  EYs h a v e  n o t  o f t e n  b e e n  r e p o r t e d ,  

HoveYer, a series o f  r e c e n t  s t u d i e s  by Nakaraura 22 a. (1975,  

1976 11, 111) h a v e  r e p o r t e d  t h a t  CNY a t a p l i t u d e  f o r  k e t s a l e s  was 

c o n s i s t e n t l y  l a r g e r  t h a n  f o r  males, T h e  EP i i t e r a t u x e  is 

somewhat i n c o n s i s t e n t ,  I n  g e n e r a l  i t  a p p e a r s  t h a t  r e p o r t e d  seq 

d i f f e r e n c e s  i n  b o t h  a a p l i t u d e  a n d  l a t e n c y  are  s a a l l l  if p r e s e n t  

( S h a g a s s  1 9 7 2 ) -  i i a l e s  h a v e  o c c a s i o n a l l y  b e e n  r e p o r t e d  t o  h a v e  

l o w e r  a m p l i t u d e s  f o r  p a r t i c u l a r  c o m p o n e n t s  ( S h a g a s s  1972;  

S t r a u m a n i s  a&. 1965;  Buchsbaum e t  a&, l 9 7 4 ) ,  However t h e  

l a t e n c y  of a n y  c o m p o n e n t  h a s  n o t  c o n s i s t e n t l y  b e e n  shown to  be 

d i f f e r e n t  f o r  males t h a n  f o r  females. S i n c e  s e x  d i f f e r e n c e s  i n  

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

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



p h y s i c a l  d i f f e r e n c e s  t o  o b s e r v e d  a m p l i t u d e  d i f i e r e n a e s ,  Q u o t i n g  

froln Buchsbaum et af, (1974):  

A n a t o m i c a l  d i f f e r e n c e s  i n  t h e  s k u l l s  of  & e n  a n d  women 

d o  n o t  a p p e a r  t o  e x p l a i n  t h e  o b s e r v e a  s e p  d i f f e r e n c e s  

i n  A E R  ( a u a i t o r y  evoked  r e s p o n s e ) ,  A l t h o u g h  t h k c k e r  

c r a n i a l  b o n e  cr  s o f t  t i s s u e s  a i g h t  b e  e x p e c t e d  t o  

a t t e n u a t e  t h e  A E B  a a p l i t u u e  i n  a d u l t  &ales, n o  

c o r r e l a t i o n  b e t w e e n  t h i c k n e s s  a n d  AEB a a p l i t u d e  was 

o b s e r v e d ,  S L m i l a r l y ,  Dustman a n d  Beck (1965) f o u n d  no  

c o r r e l a t i o n  b e t v e e n  a n t h r o p o m e t r $ c  s k u i l  a e a s u r e a e n t s  

a n d  A E R  c h a r a c t e r i s t i c s ,  L a r g e r  b r a i n  w e i g h t  a i g h t  

a l s o  be  a s s o c i a t e d  with l a r g e r  A E R  a ~ p l i t u d e ;  

a o v e v e r ,  women t e n d  t o  h a v e  smaller  b r a i n  & e i g h t  t h a n  

men, yet e x h i b i t  i a r g e r  AER a a p l i t g d e ,  

T h e  s e x  d i f f e r e n c e s  r e p o r t e d  i n  t h i s  s t u d y  are e v e n  more 

d i f f i c u l t  t o  e x p l a i n  o n  t h e  b a s i s  o f  d i f f e r e n t i a l  p h y s i c a l  

b r a i n ,  s k u l l  a n d  t i s s u e  p a r a ~ e t e r s  a s  t h e r e  are  a o r e  p s o n o u n c e d  

CIY a n d  N1 s e x  d i f f e r e n c e s  a t  fz t h a n  a t  e i t h e r  Pz o r  Cz, O n  

t h e  o t h e r  h a n d  t h e  p o s i t i v e  E P  c o m p o n e n t s  s h o v e d  magLmal s e x  

d i f f e r e n c e s  a t  Pz, A l t h o u g h  t h i s  i n t e r a c t i o n  b e t w e e n  e l e c t r o d e  

a n d  s e x  was  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  e x a m i n a t i o n  o$  



f i g u r e s  47-57 i l l u s t r a t e  t h e  t r e n d s ,  

F i g u r e s  55-57 i l l u s t r a t e  t h e  s p a t i a l - t e i n p o r a l  g a t t e r n  o f  

t h e  C N V s  o b t a i n e d  i n  t h i s  s t u d y  f o r  males, iemales a n d  a l l  2s. 

It c a n  be  seen t h a t  t h e  e a r l y  ooolponent  o f  t h e  CNV .(Ell) is  

ntaximal a t  Fz, T h e  m i d d l e  a n d  l a t e  c o a t p o n e n t s  ( t l2 a n d  M 3 )  a re  

maximal  a t  t h e  r re r t ex .  f o r  males ( f i g u r e  55) t h e  a c ; i t i v i t y  a t  

Fz s h o w s  g r e a t e s t  n e g a t i v i t y  i n  t h e  e a r l y  p a r t  o t  the  CNV a n d  

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

f e l a a l e  Fz d a t a  ( f i g u r e  56) show a  s u s t a i n e d  s l i g h t l y  i n c r e a s i n g  

n e g a t i v e  s h i f t  t h r o u g h o u t  t h e  i n t e r v a l ,  Cz a n d  Pz b o t h  show 

s i a i l a r  w a v e f o r a s  a l t h o u g h  b o t h  a r e  c o n s i s t e n t l y  l a r g e r  f o r  M 2  

a n d  n3 i n  t e n a l e s  t h a n  i n  males, 

The t o p o g r a p h i c a l  d a t a  i n d i c a t e  s e v e r a l  i n t e r e s t i n g  

p o i n t s ,  T h e  t i rst  is  t h a t  o v e r a l l  Ss t h e  C I V  a ~ p l i t u d e  

d i s t r i b u t i o n  was s h i f t e d  f r o n t a l l y .  I n  @ a l e s  p e a k  a a p l i t n d e  was 

a t  Pz a n d  for  f e m a l e s  fz a m p l i t u d e  was only s l i g h t l y  l e s s  

n e g a t i v e  t h a n  a t  Cz, Simi la r  f i n d i n g s  ofr f r o n t a l l y  d i s t r i b u t e d  
, 
? 

C H Y s  h a v e  b s e n  r e p a r t e d  b y  J a r v i l e h t o  a n d  f r u h s t o r f e r  (1970) i n  

a n  a u d i t o r y  d i s c r i m i n a t i o n  t a s k ,  T h i s  f i n d i n g  i s  i n  c o n t r a s t  t o  

t h e  u s u a l  CHV t o p o g r a p h y  v h i c h  h a s  been r e p o r t e d  a s  c e n t r a l l y  

d o m i n a n t  (Cohen 1974; T e c c e  197L; H e i n b e r g  a n d  P a p a k o s t o p o a l o s  



1975) -  The Meinberg  a n d  P a p a k p s t o p u l o s  p a p e r  o b s e r v e d  t h a t  n o t  

o n l y  are C I V s  s m a l l e r  a t  f r o n t a l  s i tes  t h a n  c e n t r a l  b u t  t h e y  

a re  a l so  o f  d i f f e r e n t  s h a p e ,  dhese r e s u l t s  s u p p o r t  t h e  

o b s e r v a t i o n  o f  s h a p e  d i f f e r e n c e s  a t  Y z  b u t ,  s i n c e  t h e s e  f r o n t a l  

waveforms  are a p p a r e n t l y  s e x  and t a s k  d s p e a d e n t  i t  is a s  r a s h  t o  

s p e a k  o f  $be fr~ntal CMV a s  o f  && C h V  i n  g e n e r a l ,  

1 The t o p o g r a p h i c a l  d i s t r i b u t i o n  of t h e  e a r l y  a n d  l a t e  CNV 

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

o f  a n o n - u n i t a r y  CNV ( L o v e l e s s  a n d  S a n f o r d  1973,  193U, 1 9 7 5 ) -  

The e a r l y  c o m p o n e n t  was f r o n t a l l y  d o m i n a n t  a n d  i s  p ~ e s u a e d  t o  

r e f l e c t  s t i a u l r a s  o r i e n t a t i o n ,  The la ter  c o a p o n e n t s  were 

c e n t r a l l y  d o m i n a n t  a n d  a r e  p resumed  t o  reflect p r e p a r a t i o n  t o  

r e s p o n d .  

T h e  o b s e r v e d  s e x  d i f f e r e n c e s  a t  t h e  f r o n t a l  e l e c t r o d e  c a n  

p e r h a p s  b e  i n t e r p r e t e d  a s  a  r e f l e c t i o n  o f  s e x - z e l a t e d  s t i m u l u s  

o r i e n t a t i o n  p r o c e s s e s ,  The s e g  dif f e r e n c e s  i n  CNV a ~ p l i t u d e  

were most p r o n o u n c e d  f r o n t a l l y ,  The a n p l i t u d e  o f  t h e  M I  

c o m p o n e n t  o f  the  EP which h a s  b e e n  re la ted t o  s e l e c t i v e  

a t t e n t i o n  ( T u e t i n g  1 9 7 5 )  a l s o  showed t h e  L a r g e s t  s e y  

d i f f e r e n c e s  a t  Pz ,  A d d i t i o n a l l y  a s h o s t e r  l a t e n c y  P 3  H a s  

o b s e r v e d  a t  P z  f o r  f e m a l e s ,  f o r  m a l e s  P3  l a t e n c y  s h o v e d  n o  



s p a t i a l  d i f f e r e n c e s ,  T h i s  s h o r t e r  l a t e n c y  f r o n t a l  P3 fa)  bas 

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

( T u e t i n g  1976) -  Taken  t o g e t h e r  t h e s e  z i n d i n g s  seem t o  i n d i c a t e  

t h a t  o r i e n t a t i o n  f o r  t h e  feaales  was more i n t e n s e  a n d / o r  

p r o l o n g e d  t h a n  I n  t h e  males, The r e s u l t s  o f  t h e  a n a l y s e s  f o r  

t h e  e f f e c t  o f  t o n e  i n t e n s i t y  d o  n o t  p r o v i d e  nuch  suapcsxt  f o r  

t h i s  n o t i o n  a l t h o u g h  no s i n g l e - t r i a l  a n a l y s e s  of Pz were 

' u n d e r t a k e n ,  The o n l y  c o n s i s t e n t  e f f e c t s  o b s e r v e d  were c h a n g e s  

i n  8 1  a m p l i t u d e  d i r ec t ly  r e l a t e d  t o  t o n e  i n t e n s i t y ,  

I n  c o n c l u s i o n  i t  seems that this t h e s i s  Bas r a i s e d  B o r e  

q u e s t i o n s  and p o s s i b l e  c o n t r o v e r s y  t h a n  i t  h a s  settfed. 

L o o k i n g  t o  t h e  f u t u r e  i t  seems c l e a r  t h a t  t h e  v a l i d i t y  a n d  

physiological/psycho1ogica1 s i g n i f i c a n c e  of  SPL d a t a  r e c o r d e d  

froiu t h e  s c a l p  n e e d s  t o  be e s t a b l i s h e d  b y  e i t h e r  s i n u l t a n e o u s  

r e c o r d i n g  f r o a  t h e  c o r t e x  a n d  s c a l p  o r  by o ~ s e r v a t i p n  o r  

e x t r e m e l y  c o n s i s t e n t  c h a n g e s  i n  S P L  due  t o  c h a n g e s  i n ,  f o r  

e x a m p l e ,  t h e  s l e e p - w a k e f u l n e s s  c y c l e ,  The r e l a t e d  q u e s t i o n  o f  a 

p r o p e r  r e f e r e n c e  f o r  S P L  r e c o r d i n g  n e e d s  t o  be c o n s i d e r e d  

c a r e f u l l y ,  A d d i t i o n a l l y  t h e  t o p o g r a p h g  o f  SPL L i u c t u a t i o a s  

s h o u l d  be e x a m i n e d  s i n c e  t h e  e w i d e n c e  f o r  t o p o g r a p h i c a 4  CNV 

d i f f e r e n c e s  a i g h t  be related t o  l oca i  SPL c h a n g e .  $The 

r e l a t i o n s h i p  between SPL a n d  t h e  CNV c a n  p e r h a p s  be more  
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m e a n i n g f u l l y  e s a m i n e d  i f  CNV t r i a l s  a r e  p r e s e n t e d  d u r i n g  

v a r i o u s  i n d u c e d  o r  s p o n t a n e o u s  S P L  i l u c t u a t i o n s  ra ther  t h a n  

n o d i f y i n g  t h e  CNV t o  d e t e r n i n e  if SPL c h a n g e s  were the 
b 

u n d e r l y i n g  a e c h a n i s m  f o r  t h e  m o a i f i c a t i o n .  A s t u d y  i n  which  CYV 

t r i a l s  a r e  p r e s e n t e a  c o n t i n g e n t  o n  n e g a t i v e  or  p o s i t i v e  p re -S l  

SPL c h a n g e  a i g h t  b e  o t  i n t e r e s t .  A l t e r n a t i v e l y ,  a  s t u d y  s imilar  

t o  t h e  Salamy e t  a1  (1975) s t u d y  o f  t h e  CblV d u r i n g  s l e e p  b u t  

1 u s i n g  DC r e c o r d i n g  a i g h t  b e  s u c c e s s i u l ,  

T h e  r e l a t i o n s h i p  b e t w e e n  t h e  a m p l i t u d e  ok t h e  EP 

c o m p o n e n t s  t o  S1 a n d  t h e  CHV a l s o  n e e d s  t o  be  e x a m i n e d  

c a r e f u l l y .  T n e  r e s u l t s  f r ca  t h i s  r e s e a r c h  a e m o n s t r a t e  a  

s i g n i f i c a n t  r e c i p r o c a l  r e l a t i o n s h i p  b e t u e e q  p o s i t i v i t y  a n a  

n e g a t i ~ i t y  i n  s i n g l e  t r i a l  E B P s ,  The r e l a h i o n s h i p  o f  t h e s e  

f i n d i n g s  t o  s o u s  s o r t  o f  8 8 c e i l $ n g @ ~  e f f e c t  n e e a s  t o  be 

i n v e s t i g a t e d ,  

T h e  r e l a t i o n s h i p  b e t w e e n  s i t u a t i o n a l  stress a n d  t h e  CNV 

o b v i o u s l y  n e e d s  r e a p p r a i s a l ,  O f  p r i m a r y  i m p o r t a n c e  i s  t h e  

a d o p t i o n  o f  some s t a n d a r d i z e d  d e f i n i t i o n  a n a  p a r a d i g m s  fo r  

e l i c i t i n g  stress t h a t  a re  a s  f r ee  of c o n f o u n d i a g  i n g l u e n c e s  a s  

p o s s i b l e ,  A d d i t i o n a l l y  a n  i n d e p e n d e n t  a u t p n o a i c  m e a s u r e  o f  t h e  

effects o f  *@stressw s h o u l d  be  o b t a i n e d  I n  a l l  s i t u a t i o n s  t o  



e n s u r e  t h a t  t h e  s x p e r i m e n t a l  o p e r a t i o n s  wera i n a e e d  s t r e s s f u l ,  

T h e  o b s e r v e a  s e x  d i f f e r e n c e s  are a n o t h e r  d e m o n s t r a t i o n  

t h a t  maies a n a  ieaales s h o u l d  n o t  D e  i n d i s c r i ~ i n a n t A y  c o m b i n d d  

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

r e l a t i o n s h i p  b e t w e e n  s e x  a n d  the  s p e c i f i c  t a s k  r e q u i r e m e n t s  o n  

e v e n t - r e l a t e d  b r a i n  a c t i v i t y  n e e d s  t o  be u n d e r t a k e n ,  

T h e  t o p o g r a p h i c a l  d a t a  is h o p e % u l l y  o n e  more n a i f  i n  t h e  

c o f f i n  o f  &he CNV a s  t h i s  r e s e a r c h  h a s  a g a i n  shown & h e  s c a l p  

d i s t r i b u t i o n  t o  be  i n f l u e n c e d  b y  b o t h  s e x  a n d  t h e  t a s k  

r e q u i r e m e n t s .  Buch f u r t h e r  r e s e a r c h  n e e d s  t o  be done t o  

d e l i n e a t e  tne i n t r i c a t e  r e i a t l o n s h i p s  b e t w e e n  t h e s e  a n d  o t h e r  

f a c t o r s  known t o  i n f l u e n c e  CNY a m p l i t u d e  a n d / o r  waveform.  



A p p e n a i x  A 

s p z c i f  i c a t i o n  and s e q u e n c i n g  
o t  T o n a l  S t i m u l i  



t one  0 30 d b ,  
t one  1 88 db.  
t o n e  2 8 0  d b ,  
t one  3 75 db, 
t one  4 b 8  db.  
tone  5 54  db.  
t one  6 4 8  d b ,  

Souna  19val was measured b y  a General  3 a d i o  ( T y p z  1551- C )  
S o u n d - L e v e l  Meter p o s i t i o n e a  i n  p l a c e  o f  thz s u b j e c t s s  
h e a d .  Background no i se  l e v e l  was a p p r o x i m a t e l y  4 4  db, 



S e q u e n c e  of T o n e  P r e s e n t a t i o n  



TABLE A (cont.) 

A l t h o u g h  t o n s s  were of i d e n t i c a l  i n t e r s i t y  5 h a d  t o  r e s p o n d  a s  
t h o u g h  they were d i t f e r e n t  to be I*correcta8. 



T a ~ l e s  of Means a n d  S t a n a a r d  
D e v i a t i o n s  f o r  I n d i v i d u 3 1  2s 



T a b l a  B 1  

Mean R e a c t i o n  T i m e  i n  Hssc f o r  
I n d i v i d u a l  Ss i n  Each  C o n d i t i o n  

S Cond. B 1 C0nd.d Cond.A2 



Table  B2 

Plean CNV Ampl i tude  (Cz) -143 I n  M i c r o v o l t s  
f o r  I n d i v i d u a l  S s  i n  E a c h  C o n d i t i o n  

2 Cond. A 1  Cond. d C o n a ,  A2 



T a b l e  B 3  

Mean CNV I n t e g r a l  ( C z )  -H4 f o r  
I n d i v i d u a l  Ss i n  E a c h  Condition 

Cond.Al Cond. B Cond.A2 



T a b l e  B 4  

Mean N 1  A m p l i t u d e  (Cz) i n  M i c r o v o l t s  
f o r  I n d i v i d u a l  2 s  i n  E a c h  C o n d i t i o n  



Table B5 

Mean P2 A m p l i t u d e  (Cz) i n  W i c r o v o l t s  
f o r  I n d i v i d u a l  3s i n  E a c h  C o n d i t i o n  

f Cond . A 1 C0nd.d Cond.A2 



Mean P 3  A m p l i t u d e  (Cz)  i n  f i i c r o v o l t s  
f o r  I n d i v i d u a l  2 s  i n  Each C o n d i t i o n  

Cond.Al  Cond. 6 Cond. A 2  



T a b l e  B 7  

Msan S P L  i n  M i c r o v o l t s  f o r  
I n d i v i d u a l  Ss in Each C o n d i t i o n  

Cond.Al Cond. B Cond. A2 



Table B 8  

Mean GSPl L e v e l  i n  Microvol t s  f o r  
I n d i v i d u a l  Ss i n  E a c h  C o n d i t i o n  

S Cond. A 1 
- 

Cond. 3 



T a b l e  B9 

Piean GSP2 bevel i n  M i c r o v o l t s  f o r  
I n d i v i d u a l  Ss i n  E a c h  C o n d i t i o n  

S Cond .  A 1 Cond.2 Conu.A2 



A p p e n d i x  C 

Means O v e r a l l  Single T r i a l  
Data b y  C o n d i t i o n  and by T o n e  



C. 1 
Neans by Condition O v e r a l l  sing12 T r i a l  D a t a  

C o n d .  R T P13 b4 N1 AMP P 2  A M P  P3 AfiP 

-------------------------------------------------------------------- 
T o t a l  661 .2  -16 .3  -177.0 -22 .2  14.4 13.3 

264 .7  14 .0  146 .6  12.4 12.4 11.3 



C *  2 
?leans b y  C o n d i t i o n  f o r  a l l  Females ( s i n g l e - t r i a l  Data)  

Cond. RT ~3 Pf4 N 1  AMP P L  AfiP P 3  A&P 

T o t a l  687.6 -17.3 -180.7 -22-3 15-0 15.6 
267.8 15.0 153.5 12.7 12.5 11.7 



C. 3 
Means by C o r i d i t i o n  f o r  a l l  H a l e s  { S i n g l e - t r i a l  Data) 

Cond.  R T M3 M 4  N 1  AMP P 2  ABP P3 AElP 



C. 4 
Means by T o n e s  U v e r a l l  S i n g l s - T r i a l  Data 

Tone HT H3 H 4 N l  AHP I?;! A M P  P 3  A M P  

----------------------------------------------------------------- 
Total 651.1 -16.3 -177.1 -22.4 14.4 13.2 

264.7 14.0 146.7 12.5 12.4 11.4 
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d l t h i n - 2  Analysis of Varlance a n d  D u n c a n  M u l t i p l e  
Bang& T e s t  Summary T a b l e s  f o r  5 i n g l . 2  T r ~ a i  Data, 



Ouewal A u a l ~ s i s  of V a r i a n c e  F o r  Condition; F o r  DC1 

-- 
s o u r c e  D, F,  S u ~ n  o$ Pledn P Hatio F P r o b  

Squares S q u a r e s  

B e t w ~ e n  G r o u p s  2 1 ~ 0 6 3 5 ~ .  0 603 175,O 13,  77 000 
W i t h i n  G r o u p s  133 5822832.0 43780-7 
Total 1 3 5  7029 184.0 

E e a n  A 1  = 6 6 3 . 3  S i g n i r i c a n t  {p<. 05) A Posteriori 
Msan i3 = 551 .5  Car, t r a s t s :  Homogenous  S u b s e t s  u s i n g  
rlsan A L  = 4 3 5 - 5  Duncan  hange T e s t .  
Redn O v e r h l i  = 550.9 S u b s e t  1: A1 

S u b s e t  2: J3 
S u b s e t  3: A2 

CNV Amp(Cz) - M3 
s o u r c e  u , F ,  Sum of Plea n F h a t i o  P P r o b  

S q u a r e s  Sq u i i r  es  

Betweer~ G r o u p s  2 3385.3  l b Y ~ , 7  1 l . t r 5  - 0 0 0  
W i t h i n  G r o u p s  1 3 3  1t39Ytr.7 1uL.b 
T o t a l  135 22384.0 

Mean A1 = -10 .8  S i g n i f i c a n t  ( 9 < , 0 5 )  A P o s t e r i o r i  
R e a n  d = - 1 9 . 9  C o n t r a s t s :  H o m o c j z ~ ~ o u s  S u b s e t s  u = i n g  
? i t a n  A2 = - L ~ , L  Duochn a a n j z  l e s t ,  
n s a n  O v z r a l i  = -17 .5  Suuset  I :  U; A 2  

S u b s e t  2: A1 

ae tween  G r o u p s  2 lY4419.U ~ 7 ~ 0 1 3 . 3  5 , 7 1  . UO4 
w i t h i n  G r o u p s  1 3 3  ~ ~ b 3 0 6 4 , U  17315 .5  
T o t a l  1 3 5  L4574d3 ,  U 

d e a n  A1 = - 1 6 7 , b  s l g n i i l c a n t  (p< .d5)  A Posttrlori 
h e d n  b = -232.8 C o n t r a s t s :  H O U O J ~ I L O U S  S u b s e t s  u s l c  J 

3eac A2 = -255 .7  Duncan  h d n y e  f 3st. 
n e a n  O v e r a l i  = -L18,O S u u s z t  I: d; ad 

Suosk t  2: A 1  



N1 A m p  ( C z )  

---------- 
s o u r c e  T;. P. 

a s t w e e n  G r o u p s  2 
H l t h i n  G r o u p s  133 
T o t a l  1 3 5  

d e a n  A 1  = -16 .6  
d e a n  = -25.0 
Mean A2 = -23.0 
Plean O v z r a l ~  = -22.2 

B e t w e e n  G r o u p s  2 
W i t h i n  G r o u p s  1 3 3  
T o t a l  135 

Mean A1 = 27.8 
claan 3 = ~ 2 . 0  
d e a n  s.2 = 1 8 . 2  
d e a n  O v e r a l l  = 22.7 

P 3  A m p  ( C L )  
--------- 
S o u r c e  D.P. 

B e t w e e n  G r o u p s  2 
Within G r o u p s  1 3 3  
T o t a l  1 3 5  

Mean A1 = 16.2  
Mean 3 = 7.7 
Nean A2 = 5 , s  
3 e a n  O v e r a l i  = 9.9 

Sun  o f  pi e a 11 F d a t i o  F P r o b  
S g u a r e s  S q u a r e s  

Sum of i9za n F n a t i o  F  pro^ 

5 q u d f  2s S q u a r e s  

~ 1 8 r r . l  1 0 ~ 4 .  I 7 - 1 9  ,001 
20243.9  152 .2  
2 L 4 3 L . O  

S i g r , l f  i c d n t  (p<.Ob) A Posteriori 
C o n t r a s t s ;  Homogenous  Suusets u s i n q  
UUnCdn R d l l J 3  ' Z L ? S ~ ,  

S u b a z t  1: A1 
S u b s z t  L: 8 ;  BL 

3uru of Piean 3 a a t i o  E P r o u  
S q u a r e s  Squarss 

2953.4 1476.7 1 3 . 0 6  ,000 
14924.3  113.1 
1 7 8 7 7 - d  

S i g n i i t l ' l c a n t  ( p < . 0 5 ~  k P o s t e r i o r i  
C o u t r a s r s :  H o m o g e ~ o u s  S u b s e t s  u s l u  J 

Duncan  Hange T?st. 
S u b s z t  7: A1 
S u ~ s e t  2: B ;  A2 



Oneway A n a l y s i s  of Variance For  C o n d i t i o n s  For DC3 

-- 
source D o  F. 

d e t w e e n  G r o u p s  2 
within G r o u p s  92  
T o t a l  9 4  

mean A1 = 787.3  
n e d n  B = 519.3  
Mean A L  = 595.4 
Hean Overall = 669.7 

between G r o u p s  2 
W i t h i n  G r o u p s  92 
lotal 94 

Bean  A 1  = -9.3 
Mean 3 = - 1 1 . 6  
Mean A L  = -10 .3  
Mean O v z r a l l  = -10.4 

CNV I h T  ( C z )  - H4 

Bstween G r o u p s  L 
W l t h i n  t i r o u p s  9 2 
Totai 34 

E e a n  A 1  = -&0.0 
g e a n  B = -84 .78  
Mean AL = -54 .4  
Nean O v e r a i l  = -75.1 

Sun of  ifi a a n E b a t i o  F P r o a  
S q u a r e s  S q u a r e s  

Suat of il e a r, P i i a t i o  P P r o u  
Squares S q u a r e s  

Sum o f  Maan P n a t i o  F  pro^ 

S q u a r e s  L jqudres  



---------- 
sou rce  D.E. 

B e t w e t ? n  G r o u p s  2 
W i t h i n  G ~ o u p s  dY 
T o t a l  3 1 

Fiean  d l  = - 10.0 
Yehn 2 = -8.7 
Mean a2 = - 6 . 3  
mean U v t r a i ~  = -8.3 

i --------- s o u r c e  D, F .  

B e t u e 3 n  G r o u p s  2 
W i t h i n  Groups 89 
T o t a l  9 1 

Mean A 1  = 10.b 
Mean L3 = 1D.b 
Piean A 2  = 9.2 
Hean O v e r a l l  = 10,u 

---------- 
S o u r c e  D, F. 

i 3 e t w e e n  Groups 2 
Within Groups 82 
T o t a l  8 4  

Mean A1 = 8.5 
aedn B = 0 - 8  
B e a n  a 2  = 10.1 
dean O v e r a l l  = 9.2 

Sum o f  ilea 11 E h a t i o  
Squares S q u a r e s  

47, b L 3 . 8  -64) 
3 0 5 7 , ~  34.4 
31U4.7 

Sum o f  heau E ~ a t i o  
S q u a r e s  S q u d r e s  

44.4 22.2 . 5 B  
3514.3 39.5 
3558.9 

Suut or' i lea rl r i i a t i o  
sq uar a s  S q u a r e s  

P P r o b  

, 5 0 8  

f Prob 

,577 

P Prob 

- 5 8 3  



Onsway A n a l y s i s  of V a r i a n c e  F o r  C o n d r t i o n s  For D C 4  

-- 
s o u r c e  lj - P I .  Sum of ~'i  e d 11 F i sa t io  F P r o u  

d q u d r e s  Squares 

B e t i d e e n  G r o u p s  2 49b854,U ;4943~,0 6 , 4 d  -003 
N r t h i n  G r o u p s  9 9  38574 7 ~ . 0  38904.4 
Total 1 U  1 435b33be 0 

Mean A 1  = 7 8 1 - 7  S i g n i r i c a n t  {p<.  U5) A P o s t e r i o r i  ' i42an 3 = 6 3 8 - 5  Con t~asts: h o m o g e n o u s  S u b s e t s  u s i n q  
Yean AL = 7@5.5 Duncan isange Pest. 
Y e a n  d v e r a l i  = 731.2 S u u s e t :  n 

S u b s z t  2: B 

--------------- 
S o u r c e  D.F. Sum o t  M2an F H a t i o  F P r o ~  

5 q u a r e s  S q u a r  e s  

B e t w e e n  G r o u p s  L 72.5 36.3 2 1 .a15 
W i t h i n  G r o u p s  9 9  17448.8 17b.a 
T o t a l  101 1 7 5 7 1  - 3  

H2an A 1  = -1b.2 
f i e a n  B = -17.6 
Mean A2 = -15. b 
Mean O v z r a l l  = -15.5 

CNV INT (Cz) - Pl4 
-------------- 
S o u r c e  D. F. S u n  o$ Bean E i s a t l o  F d r o t  

s q u a r e s  S y  uares  





Uneway a n a l y s i s  o f  V a r i a n c e  Fox C o n d i t i o u s  For D C 5  

-- 
S o u r c e  L*F .  SUAR o g  ~ e a r i  P d a t i o  P P r o u  

S q u a r a s  Squares  

~ e t w e e n  G r o u p s  2 455920.0 ~ L 7 . 9 6 0 - u  4.52 - 0 1 3  
W i c h i n  G r o u p s  93 Y b 8 8 I d 6 ,  0 50410 .0  
T o t a l  95 51440Ud. U 

Ssan A ?  = 7 9 2 . 3  S l g n l ~ i c a n t  fp< .  05 )  A P o s t e r i o r i  
M&dn 3 = 6 6 3 . 5  C o n t r a s t s :  H o m o g e n o u s  S u b s & t s  u s i n q  
fiean A2 = 632.7 D u n c a n  H a n g e  Zest. 
f i e a n  O v e r a l l  = 69b.5 S u b s e t  1: 3 ;  A2 

Suosc t  2: A 1  

CNV AmpiLz)  - h 3  

0. F. Surn o f  fiean Y ~ a t i o  F P r o u  
Squares S q u a r e s  

B e t w e e n  G r o u p s  L 455.1 ~ 2 7 - 5  7.03 . 35b  
W i t h i n  G r o u p s  9 3 LO?b7,5 d l b - 9  
T o t a l  Y 5 20622.0 

fiean A1 = -20 .5  
tizan 3 = - 2 3 . 7  
Meali A L  = -25 .6  1 h e a n  Overa l l  = - 2 3 . 3  

--------------- 
S o u r c e  D . f .  Sure 05 Mean E A a t i o  E P r o u  

S q u a r e s  S q u a r e s  

Betwzsn G r o u p s  2 ~ 3 3 8 5 , U  13692.5  - 4 0  , 4 7 4  
W i t h i n  G r o u p s  9 3  ~ 6 9 1 7 0 6 . 0  L894301 
T o t a l  Y 5 27 15i)91. 0 

dean A I  = - ~ b 0 , 4  
nzan u = -270.8 
plean AL = -297.8 
dean O v e r a i i  = -L76.1 



Uetween t i r c ~ a p s  L 
W i t h i n  $LOU,+  33 
T o t a l  95 

Piean A 1  = -2t3.7 
Mean d = - ~ 5 . 9  
Naan A 2  = -28.4  

) iqzan O v e r a ~ l  = -27.6 

sou rce  L). F. 

Betweer Groups L 
w i t h i n  Groups '33 
T a t a i  35 

Bzan 8 1  = 18-8 
fiean d = 1 0 - 8  
Mean A2 = 1 4 . 5  
M2an Overa l l  = 14.7 

---------- 
Source UrPo 

B e t w z e n  Groups 2 
W i t h i n  Groups 65 
T o t a l  67 

Hean A 1  = - 0 9  
Plean b = - 0 2  
Mean A t  = 3 . b  
H+an O v e r a l l  =,3 

S U M  o f  
Squares 

154.  A 
113dL.3 
1153b.5 

Sum of 
S y u a r G s  

1033.8 
10839-5  
1 1 d 7 9 , 3  

Sura oE 
Squares  

273.0 
5388-7 
> b b ? - 8  

aean r a a t l o  F Prob 
S q u a r e s  

h a a u  i- B a t i o  E Pro0 
squa res  

19 a a il r d a t i o  P Prob 
S q u a r e s  



onaway A n d l y s l s  of V a r l i i n c e  ?or C o n d i t i o r i s  Fos DCS 

2.E- Sum dfr d e a n  Y 2atio F P r o P  
Squares S q u a r e s  

Between G r o u p s  2 ~ 5 6 8 1 6 . 0  12d40b.O 1.9L . I 4 9  
~ l t h i n G r o u p s  1 2 4  3313376.0  b 7 0 4 3 - 3  
T o t a i  1 Lb 8570 192.0 

Mean A 1  = 570.4  
W e a n B  = 6 0 9 , 7  
Rean A 2  = 504.3 
Mean O v e r a l l  = 561.0  

CNV h ~ p ( C z )  - K3 
--------------- 
source D.F. Sum o f  i squares  

- Betweer. t i r o u p s  L 5 3 3 - b  
" h i t h i n  G r o u p s  1 2 4  10864.4 

T o t a l  12b 11378,L 
Mean A 1  = - 0 . 3  
M2an d = -11 .3  

k hean k L  = -9.2 
Bean O v d r a l i  = -9.2 

---------------- 
S o u r c e  D. F .  Sum of 

S q u a r e s  

B e t w e e n  G r o u p s  L IjBUb. U 
W l t h i n  G r o u p s  124  1 2 6 1  l Q 4 . 0  
T o t a l  120  I e 7 5 0 4 0 .  u 

Mean A1 = -104 .2  
d e a n  d = -365 .1  
Bean  A L  = -12U.b 
Piean O v e r a l l  = -122 .6  

ned ri i? n a t l o  E  pro^ 

S q u a r e s  

hearl  E natio F p r o u  
S q u a r e s  



N1 Amp (Cz)  
---------- 
s o u r c e  0. F, 

B e t d d s n  G r o u p s  2 
W i t n i n  G r o u p s  1 ~ 4  
T o t a l  1  L b  

d z a n  A1 = -20-9 
Moan b = - 2 b - 3  
d e a n  k L  = -20.4 
Mean O v e r a l l  = -24.4 

P L  B r n p ( C ~ )  
---------- 
s o u r c e  i). F.  

Betwesn G r a u p s  2 
W i t h i n G r o u p s  1 2 4  
T o t a l  1 2 6  

Mean A 1  = 1 . 3  
d a a n  d = 1.7 
Mean A L  = 2 - 6  
d e a n  O v e r a l l  = 2 . 0  

P 3  A m p  (Cz) 

Betwzen G r o u p s  2 
W i t h i n  G r o u p s  1 0 0  
T o t a l  1 0 1  

IJlean A1 = 8.9 
Mean B = 6-41 
Msan A 2  = 6.7 
h e a n  Overal  i = 7.3 

Suin o f  dean  P ~ a t i o  P P r o b  
S q u a r e s  S q u a r e s  

1103.0 5 5 1 . 5  7.68 , 0 0 1  
8 9 0 5 . 1  7 1 . 8  

1 0 0 0 d * 1  
S l g n i t ~ c a n t  f p < .  0 5 )  A P o s t e r i o r i  
C o n t r a s t s :  h o m o g e n o u s  S u b s e t s  u s i n g  
D u n c a n  H a n g s  'fest. 

S u b s s t  1: A1; fi 

S u b s e t  L:  A2 

Sum of  ti e d il k h a t i o  F  pro^ 

S q u a r e s  S q u a r  2s 

Sum o f  i t s a n  2 x a t i o  P P r o b  
S q u a r e s  S q u a r e s  



O n s w a y  Andlysls o f  V a r l 3 n c e  !?or C o r t d i t l o n a  Eor DC7 

D o k .  SUUI o f  dzail P h a t i o  P P r o b  
S q u a r e s  S q u a r e s  

B e t v e e u  G r o u p s  2 LY5368 .0  147Yd4.u  1 . 9 3  , 1 4 7  

1, 
w i t h i n  G r o u p s  129  9 8 9 3 4 3 8 . 0  7 6 b 3 3 , 1  
T o t a i  131 1 Olo937o.c)  

[lean A 1  = 5 8 1 . 1  
Mzan 8 = 524.7  
d e a n  A 2  = 640.7 
Sean O v z r a l i  = 582.2 

CNV Amp(Cz) - M3 
---------------- 
S o u r c e  D.E. Sum o r  Aedri k uatio P P r o u  

Sq u a  r 2s Squares 

B e t v e e u  G r o u p s  2 ~ 3 . d  11 .9  1 .d70 
j k i l t h i n  G r o u p s  1 2 9  113.21.1 87 - 6  
1 
1 T o t a l  131 11345,O 
I Mean A 1  = - 1 3 . b  

Mzan d = - 1 ~ ~ 6  
fi2an A L  = - 1 3 . 3  
dsan O v 2 r a l l  = - 1 3 . 2  

CNV I N T l C z )  - M4 
---------------- 
S o u r c e  L). F +  S u n  o f  ~ i & a n  E n a t i o  E P r o ~  

S q u a r e s  Squdr es  

B e t w 2 e n  G r o u p s  2 137d.O 963.0 . I 2  - 8 8 2  
W i t h i n  G r o u p s  1L9 lObLOB5.0 d 2 3 3 . 1  
T o t a l  331 3O04Uu3. 3 

Htan A 1  = -149.3  
Mzan I3 = -140.2 
Msan A i  = - 1 4 2 , 6  
i 5 san  O v z r a i l  = - 1 4 4 -  0 



lil Amp(Cz)  
---------- 
s o u r c e  D.F. 

Bstween Groups 2 
W l t h i n  Groups 125 
T o t a l  1 2 7  

Mean A 1  = -17.b 
Piean 3 = -18.6 
Bean A L  = -17.6 
Nean O v e r a l l  = -17.9 

---------- 
source D. E'. 

Between Groups 2 
Within Groups 120 
T o t a i  122 

Mean A 1  = 14,s 
Bean B = 13.4 
?lean A2 = 14.1 
flean O v z r a l l  = 14.0  

Suln of; 
Squares  

Suu o f  
Squares  

i.1 e a n F h a t i o  F Y r o ~  
Squares  

P 3  A m p  (Cz )  

Sourca ij. F. Sum of lrrean F n a t i o  F Prob 
Squarzs  Syua r s s  

d e t v z e n  Groups 2 5 - 1  3 .  u 5 . 3Us  
W l t h i n  Groups 118 7835.4 bb. 4 
T o t a l  1 L O  7841 - 4  

Hean A 1  = 13.8 
n e a n  B = 13.9 
H e a n  B L  = 3 3 . 3  
tidan O v e r a l l  = 1 3 - 7  



RT 
-- 
s o u r c e  

Between G r o u p s  2 
W i t h i n  G r o u p s  1 0 8  
T o t a l  1 10 

Msan A1 = 5d4.b  
Mean B = 6 2 9 . 2  
Mean A2 = 555.8  
X2an D v s r a i l  = 625.4 

CNV Amp (Cz) - PI3 

Between G r o d p s  2 
W i t h i n  G r o u p s  108 
T o t a l  1 19 

Cl$an A 1  = -1b.0 
?lean B = -14 .5  
Xsan  A2 = -10 .8  
h2an O v z r d l l  = -13.6 

CNV I N ! P ( C Z )  - n4 

---------------- 
S o u r c e  D. P. 

bet wee^ G r o u p s  L 
W i t h i n  G r o u p s  10d 
T o t d l  110 

stan ~ l  = -199 .1  
Rean d = -180 .0  
R+an A2 = - 3 2 4 . 6  
i3ean O v e r a i i  = -1b5. b 

Sum of  
Squares  

S U M  of  
S q u a r e s  

Sum o f  
L q u a r e s  

E Prou 

,410 

kcan 
S q u a r e s  

f Prob 

. 377 

r' Y r o u  

.OO7 

S i j n l ~ x a n t  (pC.02) A P o s t e r i o r i  
C o n t r a s t s :  H o m o y e ~ ~ o u s  S u b s t  ts u s l n j  
Duncan  K a n Y e  Zsst. 

S u b s a  1: $1 ;  3 
Subsit L :  AL 



N 1  A m p  ( Z z )  
---------- 
s o u r c e  LI. F. Sum of  

Squares  

Bztde5n Groups L 395.3 
W i t h i n  Groups 108 16U8b.d 
T o t a l  1 70 17261 - 4  

Mean ~1 = - 3 0 . 2  
rear, B = -25.0 
Mean A L  = -26.8 
Mean O v e r d l i  = -27.4 

P L  Amp ( C z )  
---------- 
S o u r c e  L. F, SUB of 

S q u a r e s  

B z t w s 2 n  Groups 2 80.7 
W i t h i n  Groups 106 12~11.7 
T o t a l  110 12296.4 

E a a n  A 1  = 1U.1 
Mean il = 8.0 
Mean A L  = 10.7 
aear* O v e r a l l  = 9-13 

zlt3 a fi k' n a t i o  k' Prou  
s q u a r e s  

19 t: a n P d a t i o  f 2rob 
S q u a r e s  

--------- 
S o u r c e  u~E'. Sun of dzan  k datio F P ~ O U  

5 q u a r z s  S q u a r a s  

a e t v e s n  Groups L 55.4 27.7 .34 ,719 
W i t h i n i r o u p s  45 7799.1 82-1 
T o t a l  47 7654.5 

Mea; A 1  = 13.1 
Mzan d = 9.2 
B s a n  W L  = 1 0 , 3  
Mdan Overall = 10.2 



O n e d a g  Bna~ysis of V d r i a n c e  F o r  C a u d i t i o n s  F o r  3 C 9  

---------------- 
S o u r c e  Ij, F. Sum 02; hzari F L i d t i o  F P r o u  

S q u a r s s  Squares  

dttween G r o u p s  2 ~ 0 5 . 9  102,Y . b t )  . 413  
W i t n i n  Grod2s 103 1 ~ 0 7 d ,  1 1 1 0 ~ 3  
T o t a l  1 1 1  1 ~ d 8 4 . 0  

Bean  A ?  = - 1 1 . 4  
Mean i3 = - 13.0 
Piean A2 = - 1 4 . 5  
h 5 a n  3 v e r a l i  = - 1 3 . 3  

--------------- 
S o u r c e  D,E, SUM o f  ~ ~ a n  f datio E P r o u  

S q u a r e s  Squa r  ts 

B s t w e s 1 ~  G r a u p s  2 3yYLb. 0 IY363.d  1 - 2 3   YO 
W i t h i n  G r o u p s  1dY 37b7133.U 1 b 2 1 2 . 3  
Total 1 1 1  ldU7055 ,c )  

d z a n  A 7  = - 1 2 2 . 3  
Mldn  d = - 1 5 6 . 4  
Mean k L  = - 1 6 4 - 9  
Mean d v d r a l l  = -148.9 



B e t w l e n  G r o u p s  2 9.7 
w i t h i n  G r o u p s  38 5bYY.u 
T o t a l  1 d d 5708.7 

Mea;i A 1  = -14.3 
Mean b = - 14-4 
fiean A2 = - l5.U 
Mean O v e r a l i  = -14.0 

d e t w e e n  Groups 2 1175.9 
W i t h i n  Groups 4 6  61~7.0 
T o t a l  98 6502-3 

Mzan A 1  = 1 3 - 7  
I lreari B = 11.3 

r i edn  A2 = 9.1 
fiean O v e r a l l  = 31.3 

---------- 
Source  D-E. Sum of 

squares  

B e t r e q n  Groups 2 L2,i.u 
W i t h i n  Groups dO 4727-8 
T o t a l  b~ 4349.6 

dean A 1  = 14.1 
? I s a n d  =10,7 
Piean A 2  = 10.d 
Mean O v a r a l l  = 1,i.O 

Mean E a a t i o  F Prod 
Sq ilar es 

d e a n  Y d a t i o  F Pro0 
Squares  



O n s w a y  ~ n a i y s l s  o f  V a r i a n c e  F o r  C o n d i t i o n s  F o r  DCll 

LI.E . Sufi, o f  h e a n  2 iiatio F P r o b  
S q u a r e s  S q u a r e s  

B e t w e e n  Groups 2 243424. O 1~171~.0 1-64 . 160 
Y i t n i n  G r o u p s  135 a9Oad00. U 65991. 1 
T o t a l  137 Y 152224.0 

Maan A 1  = 710.7 
H e a n  d = b06,8 
Mzan BL = 650.4 
Mean G v e r d l i  = b52.5 

---------------- 
S o u r c e  D. E'. Sum of  ~ ' l e a n  Y a a t i o  E P r o b  

Squares S y u a r s s  

B e t w s e n  Groups 2 1319,3 753.0 5.d1 .Ut)8 
W i t h i n  G r o u p s  135  ~U470.6 151.6 
T o t a l  137 21389.6 

?laan A 1  = -15.4 
Mean B = - 19.4 
Mdan A2 = -11.5 
K e a n  O v e r a i i  = -15.6 

S e t w t 5 n  G r o u p s  2 164311,~ 82153.5 5 - 3 8  .OOb 
W i t h i n  G r o u p s  135 L G 5 3 d b L .  0 15L5d.2 
Total 137 ~ ~ 2 4 1 7 3 .  U 

Bean A 1  = -175.4 S i j i i l f l c d l l t  (1)<.02) A P o s t e r l o r 1  
f iean 3 = -L27.b Contrasts: h o u o g e n o u s  S u a s z t s  u s l n g  
t i e a n  X L  = -146.4 Dutcari d a n y z  P a s t .  
fidan O v e r a l l  = -184.4 S u b s e t  1: b 

Suoset L: Al; A L  



_--------- 
s o u r c e  ii. Y. Suso o f  M2a n F h a t i o  F P r o u  

S q u a r e s  S q u a r e s  

betwzen G r o u p s  L 7 d 5 .  r 3 9  7.1, ~ . b 8  .07U 
K i t h i n  G r o u p s  1 3 4  1 9 d 8 3 . r  1 4 8 . 4  
T o t a l  136 L O b t f l . 8  

Mzar  A 1  = -27.0 
Mean 3 = - 3 0 . 0  
Mean A2 = -24.3 

, h z a n  O v e r a l l  = -27.2 

B e t w e e n  G r o u p s  i 3.  3 ~ - 0  - 0 2  , 9 7 1  
Within G r o u p s  1 2 5  1401L. 3 112.1 
T o t a l  127 1401b.G 

Mean XI = 1 5 . 2  
Mean tj = 14.9 
Bean A2 = 15.3 
d e a n  O v e r a l l  = 1 5 - 1  

S o u r c e  D.F. SUL~I of  ~ 2 ~ 1 1  E i , a t i o  E P r o u  
S q u a r s s  S q u a r e s  

B e t u e s n  G r o u p s  2 
W i t h i n  G r o u p s  1 1 2  
T o t a l  1 1 4  

f iean  A 1  = 20.5 
P,N,ean d = 13.5 
3 2 a n  A L  = 19.3  
Xean O v e r a l l  = 17.3 

1 ILu, b 5 6 u - 3  4.55 . u l l  
1344~.U 1 2 0 . 5  
1 1 r b l ~ , 7  

S i g n ~ r l ~ a n t  ( p < .  05) A P o s t a r i o r l  
C o n t r  a s t s r  Homogenous  SUDS€ ts u s i f i g  
Duncan i3dnij2 T a s t .  

S u b s e t  1: t, 

S u b s e t  L:  X I ;  A L  



D. F. Sum o$ Aedn Y aatio E P r o b  
S q u a r e s  S q u d r z s  

between G ~ o u p s  2 176b4.0 d d 3 2 ,  u - 1 4  ,870 
W i t h i n  G r o u p s  67 4358560-0  6 5 0 5 3 - 1  

I T o t a l  bY 4376224, U 
Mean A 1  = b24.6 
Mzari d = SdM.1 
Maan A 2  = 565.4 
Eean O v s r d l l  = 6 0 8 - 0  

---------------- 
S o u r  c z  G . f .  Suia of  h e  a LI E h a t i o  F P r o b  

Sqilarzs S q u a r e s  

Be tween  G r o u p s  2 3 6 0 . 3  Id3-L L,bl , 0 7 3  
W i t h i n  G r o u p s  b 7  4590-0 70.1 
T a t a l  b 3 506L.9 

d s a n  A1 = - 1 0 , d  
Mzan B = -8.3 
dzsm a 2  = -4.5 
aean O v z r a l l  = -8.0 

CNV I N T  (Lz)  - M 4  

a t t w e z r  G r o u p s  L 
Within G r o u p s  b7 
T o t a l  0 9 

~$edIl A1 = -80.3 
3 5 d n  3 = - 7 5 - 6  
B?an A L  = -46.7 
Piean O v 2 r a i i  = -bY.1 

i ' l ~ d ~ i  I n a t i o  f P r o u  
Sq u d r  es 



i3etwe-n G r o u p s  L 5.25.3 
W i t n i n  Groups 4 5  5763.7 
?atdl b 7  731 1.0 

d e a : ~  H I  -18.7 
Mean B = -L5,2 
?lean A2 = -21.1 
Pied11 Overall = -21.5 

---------- 
S o u r c t  0 ,  E. Sum 01 

Squarzs 

B e t w e e n  G r o u p s  2 14Y.d 
W i t h i n  Groups 0 5  7~271.3 
Total 6 7  12420,tr 

Plzan A ?  = 14.2 
d e a n d  = 13.3 
3ean a2 = 13.3 
Mean O v e r a l l  = 13.6 

n e a n  Y d a t i o  F P r o b  
S q u a r d s  

B e t v a a n  G r o u p s  2 YOL.  o 231.3 L. 1U  .Id9 
w i t h i n  Groups b 4  7065.6 110.4 
Total 66 7 5 ~ 8 . 3  

dean A 1  = 24.6 
fidan S = 141.5 
3san A 2  = 1 9 . 3  
B e a n  O v t ? r a l i  = 21.6 



Oneuay a n a i y s l s  o i  V a r i c l n c e  k'or C o n a i t l o n s  F o r  1x13 
--------------------------------------------------- 

-- 
S o u r c e  D, F. Sum o f  rl e ci u P h a t i o  k P r o b  

s g u a r e s  S y d a r a s  

B e t w e e n  G r o u p s  L 4 0 b 1 1 ~ ,  U ~ 0 3 C 3 0 , 0  3 . 1 4  ,045 
h i t h i n  Groups  1 3 b  6 3  3jOQd.  0 o 4 5 d 7 , G  
X o t a l  1 4 0  ~ 3 1 9 1 ~ c ) , 0  

Mea~ ~1 = 7b3 .b  S i y r ~ i f l c d n t  (?<. 3 5 )  A 2 o s t e r ~ o ~ l  
& e a n  D = 672.3 C o n t r a s t s :  r iomogti ,ous S u b s e t s  u s l c g  
f z e a n  A L  = 673.4 Duncan  d a n j z  Test, 
Bean  Jvzrall = 7 1 ~ . 0  S u b s i . t  1: A 1  

S u b s z t  L: B; AL 

CNV AmplCz) - ~ 2 3  
--------------- 
S o u r c e  D.L, s u u  o i  t2tZd 11 .F n d t i o  F P r o 0  

S q u a r e s  S q u a r ~ s  

B e t w e s n  G r o u p s  2 i 3U1 .3  1 1 5 0 - b  0 - 4 8  ,002 
W i t h i n  G r o u p s  1 3 8  ~ 4 4 9 6 . b  1 7 7 . 5  
T o t s i  1 4 0  Lb79Y.Y 

k z a n  A1 = -1L ,1  
Eean 6 = -37 .1  
E t a n  A L  = -7.1 
Bean  O v e r a l l  = - 1 ~ . 0  

C N V  IN,i?(Cz) - 114 

B e t w e e n  G r u u p s  2 
W i t h i n  G r o u p s  13d  
T o t a l  140 

C e d n  A 1  = - 2 1 0 - 7  
E s a n  d = - L L ~ .  1  
R e d n  A L  = -9b .d  
8 e a n  O v e r d l i  = -178.8 

Sum o f  d e d n  E h d t l o  P P ~ O D  
Squdr2.5 S j u a r  2s 

436~87, U L ~ Y  1 4 3 . 2  1 3 - 7 5  001) 
250bdb8,U 181LL.2 
L9rYl55 .O 

S i g n l x l c a n t  (p<. 0 5 )  A Posteriori 
C o n t r a s t s :  noruogenous  S u ~ s d t s  u s i k g  
b d n c a n  aange T s s t ,  

S u b s e t  1: A1; fi 

S u b s e t  L: A 2  



---------- 
source D O E .  Sum o f  

Squares 

B e t w e e n  G r o u p s  L 58.0 
W i t h i n  Groups 132 23853.1 
T o t a l  134 23911.7 

Mean A 1  = - L2 ,9  
Saan  d = -24.4 
Mean A2 = -23.4 
Mean Overall = - 2 ~ ~ 5  

---------- 
S o u r c e  D. F ,  5ulu of  

squares 

Betweea Groups 2  LO^. 1 
Within Groups 1.28 ~2892.4 
T o t a l  130 i309d.b 

fiean A 1  = 14.0 
dean  d = 1 b.d 
xtari  a2 = 1b.5 
M2an O v s r a l i  = 15.7 

rlea ~i F R a t i o  F P r o b  
Sq uar es 

Ciea n i-' B a t i o  F Y r o b  
S q u a r e s  

P 3  Amp ( C L )  
---------- 

' S o u r c e  L.F. Sum o r  ri = a n P ~ a t i o  E Y r o u  
b q u d r e s  Squares 

Betwe2n G r o u p s  2 77.3 33-6 .28  ,Ti32 
Within Groups 106  1506 1. tr 139. > 
T o t a l  3 10 1513Y,O 

Mzan a 1  = 13.1 
Mean 3 = 1L.L 
h = a n  B i  = 14.3 

P 
Mean O v 2 r a i l  = 13.2 



3, F .  Sua or'  tan P k a t i o  F P r o u  
S q u a r e s  Squares 

---------------- 
S o u r c e  D . r .  s u m  o f  dedri  2 d a t i o  F P r o u  

S q u a r e s  S q u a r e s  

d e t w t e ~  Groups 2 7 5 b 3 , 3  3 7 8 1 . 7  2 3 - 5 4  ,000 
Y i t h i n  G r o u p s  1 1 4  1btrbl .7  146.  I  
T o t a l  110  2 4 ~ 4 3 ~ 0  

8 s a n  A I  = - 1 Y - 3  5 ~ y r l i f l c a n r ;  ( p < , O 5 )  k P o s t e r - i o r i  
Msan B = -35.6 C o i ~ t r a s t s :  Hoiaogerious Subst= ts us i i 'q  
Mzan A L  = -37, Y Duncan  h d n j e  T e s t .  
&ean  O v z r a i i  = - 3 1 . 3  sutszt I :  a 1  

S u b s e t  2: B ;  A2 

CaV I N T  ( C z )  - Pi4 

---------------- 
S o u r c e  D,F. SULU 3t ~rie a 11 r ~ t a t i o  E P r o ~  

S q u a r e s  S q u a r e s  

B e t w e e n  G r o u p s  2 555137.U ,277538.5 14.9U ,OdU 
Within Groups 1 1 4  L 1 ~ 4 b d 4 . 0  18637.6  
T o t d l  I  l b  Lb79aC31,0 

Mean A 1  = - 2 0 6 . 5  S r j n i f l c a n t  ( p r - 0 5 )  A p o s t e r i o r i  
d a d n  B = -330 .9  Contrdsts: H o & o ~ e r o u s  Subssts uslnj 
M2an A L  = -374.9 o u n c a u  Hang2  T 2 s t .  
aean O v e r a ~ i  = - 3 0 6 . 2  b u b s t t  1: A1 

S u b s e t  2: b; A 2  



N 1  wmp ( C z )  

---------- 
Soul -ce  ij, F- Sum c f  Yiia~l F d a t i o  P P r o ~  

132t 
w i t  
T o t  

nezn  G r o u p s  2 143. b 71 .8  . Y  5 .391  
h i n  G r a u p s  114  d594 .5  75.4 
a 1  1 1 6  8 7 5 8 - 1  

Rzan A1 = - 1 1 . 6  
dean  d = -14.4 
H e a n  AL = -13 .4  
Mean O v e r a l l  = - 1 3 . 3  

---------- 
S o u r c e  13.2. Sum o t  r lean r d a t i o  F P r o u  

S q u d r e s  S q u a l ' e s  

l3et&e?sn G r a a p s  2 o b o ,  3 3 3 3 . 5  4 . 0 4  , O l d  
W i t n i u  G r o u p s  1 1  1  79bL.7 71.9 
T o t a l  113 8b43,6 

ilean A1 = 11.3 S i y r i i t l c a n t  5 )  A P o s t a r i o r l  
; l ean  tr = o, 1  C o n t r a s t s :  H o m c g e n o u s  S u b s e t s  u s l n  J 

?laan A2 = b, 1  Duncan  Rdnge T t s t .  
Hean o v a r a l l  = 7.7 S u b s e t  1: A 1  

b u m e t  2 :  d ;  A L  

---------- 
s o u r c e  D. F, 

d e t r z e n  G r o u p s  2 
W i t h i h  G r o u p s  b8 
T o t a l  4 0  

S e d n  A ?  = 10.b  
E e a n  d = 3 . 8  
k z a n  A2 = 1.8 
Rean O v e r a l l  = 5.b 

Sulu o f  i i i e ~ r i  E n a t i o  k P r o u  
S juares SYudr1s 

l ~ ~ b . 7  5 1 3 . 3  4 - 6 9  - 0 ~ 0  
466L.c) 53.0 
5 b b 8 . 7  

~ ~ q n i r i c d n t  (pC.05) A P v s t z r i o r i  
C o n t r d s t s :  h o n o j e n o a s  S u b s e t s  using 

d u n c a n  n a n j e  T e s t .  
S u r a s e t  1: 8 1  
S u b s e t  2: u ;  A2 



O n s d a i  B n a i g s l s  of V a r i a n c e  F o r  C o n d i t i o h s  P o r  DC15 

-- 
S o u r c e  u. k'. Suin of r; a a n k h a t i o  E P r o u  

S q u a r e s  S q u a r e s  

8;twzen G r o u p s  L 1 1 7 ~ u 4 8 .  O 5 a o ~ ~ 4 . u  3-35 . D O U  
W l t h l n  G r D u p s  135 3~54304.0 bd550.4 
T o t a l  137 104~0752.0 

a e a n  A 3  = 7 5 5 - 3  S i g o l f  1 r ; a n t  ( p < -  i)5) A P ~ ~ t ~ r i ~ i i  
Yean d = 535.6 C o n t r a s t s :  H d m o y a n o u s  Subsets u s i n  J 

Msdn A 2  = 554.3 D u n c a n  b a n q s  Yest.  
8 s a ~  O v s r a i i  = 612.9 S u b s e t  I: A 1  

SuWaet L: k5; A L  

d e t w e e n  G r o u p s  2 67.1 43.6 . I 5  .dS8 
W i t h i n  G r o u p s  ld5 3 ~ 1 U d . L  2b9.J 
Total 137 39195.4 

Mean A 1  = -14.7 
Yean d =-1b.4 
Mean A2 = - 16.4 
Mean O v z r a l i  = -15.4 

CNV INT (Cz) - Pi4 
---------------- 
Source u.P. Sum of  i~eaii i n a t i o  k' P r o b  

Squares S q u a r e s  

B e t w e s n  G r o u p s  2 4 .24~4-U  L1L12,O . 7 4 -463 
W i t h i n  G c o u p s  1 3 5  3870403. 0 286b9.0 
T o t a l  137 3912827-0 

H e a n  A 1  = -134.1 
Mean i3 = -177.8 
Mzan A 4  = -157.1 
Msan O v e r a i i  = -157.2 



---------- 
source b,F. Sum of h e a n  F i i a t i o  F Prou 

S q u a r e s  S q u a r e s  

Betwe2n Groups L 731.3 365.7 L,U1 ,135 
Withln Groups 133 24183.0 ltil.8 
Totdl 135 24915,l 

!qean A 1  = -L8.Y 
B t a n  0 = -34.0 
PTaan A L  = -29.4 
Mean Overall = - 3 0 . d  

I 

---------- 
Source T;. F. Sclni ot h e a n  E i ~ a t i o  F Prob 

Sy uares  s q  uar zs 

Between Groups 2 3 5 2 . ~  176.1 1-14 -323 
W i t u i n  Groups 132 20339.2 1>4,1 
T o t a l  1 3 4  ~Cbgl.3 

h e a n  A 1  = 11.4 
iJIsan i3 = 9.2 
Mean A L  = 7.4 
i9ean O V S Z ~ ~ ~  = 3 - 3  

P 3  Ainp ( C z )  
---------- 

I Source D. F ,  Sum ot dean  F a a t i o  r Prob 
S y u a r ~ s  S q u a r - c s  

B2twaen Croups L u0u.Y 4ci3.4 2 4  ,042 
Within  Groups 106 13453.4 124.6 
T o t a l  110 luL56.3 

Kdari A 1  = 1 1 . 4  
Elzan 3 = 33 .2  
N e a n  A2 = ll.U 
A s a n  d v e r a i i  = 13.9 



oneway ~ n a l y s i s  of Variance For Condi t ions  For ~ C 1 6  
_____-_-----_-------------------------------------- 

L.P. Sum of Pi e a n F ~ a t i o  F P r o ~  
Squares Squaras  

B e t w e s ~  Groups L 305088.0 152544.0 2-05 -1.31 
w l t h i n t i r o u p s  117 6714144. ti 74479.8 
T o t a i  119 '3019L3~. ti 

Mzan A 1  = 702.9 
Haan B = bO4.O 
h e d n  A L  = 5 6 9 - 7  
dean O v s r a l l  = b 3 3 . 4  

CNV AmplCzf - ~3 
--------------- 
Source D. F. Sum of ~ l e a  n r d d t i o  F Prob 

Squares s q u a r e s  

Between Groups L 653.4 326.7 1.S4 .L17 
With inGroups  117 24796-4 211.3 
T o t a l  119 L5449.b 

E e a u  A 1  = - 2 2 - L  
ddan 3 = -27.1 
3ean A L  = -27.2 
fiean Ovzrdll = -25.4 

Between Groups 2 
W i t h i n  Gfoups 117 
T o t a l  119 

H6an A 1  = - ~ 1 4 , 2  
Mean d = -245.2 
dean A L  = -~33.8 
nGan Overa l l  = -231.1 

Sum of  riean F d a t i o  F Pro0 
Squares  S g u a r e s  



Betwesn  Grcups i 
~ i t h i n  Groups 113 
~ o t a l  115 

Mean A 1  = -19.3 
Mean ~ = - L 3 . 4  
dean A L  = -~1,4 

i 
Mean O v z r a l l  = -24.8 

P2 Amp(Cz) 
---------- 
sou rce  Ij. P .  

Between Groups 2 
W i t n i n  Groups 1 1 1  
T o t a l  116 

Mean A 1  = 14.9 
a e a n  B = 17.1 
Mean A L  = 15.2 
Hean O v e r a l i  = 15.7 

Between Groups 2 
Within G r o u p s  97 
T o t a l  3 9  

h e a n  A 1  = 16.1 
Mean d = 15.7 
Mean A2 = 13.2 
Bean O v a r d l  = 15.8 

1310.6 b53.3 4 - 3 6  ,015 
16974.5 15r). 2 
1dLtl5.1 

S 3 . y n l r l c a u t  i p < .  0 5 )  A Yosteriorl 
C o n t r a s t s :  Homogsnous S u b s e t s  u s i n q  
Duncan  t t a n y e  Test, 
Subset 1: A 1  
Suusst L :  d; A L  

sum o f  ttdan r ~ i a t i o  E' Yrob 
S q u a r e s  Squares  

Sum of rlean k' k a t i o  F P r o u  
S q u a r a s  3quar 2s 

395 .  b 197. d . 1 ,118 
8b73.8 91,s 
YL67.4 



Table  D.13 

Oneway A n a i y s i s  o f  Varidnce F o r  C o n d i t l o q s  Fox DC18 
__--_---------------------------------------------- 

B l '  

-- 
s o u r c e  

B e t w e e n  G r o u p s  2 
W i t h i n  G r o u 2 s  1L9 

i Total 131 
H<an A 1  = 1UOU.O 
i'ieari B = 787.5 
Mean A 2  = 007.5 
d e a n  O v e r a l l  = 792.9 

CNV Amp i C z f  - M3 

B s t w e e n  G r o u p s  2 
Within G r o u p s  129 
T o t a l  131 

Eaan A1 = -16.0 
itiean B = - 2 2 . 6  
Bearl A L  = - 1 b . 9  
Mean D v e r a l ~  = -19.0 

Suin o f  d e a n  F i d a t i o  P Prob 
S q u a r e s  S q u a r e s  

3337530, O 17b87t18.0 . t 7 -70  ,000 
4 7 8 3 3 1 ~ , 0  37079-3 
djL0848, O 

S l g n i t ~ c a n t  < 5 )  A P o s t e r i o r i  
Con t rds t s :  Honiogenous S u b s ~ t s  u s l n q  
Duncan d a n y l  Zest. 

S u b s z t  1 :  A 1  
S u b s e t  2:. k3 
S u b s l t  3: A2 

Sum of fiean k i f a t i o  F P r o n  
j q u a x e s  S q u a r s s  

8 3 3 - 8  416.9 1.76 . 175 
3 0 b ~ ~ . C l  237.4 
31453.6 

CNY I N T ( C z )  - &4 

B e t w e e n  G r o u p s  2 148805. u 7440L. 5 2 - 4 8  .ijt)b 
k i t h i n  G r o u p s  129 3 8 7 d  17s. u 30001, Y 

T o t a l  131 40189dU. 0 
aean A1 = - 169.2 
Piean B = -2uU.O 
Bean A2 = - 157.7 
s t a n  O v 2 r a l i  = - 193 .2  



as twesn  G r o u p s  2 
W i t h i n  G r o u p s  1 1 7  
T o t a i  119  

?idan A 1  = - L U . ~  
Bean  B = - 2 2 . 0  
d e a n  A2 = - 1 8 - 6  
E e a n  O v 2 r a l l  = -21.8 

Betwesc G r o u p s  2 
N i t h i n  G r o u p s  1 l b  
T o t a l  1 1 8  

Mean A1 = 1 0 - 9  
a a a n  D = l b . 5  
l l ean  A 2  = 17.1 
Pisan Ovzrali = 16.9 

B d t w l e n  G r o u p s  L 
Within G r o u p s  1 0 3  
T o t a l  1 0 5  

M2an A1 = 22.2 
Msan 3 = 2 3 . 3  
m2an A L  = 18.4  
d e a n  O v e r a l l  = 21.2 

Sum o f  
Squares  

763.1 
1 4 ~ 3 1 . 3  
LG244.4 

Suur of  
S y u a r s s  

7.0 
35587.3  
1 5 5 9 5 , l  

S u n  o f  
s q u a r e s  

3 7 0 - 1  
15755.9 
161Lo.ir 

P i e a ~  2 n a t i o  F 2 r o u  
S q u a r e s  



Onewaj A n d l y s i s  of Variance E'or C ~ r ~ d i t i o ~ i s  E'or DC19 

D. F. 5ua  of  dad 11 E Hatio  E Prob 
S q u a r e s  Squares  

d s t w e e n  G r o u p s  L 1182 72.0 59136-0 - 8 3  443 
W i t n i n  G r o u p s  127 9d60490. 0 71439.3 
T o t a l  129 9198766.0 

Maan A1 = b b 0 . 5  
Heail I3 = b ~ b . 1  
Meau A L  = 567.U 
B 2 a n  Ovz ra l l  = 621.7 

---------------- 
Source D o  F. Sum of fiean F ~ a t i o  F Prou 

Squares Squares  

B e t v e s n  Groups L 014.8 437.4 L . 3 b  ,L)37 
W i t h i n  G r o u p s  127 L 1 9 3 ~ . Y  172.6 
Tota l  129 22754. 6 

Mean A1 = -15.5 
Mean 13 = -15.4 
Nean A L  = -9.b 
fiean O v s r a i l  = -1L.6 

Between Groups 2 3396.0 1 b 9 0 ~ . 0  . 87 .426 
W l t i l i n  s r o u p s  127 L4tlYbSb. 0 13bUJ.b 
T o t a l  129 L5L3532.0 

Hean A1 = -107.8  
Mean B = -137.8 
Mean A2 = - 1 U O . b  
dean Ovc ra l l  = -114.8 



__-----_-_ 
s o u r c e  IJ. E *  

B ~ t w e e n  G r o u p s  2 
w i t h i n  G r o u p s  1 2 0  
T o t a i  1  Li 

Hean A1 = - I d - 8  
Mean i3 = - 1 7 . 0  
B s a n  A2 = - 1 8 - 4  
Bedn O v 5 r a l l  = -1d.1 

d e t w e + n  G r o u p s  2  
W i t n i l 1  G r o u p s  1 1 9  
T o t a l  1 2 1  

Mzaa A 1  = 2 8 . 2  
B e a n  B = L 1 - 0  
i ledn  A2 = 2 0 - 4  
h e d ~  O ~ e r a l i  = 23.0 

P 3  AmpfCz) 

S o u r c e  b. E. 

Between G f o u p s  2  
Within Groups  1 0 9  
T o t a i  1 1 1  

Mean A1 = 22 .1  
E a a n  3 = 21 .6  
M2an A L  = 19.9 
d e a n  O v a r a l l  = 2 1 - 1  

Sum of Aea n r d a t j o  F Y r o ~  
S q u a r e s  S q  uar es  

?L .  u 35.0 , 3 0  , 7 4 9  
146bi) ,d  1 2 2 . 2  
1 4 7 3 2 - 3  

SUIU o$ r iean P i t a t io  F Y r o ~  
S q u a r e s  S q u a r e s  

1 4 8 1 - b  74d.t) S . L 4  . Uu7 
16823 .4  141 .4  
183us ,O 

S i y n i r i c a n t  (p<,05)  B P o s t e r i o r i  
Con t r a s t s :  H o m o g e r ~ o u s  S u u s e t s  u s l u g  
Dur~cdn Hang2 Tzst. 

S u b s z t  3: A1 
S u u a t t  L: d ;  A L  

Sum o f  i%ea n P h a t i o  F k r o ~  
S q u a r s s  S q u a r e s  



T a ~ l e  D. 1 7  

Onewdy s n a l y s i s  o f  V a r l d n c t  For  C o n d l t i o ~ s  F o r  DC20 
------------------------------------------------ 

d l '  

-- 
s o u r c e  

B e t w e z n  G r o u p s  2 
W i t h i n G r o u p s  1 1 2  
T o t a l  1 1 4  

Bean  a 1  = db6.Y 
Bear, d = 798.8 
dzan  A2 = 508.b 
Mean 3 v e r a l i  = 7 3 4 - 1  

S u m  of hean I n a t i o  F Proa 
S q u a r e s  s q u a r e s  

1968480,  0 984240.0 1 ~ 3 . 2 ~ '  .000 
bC49264-0  5 4 0 1  1.3 
8017'744.0 

S l y  n i r ~ c a n t  (p<, 0 5 )  A P o s t e r ~ o r i  
C o n  m a s t s :  homogenous S u b s e t s  u s i n g  
DuLcan k a n q e  T e s t .  

S u b s e t  1: A ? ;  B 
Subset 2: A 2  

CNV Amp(Cz)  - 6 3  
---------------- 
S o u r c e  D. F. Sum ol & ~ a n  F ~ i a t i o  F P r o ~  

S g u d r e s  S q u a r  ea 

B e t d e e n  G r o u p s  2 1 9 1 , ~  '35.b ,552 . b 0 1  
Within ~ r o u ~ s  1 1 2  20538 .0  183.4 
T o t a l  1 1 4  ~ 0 7 2 9 . ~  

A e a n  ii1 = - L O .  1  
Eean 3 = -20.2 
d e a n  A2 = -1~7 .3  
M2an O v e r a l l  = -19.2 

B e t u ~ e n  G r o u p s  2 10325 .0  5lbi.5 - 2 5  .7bO 
W i t h l n  G r o u p s  1 1 2  ~ L t 1 6 4 7 ~ . C  ~ d ( C 1 4 ~ 9  
T o t a l  I 1 4  22Yb737.0 

Mean A1 = -177 .9  
H e a n  d = -170 .9  
Mean A i  = - 1 5 5 - 5  
Sean O v 2 r a l i  = - 1 6 7 - 3  



---------- 
Source 0. I?. Sum of 

S j u a r  e s  

---------- 
Source  u.f. Suol og 

Squares 

Betwzen Gfoups 2 5 2 2 - 9  
W i t n i c  Groups 112 15tr7b.L 
T o t a l  114 76399. 8 

dGai1 A ?  = 28.4 
Mean B = 24.9 
Pi2dn A 2  = 23.3 
heail Overdli = 25.3  

---------- 
S o u r c e  b.1. S u n ~  o f  

Squares  

B e t w o z n  Groups .A b71.L 
W i t h i n  Groups 1 ~ 0  1 3 8 6 L . 4  
'Total  1 0 ~  14533.7 

dzan A 1  = 21.8 
Eedn 13 = 18.7 
N s a n  ~2 = 15.5 
H2an Overail = 18.5 

IYean t' Rat io  P Prob  
S q u a r l s  



-- 
source D. E'. 5 ~ 1 1 1  of nsd il E h 3 t i o  F P r o n  

S g u a r a s  Squares 

Between  G r o u p s  2 47YU3bo 0 L3952d. U 10.25 .000 
x l t h i n  Groups 98  Li91lb8.0 23379.3 

, T o t a l  100 2770224.0 
Mean A1 = 986.5 S i j n i f i c a a t  ( p < .  U5) A P o s t e r i o r i  
Mzan  d = 840.8 C o i i t r d s r s :  H o a o g * n o u s  Subsets u s i n q  
6earl A L  = 842.b 9 u i i c a u  d a n g e  fzst. 
Mzan O v s r a i l  = 892.0 S u n s a t  3: A 1  

Subset 2: 3; A2 

1 CNV Amp[Cz) - 1 3  
---------------- 
Source D. F. 3um o f  r . t ta t io  P P r o 0  

B s t u s e n  G r o u p s  2 1213.5 b03.3 3 - 8 3  ,025 
W l t h l n  G r o u p s  38 1559rS.L 759.1 
T o t a l  130 Ioa13,b 

?Idan A 1  = -15.4 
Mean 6 = -21.2 
dzan a2 = -12.6 
3 e a n  O v e r a l l  = -13.3 

S o u r c e  0. F ,  S u a  o t  fiean i? n a t i o  P P r o b  
S q u a r e a  Squarea  



N 1  A m p  (Cz) 

S o u r c z  D, E'. 

B e t w e a n  G r o u p s  2 
W i t h i n  G r o u p s  b 7  
Total ti9 

d G a n  A 1  = - 2 2 . 9  
Mean i3 =-2.2.4 
Pizan A L  = - 2 4 . 4  
mean O v z r d i l  = - 2 3 . 2  

, ---------- 
S o u r c e  U, F, 

d e t v e e n  G r o u p s  2 
W i t h i n G r o u p s  80 
T o t a l  6 8 

Mean A1 = 0,7 
H e a n  Lj = b.2 
d e a n  A L  = 11.1  
3 ~ s u  O v z r d l l  = 7.9 

Sum o f  
S y o a r ' e s  

---------- 
S o u r c e  L. F .  Sum o r  

S q u a r e s  

aetw2-n G r o u p s  L 2 3 0 . 3  
W i t h i n  G r o u p s  5 7  4 5 Y b . b  
T o t a l  5 3  4887.0 

  ye an A 1  = 8 - 0  
Mean U = 2 , 9  
Mean  A2 = 7.4 
Pisdn O v e r a l l  = 6.5 

1.1 lt a n  Y d a t i o  F P r o u  
S q u a r d s  



Oneway k n a l y s l s  of  V a r i a n c e  of DC1 D a t a  F o r  T o n e s  
-__-_------------------------------------------- 

-- 
s o u r c e  L . F .  Sum o f  dean F & a t 1 0  P Yrob 

S q u a r s s  Sq u a r  2s 

Between G r o u p s  6 IbO64d.O 30141 .3  , 37 
Y i t h i n  G r o u p s  1L4 bi54aL55.0 5 3 0 3 7 - 3  

, T o t a l  1 3 5  70291Utr,O 
Bean  T o n e  0 = 553.9 
Mean T o n e  1 = 460.5  
Hean   ton^ 2 = 556.3  
Mean T o n e  3 = 552.9 
Mean T o n e  4 = 585.5 
Mean T o n e  5 = 553-3 
d e a n  T o n e  6 = 640.3  
nean U v e r a l i  = 550.9 

CNV Amp(Cz) - M 3  
---------------- 
S o u r c e  IJ. F ,  Sum o f  Lwan 2 i i i i t i o  P P r o ~  

S q u a r e s  Squares 

B e t w e e n  G r o u p s  6 19 18.7 3 1 9 . 8  L.02 , 0 6 8  
W i t h i n  G r o u p s  129 204 6 5 - 3  156.16 
T o t a l  1  35 2&8Y,U 

Mean Tone 0 = - l b . l  
b e a n  T o n e  1 = -15.5 
E e a n  T o n e  2 = -17.b 
Mean T o n e  3 = -30.8 
h e a n  T o n e  4 = -15 .8  
Mean T o n e  5 = -17.0 
E e a n  T o r i e  b = -24.5 
d e a n  O v e r a l i  = -17.5 



__-------------- 
s o u r c e  D.F. Sum of Piean E n a t i o  E P r o ~  

Squares  S q u a r  es  

B e t w k e q  G r o u p s  o Ld2070,O 47011 .7  A. 75) ,014 
W i t h i n  G r o u p s  1 2 9  L175413.U 1b863.7  
T o t a l  1 3 5  2457483,O 

d s a n  T o n e  0 = - 1 9 3 . 6  S i y ~ ~ i i l c a n t  (p<.O5) A P o 5 t e r i o r i  
d s a n  T o n e  1 = -190 .2  C o n t r a s t s :  k i o a o g z n o u s  Subsets 
Mean Toce 2 = -223 .1  using 3u11can Hange Test .  
Mean T o n e  3 = -385 .1  S u b s e t  1: Tone  3 

Mzan T o n e  4 = -241  - 4  S u u s e t  2 :  Tone 4;  T o n e  6 ;  
Mean Tone 5 = -221 .5  ~ o n t  2 ;  P o n e  5 ;  Tone  O; 
dzan T o n e  6 = - 2 3 ~ ~ 3  Torle 1 
Medh O v e r a l l  = -216.0 

B e t w e e n  G r o u p s  b 1709.8  2dS.t)  1.68 . 1 3 1  
W i t h i n  G r o u p s  1 2 9  21Y4A.l 170. 1 
T o t a l  3 3 5  ~ 3 6 5 1 . 8  

& e a n  Ton& 0 = -20.1 
h e a n  l o n a  1 = -23.2 
Hzan T o n e  L = -17 .3  
h e a n  Ton& 3 = -2'7.3 
Msan T o n e  4 = -24.6 
Mean T o n e  5 = -29.5 
h e a n  T o n e  b = -23 .8  
dzao  G v e r a l l  = -2L.2 



b e t w s d n  G r o u p s  6 1511.U ~ 3 1 - 9  1 - 5 5  
U i t n i n  G r o u p s  1 L 4  ~ 0 9 ~ d . 8  l 6 L - 2  
T o t a l  1 3 5  2 2 4 3 2 .  0 

Mean  E o n e  0 = 2 5 - 4  
Mean  rone 1 = 18.9 
Mean  I o n *  2 = 25.3 
Mean T o n e  3 = 15.4 
Mean  T o n e  4 = 20.6 
Mean  T o n e  5 = 20.7 
B e a n  E o n e  b = 16.8 
d z a n  O v + r a l l  = L2.7 

Between G r o u p s  6 
W i t h i n  G r o u p s  1Lb 
T o t a l  1-34 

Plean L o n e  0 = 10.4 
Mean T o n e  1 = 7.5 
f i e a n  'Tone 2 = 12.1 
Mean  T o n e  3 = 3.1 
Mean T o n e  4 = 9-54 
Mean  T o n e  5 = 11,4 
a e a n  T o n e  b = 9 - 3  
Hean O v e r d l f  = 9.9 

P Erob 

,165 

F Prob 

,696 



Oneway A n a l y s i s  of  Vdrlance of  D C 3  Data For T o n e s  

-- 
s o u r c e  b.2. Suut o f  nean E hatio F Prob  

S g u a r d s  S q u a r e s  

u e t w e z n  Groups o 283152,O 483Y2.0 -131 .72d 
W i t n i n  Groups 88 7010~56 ,O  79862.0 
T o t a l  9 4 7299408.0 

d e a n  T o n s  0 = 579.3 
Mean T o n e  1 = 688.0 

, Plean Tona 2 = bb0.9 
M e a n  T o n e  3 = 583.2 
Mzan Tona 4 = 722.0 
Mean T o n e  5 = 077.7 
M*an Tone 6 = 571.5 
Medn O v e r a l l  = 0 2 9 - 7  

CNV Amp {Cz) - M 3  
---------------- 
Source  U.F. Sum of  piean F i t a t i o  ti ? ~ O D  

S q u a r a s  S q u a r e s  

detween Groups b 308.0 51.3 1, 30 . % b S  
Withix i  G r o u p s  $6 3 ~ 7 4 . 8  39.5 
T o t a l  9 4  3732.0 

i42an Tone 3 = -1 1.3 
Mean T o n e  1 = -10.8 
fiean Tone 2 = -12.0 
Heail Tone 3 = -4.8 
Mean Tone 4 = -7.8 
Yean T o n e  5 = - 1 0 . 3  
Mean P o n s  6 = -11.0 
d e a n  O v e r a ~ i  = -10.4 



---------------- 
S o u r c e  I>, E'. S u u  of .  i l ia u P n d t i o  F P r o u  

S q u a r e s  S q u a r e s  

B e t w e e n  G r o u p s  o 3Y33U.Y jO65.l 1 - 8 5  . O r 9  
W l t h i n  G r o u p s  6 8  43L3511. ti 4913.1 
T o t d l  34 4trb743.7  

Mean T o n s  O = -93.9 
daan T o n e  1 = - 6 6 . 3  
Mean T o n e  2 = - 6 0 - 7  
aean  T o n s  3 = - 1 0 - 3  
Mean T o i l e  4 = - 3b .9  
Medn Tone 5 = -73.7 
Mean T o n e  6 = -89.0 
Mean O v e r a l l  = -75.1 

B e t u e e n  G r o u p s  6 3 9 3 . 3  b5.9 2-07 - 0 b 5  
W i t h i n  G r o u p s  85 L703.4 3 1 - 9  
Total 9 1  31 U!L 7 

B e a n  Tone O = -7.4 
Mean Tone 1  = -9.1 
i42an Zone 2 = - 1 ~ ~ 6  
Plean T o n e  3 = -1,i.b 
& e a n  T o n e  4 = -9.1 
Msan Pone 5 = -7.9 
d e d n  T o n 2  6 = - 1 3 - 8  
Piean O v s r a l i  = -8.9 



---------- 
Source D* F*  s u n  o f  tiean i h a t i o  k Yrou 

Squares S q u a r d s  

Be tw&en  G r o u p s  6 3 ~ 7 . 5  5 4 - 0  1.44 .21U 
W i t h i n  G r o u p s  85 3531-5 38.0 
T o t a l  9 I 3558,3 

B e a n  T o n e  0 = 9.9 
B e a n  Tone  1  = 13.d 
Mean T o n e  2 = 8.0 
Mean Tone 3 = 3.8 
Hean Tone 4 = 9.4 
Mean Toue 5 = 10.7 
lYiedn 'Tone b = 4.5 
h e a n  O v z r a l l  = 10.0 

B e t w e e n  G x o u p s  6 1 3 0 - 5  5 1 - 6  6 2  -503 
b i i t n i n  G r o u p s  7 8  5040.4  34 .t) 
T o t a l  8 4  J L ~  1. u 

Mean ' tone O = 9.4 
Mean T o n e  1 = 9 - 1  
Mean T o n s  2 = 13.0 
Mean Tons 3 = b.8 
Plean Tone 4  = 7.b 
a e a n  Tone  5 = 8.5 
Meari T o n e  b = 5.8 
M?an Ove ra i l  = 9.2 



T a u l e  D.L1 

O n ~ u a y  A i i d i y s i s  of V a r r a n c i  oi DC4 D a t a   or T o n e s  

-- 
S o u r c e  0.E. sum o f  ci e a i~ E ~ d t i o  E Yrofi 

S q u a r e s  S q u a r e s  

Between Groups b 295456.0 49242 .7  1.15 . 3 3 9  
W i t h i n  Groups 95 4060832,O 4,2745,~  
T o t a i  1 0 1  435b2d8.0  

Mean Tone 0 = 728.4 
Mean Ton2  1  = bt30,Y 
Mean T o n e  2 = 778.0 
Nean T o n e  3  = 317.5  
Mean T o n e  4 = 844.8 
Mean T o n e  5 = 628.5 
Mean T o n e  6 = 729 .3  
Mean Overall = 731.2 

CNV Amp(Cz) - tI3 
---------------- 
S o u r c e  ii. F. s u m  o f  hear ,  i h a t i o  i? P r o b  

S q u a r e s  S q u a r e s  

Between G r o u p s  b 1100.5 163.4 1.06 394 
W l t h i n  G r o u p  95 1 b 4 7 0 - 8  173.4 
T o t a l  1 0 1  1 7 5 7 1 - 3  

Mean Tone 0 = -1b.b 
Hean T o n s  1 = -16.0 
Msan Ton2 2 = -12.8 
Hean T o n e  3 = -17.0 
Mean T o n e  4 = -23.4 
B e a n  Tone  5 = -18.1 
Mean T o n e  6 = - 8 - 2  
Plean O v e r a l l  = -16.5 



C N V  I t i T ( C 2 )  - B 4  
---------------- 
S o u r c e  D o  F ,  S U M  o f  ~ l e a  n k d a t i o  P P r o L  

Squares  S q u a r e s  

e t w e e n  G r o u p s  5 96582.0 1 b 4 3 0 . 3  - 6 9  . bb0 
i t h i n  G r o u p s  ~5 i~606j7.0 ~ 3 7 9 0 , ~  
o t a l  1 0 1  2 A 3 9 L 1 9 , O  

Msan T o n e  0  = - 2 0 4 - 9  
Rean  r o n e  1 = -204.2 
Pisan T o n e  L = -129.6 
Raan I o n e  3 = -257.0 
Bean  T o n s  4  = -247.5 
Mean T o n e  5 = -193.2 
Hean  T o n e  6 = -148.3 
Bear. Overall - -1LE.C 

N1 A m p  ( C z )  

---------- 
So u r  ce D, F. S u m  o f  $ & a n  f ~ 1 a t i . o  E P r o b  

S q u a r e s  S q u a r e s  

B e t w e e n  G r o u p s  6 447.9 74.b - 6 1  ,724 
Wltnin G r o u p s  4 5  11b30,O 1 2 2 - 4  
T o t a l  1 0 1  l i 0 7 7 . d  

Mean Tone 0 = -25.Y 
Htia~i T o n e  1 = -21 .2  
h e a n  Tone  2 = -28.4 
Hedn L'cne 3 = -L3,5 
Beau Tone  4 = - L 5 , 3  
f iean  P o n e  5 = -21.8 
& a n  T o n e  6 = - 28 .5  
b e a n  O v e r a i ~  = - 2 5 - 0  



P2 A m p  ( C z )  
---------- 
5 o u r c z  b.?. Suln ox fitah P i s a t i o  F P r o b  

Squaras  Squares  

b e t w e e n  G r o u p s  6 7L5.6 1 ~ 0 . 9  - 9 1  .4 9b 
W i t h i n G r o u p s  3 5  1Lb38-L 133.7 
Total 301 13423.9 

I 
Meark P o n e  0 = 20.8 
dean Tone 1  = 24.6 
Mean l o n e  2 = 20.4 
Mean T o n e  3 = 16.0 
?lean T o n e  4  = 13.9 
Mean T o n e  5 = 1d.9 
Mean T o n e  6 = 19 .5  
f i s d n  O v e z a l i  = 20.0 

---------- 
S o u r c e  b. F. Sum or. L L S ~  n k i i a t i o  F Prob 

Squares  Sy u a r e s  

Bttween G r o u p s  6 3 3 3 - 6  56.3 - 4 5  ,654 
W i t h i n  G r o u p s  6 d  3 1345.4 1L8,v 
Total 9 4  I l b d L . 9  

Mean T o n e  0 = 13.3 
tfean Tone 1 = 16.7 
Mean T o n e  2 = 12.1 
Mean T o n e  3 = 14.0 
Mean l o n e  4 = 1  1, D 
dean T o n e  5 = 18.0 
Hean l o n e  o = 14.2 
a 2 a n  O v e r a l l  = 13.9 



C.Z. Sum o f  h'16dn k 6 a t $ ~  E &rob 
Squares  Squarrs 

B e t w e e u  G r o u p s  6 331bbu,O 55177.3 1 . 0 2  , 4 1 7  
H i t h i n  G r o u g s  8 r  4 8 1 ~ 3 2 0 . 0  54071.U 
T o t a l  95  5143984.U 

Mean Tona  0 = 653.0 
E e a n  lolie 1 = 743.2 
Meac T o n s  2 = 783.4 
Mean r o u e  3 = 5 8 3 - 7  
h e a n  T o n s  4  = 757.2 
d e a n  T o n e  5 = 7d5,O 
Piean T o n s  6 = 695.0 
Mean Overall = 6 9 b - 5  

CNV Amk(Cz)  - M3 

d e t r z e n  G r o u p s  o 11 b9.1  194.9 - 8 9  
W i t h i n  G r o u p s  6 9  19453.5 218.6 
T o t a l  5 5 2~622. t, 

Maan Tonz  0 = - 2 4 - 0  
Mean Tone  1 = -20.0 
Mean Tone  2 = -19.3 
f l e a n  T o n e  3 = -28.7 
d e a n  Tone 4 = - 2 9 - 0  
Mean lone 5 = -15.8 
B e a n  T o n e  6 = -27.8 
aean O v e r a l l  = -23.3 



a e t w e e n  G r a u p s  o b8494.U 1 1 4 1 5 . 7  - 3 8  , d d d  
W i t h i n  G r o u p s  89 2bU6597. 0 ,29737.0 
T o t a l  9 5  ~ 7 1 5 0 9 1 . 0  

Mean T o n e  O = -265.0 
Mean T o n e  1 = -276.3 
d e a n  T o n e  2 = -28b.8 
f iean  T o n e  3 = -297.0 
d e a n  T o n e  4  = - 3 4 d . 6  
Mean T o n s  5 = -249.8 
B e a n  T o n e  6 = -264.5 

S o u r c e  0. F. Sum of f iean  F b a t i o  F  pro^ 

5 q u a r  es S q u a r e s  

B e t w e e n  G r o u p s  6 515.6 tlb. 1 - 7 0  -656 
W i t h i n ; r o u p s  dY 11019.9 123.d 
T o t a l  9 5  1153ii.5 

a s a n  T o n e  0 = - 2 b . b  
Msan T o n e  1  = -26.8 
tlean T o n e  2 = -29.0 
Mean T o n e  3 = -35.3 
Hean ?one 4 = -25.5 
klean Tone 5 = - 3 ~ ~ 3  
Mean T o n e  6 = -27-8 
d e a n  Uvsrall = -27.5 



D, t'. Sum oS 
5 q u a r ~ s  

B d t W 2 2 c  G r o u p s  5 3 ~ 8 . U  
Within Groups a 3  10851.3 
2 o t a l  9 5  11673.3 

Mean T o n e  O = 14.7 
Mzan Tone 1 = 19.8 
Mean Tone L = 11.5 
Heah T o n e  3 = 2.0 
d e a n  Tone 4 = 16.7 
Mean Tone 5 = 16-1 
Msan  Tone 6 = 10-5  
Bean O v e r a l l  = 14,7 

---------- 
S o u r c e  b. F. SULU of 

Squares 

Between G r o u p s  b 4JS.i 
W i t n i n  G r o u p s  6 1  51 b5.h  
T o t a l  b 7 Sbbl.8 

fisan Tono O = 1.9 
Mean Z o n e  1 = - 3 . 0  
b e a n  ronc? 2 = -1.5 
Mean T o n e  3 = 3.5 
Mean rone  4 = 5-6 
Hean Tone 5 = 0 . 3  
?lean 'Zone b = -9.0 
Eean O v s r a l l  = 0.9 

112a2 

S q u a r e s  

154.7 
1 ~ 3 . U  

i'ldari 
S q u a r e s  

t l L *  7 
84.7 



O n 5 u a y  A n a l y s i s  o f  V a r i a c c ~  c i  LCD i ia ta  F o r  T o n e s  
----------------------------------------------- 

-- 
s o u r c e  it. F. 

a e t w e a a  G r o u p s  b 

W i t h i n  GiOUpS 1 2 0  
T o t a l  1 2 6  

Mean l o n e  0 = 519.2 
Mean T o n e  1 = 4 14.9 
Nean T o n e  2 = 580.7 
Mean Tone 3 = 593 -1  
Nean T o n e  4 = 4 5 1 - 4  
Mean Tone 5 = 556.5 
Mtari ' t o n e  6 = 426.4 
Mean O v e r a l l  = 561.2 

CNV Amp (Cz) - 4 3  

S o u r c e  b.2 . 

d e t u z e n  G r o u p s  6 
d i t h i n  G r o u p s  1 2 0  
T o t a l  126 

a e a r ~  Tone  U = -10.9 
Hean Tone  1 = -7.4 
Bean T o n s  L = -10.0 
fiean T o u e  3 = -5.9 
3 5 a n  Tonz 4 = -5.8 
Bean  Zone  5 = -b.d 
t iedn Tonz 6 = -9.6 
Mean O v e r a i l  = -9.2 

Suin o f  aean E k a t i o  F P r o 0  
S q u a r e s  S q u a r e s  



---------------- 
S o u r c e  U. E. Sum o h  d e a n  Y k a t i o  F P r o u  

d z t w e e n  G r o u p s  b 119534.0  1 3 ~ ~ 2 . 3  2 - 0 7  . 0 6 1  
W i t h i n  G r o u p s  120 1 155506,O 3 6 1 9  - 2  
Total 1.26 1 ~ 7 5 d 4 0 . 0  

Medn T o n e  0 = -146.7 
Bean  Tone 1 = - 9 9 - 5  
Mean T o n e  2 = -710.7 
hean T o a d  3 = -88.9 
Mean T o n e  4 = -b4.7 
E e a n  T o n e  5 = -65.2 
Mean T o n e  b = -149.3 
f l e a n  U v z r a i l  = -322.6 

---------- 
S o u r c e  D. P. s u m  of  ?I+an r hdtio F Pfou 

S q u a r e s  5 q u a r e s  

B e t w e s n  G r o u p s  S 811.3 135.2 1.7b ,111  
W i t h i n  G r o u p s  126 9135.9 76.0 
T o t a l  126 100!J8,1 

Mean Tone  0 = -26.1 
N s a n  T o n e  1 = -21.6 
H e a n  T o n a  2 = -22.4 
Mzah T o n e  3 = -17.1 
f i e a n  rone 4 = -24.9 
n z a n  Zone 5 = -22.0 
n e a n  T o n e  6 = -27.3 
8eari O v z r a l l  = -24.4 



3 e t u z s n  G r o u p s  6 
W i t n i n  G r o u p s  1LO 
Total 1 26 

d e a n  T o n e  0 = -0.5 
Mean T o n e  1  = 5.6 
Mean P o n e  2 = 4.5 
Plean Tona  3 = 3.4 
Mean l o n e  4 = 3 . 5  
Mean T o n e  5  = d.4 
d e a n  T o n e  b = -1.3 
Mean O v e r d l  = 2.0 

---------- 
Source D. F.  

Between G r o u p s  b 
Within Groups 96  
T o t a l  102 

Mean T o n e  0 = 6.7 
Mean T o n e  1  = 5.9 
Hean Tons L = 7.3 
E e a n  T o n e  3 = b.5 
Mean 'Tona (4 = 8 . 3  
Hedn Zone  5 = 10.1 
Hsan  T o n e  6 = 9-6  
L e a n  u v e r a l i  = 7.3 

Sum ot ~'i z d n E natio F Prou 
S q u a r e s  S q  uar r s  

3 2 5 8 . 0  209.7 4 - 3 0  ,000 
559 3 .0 46.6 
b849.u 

s l g n i L i c d 3 t  ( p < .  3 3 )  A Pos te r io r ;  
Z o n t r d s t s :  Homogeuous  S u b s e t s  
u s l n g  D U i i C d n  hangt T e s t .  

s u b s a t  1: T o n e  b; T o n 2  0; 
T o n e  3;  T o n e  4 ;  T o n e  2 ;  
E o n s  1 

Suos?t 2 :  Tons 3 ;  T o n e  4 ;  
T o n e  2 ;  Tone  1 ;  T o n e  5 

Sum 05 
S q u a r e s  

I b l , S  
3552.9 
3719.4 

Mean F Hatio F P r o b  
Squares  



Onsway A n a l y s l s  of  V d E l a U C e  o i  027 D d t d  For  Tpnes  

Betweeq Groups 6 
within G r o u p s  1 2 5  
T o t a l  1-31 

Mean T o n e  0  = 576.3 
Mean T o n e  1 = 5 1 3 - 7  
Hean 'i'one 2 = b j L . 8  
H s a n  T o n s  3 = b b i . 2  
Mzan Z o n e  4 = 394.4  
: l ean  Ton* 5 = 5 6 8 - 7  
Mean Tone 6 = 595.4  
r i5an  O v e r a l l  = 5 8 2 . ~  

Between G r o u p s  b 

W i t h i n  G r o u p s  125 
T o t a l  131 

Piean lobs 0 = - 1 2 - 8  
Plea11 T o n e  1 = - 1 3 - 2  
wean Pone 2 = - 1 5 - 0  
Hean Tone 3 = -16.0 
3 d a n  Tone 4 = -14.3 
Mzdn Tone 5 = - 1  1.6 
$lean T o n e  b = - 1 0 - 9  
Raan  O v z r a l i  = -13.2 

Sum o f  fiean E h a t t o  P  pro^ 

squares  S q u a r e s  

Sum of r,ea 11 r n a t i o  E P r o o  
s q u a r e s  S q u a r e s  

1 ~ 5 , ~  3.2.5 - 3 7  . 9d0  
11149.8 89 -2 
l l 3 4 S , O  



Between t i ~ o u p s  b 

W i t h i n  Groups I d 5  
T o t a l  131 

/ 
Bsan Tons 0  = -136.2 
flea11 Tone 1  = -151-9 
Mzan Tone L = - 158-2 
Mean Eone 3 = -172-8 
Hean Tone 4 = -168.1 
Mean l o n e  5 = -130.5 
fiean Tone 6  = -1  16.3 
Mean O v e r a l l  = -144.0 

N1 Amp ( C z )  

S o u r c e  L1-P. 

Between Groups b 
Within  Groups 121 
T o t a l  1 2 7  

M2an Tone 0  = -20.2 
Bean Tone 1 = -15.7 
Piean Tons 2 = -19.L 
Mean Tone 3 = -14.3 
#ean  Tone 4 = -17.8 
fiean Tone 5  = - 1 4 - 2  
Mean Tone 6 = -10-3 
Mean O v e r a l l  = - 1 7 - 9  

Sum of  ~qeari E d a t i o  
S q u a r e s  Squar  ss 

S U U  o f  h e a n  k l i d t i 0  
S q u a r e s  S q u a r e s  

F Prob 

,730  

F' Yror, 

- 0  52 



---------- 
S o u r c e  LJ. F. Sum o f  flea n  r ba tl0 

S q u a r e s  J q u a r s s  

betw 
V i t h  
T o t a  

e n  G r o u p s  6 2 8 8 . 6  47.3 
n  G r o u p s  116 7 1 3 6 . 3  0 1 . 5  

122  74ld.Y 
Mean T o n e  0 = 75-51 
B e a n  T o n e  1  = 1 1 . 4  
Mean T o n e  2  = 1 3 - 9  
Bean fafie 3  = 13.8  
Mean T o n e  4  = 72-1  
d e a n  T o n 2  5 = 13.1  
Mean T o n e  6 = 1 . ~ ~ 8  
dean  Overall = 14.0 

P 3  Amp ( C L )  
---------- 
S o u r c e  u. 2'. S u m  o f  d d a n  2 a d t i o  

S g u a r e a  S q u a r e s  

8 e t u s t n  G r o u p s  b JU1.L 30.2 - 7 6  
d l t h i n  G r o u p s  114  7540.3 6 6 . 1  
T o t a l  1 LO 784 1.4 

d e a n  Tona d = 1 5 - 1  
Mean Tone 1 = 1 3 . 3  
iqsan T o n e  2 = 12.3  
B e a n  T o n e  3  = 11.  b 

Mean Ton* 4 = 1 1 - 3  
iqaan Lone  3 = 14 .1  
Naan Tons 6 = 1 0 . 7  
Neaa d v e ~ a ~ ~  = 1 3 . 7  



O n z v a f  A n a l y s i s  oL V a L l a n c e  ot DCd U d t d  3 o r  T o n e s  

-- 
S o u r c e  

l 3 e t u e e n  GL-odps G 3534b8.d 56914.7 1.14 . 3 4 b  
h i t h i n  G r o u p s  1 0 4  539161b.d S 1 8 4 L . S  
T o t a l  710 57451i)J.d 

Mean T o n e  0 = 647 .b  
Meac T o n e  1 = 513.0 
aean l o n e  2 = b38.3 
3ean T o u e  3 = 660 .4  
Maan T o u e  4 = 539.0  
Pisan Ton2 5 = 6 0 4 . 3  
Mean T o n e  6 = 4 7 1 - 7  
Mean O v s r a l l  = 625.4 

CNV Amp(Cz) - Pi3 
---------------- 
S o u r c e  D. F .  Sum or' ivied~ Y H a t i o  F P r o u  

Squares  S q u a r e s  

B e t w e e n  G r o u p s  6 1U7Y.4 179.9 1 - 7 3  . I d 0  
W i t h i n  C r o u p s  104 10803.7 103 -9 
T o t a i  1 1 0  11683. I 

Mean r o n z  il = -14. d 
d e a n  T o n e  1  = -15.9 
Mean l o n e  2 = -9.8 
Mean l o n e  3 = - 4 - 7  
d e a n  T o n e  4 = - 1 0 . 8  
Mean T o n e  3 = -17.3 
k s a u  T o n e  6 = -15.3 
aean O v e r a l l  = - 1 3 - 6  



a e t u e z n  G r o u p s  6 
W i t h i n  G r o u p s  1 0 4  
T o t a l  1 1 0  

a e a n  T o n e  0 = -179.0 
Piean l o n e  1 = -1Bc),4 
Mean T o n e  2 = - 1 3 0 , l  
Hedn Tone 3 = - 9 3 . 4  
d e a n  T o n e  4 = -124.5 
Mean ' t o n e  5 = -149.3 
h e a n  T o n s  6 = -184.0 
b e a n  O v e r a l l  = -365 .7  

N1 A m p  ( C z )  
---------- 
S o u r  cz b.F. 

b e t w e e n  G r o u p s  6 
W i t n i n  G r o u p s  1 0 4  
Total 110  

Mean Touz  O = - 3 0 - 4  
Meau l o n e  1 = -25.6 
h e a n  T o n e  2 = -28.b 
Bean  Tone 3 = -14.1 
Msan T o n i  4 = -23.0 
f iean  Tone  5 = -24.3 
Mean T o n e  6 = - 3 ~ . 0  
H+an O v z r a i l  = -27.4 

Sum o r  
S q u a r e s  

Sulu or' 
Squares  

Aedn 
S q u a r a s  

1 5 7 5 3 . 2  
I l f r 8 7 . 1  

Hean  
S q u a r s s  

336.1  
1qb.7 

f Prob 

.142 

k P r o 0  

, 0 3 9  

S i g u f i c a n t  ( 5  A P o s t d r l o r - i  
L o t t r d s t s :  H o a o g r n o u s  S u b s e t s  
u s l u g  D U ~ C ~ I L  n c t n j t  Idst .  

S u b a ~ t  1: ;on2 0; T o n e  2 ;  
T o n e  1 ;  fona 5 ;  T o n e  4 ;  

Subsst L: l 'ond L ;  T o n e  1 ; ;  
Tone  3; P o n e  4 ;  Pone  3;  
Zone 6 



L). E.  Auiu ot kieiin E aatio P P r o b  
S q u a r e s  S q u a r e s  

b e t w e e n  G ~ o u p s  6 776 .3  1 2 3 . 5  1 - 1 7  , ~ L Y  
~ l t h i n  G r o u p s  1 0 4  11521.5  310.8 
T o t a l  1 1 0  1LLY8.4 

Mean T o n e  0 = 10.7 
Bean T o n e  1 = 2 . 3  
Mean T o n e  L = 9.1 
n e a n  T o n e  3 = 12.4 
Mean T o n e  4 = 13.2 
Bean  T o n e  5 = 8.0 
Mean T o n e  b = 0.3 
Jidan O v e r a l l  = 9.8 

---------- 
Source  D.P. S u m  o f  ~.lean r a a t i o  E P r c ~  

Squares  S q u a r e s  

B e t w e e n  G r o u p s  6 554.L 9L.4 1 - 1 5  , 3 3 9  
W i t h i n  G r o u p s  9 1  7300.3 60.2 
T o t a l  9 7  7854.5 

Meau i o n e  0  = 11.0 
Bean  Tone  1  = 13.4 
Mean T o n e  2  = 1 0 - 0  
Mean T o n e  3 = 4.6 
Mean T o n e  4 = 12.1 
B e a n  Tone  5  = 5.9 
g e a n  Tone  b = 1.0 
Hean O v s r a l l  = 30.2 



o n e s  

-- 
S o u r c e  D.F. S u III o E dedn r n a t i o  t P r o u  

S q u d f e s  S q u a r e s  

~ e t w e s n  G r o u p s  b 1 d 0 9 ~ 2 . i . )  3 0 1 b 5 . 3  , b 4  , 7 0 2  
w i t h i n  Groups '105 4369760.0 4 7 3 3 1 . u  
Total 111  5 1 5 3 7 3 2 . 0  

Mean Ton*  0 = 6 9 1 . 6  
Mean Tone 1  = 760.4 
Mean Tone L = 6 8 9 . 8  
Mean Tone 3 = 6 2 8 . 7  
B e a n  Tone 4  = b 6 2 - 0  
beak f o n e  5 = b85.8 
Bean Tone 6 = 5 5 0 . 4  
Bsan O v e r a l l  = 584.6 

C N V  Amp ( C z )  - PI3 

S o u r c e  b* F . S u b  o f  l i ~ a n  r n a t i o  E P r o b  
5 q o h r e s  S q u a r e s  

B e t w 2 s n  G r o u p s  0 1 ~ 2 . 4  3 2 . 1  . 27 . 9 5 3  
W i t h i n G r o u p s  105  11631 ,6  1 d U . y  
T o t a l  111 1 ~ 8 t l 4 , O  

d e a n  T o n e  O = - 1 3 . 0  
Mean Tone  1 = - 1 3 . 5  
Fiean Fona 2 = - 1 4 . 8  
Mean Tone 3 = - 1 0 . 8  
a san  T o n s  4 =, - 1 2 . 9  
d e a n  l o n e  5 = -10.8 
Mean Pone 6 = - 1 4 - 6  
h e a n  O v s r a l ~  = - 1 3 . 3  



C N V  INS(Cz)  - C 4  

---------------- 
s o u r c e  D. F'. Sum o t  ~ e a r ~  F H a t i o  F Pro0 

S q u a r e s  S q u a r e s  

B e t w e e n  G r o u p s  b 656L5.0 10937 .5  66 .584 
W i t h i n  G r o u p s  105  17Y1440-0 l b 5 8 5 . 1  
T o t a l  1 1 1  1  dt i7065-u 

h e a n  roue 0  = -152.1 
Meau Tone  1 = -178.0 
mean Tone 2 = -157.8 
f iean  T o n e  3 = - 1 8 8 - 0  
M2an T o n e  4 = - 1 5 4 - 8  
Piean T o n s  5 = -102 .b  
Mean T o n e  b = -90.0 
Bean O v e r a i l  = -148.9 

---------- 
S o u r c e  D-F. Sum of l'itdn r x a t i o  P P r o u  

~ q u a f e s  S q u a r e s  

Be tween  G r o u p s  b 
W i t h i n  G r o u p s  3 4  
T o t a l  1 0 0  

iqean T o n e  0  = -34.5 
f iean P o n e  1 = -15.3 
Bean  Tone  L = -20.4 
d e a n  T o n s  3 = -32.8 
Mean T o n e  4 = - 1 5 - 3  
iqean T o u z  5 = -12.7 
Wean ,Tone ti = -5.0 
kleari O v e r a l l  = -14.5 

80b.b 134.4  ~ . 5 8  .023 
4902.1  5L.2 
5708.7 

S l g n i t l c a u t  ( p < , 0 5 )  A P o s t e r i o r 1  
L o n t r d s t s :  d o m o g e n o u s  Subsets 
using u u u c d n  Hdnge Test. 

S u b s 6 t  3:  P o n e  L ;  Tone 4; 
$Tone 1; Tone d ;  Tona 3 

S u u s e t  k :  8Tone 4 ;  T o n e  1 ;  
'Tone 0; Tone  3 ;  Tpne 5 

S u b s ~ t  3: T o n e  3; T o n e  5;  
T u n e  b 



P 2  Amp (a)  
---------- 
s o u r c e  u. F. Sum o f  nZdn r d a t i o  F ~ r o u  

5 q  u a r  es S q u a r e s  

B e t w e e n  G r o u p s  6 4ob.8 78. l 1 - 1 9  , 3 1 6  
W i t n i n  G r o u p s  9 2  b u 3 4 , 1  6 5 . 6  
T o t a l  9 8  b 5 0 2 - 9  

H e a n  T o n e  O = 11 .4  
Mean Tone  1  = 9.5 
Mean T o n e  2 = 6 - 6  
Mean, T o n e  3 = 11.d 
Maan T o n e  4 = 14 .7  
Mean T o n e  5 = 12 .1  
l4ean T o n z  b = 1 5 - 6  
Mean Overdli = 11.3 

S o u r c e  D, F .  

6s twzsn  G r o u p s  b 
W i t n i l 1  G r o u Q s  7 6  
T o t a l  8 2  

Mean T o n s  O = 13.3 
b e a n  T o n +  1 = 4.6  
Mean T o n e  2 = 10.0 
ilsan P o n s  3 = 5.5 
M ~ t a n  'Tone 4 = 3 . 3  
Bean T o n e  5 = 1 2 - 4  
Mean T o n e  6 = 1 b.3 
d e a n  Ovzrali = 1,i-U 

S u a  o f  :'it;an Y d a t i o  P  pro^ 
S g u a f  2s s q u a r e s  

94q.L 157.4 2 - 9 9  , 0 1 1  
4005 .5  52 .7  
4949.8 

L i i j n ~ t i c a n t  (p< .  d 5 )  s P o s t e r i o r 1  
Con t rds ts :  H o i u o g e n u u s  S u u s e t s  
U S ~ R ~  Duncdn danji T ' s t r  

suuset 1: E o n a  1; T o n a  3 ;  
T o n e  4 

S u b s z t  L: T o n s  3 ;  l one  4 ;  
I o n 2  5; Tone  0; T o n e  6 

S u ~ s a t  3 s  T o n e  4; Z o n e  5; 
Tonz 0 ;  z o n e  6 ;  T p n e  L 



b.E. Sum of 1'1 e c f  G E n a t i o  E P r o u  
S q u a r e s  5 q u a r e s  

detdden G r o u p s  o 
~ i t h i n  G r o u p s  1 3 1  
~ o t a l  1 3 7  

d e a n  T d n e  O = 6 1 2 - 1  
B e a n  T o n e  1  = 5 4 2 - 3  
Rean  T o n s  2 = 773.3 
n e a n  T o n e  3 = 475.6 
Mzan T o n e  4 = 755.9  
d e a n  , I o n s  5 = 7 8 8 - 6  
Maan T o n e  6 = b 9 1 - 7  
d e a n  O v e r a l l  = 552.5 

1181ddd.0 1 9 o Y 8 l - d  3 . ~ 4  , c)05 
7970336.0  bU84L.3 
9 ISL~!LU,O 

S i g n i f i c a n t  (p<.05) A P o s t 2 r i o r i  
Con t rds t ; :  H o s o g e n o u s  S u b s e t s  
u s i a g  Ouncan  iidnqe T e s h .  

S u b s e t  1: T o n e  3; T o n e  1;  
T o n e  0 ;  Tone 6 

Subset 2 :  2 o n e  u; T o n e  6 ;  
Yon2 4 

S U P S ~ ~  3: T o n e  6 :  T o n e  4 ;  
Toua  L; i o n s  5 

S o u r c e  

Be tw~en  G r o u p s  b l b 7 b . 5  ~ J 9 . 4  1 .do  . 1 0 3  
W i t h i n  t i r o u g s  1 3 1  20513.4 155 .1  
T o t a l  1 3 7  L 1 9 6 3 - 9  

f lean  'Pone 0 = -17 .0  
d e a n  P o n e  1 = -9.4 
Hsan  P o n l  2 = - 1 6 - 3  
Mean T o n e  3 = -13.3 
d e a n  T o n e  4 = -9.4 
Mean T o n e  5 = -19 -5  
n e a n  T o n e  b = -21.0 
dean O v e r a l i  = -1S.b 



Sum or i'lean 
Squares  S q u a r e s  

Suru o f  b e a n  
Squares S q u a r e s  

48dL-3 8 1 3 . 7  
13799,4 321.5 
~0681,b 

S l g n i r l c a n t  (p<. 0 
C p n t r a s t s :  Homogz 
u s l n g  d u n c a n  Bauq 

Suoset  1: Tone 
s u b s e t  2 :  Pone 

ion= 2; Tons 
Tone o 

P R a t i o  F P r o u  

1.14 . 3 4 2  

h 8 a t i o  f Prou 

5) A P o s t e r i o r i  
n o u s  Subssts 
e T~st. 
0 
1 ;  Tone 3; 
5; Tone 4 ;  



---------- 
s o u r ~ ?  D. F. Sum of  d e a n  r katio F P r o ~  

Squares  squa re s  

~ e t w e e n  G r o u p s  b 535.2 Y9 .L  .d9  . 5 0 3  
Within Groups 121 13420. b 310.9 
T o t a l  127 14016.11 

Bean rone  O = 16.2 
M2an You* 1 = 11.2 
3ean  l o n e  L = 13.0 
3ean T o n e  3 = 15-3 
Hean Tone 4 = 18.1 
dean Zone 5 = 13.5 
Medn Tone b = 10.1 
hean Ovdra l i  = 15.1 

---------- 
S o u r c e  D. F .  Sum of & e h n  E n a t i o  E P r o ~  

Sy uares Squares  

B e t u 2 e n  G r o u p s  6 405.9 67.7 -51 ,740 
Within G r o u p s  108 1420b.7 131.5 
Tota i  114 1461.~~7 

lYean 'Tone 0 = 19, L 
Mean f o n e  1 = 17.7 
fiean Tone 2 = 35.1 
Mean Tone 3 = 16.5 
aean Tone 4 = 15.0 
Maan I o n 2  5 = 1 4 - 4  
fiean 'lor,e 6 = 17.3 
dedn O v z r a l l  = 17.5 



O n e i ~ a y  A n a i y s l s  o f  Varrance o r  3C1L D d t a  For T o n e s  

-- 
Source b.F. Sum o t  iledn f: n a t i o  

Squares squdres  

Botwzen Groups 6  o9L25b.0 115376.d 1.97 
d i t h i n  G r o u p s  6 3  368bYb6.0 58475.7 
T o t a l  6 9  4 3 7 6 2 2 4 , ~  

Mean Tone U = 7 8 8 - 0  
Mean Tone I  = 551.2 
d e a n  Tone 2 = 577.0 
Mean Tone 3 = 450.8 
Mean T o n s  4 = 6 2 0 . 3  
Mean f o u e  5 = 764.8 
d e a n  Tone b = 4 9 ~ ~ 1  
Hedn O v e r a l l  = 608 -0  

P P r o u  

, 082  

CNV A n p ( C z )  - B 3  
---------------- 
Source L). E +  Sum o f  d ~ a f i  F d a t i o  F P r o u  

S q u a r e s  Squctr es 

Betwe2n G r o u p s  5 1 7 9 . ~  LY.9 - 3 9  . 8 8 6  
W i t n i n  Groups 6 3  4 8 ~ 3 . 7  77.5 
T o t a l  b Y  SObL.9 

Mean Touz 0 = -7.0 
 bear^ Tone 3 = -b,J 
a e a n  l o n e  L = -10.4 
Mean Tone 3 = -6.8 
a e a n  T o n e  4 = -7.0 
S e a n  Tone 5 = -9.5 
Hean T o n e  6 = -7.3 
6 e a n  O v e r a l l  = -8.0 



C h V  IMT ( C Z )  - I54 

B e t w e e n  G r o u p s  b 1 4 9 3 6 . ~  
W i t h i n  G r o u p s  63 5 Y B b ~ r ; r .  4 
T o t a l  6 9  01.36d4.5 

?lean l o n e  0  = -92.7 
Mean rouz  1  = -73 .5  
Mean T o n e  2 = -86 .9  
Mean Tone 3 = -55.2 
Pieah Tone 4 = -45.1 
b e a n  Zone  5 = -71.d 
dean  T o n e  6 = - 4 6 - 7  
Mean O v e f a l l  = -69.1 

N 1  Amp ( C z )  

---------- 
S o u r c e  D, F, Sum o $  

S q u a r e s  

B e t v a e n  G r o u p s  b 3 8 6 . 0  
W i t h i n  G r o u p s  b l  b926.0 
T o t a l  67  7 3 1 1 - 0  

Bean Pone O = -19 .0  
Hean  T o n e  1  = -21.7 
Mean Zone  2 = -22.9 
Bean Zone  3 = -26.8 
Hean T o n e  4 = -20.9 
3ean P o n e  5 = - 1 7 - 5  
Mean T o n e  6 = - 2 3 . 0  
Bean O v e r a l l  = - 2 1 - 5  

m e ~ n  
S q u a r e s  

E P r o u  

- 9 5 1  

F P r o u  

- 7  57 



B e t v e s n  G r o u p s  o 
W i t n i n  G r o u p s  6 1  
T o t a l  b 7  

d e a n  Tone  0 = 37.3 
Yean T o n e  1  = 1 9 , s  
i4aa1i T o n e  2 = 16.1 
Mzan To112 3  = 13.8 
Mzan l o n e  4 = 15.5 
d e a n  T o n e  5 = 1 1. L 
d z a n  Zo~,e 6 = 5.9 
& a n  Ove ra l l  = 15.0 

5 u a  of d e a n  F d a t i o  Y P r o u  
S q u a r a s  S q u a r e s  

,251 S ,1  u33,7 2 . 5 9  . O L 7  
9902.7 362.3  

1.24.20.8 
S 1 g n z r ; c a n t  (p<,O5) A P o s t e r i o r i  
C o h t r ~ s t s :  Homoy&uous S u b s e t s  
u s i n g  d u n c a n  R a n y e  Tsst. 

s u b s t t  1: Tone 0 ;  Zone?. 5; 
Ton= 3; T a n e  4 ;  T p r ~ e  L 

S u D s e t  L :  Ton2 5 ;  T o n e  3; 
,n & o n 2  4;  Tone  L ;  Bone 1  

s u d s e t  3 :  P o n e  O 

n e t w z e n  G r o u p s  6 4 6 2 - 9  77.1 ,661 
W i t n i n  G r o u p s  6 0  70b5.4 117.d 
T o t a l  b b  7bLid.3 

Mean 2 o n e  O = 29.7 
Mean T o n s  1  = 78.1 
Mean T o n e  L = d1.U 
Naaa 2.oi~z 3 = ~ 3 . 2  
Bean  T o n s  4 = 23.5  
Mean Zone 5 = 22.2 
Mean Ton* b = 19.6 
Mean Ove ra i l  = 27.6 

i? P r o u  

,688 



T a b l e  Lt.29 

oneway Analysis of Varlance of LtC13 Uata For Tones 

-- 
s o u r c e  D. F. Suln o r  nean E ~ a t 1 0  F Prou 

Squares  S q u a r e s  

b e t d ~ e n  Groups 6 337136.0 56189.3 - 8 4  -545 
Within Groups 135 9obLObU,U 671Lb,4 
T o t a l  141 339320d.0 

Mean Tone 0 = 713.6 
d ? a n  Ton? 1 = 735.0 

i Hean 'Tone 2 = 700.9 
Mean Tone 3 = 611.7 
Mean Tdne 4 = 675.1 
Msan Pone 5 = 755-8 
fiean Tane 6 = 53b.7 
dsan O v z r a l l  = 710.0 

CNV knp ( C z )  - M 3  
---------------- 
Source! 0. F. S u m  of dzan  1' txatio P ProG 

Between G r o u p s  o 187d.6 313.1 1 .b8 .Id9 
W i t n i n  tiroups 135 251 15.1 I t r b , ~  
Total 141 Lb9Y3,7 

Rean Tone 0 = -10,l 
aean Tone 1 = -16.b 
Mea~i r o n s  2 = - 12.1 
dean Tone 3 = -14.0 
Ksan T o n e  4 = -8.9 
Bean Tona 5 = -20.4 
Bean Pone 6 = -10.4 
Kean O v e r a l l  = - 1 ~ ~ 1  



CNV A N T ( C L )  - H4 

Betwezn G r o u p s  6 1349~9,b 2 ~ 4 6 6 . ~  1-02 ,417 
W i t h i n  Groups 135 23&5336.0 L L ~  13.6 
T o t a l  14 1 31LUL05,b 

Mean T o n s  0 = -190-1 
Msan P o n e  1 = -178-7 
h e a n  Z o n e  2  = -205-8 
d e a n  i'~11e 3 = -98.2 
M2an T o n e  4 = -137.9 
Mean Z o n e  5 = -224.0 
Llean T o n e  b = -129.7 
d e a n  O v e r a l l  = -181,2 

Betwe5n  G r o u p s  6 
W i t h i n  G r o u p s  119 
T o t a l  135 

Mean T o n e  0 = -L7.; 
Plean 2 o n e  1 = -24-9 
Mean Zen? 2 = -15.9 
Bean  T o n e  3 = - 3 u - 3  
Mean T o n e  4 = -21.3 
d + a n  T o n e  5 = -16.9 
Mean J o n e  b = -11.7 
tiean O v a r a l i  = - L 3 * 8  

Sulu of hkar I niitio k Yrob 
Squares  S q u a r e s  

30 55.9 su9.5 2 - 9 0  .011 
~ ~ 6 4 4 . 9  175.5 
LS703.8 

S i y n i f l c a n t  ( p < -  0 5 )  A P o s t 2 r i o r i  
C ~ n t r a ~ t s :  H o i a o g e a ~ u s  S u b s e t s  
u s l u g  o u n c a n  kdnye 'L2st. 

S u ~ s e r  1: Youe 3; Tone 0 ;  
'lone 1; T o n e  4; T o n e  5 ;  
Toria 2 

S u ~ s e t  L: T o n e  I; 'Tone 4;  
Tona 3 ;  l o n e  L; T o n e  b 



~ e t w e e n  Groups 6 933.u 
w i t h i r  Groups 125 ~ ~ 5 1 3 . ~  
T o t a l  13 1 ~ 3 4 4 b . ~  

Mean Tone il = 1 7 - 3  
M2an Tonz 1 = 16,0 
Mean Zone 2 = 10.6 
Mean Tone 3 = 18.5 
Mean Tone 4 = 13.1 
Mzari T o n 2  5 = 15.7 
Mean l o n e  u = 8.5 
Mean O v ~ z a l i  = 15.6 

---------- 
Source LI. I?. Sulu of 

Squares 

Betwe9n G r o u p s  6 552.6 
W i t h i n  Groups 105 15YS7.1 
Tota l  111  10539.7 

Hean fone O = 1 ~ . 4  
Hean Tone 1 = 10.4 
dean Tone 2 = 11.6 
Mean Tone 3 = 18.0 
Mean Tone 4 = 1 8 - 2  
Mean Eone 5 = 11.3 
Mean T o n *  6 = 8.U 
Medn O v e r a l i  = 1d.Y 



Oneway A n a l y s l s  o f  Vdr idnce  ot UC14 b a t a  F o r  T o n e s  

I). F. Sum of Pica il F h a t ~ o  E P ~ U D  
s q u a r e s  S q u a r e s  

a;tw+en  coups o ~ 4 7 3 2 8 . 0  4 1 ~ 2 1 . 3  . 4 d  . 6 2  1  
~ i t h i n  G x o u p s  1 1 0  9387LdU.O t is438 .3  
T o t a l  116 y b 3 4 6 0 8 - 0  

Mean Tonz O = 600.3  
Mean Ton* 1 = 596.7 
?lean T o n e  2 = 631.4 
d e a n  T o n e  3 = 637.0 
Mear T o n e  4 = b86.8 
h e a n  Tonz  5 = 682 .0  
Mzan Zone  b = 504 .5  
Mtan O v z r a l l  = 6 2 2 - 0  

CNV Amp(Cz)  - h 3  
---------------- 
S o u r c z  D.&, Sum o f  dean f d a x i o  F Yrou  

S q u d z e s  S q u a r e s  

B e t w e e n  G r o u p s  6 634.3 143 .1  - 7 0  . b55  
W i t n i n  G r o u p s  1 1 0  L35Sd.7 214.7 
Totai 1 1 6  24445.0 

B ~ a n  l o n e  0 = -30.1 
mzan T o n e  1 = -27.1 
Mean Tone 2 = -33.2 
Bean  Tone  3 = -32.0 
d e a n  Tone 4 = -24.3 
n z a n  T o n e  5 = -35.6 
i9ean T o n e  6 = - 3 b .  3 
dzau 3 v z r a l ~  = -31.3 



CMV I N T I C z )  - 114 

Between Groups 6 650.52-U 1034L.O - 4 6  ,637 
Within Groups 130 Lo 14229.0 23765-7 
T o t a i  116 2b73881.0 

i Kean Tone 0 = -310.7 
Mzan t o n e  1  = - 2 8 6 . 3  
?lean T o n s  2 = - 3 3 2 . 9  
nean cone 3 = -266 .b  
Bean Tone 4 = -254.9 
fiean Tons 5 = -31r.8 
Mean Tone 6 = -341.7 
Zean Uvzrali = -306.2 

---------- 
Source  D. Fa Suln 05 irlean F b a t l o  Y Prob  

S q u a r e s  S q u a r e s  

B e t w e e n  Groups 6  446.6 74.4 - 4 9  ,438 
W i t h i n G r o u p s  110 8231.5 75-4 
T o t a l  115 8738.3 

Kean Tone O = - 15.1 
mean Tone 1  = -9 ,Y  
Mean Tone L = - 1 ~ . 5  
Eean Tons 3 =' -1 1 - 3  
Mean Tone 4 = -10.3 
dean  Tone 5 = -12.8 
l lear  Tone 6 = -13.2 
Mean O v a r a l ~  = -13.3 



ae twezn  Groups 6 3 3 6 . 5  
i i i t h i n  t i r o d p s  107 6L53.  1 
T o t a l  1 1 3  8643. b 

aean 2dno O = 7.8 
Mean l o n e  1 = 10.7 
d e a n  Tons L = 6.5 
Bean Pone 3 = 12.3 
Mzan Tons 4 = 7.4 
deau  T o a e  5 = 7.1 
Mean Tone 6 = 2.L 
hean Ovsraii = 7.7 

---------- 
S o u r c e  L).E. Sum o f  

S q u a r e s  

Betkiden Groups 6 3 b 7 . 9  
d l t h i n  Groups 8 4  5320.8 
r o t a 1  YC) 5b6d.7 

Mean Tonz 0  = 5.7 
Mean Tone 1 = 9.9 
Mean Tonz 2 = 4.9 
Bean T o n e  3 = 5.7 
M2an Tons 4 = 5.1 
Kean Tone 5 = 0 . 8  
82an Tone 6 = -1.0 
Bean O v e r a l l  = 5.0 

plea n 
S q u a r e s  

Z Prob 

. 4 3 3  



T a b l e  3 - 3 1  

f Variance  or  DC 15  Oatd F o r  T o n e s  

B e t u s e n  G r o u p s  b 
w i t u i n  G r o u p s  133 
T o t a i  1 3 7  

Mean T o n e  0 = 612.7 
fiean Ton2 1 = 550.4 
Hean  Tone  L = 628.7 
M2an Tone  3 = 716.0 
Msan Pone 4 = 573.7 
Hean  T o n e  5 = 597.1 
Mean T a n e  6 = 500.7 
Mean O v z r a i l  = 615.9 

CNV A m p ( C z )  - Pl3 

B e t w e e n  Groups 5 
W i t h i n  G r o u p s  1 3 1  
T o t a l  1 3 7  

Mean T o n e  0 = -14.6 
M2an T o n e  7 = -12.7 
n e a n  T o n e  2 = -2d.2 
h e a n  T o n e  3 = -9.7 
Mean T o n e  4 = -15.8 
Mean T o n e  5 = -17.8 
mean T o n e  6 = - 2 3 . b  
f iean  overall = -15.9 

S u m  oi Mean r' d a t i o  F P r o b  
Squarts Squares 

L13216.0 35536.0 - 4 0  - 8 4  1 
lULl34t38.U 77965.5 
1 O4267OU. 0 

Sum o f  d e a n  r h a t i o  E P r o u  
S q u a r e s  s q u a r e s  

1579 .8  ~53.3 .92  - 4 8 5  
37b15.b 287.1 
39195.4 



C N V  I I J T  (Cz) - ti4 

----------______ 
s o u r c e  0 ,  F. bum o f  rlez 11 k n a t i o  E P r o u  

Squares  S q u a l - e s  

B e t h i e e n  G r o u p s  6 l o 4 b b  1.U L 7 4 4 3 . 5  - 9 0  , 4 5 6  
w i t h i n  G r o u p s  1 3 1  3 7 4 8 1 6 5 . 0  L m 1 2 . 0  
T o t a l  137 3 ' 3 1 ~ 8 ~ 7 . ~ 1  

I H e a n  r o n e  O = - 1 4 5 . 7  
n t a n  Tone 1 = -135 .0  
Mear. Lone L = -249 .4  
a a a n  T o u e  3 = - 1 0 5 . 0  
d e a n  T o n e  4 = - 143.4 
Meah T o n e  5 = - 1 6 r , l  
Mean T o n &  6 = - 1 5 5 - 4  
H e a n  O v s r a l l  = -157.2 

---------- 
Source b.k. Sulu o $  L e a n  k d a t i o  Y P r o u  

S y  u a r e s  S q u a r e s  

Betw2sn G r o u p s  6 
W i t h i n  G r o u p s  1 L 9  
T o t a l  135 

Baan l o n e  U = - 3 3 - 5  
aean Tone 1 = -28.4 
?lean T o n e  L = - 4 5 - 0  
B e a n  T o n e  3 = -24.b 
Wean z o n e  4 = -22.5 
Mean T o n e  5 = -2d.L 
P13ai-i T o n s  b = -20.2 
Moa~~  Overali = - 3 0 . d  

6 6 0 ~ - t r  11dU.5 7-75 .U00 
18312.3 142.0 
,249 15.1  

S l y n i f i c a n t  (p<,05) A P o s t e r i o r i  
C o n t r d s t s :  H o m o g e n o u s  S u u s e t s  
u s i u g  D b u c a n  Eidnge Zest. 

Subset 1; Tone L 
S u b s e t  L :  T o n i  O; T o n e  1 ;  

i o n c  3 
S u b s z t  31  T o n e  1 ;  T o n e  4 ;  

P c n e  3; T o n e  5; T o n e  o 



---------- 
s o u r c e  0.E. Sua of  &&art F natio r P r o ~  

Squares  S q u a r e s  

a e t w e e n  G r o u p s  o 1 3 2 1 . 8  187.1) 1 . 2 2  ,296 
W i t h i n  G r o u p s  128  33569.5 152.3 

i r o t a 1  134  2 0 4 9 3 . 3  
?lean T o n i  0 = 8.2 
Msar. Tane 1 = 9 .4  
U2an Tone L = 4 . 3  
B e d n  T o n e  3 = 1 3 . 3  
Mean Pone 4  = 13.9  
d * a n  E o n s  5 = 13 .3  
mean Toue b = 7.7 
Mean O v s r a l l  = 9.3 

---------- 
S o u r c s  D. F. Sum of  h a a n  k t i a t io  E' P r o ~  

S q u a r e s  S q u a r e s  

B e t u s e n  G r o u p s  b b10.7 101.t, 7 8 . 5 ~ 3  
G j i t h i n  G r o u p s  l i)4 1 3 6 5 5 . b  3 3 1 . 3  
T o t a l  110  1425 6 .3  

Mean T o n e  O = 14.4 
Mean T o n s  1 = 1 4 . 2  
Mean Tone 2 = 1 4 . 0  
B e a n  Tons 3 = 2.6 
Plean lone 4 = 1 3 . 0  
Rsan T o n e  5 = 16.8 
M2an T o n e  6 = 1 3 - 0  
Nzan O v e r a l l  = 1 3 - 9  



" n e u a y  A n a l y s i s  o f  Variance of D C ~ O  Ddta For Tones 

b e t w z s n  G r o u p s  0 47344daiJ  7a906.b 1.04 .4c)Z 
W l t h i n  G r o u p s  113 85457b0.0 75626.2 
Total 1 1 9  YU19LOD.O 

h z a n  Tone  0  = 597.7 
X t a n  T o n e  1 = b14.8  
Hean  Tone 2 = 791.8  

i Meari T o n e  3 = 573.0  
Hean  Zone  4 = 664.3 
heari f a n e  5 = 6 3 9 . 3  
Hean  ' tons  6 = 662.5 
4*dn O v e r a l l  = 633.4 

B e t w e 2 n  G r o u p s  o db6.7 144.8 - 6 7  ,680 
H l t h i n  G r o u p s  1 1 3  ~45d1.1 517.5 
T o t a l  1 33 23449. a 

k i 2 a ~  T o n e  3 = -25.5 
h e a n  2 o a e  I = -24.b 
8 2 a ~  T o n e  2 = -22.3 
d e a n  Pone 3 = -19.5 
H2dn I o n ?  4  = -27.6 
Mean l o n e  5 = -23.7 
Bean  Tone b = -34.0 
hean  O v k r a l i  = -25.5 



---------------- 
s o u r c e  D m  E', 5u,n o f  L e a n  I kiatio E Lrou 

Squdres  Sy liar es  

Between Groups 6 79653,O 133~8.8 -81 ,565 
w i t h i n  Groups 113 1855559.0 1b420-3 
T o t a l  114 1~3541a.o 

Mean Tons 0 = -238.1 
Hean Tone 1 = - ~ 5 1 . 8  
Mean T o n e  2 = -148.6 
Piean Ton+ 3 = -169,Y 
Mean Tone 4 = -271.2 
Mean Tons 5 = -209.1 
Xean Tone 6 = -250.5 
Zean O v z r a l l  = -231-1 

--------- 
Source D O E ,  Sum o f  1'1 E a 11 F n a t i o  F P r o ~  

S q u a r e s  S q u a r e s  

Between Groups 6 1 1  58.9 193.2 1,i3 ,296 
W i t n i n G r o u p s  109 17126,2 157-1 
T o t a l  315 18285.1 

dean  Tone 0 = -25.9 
r l&an  Tone 1 = -24-1 
dean Tane 2 = - 2 b -  1 
Mean Tone 3 = -15.8 
Meac Tone 4 = -27.9 
Bean Tone 5 = -20.b 
tiean l o n e  6 = -31-0 
Mean O v ~ r a l l  = -24.8 



---------- 
s o u r c e  b. F. Sua  or; t i e a n  F n a t i o  E Piou 

Squares  Squares  

~ e t w e 2 n  Groups o 1079.9 ItlCi.0 1.47 . I 9 3  
wit hi^ G r o u p s  107 1 3 0 6 5 . 6  ILL. 1 
T o t a l  1 1 3  1 4 1 4 5 . 4  

i 
Wean Z o n e  0 = 15.8 
H2an  Tone 3 = 10.4 
Msan Tone 2 = 1 9 - b  
Mean T o n e  3 = 1d.u 
Mean Tone 4 = 8 . 3  
H e a n  Tone 5 = lb.9 
R e a n  Tonz 6 = 8.U 
Mean O v ~ i a l l  = 15.7 

---------- 
Source D . E .  Sum of  f i e a n  P n a t i o  f Proa 

Squares S q u a r e s  

B e t w e e n  Groups b 3 8 0 - 0  6 3 . 3  ,bb .b8L 
W i t h i n  Groups 9 3  8867.4 Y5.b 
T o t a l  99 9567.4 

H o a n  T o n e  0 = 1 5 . 3  
Moan T o n e  1 = 1 8 - 0  
M?an T o n z  2 = 15.9  
d e a n  T o n e  3 = 2 0 - 0  
M2an T o n s  4 = 12.4  
Mean Tone 5 = l 6 . b  
i l e a n  T o n e  6 = 20.0 
dear: O v a r a l ~  = 15.6 



T a o l e  b . 3 3  

Untway A n a l y s i s  of V a r i a n c e  o r  dC18 d a t a  F o r  T o n  

-- 
s o u r c e  b. F. Sum d i  Kean P l idtic F P r o u  

S y u a r s s  S q u a r e s  

~ e t w e ? n  G r o u p s  5 35l&ad.U Sd64d.d  . 9~ , 4 6 4  
w i t n i h  G r o u p s  1 2 5  795dbb4.U b.3750.~ 
T o t a l  131 83Lu752.0 

h e a n  f o n e  O = 732.b 
Mean %Tone 1 = 805 .8  
Meau T o n e  2 = 789.2 
B e a n  T o n e  3 = 6 L C I 0  
Mean T o n e  4 = 835.9 
Mean Tone 5 = 858.4  
Moan l o n e  0 = 702.7 
t i ean  O v a r a l l  = 73L.9 

CNV Amp {id) - 8 3  

S o u r c e  u.f Sum 0 4  d2a n r i ( d t i o  F 2roo 
S q u d r e s  S q u a r e s  

B e t w e e n  G r o u p s  6 1189.6 138 .3  - 6 2  .55Y 
W i t n i n  G r o u p s  1 2 5  3c)Loo.L 2 4 2 - 1  
T o t a l  1 3  1 31453.8 

Hean T o n e  0 = - 19.1 
dean Tona 1 = -16.0 
Mean T o n e  L = - 15.4 
iqean T o n e  3 = -19.1 
iqieau P o n e  4 = -18.0 
?lean roce 5 = - 2 6 - 9  
6ean T o n e  6 = -17.2 
h e a n  O v s r a l l  = -19.0 



---------------- 
source  b. F a  Suiu o f  ddan F a a t i o  F P r o u  

Square;, S y u d r t = s  

Between G r o u p s  6 21bb72.0 Jbll2.3 1.19 
witn in  G r o u p s  125 3dOLAU8,O jL~Ylb.5 
T o t a l  131 401d980,0 

dean Tons 0 = -202.0 
Mean Tone 1 = -153.7 
M*an Tone 2 = -153.6 
ilean T o n e  3 = -149.4 
Piean Tona 4 = -162.2 
Mdan Tone 5 = - 2 9 J . l  
Bean Tone 6 = -179-5 
Flsan O v e r a l l  = -493.2 

---------- 
S o u r c e  U, E', Sum of dea ri F ~ a t t i o  r' P r o u  

S q u a r e s  S q u d r e s  

B e t w e s n  Groups b 43b-4 72.7 -41 - 8 b 9  
Vithin G r o u p s  113 19657-9 175.7 
Zota l  119 2U294-4 

adan T o n e  0 = - ~ 2 . 9  
Mean T o n e  1 = -21.5 
mean Tons 2 = - 18.2 
Mean rode 3 = -16.8 
Mean f o n t ?  4 = - 2 3 . 3  
Rean T o n e  5 = -23.3 
dzan Poue 6 = -21.0 
mean u v e r a l l  = -21.8 



S q u a r e s  

iJetwee 
W i t h i n  
T o t a l  

flea 11 

S q u a r e s  

I u d . 4  
124.2 

Mean Tone O = 15.0 
Medn Tone  1 = 18.0 
Haan Tone 2 = 12-0 
Mean T o n e  3 = L S . 5  
Mean T o n e  4 = 18.b 
Mean T o n e  5 = 18.5 
iqean T o n e  6 = 20.7 
Hean  U v e r a i i  = 16.9 

P 3  Amp ( C z )  

B e t w e e n  G ~ o u p s  6 353.5 
W i t h i n  G i o u p s  99  1577 1.4 
T o t a l  305 1b1LS.O 

Mean T o n e  O = 20.8 
M2an T o n e  1 = 16.6 
Mean T o n e  2 = 25.2 
H e a n  T o n e  3 = 2 1 - 3  
Hean Toile 4 = 23.7 
Mean T o n e  5 = L1.0 
E s a n  ? o n e  b = i l , ~  
h e a n  O v s r a i l  = 9.9 

n+an  
S q u a r e s  



o r  T o n e s  a t a  F 

0. F- Sum of  lilfdn Y natlo k P r o a  
L i g u a r l s  S q u a r e s  

B e t d s e n  G r o u p s  o 6 4 S o O t 3 . ~ ~  1 0 7 5 0 1 . 3  1 .55  - 1 6 8  
W l t n i n  G r o u p s  123 8553712.0 64542.3  
T o t a l  1 2 9  '31Yd720.C) 

d s a n  T o n e  O = 037.1 
Rear, T o n s  1  = 631.1  
Mean Tone 2 = 483.3 
Hean Tone 3 = 726 .6  
Nean T o n e  4 = 500.5 
Mean T o n e  5 = 6 3 5 . 9  
Mean Tone b = 413.4  
d s a n  O v e r a l l  = 021.7 

CNV Amp(Cz) - M 3  
---------------- 
Source b. F. Sum o f  d e a n  F l s a t i o  F P r o ~  

S q u a r e s  S q u a r ? s  

B e t w e 2 n  Groups 6 1691.4 L82.3 1 - 6 5  1 3 9  
Within G r o u p s  1 2 3  ~ 1 C ) b d .  4 171  -2 
T o t a l  129 22754.8  

Mean Tens U = -12.3 
Mzan T o n s  1 = -10.4 
Mzan Tone 2 = -7.6 
Bean  Tone 3 = -14.4 
Mean l o n e  4 = - 1  1 . 3  
Msan Tone  5 = -22.2 
Hean  P o n e  6 = -7.8 
Mean O v e r a i i  = -12.6 



BzTwezn Groups b 150524-0 25087.3  1.30 . Lo 1 
h 7 l t n i n  Groups 1L3 ~ ~ 7 3 0 6 b . 0  14i93.L 
Total 129 ~ 5 2 3 5 3 2 ,  0 

S e a n  T o u e  0 = - 1 1 1 - 1  
ilaart Tone 1 = - 109-4 
& t a n  T o n ?  2 = -48.4 
& e d n  T o n e  3 = -194.3 
i4ean Tone 4 = -90.6 
dzan Tone 5 = -175-5  
Mean T o n e  b = -122.6 
Mean d v e r a l f  = -114-3 

N 1  A m p  (Cz) 

---------- 
S o u r c e  D. F. Sum 05: IYiean k aatio E Yrob 

Squares S$uart?s 

Lietween G r o u p s  b 935.U 155-8 1-31 -257 
W i t h i r i  Groups 116 13797.0 118.3 
Total 122 1473L.U 

Mzan T o n s  0 = -18-3 
Mean Tone 3 = -22.8 
Pisan Tons L = -18.5 
n e a n  T o n s  3 = -18-7 
Piean Tone 4 = -16 .2  
Mean Zone 5 = -16.8 
&*an T o n =  6 = -4-3 
d e a n  dvsrali = -18-1 



---------- 
s o u r ~ ~  1). F. Sum of: pied ri n a t i o  t P r o u  

S q u a r e s  Squares  

a s tween  G r o u p s  6 1 2 9 7 - 3  ~ 1 6 . ~  1.46 . I 9 7  
W i t h i n  G r o u p s  3 75 17OU7.d 147.9 
Tota l  1 2 1  1 b3US.U 

Mean Tone 0 = 2q.7 
Mean  T o n e  1 = 15.d 
Mean T o n e  L = 25.8 
n z a n  T o n e  3 = 17.3 
Mean E o n s  4 = 22.1 
Ht?an T o n e  5 = L5.0 
Mean T o n e  6 = 18.3 
f i e a n  O v ~ r a i l  = 23.0 

---------- 
S o u r c e  D.F. Sum o f  ~ . l e a n  F k a t i ~  k Prob 

S q u a r e s  S q u a r e s  

Between G r o u p s  b 1 0 5 L - 5  175.4 1.75 
W i t h i n  G r o u p s  105 10547.7 1UO.3 
To t a  1 1 1 1  1 1bOQ.3 

Mean l o n e  0 = 21.9 
Mean Tone 1 = 12.4 
Piean Zone 2 = 22.3 
Mean Tone  3 = 22.1 
Mean T o n e  4 = 22.6 
Mean Tone  5 = ~ 1 . 9  
d e a n  l one  6 = 25.5 
Mean O v 2 r a l l  = 21.1 



-- 
source 8.F. Sum o r  dsan k t i a t i o  

Squares 5 q u a r s  

Between Groups b 458128.0 76354.6 1-09 
W i t h i n  Groups 108 75595iO.U 09992 .5  
Total 114 8Q17648,O 

Mzan Tore 0 = 712.3 
Mean Tone 1 = 724.7 
kean T o n e  2 = 776.8 
Piean Tone 3 = 545.0 
Hean Tone 4 = 773.2 
d e d n  Tone 5 = 800.8 
f itan Toad 6 = 881.3 
Mean D v e r a l l  = 734.1 

E Prou 

, 3 7 3  

CNV amp (Cz) - 4 3  
---------------- 
Sour CE: d. i?. Sum of nean E a a t i o  f Prob 

S q u a r s ,  S q u a r e s  

Betdesn Groups 6 810.1 135.0 - 7 3  ,027 
W i t h i u  Groups 108 13913.1 1b4.4 
T o t a l  114 20729.2 

Mean T o n e  0 = -17.9 
Xeau  Tone 1 = -17.0 
b e a n  T o n e  2 = -16 .2  
Mean Tone 3 = -18.5 
E e a n  T o n e  4 = -23.4 
Mean Tone 5 = - 2 3 . 8  
Mean Tone  6 = -23.3 
Mean O v s r a l ~  = - 1 9 - 2  



CNV 18T (Cz) - B 4  
---------------- 
s o u r c e  JJ- I!* sum o t  ~ ~ l e a n  i R a t i o  F P r o ~  

S q u a r e s  S q u a r e s  

De tween  G r o u p s  6 6 0 3 3 1 . 0  ldb05.L - 4 8  . b~ 1 
w i t h i n  G r o u p s  108 2236766.0 L071u.d 
T o t a l  1 1 4  ~ 2 9 6 7 9 7 . 0  

?lean T o n e  0 = -361 .5  ' he ax^ T o n e  1 = - 1 3 3 - 2  
Mean Tone L = -129.2 
d d d n  T o n e  3 = -188.b 
dsdn T o a e  4 = -193.9 
?lean lone 5 = - ~ 1 0 . 5  
deau T o n e  6 = -184.3 
mzan O v e r a i l  = - 1 b 7 - 3  

between G r o u p s  b 185.8 31.0 - 2 3  . Yb5 
W i t h i n  ; ;oups 1 0 8  34544.0 134.7 
To ta l  1 7 4  3 4729 ,  t3 

Htaii Tone O = -23.9 
t iean  ,Tone 1 = -24.2 
d e a n  Toue L = -23.0 
Plaan t o n s  3 = -25.3 
Mean Fonz 4 = -20.9 
& e a n  Ifon2 5 = -23.5 
A e a n  T o n e  o = -20.5 
Mean O v e r a i l  = -23.3 



Squares  

b e t u e s n  G r o u p s  6 496.7 
W i t h i n  G r o u p s  1 0 b  15903.1 
T o t a l  1 1 4  1 b J 9 9 . a  

Mzan T o n e  O = 25.4 
M*an T o n e  1 = 27.7 
Mean T o n e  L = 29.4 
d e a n  Torie 3 = 19.2 
Mean Tone  4 = 2 3 - 5  
Mean T o n e  5 = 25.6 
d z a n  f o n e  b = 24.3 
Plsdn Q v e r a l i  = ~ ' 5 . 3  

P 3  Amp (Cz) 

---------- 
S o u r c e  D. F. Suin o $  

S q u a r e s  

Between G r o u p s  6 1173,3 
W i t h l n  G r o u g s  9 6  1 3 3 b u . 4  
T o t a l  102  I ii53 3 - 7  

Hean Tone  0 7 ~ 0 . 1  
a e a n  Tone 1 = 12.7 
Bean  P o n e  2 7 20.0 
Mean Tone 3 = 8.4 
Mean Tone  U = 1Y.S 
Mean Toile 5 = 1 5 . 3  
fiean T o n e  6 = 23.0 
k e a n  O v e r a l l  = l b ,  5 

~ i ~ d  ii r' d a t i o  
S q u a r e s  

F p r o u  

, 7 0 1  

F Prob 

, 2 2 0  



Onsway A n a l y s i s  of V a r l a n c e  o f  3 ~ 2 1  D a t a  F o r  Tones 

-- 
s o u r c e  b. F *  Sum or. t i ean  k k d t i o  E P r o o  

squares  S q u a r e s  

detUSea t i r o u p s  b 127Lgb-0  i l L l b . 4  . 70 , 0 0 9  
Within G r o u p s  94 2b4L328.0 281 1 5 - 3  
T o t a l  100 L770224.(i 

Mean Tone 0 = 660.7 
Mean T o n e  1 = 942.7  

, Mean Tone  2 = 895-3 
Bean  l o n e  3 = 921.4 
Piean Xone 4  = 917.6 
B e a n  T o n s  5 = 9 15.0 
M2an T o n e  6 = 7 6 3 - b  
n e a n  O v e r a l l  = 8 3 2 . 0  

CNV A m p ( C z )  - & 3  

b . k .  Sum o f  riedn r M a t i o  F P r o 0  
S q u a r e s  S q u a r e s  

bet wee^ G r o u p s  b 1L70. i  211 .7  1 . ~ 8  ,273 
W l t h i n  G r o u p s  4 4  1 5 5 4 5 , 4  105.4 
Totai 10 0  16815.0 

Mean I o n e  O = -17.1 
d e a n  P o n e  1 = - 1 6 - 1  
Mean T o n e  2 = - ~ 2 . 5  
h 2 d n  Tone  3 = - 6 . 9  
d e a n  T o n e  4 = -9.8 
h z a n  T o n e  5 = -17 .5  
Mean Tone 6 = -13 .8  
r iean o v s r a l i  = -15.9 



CNV i N T ( C z )  - it4 

source  b. E'. Sum o r  1-1 2 a n F n a t i o  Y P r o u  
S q u a r e s  S q u a r e s  

~ e t w e e u  G l o u p s  6 1 4 7 7 7 9 - 0  L 4 t i L Y . d  1.21  . 3 1 0  
W i t h i n  G r o u p s  9q  l Y ~ 1 5 b U . O  ~ 0 4 4 2 . 1  
T o t a l  1 9 0  2d69339.0  

Pisan T o n e  0 = -21d.9 
Meau T ~ n e  1  = - 2 2 4 - 3  
Msan T o n e  2 = -2bb.8 
Beau Tone 3 = -145 .3  
Mean P o n e  4 = - 1 ~ 4 . 8  
fiean Zone 5 = - 1 9 2 - 8  
d e a n  Tona  6 = -184.6 
Raan O v e r a l i  = -21.b0 

---------- 
S o u r c e  0.2'. Sum of  dea xi F n d t i o  F P r o ~  

S q u a r e s  s q u a r e s  

B e t u t 2 n  G r o u p s  6 lb49.O 274.6 i.18 , 0 5 3  
W i t h i n  G r o u p s  d 3  1 ~ 4 7 2 . 0  125.2 
T o t a l  8 9  121L1,O 

Mzan T o n e  0 = -24.6 
a e a n  Tone 1  = -21.2 
B e a n  Tone  2  = -30.1 
Mean T o n e  3 = -27.U 
Hean T o n e  4  = -22.2 
Mean T o n e  5 = -16 .1  
Hean T o n e  6 = -12.3 
Mean O v e r a l l  = - 2 3 - 2  



b z t w e s n  G r o u ~ a  b 718 .4  119.7 1 - 0 5  . 3 7 d  
Within G r o u p s  8~ YU48.3  110.3  
Total d 8  r 7 b 6 . 5  

Mean t o n e  O = 8 - 2  ' ilzaxi T o n 2  1 = 10.7 
?•÷*an Tone L = 10.1 
Mean Tone 3 = -1.0 
Mean Zone 4 = 3.3 
Mean Tons 5 = 9.5 
Xean  Eone b = 5.0 
dean O v 2 r a l l  = 7.9 

---------- 
Source D.F. S u m  or mean E d a t i o  E P r o u  

Squares squa re s  

a e t v e 2 n  Groups b 211 .4  35.4 - 4 0  ,875 
W i t h i n  G r o u p s  53 4b74.6  d 8 . 2  
S o ~ a l  53 48b;l.c) 

Medn Tofit3 0 = 7.5 
Mean Tone 1 = b.7 
H e a n  T o n s  2 = 4.0 
Mzan Tone 3 = 3.8 
M ~ a n  T o n e  4 = 7.4 
mean T o n s  5 = 6.0 
Mzan Tone b = 1.3 
Mean O v e r c d l  = 6 - 5  



Appendix  E 

Analysis of Variance and Duncan n u l t i p l e  Range T e s t  

Sunaary Tables for Averaged Data Pooled Overs 

1) A 1 1  2 s  

2) Hales 

3) FerttaLes 



Onevay Analysis of  Variaace f o r  Conditions For 
Averaged Data O v e r  A l l  2s and Elec t rodes  

----- 
Source D. F. 

B e t w e e n  Groups 2 
W i t h i n  Groups 645 
Tota l  6 47 

Bean A1 = -5.7 
Mean 3 = -7.3 
Bean A2 = -6-1 
Hean Overal l  = -6.4 

Betweeq Groups 2 
Within Groups 6 4 5  
Tota l  647 

Mean A1 = -11,5 
Mean B = -14.4 
Hean A2 = -10.8 
Bean Overal l  = -11.9 

CNV H3 
----- 
Source D, P, 

Betveeq Groups 2 
W i t h i n  Groups 645 
Tota l  647 

Hean A 1  = -1.3.6 
Hean B = -15.3 
Mean A 2  = -12.9 
Bean Overal l  = -13.3 

sum og 
Squares 

287.0 
60348,l 
50645.1 

Sum 04  
Squares 

745-4 
33526.3 
34OOl,? 

Bean P Batio 
Squares 

Hean P Bat40 
Squares 

S i g n i f i c a n t  (p<-05) A Bos-teriori 
Contrasts: Boaogenous S u b s e t s  u s i n g  
Dancan Range Zest ,  

Subset I: 0 
Subset 2: A1;A2 

Sua og Wan P Ratio F Prob 
Squares Squares 

1555.9 377.9 12 -61  ,000 
39810.3 61 -7 
41356,3 

S i g n i f i c a q t  (p<-0 5) A L?osteriori  
Cpatrasts:  Homogenous Subsets  using 
Dancan Baqge Zest, 

Subset I: B 
Subset 2:  A 1 ; A 2  



------ 
s o u r c e  

Betweeq Groups  2 
Within Groups  645  
T o t a l  647  

Bean A1 = -16.7 
Bean B = -16.5 
Hean A2 = - 14.7 
Bean O v e r a l l  = -15.9 

N1 LAT. 

C Y V  84 
----- 
s o u r c e  P P a t i o  F P r o b  

S q u a r e s  S q u a r e s  

~ e t w e e n  Groups  2 11358U64, O 5679232-0 6-63 ,002 
P i t h i n  Groups 645  55268UOl6,O 856889.9 
T o t a l  647 564052480,O 

liean A 1  = -143.9 S i g n i f i c a a t  (p<.05) A P o s t e r i o r i  
Hean B = -132-2  C o n t r a s t s :  Homogenous S u b s e t s  u s i n g  
Hean A 2  = -144.3 Duncan Bange Z e s t ,  
Mean O v e r a l l  = -153-4 S u b s e t  1: B 

S u b s e t  2: A1;A2 

Sula of Bean P R a t i o  P P r o b  
S q u a r e s  S q u a r e s  

505-6 252.8 4 - 6 5  ,010 
35059,3 54,U 
35564*9 

S i g n i f i c a q t  (p<-05)  A P o s t e x i o r i  
C p n t r a s t s :  Bonogenous S u b s e t s  u s i n g  
Duncan Bange T e s t ,  

S u b s e t  1: h1;B 
S u b s e t  2: A 2  

Between Groups  2 
With in  Groups 645  
T o t a l  647 

Bean A1 = 141.0 
Mean B = 143.4 
Hean A2 = 1 4 2 - 3  
fiean O v e r a l l  = 142-2 

Sum of tiean f a a t i o  P P r o b  
S q u a r e s  S q u a r e s  

640.0 320,O 1.56 , 210  
132884-0 206.0 
133524-0 



----- 
s o u r c e  D, F, 

Between G r o u p s  2 
H i t h i n  G r o u p s  645 
T o t a l  647 

Bean A 1  =12,4 
Bean % =10,t 
Bean A 2  = l o , &  
Hean O v e r a l l  =10.9 

P2 LAT. 
----- 
S o u r c e  D, I?. 

B e t u e e s  G r o u p s  2 
W i t h i n  G r o u p s  643 
T o t a l  6U5 

Mean A 1  = 221.7 
Hean B = 2L3-2 
f lean A2 = 2 2 0 - 0  
Hean O v e r a l l  = 221-6 

------- 
S o u r c e  D. P, 

Between G r o u p s  2 
W i t h i n  G r o u p s  6 2 2  
T o t a l  6 24 

Bean A 1  = 9-5 
Mean B = 6.9 
Bean A2 = 7 - 2  
n e a n  O v e r a l l  = 7 - 9  

Sum o# n e a n  P Batio F  pro^ 
S q u a r e s  S q u a r e s  

6B8.0 344-0 6.2U ,002 
35421-4 55-1 
36 189-4 

S i g n i f i c a n t  &<, 05) A P o s t e r i o r i  
C o n t r a s t s :  HoBaogenous Sdse ts  u s i n g  
Duncan Range T e s t ,  

S u b s e t  3: 0; 
S u b s e t  2: A1 

Sum of  n e a n  
S q u a r e s  S q u a r e s  

296848-0 

04  Mean S u a  
s51u a res  S q u a r e s  

F Ratio P P r o b  

1-24 ,291 

S i g n i f i c a n t  ( p< ,05 )  B B o s t e r i o r i  
C o n t r a s t s :  H o r o g e n o u s  Sabsets u s i n g  
Dwncan Bange T e s t ,  

S u b s e t  1: B;A2 
S u b s e t  2: A 1  



P 3  LAT, 
---- 
Source D,f, Sum of 

Squares 

Between Groups 2 1824.0 
Within Groups 622 2751920,O 
T o t a l  624 2753744-0 

Bean A 1  = 397-2 
Hean B = 393.0 
Eiean A 2  = 399.7 
Bean Overall = 394.9 

Hea a 
Sqttar es 



T a b l e  E.2 

O n e u a y  A n a l y s i s  o f  Var iance  For  E l e c t r o d e s  F o r  
Averaged Data O v e r  81d Ss and C o n d i t i o n s  

----- 
S o u r c e  

Between Groups 2 
Wi th in  Groups 645 

I T o t a l  647 
Hean Cz = -9.1 
Bean P z  = 3 - 4  
Mean Fz = - 13-4 
Mean O v e r a l l  = -6.4 

------ 
Source  D. 3.'. 

Between Groups 2 
Within  Groups 645 
T o t a l  647 

nean Cz = - 15.0 
flean Pz = -8.1 
Mean Fz = -12.6 
Mean O v e r a l l  = -11-9 

----- 
Source  D. F. 

Between Groups 2 
Within  Groups 645 
T o t a l  6 47 

Hean Cz = - 16-6 
aean Pz = -11.4 
Mean Fz = -11-8 
Mean O v e r a l l  = -13.3 

Sum of Hean F Ratio P &rob  
S q u a r e s  S q u a r e s  

330.73-1 16536,6386.98 . OOQ 
27551.9 42-7 
60635.1 

S i g n i f i c a a t  ( p < . 0 5 )  B P o s t e r i o r i  
Con t ras t s :  Homogenous S u b s e t s  us ing  
Duncan Bange T e s t ,  

S u b s e t  3: Cz 
S u b s e t  2: Pz 
S u b s e t  3: PE 

SUB 05 Bean P B a t j o  P Prob 
S q u a r o s  Sqaar  es 

5240.2 2620.1 58.75 ,009 
28761-5 h4-6  
34001.7 

S i g n i f i c a a t  (p<.05) A ~ o s t e f i o r i  
C p n t r a s t s :  Homogenous S u b s e t s  u s i n g  
Dancan Bange Tes t .  

S u b s e t  3: Crr 
S u b s e t  2: Pz 
S u b s e t  3: Pz 

Sum o f  Bean F Bat40 F Prob 
S q u a r e s  Squares 

3617.4 1808.2 30.91 ,000 
37718.9 58-5 
41 366.3 

S i g a i f i c a q t :  lp<.05) A l ? o s t e r i o r i  
C p n t r a s t s :  Honogenous Subseks  u s i n g  
Duncan Bange Zes t .  

S u b s e t  3: C z  
S u b s e t  2: Ps;fz 



---- 
S o u r c e  D, .Fa Sum o f  Uean P R a t i o  F P r o b  

S q u a r e s  S q u a r e s  

Between Groups  2 139031040. 69515520.0 105.49 eOOO 
W i t h i n  Groups  645 425022976-0 658950-3  
T o t a l  647 564O52tr8Oc0 

Hean Cz = -185 -3  S i g n i f i c a n t  (p<.05f A P o s t e r i o r i  
Hean Pz = -88.9 C o n t r a s t s :  Hoaogenous S u b s e t s  u s i n g  
Hean Fz = -116.2 Dancan Bange Z e s t .  
Hean O v e r a l l  = -153.4 S u b s e t  9: Cz 

S u b s e t  2: Pr 
S u b s e t  3: PP 

------ 
S o u r c e  D. P. Sum op Hean P B a t i o  P P r o b  

S q u a r e s  S q u a r e s  

Between Groups  2  4527.6 2253.8 47-04 ,000 
W i t h i n  Groups  5 4 5  31037-3  48 -1  
T o t a l  647 35564-9 

Hean C z  = -19.7 SOgnif i c a n t  (p<.05) A QIosteriori 
Hean Pz = -13.7 C o n t r a s t s :  Homogenous S u b s e t s  u s i n g  
tiean Pz = - 14.6 Duncan Bange Sest. 
Hean O v e r a l l  = -16-0  S u b s e t  1: C z  

S u b s e t  2: Pz;Pz 

I1 LAT, 
----- 
S o u r c e  D, P. Sum o f  Mean P R a t i o  P P r o b  

S q u a r e s  S q u a r e s  

Between Groups  2 18189.0 909.4.5 50-86  ,000 
Within  Groups  645  1 15335.0 178.8 
T o t a l  647 333524.0 

Hean C z  = 142-4  S i g n i f i c a n t  (p<. 05) A P o s t e r i o r i  
Mean Pz = 135.7 C o n t f a s t s :  Honogenous S a b s e t s  u s i n g  
flean Fz = 148.6 Dancan Bange T e s t .  
Bean O v e r a l l  = 1U2.2 S u b s e t  1: Cz 

S u b s e t  2: Pz 
S u b s e t  3: PP 



P2 ABPL. 
_------- 
s o u r c e  D.P, 

Betweeq G r o u p s  2  
w i t h i n  G r o u p s  643  
T o t a l  645 

Hean Cz = 12.0 
Hean Pz = 1 2 - 8  
Mean Pz = 0.0 
Mean O v e r a l l  = 1 0 - 9 4  

S o u r c e  D. P, 

Between G r o u p s  2 
M i t h i n  G r o u p s  643 
T o t a l  64 5 

Hean Cz = 219.9 
Hean Pz = 222.6 
f iean Fz = 2 2 2 - 5  
Hean  O v e r a l l  = 227.6 

P3 AWPL. 
------ 
S o u r c e  D.P. 

Between G r o u p s  L 
W i t h i n  G r o u p s  622 
T o t a l  6 2 4  

Hean Cz = 4.a 
Hean Pz = 14.0 
Mean Pz = 5.8 
Hean O v e r a l l  = 7-9 

Suu of nea n  F Rat io  E P r o b  
S q u a r e s  S q u a r e s  

2882.7 1401.3 27-05 a 0 0 0  
33 306.7 5 1-8 
36 189.4 

S i g n i f i c a q t  [p<. 0  5) A @oste r ior i  
C o n t r a s t s :  Honogenous  S u b s e t s  u s i n g  
Dancan Bange E e s t ,  

Subset 1: Cs;Pz 
S u b s e t  2: Pa  

Sum og Wean P B a t i o  F ? r o b  
S q u a r e s  S q u a r e s  

Sum og Bean P a a t i o  P P r o b  
S q u a r e s  S q u a r e s  

123B6.7 6393.3 321.59 ,000 
31705.3 5 0 - 9  
413091.9 

S i g n i f i c a n t  (p<, 05) A eiosteriori 
C o n t r a s t s :  Homogenous S u b s e t s  u s i n g  
D r n c a n  Bange T e s t ,  

Subset 1: Ce;fz 
S u b s e t  2: Pe 



P 3  L A Y *  
_----- 
s o u r c e  

Between Groups 2 
i d i t h i n  Groups 522 
T o t a l  624 

Hean C z  = 403.6 
Hean Pz = 40Y.0 
Hean Fz = 376.8 
Hean O v e r a l l  = 394 .9  

Sum o g  Bean P Ratio P Prob 
Squares  Squares  

100352..0 50176.0 11,76 ,000 
2653488,O 4266.1 
2753744-0 

S i g n i f i c a n t  (p<.  05) A Posteriori 
Contras t s ;  Hoaogenous Subsets using 
Duncan Range Test. 

S u b s e t  I t  Cs;Pz 
S u b s e t  2: F r  



Onevay A n a l y s i s  of V a r i a a c e  F o r  Sex Diff. F o r  
Averaged Da ta  Over  A 1 1  Conas. a n d  E l e c t r o d e s  

s o u r c e  D. P. 

Between Groups 1 
With in  Groups 646 
T o t a l  647 

Hean t l a l e  = -5.7 
Bean F e a a l e  = -5-6 
Mean Overall = -6.4 

CHV P12 
----- 
S o u r c e  

Be tveeq  Groups 1 
W i t h i n G r o u p s  6 4 6  
T o t a l  647 

Bean H a l e  = -10.7 
Bean P e a a l e  = -12.7 
a e a n  O v e r a l l  = -11.9 

C N V  fi3 
----- 
S o u r c e  

Between Groups  1 
V i t h i n  Groups 646 
T o t a l  647 

Hean H a l e  = -11.1 
fiean Female  = -14.6 
Bean O v e r a l l  = -13.3 

Sum o g  
S q u a r e s  

S U B  of 
S q u a r e s  

624.3 
33377-4 
34001.7 

SUB o f  
S q u a r e s  

Mean 
S q u a r e s  

589.6 
92.9 

Bean 
S q u a r e s  

624.3 
51 -6 

Mean 
s q a a r e s  

1967.4 
60.9 

E R a t i o  F prob 

6-34 ,012 

F R a t i o  F P r o b  

12.13 ,001 

P Batgo  P Brob 

32.25 , OOQ 



C N V  B4 
------ 
s o u r c e  D. F. Sum og Bean P P a t i o  P P r o b  

S q u a r e s  S q n a r  es 

~ e t w e e n  G r o u p s  1 8655616,O 8655616.0 30.07 ,002 
w i t h i n  G r o u p s  b 4 6  SSS38992r- 0 859736.8 
Tota l  647 564052480.0 

Hean g a l e  = -139.0 
Hean P e a a l e  = -162.7 
a e a n  O v e r a l l  = -153.4 

------ 
S o u r c e  D-F. Sum of Bean P Bat40 F ? r o b  

S g u a r  es S q a a c e s  

Be tween  G r o u p s  1 213.3 213-3 3-89 . 046 
W i t h i n  G r o u p s  646 35351.7 54 .8  
T o t a l  647 35564.9 

Hean Hale = -15.3 
Hean female = -16.4 
Hean O v e r a l l  = -15-9 

----- 
S o u r c e  D, I?, Sum of nean P Ratio F P r o b  

S q u a r e s  Squares 

Between G r o u p s  1 3505.0 1605. 0 7.86  ,005 
W i t h i n  G r o u p s  646 131920,O 204.2 
T o t a l  647 133524.0 

Hean n a l e  = 444.2 
Hean F e m a l e  = l 4 Q , 9  
Hean O v e r a l l  = 142.2 



------- 
Source  D ,  2'- 

B e t  
wit 
Tot 

ween Groups 1 
h i n  Groups 646 
a 1  647 

Bean Hale  = 11.3 
Hean Female = 10-7 
ilean O v e r a l l  = 10m9 

P2 LAT, 
------- 
Source 

Between Groups 1 
g i t h i n  Groups 64 4 
T o t a l  645 

Hean Hale  = 219-5 
Nean P e a a l e  = 223.0 
Bean O v e r a l l  = 221.6 

Between G r o u p s  1 
Within Groups 623 
T o t a l  621 

Hean B a l e  = 7 - 0  
Hean Female = 8.4 
&lean O v e r a l l  = 7.9 

Sum of  
Squares  

Sum of 
Squares  

Sum 0 s  
Squares  

237-9 
4381 4, 1 
44091.9 

55-9 

Mean 
Squares 

1808.0 
1159.9 

Mean 
Squares 

277.9 
50.3 

f Prob 

,352 

F Prob 

,041 

P Prob 

, O U 5  



P3 LAT, 
------ 
Source D. P, Sum of liean P R a t i o  P Prob 

Squares  Squares 

B e t u e e q  Groups 1 605520,O 605520* 0 175.42 -000 
Within Groups 623 2150528.0 3451.9 
T o t a l  624 2756048.0 

Mean Hale  = 356.2 
Hean Female = 419,9 
Mean Overall = 394-9 



T a b l e  E-4 

oneway A n a l y s i s  of  Variance F o r  C o n d i t i o n s  f o r  
A v e r a g e d  Data O v e r  A 1 1  Rale gs and aectrodes  

CNV nl 
----- 
S o u r c e  D. P, 

B e t w e e q  Groups 2 
W i t h i n  G r o u p s  249 
T o t a l  251 

Hean A1 = -6.9 
Nean i3 = -8.1 
Hean A 2  = -7.8 
Mean O v e r a l l  = -7.6 

CNV l42 

Sum of 
S q u a r e s  

Bean P P a t i o  P Prob 
Squares 

S o u r c e  D,f. 

B e t w e e n  G r o u p s  1 
W i t h i n  G r o u p s  249  
T o t a l  251 

Mean A 1  = -10.3 
f iean  B = -11.4 
Mean A2 = -10.7 
Rean O v e r a l l  = -10.7 

Sum of 
S q u a r e s  

62.2 
9996.8 
lOO58.l 

Eiea n Y n a t i o  P P r o b  
S q u a r e s  

----- 
S o u r c e  

B e t v e e q  G r o u p s  2 
W i t h i n  G r o u p s  249 
Total 251 

f lean  A 1  = -9.6 
Mean B = -12-4 
Bean A2 = -11.3 
& e a n O v e r a l l =  -11,l 

Sum of 
S q u a r e s  

328.7 
10637,U 
110,36.1 

~ e a n  P f a t i o  P P r o b  
S q u a r e s  



Sum o g  
Squares  

P Prob 

,209 Between, G 
w i t h i n  Gr 
T o t a l  

Bean A 1  
Bean B 
Bean A2 
Hean Ov 

roup 
'OU p s  

Sum of 
Squares  

F Prob 

,308 

fleaa 
Squares  

Between G 
B i t h i n  Gr 
T o t a l  

Hean A1 
Hean B 
Hean A2 
l e a n  Ov 

roup 
ou ps 

I41 LAT, 

Sum of 
Squaf es 

Bean 
Squares  

f R a t i o  

2.98 

P Prob 

,050 

Source 

Betueen G 
Within Gr 
T o t a l  

Mean A 1  
Bean B 
Bean A2 
Mean O v  

roup 
'OUPS 

= 1 
= 1 
= 1 

e r a l  



letween Groups  2 
l i t h i n  Groups  249 
! o t a l  25 1 

liean A 1  -13.3 
nean  B =9,5 
Hean A 2  =11,0 
Hean O v e r a l l  =71,3 

Sum of Bean F R a t i o  P P r o b  
S q u a r e s  S q u a r e s  

603.6 301.8 65-68 ,004 
33232-0 53-2  
13 83 6 -3  

S i g n i f i c a n t  &p<. 05) A P o s t e r i o r i  
C o n t r a s t s :  Homogenous Subsets u s i n g  
Duncan Bange T e s t ,  

S u b s e t  3: B; 
S u b s e t  2: A 1  

jetween Groups  2 
i i t h i n  Groups 249 
l o t a l  251 
Hean A 1  = 220.3 
Mean B = 218-6 
Hean A2 = 219-6 
Hean O v e r a l l  = 219.5 

3e tveeq  Groups  2 
J i t h i n  Groups 242 
Cotal  244 

Bean A 1  = 8.3 
Bean B = 6.2 
Hean A 2  = 6.2 
Bean O v e r a l l  = 7.0 

Sum o f  Bean 
S q u a r e s  Squares 

SUB of  Mean 
s q u a r e s  S q ~ a r e s  

339-3 169.6 
11213.4 46-3 
11 552-7  

f B a t i o  

36 

P @ r o b  

,711 

F Prob 

,027 

Sggn i f  i c a a t  (p<. 05) A Posteriori 
C p n t r a s t s :  Hoaogenous S u b s e t s  u s i n g  
Dancan Bange L e s t ,  

S u b s e t  1: B;82 
S u b s e t  2: A1 



------ 
source D, P o  Sum oij Bean P Ratio P Prob 

Squares Sqaar es 

Between  Groups 2 1232.0 616.0 - 7 3  ,486 
W i t h i n  Groups 242 203548.0 84 1.5 
Total 244 204880-0 

Mean A 1  = 359.3 
Baan B = 354.5 
Hean A 2  = 35G.7 
Hean Overall = 356-2 



T a b l e  E . 5  

Uneway A n a l y s i s  o f  V a r i a n c e  F o r  Electrodes F o r  
Averaged  Data O v e r  A 1 1  Male 2s a n d  C o n d i t i o n s  

---I 

s o u r c e  D.F. Sum of Cfean P Batio P B r o b  
S q u a r e s  S q u a r e s  

Between G r o u p s  L 11262.9 5606-5 140.38 ,000 
~ i t h i n  G r o u p s  2U9 9952.6 39-9 
T o t a l  25 1 21 185,6 

Hean Cz = - 10.1 S i g n i f i c a n t  (p<. 05) A Qosteriori 
Hean Pz = 1.5 C o n t r a s t s :  Hoaogenous  S u b s e t s  u s i n g  
Bean Fz = - 144.2 Dancan Range Zest. 
l e a n  O v e r a l l  = -7.6 S u b s e t  1: Cz 

S u b s e t  2: Px 
S u b s e t  3: Pz 

CWV ri2 
---- 
S o u r c e  D. P. Sum o f  Bean S Batio P P r o b  

S g u a r e s  Squares 

B e t u e e n  G r o u p s  2 1803-6 901-8 27-26  ,004 
g i t h i n  G r o u p s  249 8255-4 33.2 
T o t a l  251 10058.9 

Hean Cz = -14.1 S g g n i f i c a n t  ( p < .  05)  A P o s t e r i o r i  
Hean Pz = -7 -6  C p n t r a s t s :  Honogenous  S u b s e t s  u s i n g  
Hean F z  = -10 .3  Dancan Bange T e s t ,  
a e a n  O v e r a l l  = -10-7 S u b s e t  1: Cz 

S u b s e t  2: Pz 
Subset 3:  Fz 

CNV ti3 
----- 
S o u r c e  

Between G r o u p s  2 
Y i t h i n  G r o u p s  249 
T o t a l  251 

Bean Cz = - 14.8 
Hean Pz = - 10-0 
Hean Pz = -8-4 
Hean O v e r a l l  = - 1 1 . 1  

Suta o g  Mean Y Bat io  F g r o b  
S q u a r e s  S q u a r e s  

1897.7 948.3 325-91 , 000 
9118.4 36 -16 

l l O l 6 . l  
S i g n i f i c a n t  (p<,  05) A Bosteriori 
C o n t f a s t s :  Hoaogenous  S u b s e t s  u s i n g  
Dancan Range P e s t .  

S u b s e t  1: Cz 
S u b s e t  L: Pe;Fz 



----- 
s o u r c e  D.F. Sum o f  Bean P Batio P P r o b  

S q u a r e s  S q u a r e s  

Between G r o u p s  2 41625600.0 20812840.0 44.86 ,000 
i i i t h i n  G r o u p s  249 11 S55OX!O,O Q64059-1 
T o t a l  251  157116320,O 

Mean Cz = -183.0 S i g n i f i c a n t  ( p < -  05) A ffosteriori 
n e a n  Pz = -84-9 C p n t r a s t s :  Boaogenous  S u b s e t s  u s i n g  
Bean Pz = -148.9 Duncan Bange T e s t ,  
flean O v e r a l l  = -338.9 S u b s e t  1: Cz 

S u b s e t  2: Pz 
S u b s e t  3: Pz 

----- 
SO u r c e  D.P. Sum of Hean F Batio F p r o b  

S q u a r e s  S q u a r e s  

Between G r o u p s  2 2394-3 1197,1 19.44 ,000 
w i t h i n  G r o u p s  249 15395.4 61.8 
T o t a l  251 1778 9 -6 

Hean Cz = -19-5  s i g n i f i c a n t  (p<,05) A P o s t e r i o r i  
Mean Pz  = -13.9 C o n t r a s t s :  Hoinogenous S u b s e t s  u s i n g  
Hean Pz = -12.4 Duncan Range Z e s t .  
Bean O v e r a l l  = -15.3 S u b s e t  1: C2 

S u b s e t  2: Pz;Pz 

------- 
S o u r c e  D. P ,  Suin o$  Hean P Ratio P P r o b  

S q u a r e s  S q u a r e s  

Between G r o u p s  L 13735.0 6857.5 52-32 ,000 
Within G r o u p s  249 32683.0 13-1.3 
T o t a l  251 4641 8 -0 

Mean C z  = 144.8 S i g n i f i c a n t  &p<. 053 A g o s t e r i o r i  
Hean Pz = 138.9 C p n t r a s t s :  Hoaogenous  S W t s  u s i n g  
Hean fz = 152.9 D%ncan Raqge Z e s t .  
Bean O v e r a l l  = 144-2 S u b s e t  I: Cz 

S u b s e t  2: Pz 
S u b s e t  3: Pa 



------- 
s o u r c e  D, F, 

Between Groups  2 
U i t h i n  Groups 249 
T o t a l  25 1 

Bean Cz = 11.4 
Mean Pz = 13.6 
Bean Fz = 8-43 
Hean O v e r a l l  = 11.3 

P2 LAT, 
---- 
S o u r c e  D. F. 

Between Groups  2 
With in  Groups 2119 
T o t a l  251 

Hean Cz = 218-2 
Mean Pz = 219-4  
Hean Pz = 2 2 9 - 8  
Bean O v e r a l l  = 229.5 

P3 ABPL. 
------ 
S o u r c e  D. F. 

Between Groups  2 
With in  Groups 242 
T o t a l  244 

Hean Cz = 3-7 
Mean Pz = 12.4 
Hean Pz = 4-B 
Hean O v e r a l l  = 7-0 

Suin 0 s  Hean P Ratio F g r o b  
S q u a r e s  S q u a r e s  

987 -9  483-9 9.36 ,000 
12868-3  5 1 - 7  
13836.3 

S i g n i f i c a a t  (pC. 05) A @oster ior i  
C o n t r a s t s :  Homogenous S u b s e t s  u s i n g  
Duncan Range T e s t ,  

S u b s e t  1: C z  
S u b s e t  2: Pz 
S u b s e t  3: Fz 

Sum of  Mean P B a t i o  P @ r o b  
Squarles S q u a r e s  

Sum of nean P R a t i o  f P r o b  
S q u a r e s  S q a a r e s  

3765-6 1 8 8 2 A  58-53  ,000 
7737.4 32-2 

11562.7 
S i g n i f i c a n t  (PC. 05) A erosteriori 
C o n t r a s t s :  Hoaogenous S u b s e t s  u s i n g  
Duncan Baaqe X e s t ,  

S u b s e t  I: Cz;fz 
S u b s e t  2: Pz 



------ 
source D o  F ,  Sum of Mean P Ratio P #rob 

Squares Squares 

Betueen Groups 2 480-0 240-0 28 -7% 
Within Groups 242 204416.0 8&&. 7 
Total 244 294896-0 

Hean Cz = 356.8 
Mean Pz = 354.3 
Hean fz = 353-5 
Mean Overall = 356.2 



CNV fi1 
----- 
s o u r c e  

Oneway A n a l y s i s  of Variance F o r  Conditions Fox 
Averaged D a t a  Ove r  A 1 1  Female  gs  a n d  E l e c t r o d e s  

D o  Po Sum ofj Plean P Batio P P r o b  
S q u a r e s  S q u a r e s  

Betwee4 Groups  2  232.1 136.0 1.38 ,250 
w i t h i n  Groups  393 30647.8 98.3 
T o t a l  395 38839.9 

Bean A1 = - 5 - 0  
Mean S = -6,8 
Bean A 2  = -5.1 
Hean O v e r a l l  = -5.6 

CNV fi2 
----- 
Source D. P, Sum of Bean P aatio P p r o b  

S q u a r e s  Sqraares  

Between Groups  2 838.6 4 19.3 7.33 , 001  
H i t h i n  Groups  3 9 3  22479-9 57.2 
T o t a l  3 95 23318.4 

Bean A1 = -12.3 S i g n i f i c a a t  {p<,05) A Eosteriori 
Mean B = -14 -6  Con t r a sks :  Hoaogenous Subsets u s i n g  
Hean A2 = -11.1 Daacan Range Zes t .  
Mean O v e r a l l  = -12.7 S u b s e t  1: B 

S u b s e t  2: A3;A2 

CNV H3 
----- 
S o u r c e  D- E'. Sum o g  Bean P R a t i o  F  pro^ 

S q u a r e s  S q u a r e s  

Betweeq Groups  2 
W i t h i n  Groups  393 
T o t a l  3 9 5  

Heaa A1 = -12.9 
Bean B = -17.2 
Hean 8 2  = -13.9 
Rean O v e r a l l  = -14 -7  

1367.4 683.7 9-95  . 000 
27015.3 6 8 - 7  
28382.7 

S j g n i f i c a a t  ( p < . 0 5 )  A Bos%eriori 
C g n t r a s t s :  Boaogeaous S u b s e t s  u s i n g  
Dnacan Bange fest .  

S u b s e t  1: B 
Subset 1: A1;A2 



----- 
s o u r c e  D. P. Sum of m a n  P Ratio P p r o b  

S q u a r e s  S q u a r e s  

Between G r o u p s  2 1 ~922432.0 59612-16.0 6-06 . 003 
W i t h i n  G r o u p s  393 3863O7584.0 982974.9 
T o t a l  395 398230016.0 

Bean A 3  = -154.2 S i g n i f i c a n t  (p<. 05) A E o s t e r i o r i  
Mean B = - 186-0 C p n t r a s t s :  Homogenous S u b s e t s  using 
Hean A 2  = - 146.9 Duncan Banye T e s t .  
Aean O v e r a l l  = -162.7 S u b s e t  1: 0 

S u b s e t  2: &5;A2 

----- 
S o u r c e  

Between G r o u p s  2 
W i t h i n  G r o u p s  393 
T o t a l  395 

Hean A 1  = -13.1 
Bean B = -17.1 
Bean 82 = -15.1 
Hean O v e r a l l  = -16.4 

----- 
S o u r c e  

Between G r o u p s  2 
f i t h i n  G r o u p s  393 
T o t a l  395 

Hean A 1  = 140-8 
Bean B = 142.4 
Hean A2 = 139.8 
Bean O v e r a l l  = 141-0 

Sun o f  Hean f B a t g o  P P r o b  
S q u a r e s  S q u a r e s  

344-3 172.2 3-93 ,020 
17217-2 43.8 
17562-0 

S i g n i f i c a q t  (p<.05) A P o s t e r i o r i  
C o n t r a s t s :  Hostogenous S u b s e t s  u s i n g  
Dancan Baqge Test, 

S u b s e t  1: B1;B 
S u b s e t  2: A2 

Sun of  Bean F B a t i o  
S q u a r e s  S q u a r e s  

449.0 L 2 4 , S  1.00 
85049.0 216.4 
85498.0 

E Prob 

. 357 



_------ 
s o u r c e  D. P. 

Between Groups 2 
Within Groups 39 1 
Total 393 

nean A 1  =11,8 
Hean 3 =1O.Y 
fiean A 2  =10.0 
nean  O v e r a l l  =10.9 

S o u r c e  D.P. 

Between Groups 2 
Within Groups 39 1 
T o t a l  393 

Mean A1 = 222.5 
' Hean B = 216.2 

Mean A 2  = 220.3 
a e a n  O v e r a l l  = 223.0 

P3 BEIPL. 

SUB o$ 
S q u a r e s  

244.4 
21979-5 
22213.9 

Suer 0s 
S q u a r e s  

2336-0 
246400.0 
248736.0 

S o u r c e  D. P, Sum 04 
S q u a r e s  

Between Groups 2 482.5 
Within Groups 377 31 738.9 
T o t a l  379 32261.4 

flean A1 = 9.9 
Mean B = 7.4 
mean A2 = 7-8 
Hean O v e r a l l  = 8.4 

Nean 
Sqnar es 

122-2 
56.2 

nea n 
S q u a r e s  

l l 6 8 . O  
630.2 

Bean 
S q u a r e s  

2U1.2 
84.3 

P Batio f ?rob 

2.17 ,113 

F Batio P Prob 

1-85 . 156 

F R a t i o  P Brob 

2.86 . 057 



------- 
source Do P, SUB of Hean F Bat io  P @rob 

Squares Squares 

Between Groups 2 3392.0 696.0 . 13 ,070 
Q i t h i n  Groups 377 1910656.0 5147.6 
Total 379 1942048.0 

8ean A 1  = 421.0 
Hean B = 412-3  
8ean A 2  = 421.7 
Uean Overall = 420.0 



T a b l e  E.7 

Oneway A a a l y s i s  of V a r i a n c e  F o r  E l e c t r o d e s  F o r  
Averaged  Data O v e r  A 1 1  P e a a l e  Ss a n d  C o n d i t i o n s  

D. P. Sum o$ Bean F B a t i o  F ? r o b  
S q u a r e s  S q t t a r e s  

Between G r o u p s  2  21952. 8 10976.4 2 5 4 - 8 8  ,000 
w i t h i n  G r o u p s  393 16927- 1 43.0 
T o t a l  395 38879.8 

Hean C z  = -8.5 S i g n i f i c a n t  &<.05) A Bosteriori 
Hean Pz = 4-6 C p n t r a s t s :  Homogenous Subsets u s i n g  
Hean P z  = -13.0 Duncan Bange fest, 
flean O v e r a l l  = - 5 - 6  S u b s e t  1: C z  

S u b s e t  2: Pz 
S u b s e t  3: fe 

----- 
S o u r c e  D-f. S u a  o f  Plea n P Batjo P P r o b  

S q u a r e s  S q a a r e s  

Betweeq G r o u p s  2  3652.7 1825,Y 36.48 ,000 
W i t h i n  G r o u p s  393 19665,7 50  -0 
T o t a l  3 9 5  23318.4 

Hean C z  = -15.6 S i g n i f i c a n t  ( p < , 0 5 )  A E o s t e r i o r i  
Hean Pz = -8.5 C p n t r a s t s :  Honogenous  Subsets using 
Hean Fz = - 1 4 - 0  Dancan Bange T e s t ,  
Hean O v e r a l l  = - 1 2 - 7  S u b s e t  -3: Cz;Pz 

S u b s e t  2: Pz 

--I 

S o u r c e  D. Pa sum of  Bean E R a t i o  P Prob 
S q u a r e s  S q n a r e s  

Between G r o u p s  2  2 0 3 5 - 3  1037-3 15-50 BOO 
B i t h i n  G r o u p s  3 9 3  26307.4 66.3 
T o t a l  395 28382.7 

Bean Cz = - 7 7 - 7  s i g n i f i c a a t  (p<-05)  A P o s t e r i o r i  
Bean Pz = -12.2 C p n t r a s t s :  Hoaogenous  S u b s e t s  u s i n g  
Hean Fz = - 1 4 - 1  Duncan Range T e s t .  
Bean O v e r a l l  = -14.7 S u b s e t  1: Ca: 

S u b s e t  2: Pz;Fz 



CNV B4 
---- 
s o u r c e  D. F, Sum o$  Bean P Batio f P r o b  

S q u a r e s  S q u a r e s  

Between G r o u p s  2 10 1256960, 50628480-0 56-99 , 000 
l i t h i n  G r o u p s  393 29697WU8,O 755661.2 
T o t a l  395 398231808.0 

a e a n  Cz = -203-1  
n e a n  Pz = -91-4 
Mean Fz = -193-6  
Mean O v e r a l l  = -162,7 

------- 
S o u r c e  

Between G r o u p s  2 
W i t h i n  G r o u p s  393 
T o t a l  395 

Bean Cz = -19.8 
Mean Pz = -13.6 
Hean Pz = -16.0 
Hean O v e r a l l  = -16.4 

Nl LAT, 
----- 
S o u r c e  D. F. 

Betmeeq G r o u p s  2 
W i t h i n  G r o u p s  393 
T o t a l  395 

Hean Cz = 140.8 
Mean Pz = 136.2 
Bean Fz = 145.9 
Bean O v e r a l l  = 141.0 

S i g n i f i c a n t  ( p < .  05) A Bosteriori 
C o n t r a s t s :  Hoaogenous  S u b s e t s  u s i n g  
Dancan Bange Pest ,  

S u b s e t  1:  Cz;Pz 
S u b s e t  2: Pc 

Sun og 8 e a n  F R a t i o  H P r o b  
S q u a r e s  S q u a r e s  

2587-9 1293.9 33.95 ,000 
14974-1 38-1 
17562.0 

S i g n i f i c a n t  {p<,05) A g o s t e r i o r i  
C o n t r a s t s :  HoBogenous S u b s e t s  u s i n g  
Duncan Bange Z e s t ,  

S u b s e t  1: Cz 
S u b s e t  2: P3; 
S u b s e t  3: PP 

SUR of l iean F Ratio P P r o b  
S q u a r e s  Sqi lar  es 

6272-0 3136,O 15-56 ,000 
79220-0 201.6 
85500-0 

S i g n i f i c a q t  (p<.05) A Bosteriori 
C o n t r a s t s :  Homogenous S u b s e t s  u s i n g  
Dnncan Banige Pest, 

S u b s e t  1: Cz 
S u b s e t  2: Pz 
S u b s e t  3: Fe 



-------- 
s o u r c e  D. P, 

Between G r o u p s  2 
H i t h i n  G r o u p s  391 
T o t a l  393 

t iean  C z  = 12.4 
t iean Pz = 12-3 
Wean Fz = 7-5 
Iiean Overall = 10.7 

P2 LAT. 
------- 
S o u r c e  D-F 

Betueeq G r o u p s  2 
W i t h i n  G r o u p s  391 
Total 393 

Hean Cz = 220.9 
Hean Pz = 224-6 
fiean Fz = 223.5 
Mean O v e r a l l  = 223.0 

P3 AfiPt.  
-------- 
S o u r c e  D, F. 

Between G r o u p s  2 
W i t h i n  G r o u p s  377 
T o t a l  379 

Mean C z  = 4.8 
Bean Pz = 15-1 
Bean fz = 5.1 
Mean O v e r a l l  = 8.4 

Sum oQ Bean P Ratio P P r o b  
S q u a r e s  S q u a r e s  

2032.7 1011,Y 19-58 ,080 
20281.2 51-7  
22233-9 

S i g n i f i c a e t  (p<.05) A Bosteriori 
C o n t r a s t s :  Honogenous  S u b s e t s  u s i n g  
Duncan Bange f est. 

S u b s e t  1: Cz;Pz 
S u b s e t  2: P% 

Sum og Bean 
S q u a r e s  S q a a r  es 

Sum o$  Bean 
S q u a r e s  S q u a r e s  

8766.6 4a83-3 
23434.8 62 -3  
32261.4 

S i g n i f i c a n t  (p4 

P R a t i o  F P r o b  

-75 ,480 

C.05) B g o s t e r ; i o r i  
cpntrasts: Hoaogeaous  S u b s e t s  using 
Dancaa  Range Z e s t .  

S u b s e t  3: Cs;Pz 
S u b s e t  2: Pz 



Betueeq Groups 2 
Within  Groups 377 
T o t a l  379 

Mean C z  = 432-1 
Bean Pz = 436.1 
Bean Fz = 390-0 
Bean O v e r a l l  = 420.0 

Sum 00 Mean F Ratio F Prob 
Squares  Squares  

162512,O 81256.0 17-21 000 
1779520,O 4720-2 
1942032,O 

SJgnif  i cant  {p<,05) A P o s t e r i o r i  
Cpntrasts:  Hosogenous S u b s e t s  using 
Duncan Baqge Z e s t ,  
Subset 1: C z ; P a  
Subse t  2: fz 



Onevay Analysis of Variance For Conditions Pox 
Averaged Fz Data O v e r  A 1 1  &i 

----- 
Source D. P. 

Between Groups 2 
Within Groups 213 
Tota l  215 

Bean A1 = -12.9 
Bean B = - 1.4.6 
Bean A2 = -12.8 
Bean Overa l l  = -13.4 

Between Groups 2 
H i t h i n  Groups 213 
Tota l  215 

Mean A1 = -11 -8  
Hean B = - 13-7 
Bean A2 = -12-2  
Hean Overa l l  = -12 -6  

CNV M 3  
---- 
Source D. P. 

Between Groups 2 
Within Groups 213 
Tota l  2 15 

Hean A 1  = -16.6 
Mean B = - 13.2 
Bean A 2  = -11.7 
Hean Overa l l  = -11.8 

Sum 0s 
Squares 

154.0 
9370-3 
9524.4 

Sum of 
Squares 

151.7 
10585.6 
10739,3 

Sura 0s 
Squares 

Wean P Rat io  P Brob 
Squares 

Bean F Batio f Prob 
Squares 

Bean P Batio f Brob 
Squares 



_----- 
s o u r c e  D. F. Sue of  Bean E Ratio f P r o b  

S q u a r e s  S q u a r e s  

Between Groups  2 2655132.0 1327636.0 1-87 ,154 
U i t h i n  Groups 213 151310848,O 710339.6 
T o t a l  2 15 153966080. 0 

Uean A1 = -165.1 
Hean B = -191.3 
Xean A 2  = -172.1 
Bean O v e r a l l  = -176.2 

------ 
S o u r c e  D.P. Sum of Bean P R a t i o  P Prob 

S q u a r e s  Sqnar es 

Betueeq  Groups  2 161.3 80.7 1.84 ,159 
w i t h i n  Groups  213 9346.6 43.9 
T o t a l  2 15 9507-9 

!lean A1 = -15.2 
Hean 3 = -15.2 
Hean A2 = - 13.4 
Hean O v e r a l l  = -14.6 

----I 

S o u r c e  D. F. Sum of Hea A P Batio F P r o b  
S q u a r e s  S q u a r e s  

Between Groups  2 57b.0 288.0 1.13 ,321 
O i t h i n  Groups  213 5451 9-0 255.9 
T o t a l  215 55095.0 

Xean A1 = 146.4 
Hean B = 149.5 
Mean 82 = 150.0 
l iean O v e r a l l  = 148.6 



----_I 

s o u r c e  D. Po Sum otj 
S q u a r e s  

Between G r o u p s  2 2G8.0 
H i t h i n  G r o u p s  21 1 11 883.8 
T o t a l  2 13 12161. 8 

l i ean  81 -9-6 
Mean B =7,2 
Flean A2 =7.3 
Hean O v e r a l l  =8,0 

------ 
S o u r c e  D-F. Surn 0.g 

S q u a r e s  

Be tween  G r o u p s  2 58.0 
W i t h i n  G r o u p s  211 88494-0 
T o t a l  213 88552.0 

Bean A 1  = 222-2 
n e a n  B = 223.2 
Hean 82 = 222-0 
flean O v e r a l l  = 222-5 

S o u r c e  Do P, Sum of 
S q u a r e s  

Be tween  G r o u p s  2 263-0 
W i t h i d  G r o u p s  202 11510- 5 
T o t a l  204 1 1  723.5 

d e a n  A1 = 6.5 
f lean B = 4.3 
l i ean  82 = 4.0 
Mean O v e r a l l  = 4-9 

t lean 
S q u a r e s  

134-0 
56.3 

Beaa 
S q u a r e s  

29-9 
4 19-& 

l iean  
S q u a r e s  

131.5 
56-9 

F Batjo 

2.38 

f Batio 

-07 

fT Batio 

2.3 1 

F P r o b  

,093 

F P r o b  

,924 

F p r o b  

, I00 



------ 
source D, F, Sum 04 Mean P H a t $ ~  F grob 

Squares Squares 

BetWeeZi Groups 2 5200.0 2600.0 89 ,415 
Y i t h i n  Groups 202 590768-0 2924.6 
Total 204 595968-0 

Bean A 1  = 382-5 
Hean B = 370-3 
Bean A2 = 317.8 
Bean Overal l  = 376.8 



T a b l e  E.9  

Oneuay A n a l y s i s  o f  V a r i a n c e  For C o n d i t i o n s  F o r  
a v e r a g e d  C z  Da ta  O v e r  811 5s 

CIV B l  
------ 
s o u r c e  D, P. 

Betweeq Groups  2 
W i t h i n  Groups  213 
T o t a l  2 15 

Mean A1 = -8-1  
fiean B = -10.5 
Mean A2 = -8-8 
Mean O v e r a l l  = -9.1 

CNV B2 
------ 
S o u r c e  D.P. 

Betueeq  Groups  2 
W i t h i n  Groups 213 
T o t a l  235  

Mean A1 = -161.4 
Mean B = - 1 7 . 0  
Mean A 2  = -13.6 
Mean O v e r a l l  = -15.0 

CWV a 3  

S o u r c e  D . f -  

Between Groups  2 
H i t h i n  Groups 213 
T o t a l  2 15 

Bean A 3  = -14-3  
Bean B = -39.3 
Bean A 2  = - 16.2 
tiean O v e r a l l  = -15.6 

SUB o g  Bean P Batio F P r o b  
S q u a r e s  S q u a r e s  

214.8 107.4 2-52 ,081 
9093, l  42-7  
9387.8 

Sun 05 nean  P Batjo P Psob  
S q u a r e s  S q a a r  es 

451.4 225 -2  4.91 ,008 
9783-5 45.3 

10234.9 
S g g n i f  icant ( p L 0 5 )  li B o s t e r i o r i  
C o n t r a s t s :  Hoeogenous S u b s e t s  u s i n g  
Dancan Bange Zest. 

S u b s e t  1: B 
S u b s e t  2: A t ; A 2  

Sum of  Hean F Batio S P r o b  
S q u a r e s  Sqaar es 

925.6 462.8 7.  53 .001 
13092.2 61 -7  
3403 7 - 8  

S J q n i f  i c a n t  [pCIOS) A frosteriori 
C o a t r a s t s :  Homogenous S u b s e t s  u s i n g  
Duncan Bange Zest. 

S u b s e t  1: f3 
S u b s e t  2: B3;A2 



----- 
s o u r c e  D, F. Sum 05 Bean P Batio P @rob 

S q u a r e s  S q u a r e s  

B e t w e e n  G r o u p s  2 724 1472. 0 3620736-0 5.15 ,007 
H i t h i n  G r o u p s  2 13 149499392-0 7Ol875.l  
T o t a l  2 15 156740864,O 

Mean A 1  = -181,l S i g n i f i c a n t  ( ~ < . 0 5 )  A Bosteriori 
Flean B = -221.1 C o n t r a s t s :  H o a o g e n o u s  S u b s e t s  using 
m3ean A 2  = - 183.5 Duncan B a n g e  T e s t ,  
Hean O v e r a l l  = -195.2 S u b s e t  1: B 

S u b s e t  2: & I ; A 2  

s o u r c e  D. P, 

Between  G r o u p s  2 
W i t h i n  G r o u p s  213 
Tota l  215 

Hean A 1  = -20-6  
f iean  B = -20.5 
r lean A2 = - 3 1 . 9  
Bean O v e r a l l  = -19.7 

------ 
S o u r c e  IS. F, 

B e t v e e n  G r o u p s  2 
Hithin G r o u p s  213 
Tota l  2 15 

Bean A1 = 141,8 
Mean B = 1%3.4 
Hean A2 = 141,8 
8 e a n  O v e r a l l  = 142-4 

Sum o$ 
Squares 

318-7 
1 lU19.b 
11738.3 

Sum 0s 
S q u a r e s  

135.0 
21411,O 
21546-0 

Bean 
S q u a r e s  

159.3 
53 -6 

Wean 
S q u a r e s  

67.5 
100*5 

F Ratio F P r o b  

2.97 . 052 

F Ratio F g r a b  

- 6 3  ,517 



I ------ 
s o u r c e  D. F. 

Between G r o u p s  2 
w i t h i n  G r o u p s  21 3 
T o t a l  21 5 

Hean A 1  =13.5 
Hean B =10,7 
Hean A2 =Il,b 
Hean O v e r a l l  =11,9 

P2 LAT, 
----- 
S o u r c e  D. PI 

Between G r o u p s  2 
U i t b i n  G r o u p s  213 
T o t a l  215 

Mean A 1  = 220.3 
Bean B = 220.8 
Bean A2 = 218.5 
Bean O v e r a l l  = 219.9 

-------- 
S o u r c e  D, F. 

Between G r o u p s  2 
W i t h i n  G r o u p s  203 
T o t a l  205 

Bean A 1  = 6 - 2  
Bean 3 = 2 - 9  
Bean 82 = 3-53 
Bean O v e r a l l  = 4.4 

Sun  of Mean F Ratio F P r o b  
S q u a r e s  S q u a r e s  

Sum of fleaq f Batio f Prob 
S q u a r e s  S q u a r e s  

Sum o$ Bean f R a t S o  P P r o b  
S q u a r e s  Sqaar es 

410-7 205-Sr 4-87 009 
8SfiI0 2 42-2 
8991.9 

S i g n i f  i caq t  (p<. 05) A P o s t e r i o r i  
C p n t r a s t s :  Hoaogenous  Sofisets u s i n g  
D u c a n  Banye Test. 

S u b s e t  3: B;82 
S u b s e t  2: A 1  



P3 LAT. 
-I-- 

source D,F, SUB of flean P Ratio P Prob 
Squares Squares 

Between Groups 2 176.0 88.0 - 0 2  . 970 
within Groups 203 1007248,O 4494~1.8 
T o t a l  205 1007424.0 
Bean A 1  = 403.5 
Bean B = 402-4 
Mean A2 = 404.7 
Hean Overall = 403.6 



Oneway Analysis of  Variance For Conditioqs 2'0s 
averaged Pz Data O v e r  All S s  

CNV I51 
----- 
source D. P. 

Between Groups 2 
H i t h i n  Groups 213 
Tota l  215 

Mean A1 = 3.8 
Heani3 = 3 . 2  
Clean A2 = 3.1 
Bean Overa l l  = 3.4 

----- 
Source D. P ,  

Between Groups 2 
H i t h i n  Groups 2 13 
Tota l  2 15 

Hean A1 = -8.4 
Bean B = -9.4 
Bean A 2  = -6,.7 
Bean Overal l  = -8-19 

CNV M3 
----- 
Source 

Between Groups 2 
Within Groups 213 
Tota l  215 

Bean A 1  = -9.9 
Bean B = -13.5 
Bean A2 = - 10.7 
Hean Overa l l  = -11.4 

Sum of fiean 
Squares Squares 

SUB 0 s  Mean 
Squares Squares 

260.9 130-4 
7526-4 35-3 
778 7.3 

F Ratio P Brob 

- 2 7  ,766 

S i g n i f i c a n t  (pi. 05)  A P o s t e r i o r i  
Cpntrasts:  Hoaogenous Subse is using 
Dancan Bange Test. 

Subset 1: B;A1 
Subset 2: A1;A2 

Sum of Eean P Ratio F Prob 
Squares Squares 

518.8 259-U 6 -51  -002  
8493.6 39 -9 
90d2.4 
SLgnif i c a n t  [ p < . O S )  A PosterAori  
Cpntrasts: Boaogenous Subse t s  using 
Drncan Range Eest. 

Subset 1: 3 
Subset 2: A4;82 



------ 
source  Do P o  SUB o f  

Squares 

Between Groups 2 2722976.0 
w i t h i n  Groups 2 1 1  1 t 16lUO96.O 
Tota l  215 1 1  8337072.0 

Hean A 1  = -85.3 
Mean B = -104 .0  
Mean A2 = -7'3.1 
Hean O v e r a l l  = -88.8 

Bean 
Squares  

------ 
source  

Between Groups 2 
f i t h i n  Groups 213 
T o t a l  2 1  5 

Mean A 1  = - 1 P - 4  
Mean B = - 13.8 
Mean A2 = - 12.9 
Hean O v e r a l l  = -13.7 

Source D.P. 

Betveen Groups 2 
Within Groups 213 
Z o t a l  215 

Mean A 1  = 13P-9 
Hean B = 137.3 
Hean A2 = 13-6.9 
Bean O v e r a l l  = 135.8 

Sum o f  
Squares 

79.4 
971 1.6 
9790.9 

Sum of 
Squares 

270.0 
3843 1b 0 
38701.0 

Bean 
Squares 

89.6 
45.5 

Hean 
Squares 

135.0 
180.4 

f R a t i o  

2 .59  

F Ratio 

- 87  

P B a t j o  

. 75 

P Prob 

0435 

F Prob 

,323 

Y Pro0 

,479 



----- 
source D. F. 

Between Groups 2 
Within Groups 213 
Totak 215 

Hean A 1  =13.9 
Mean 5 =12.3 
Mean 82  =12,2 
Hean Overall  =12,8 

Between Groups 2 
l i i th in  Groups 213 
Total  215 

Hean A 1  = 222.5 
Hean 3 = 225,7 
Hean A2 = 219.4 

Sum 05  
Squares 

1417-4 
8988.4 
9055.8 

Sum of 
Squares 

1396-0 
132792-0 
134188.0 

Mean Overal l  = 222.6 

-------- 
Source D -  Po Sum of 

Squares 

B e t v e e n  Groups 2 228-5 
Within Groups 211 10731,Y 
Total  213 10959. E3 

Bean 81 = 15.5 
Hean 13 = 13-5 
Bean A2 = 13.1 
Bean Overall  = 14.0 

Mean 
Sqaar es 

73-7  
4 1.8 

Bean 
Squares 

698.9 
623.4 

Hean 
Squares 

l l 4 , 2  
50.0 

P Bat io  P Prob 

1-76 -172 

F Ratio 2' Prob 

2-24 106 



------- 
Source D. F. 

Between Groups  2 
W i t h i n  Groups 211 
Total  2 13 

Mean A 1  = 4Q4.9 
Bean B = 4 0 5 . 8  
Bean A 2  = 401 .3  
Bean O v e r a l l  = 404.0  

Sum 0s Hean P Ratio F Prob 
Squares Squares 



Oneway A n a l y s i s  of V a r i a n c e  F o r  C o n d g t i o n s  F o r  
A v e r a g e d  Pz Data O r e r  A l l  Ba les  2s 

-c---. 

s o u r c e  Dm P. 

Between G r o u p s  2 
W i t h i n  G r o u p s  81 
P o t a l  83 

Hean A 1  = -13.5 
Mean B = -14.5 
f iean A2 = - 14.5 
Mean O v e r a l l  = -14-2 

Sum of Bean 
S q u a r e s  S q u a r e s  

S o u r c e  D. F. 

, Between G r o u p s  2 
Uithin G r o u p s  81 
Total  83 

Hean A1 = -9-6 
Bean B = -10.1 
Bean A2 = - 1 1 - 1  
l e a n  O v e r a l l  = -10.3 

---- 
S o u r c e  D, F, 

Between G r o u p s  2 
U i t h i n  G r o u p s  81 
Tota l  83 

Bean A 1  = -7.5 
Mean B = -9.1 
Mean A 2  = -8.6 
Mean O v e r a l l  = -8.4 

Sum of 
S q u a r e s  

2 7 - 7  
2802.61 
2830.3 

Sum of 
S q u a r e s  

Heaa 
S q u a r e s  

13.9 
34 -6 

Bean 
S q a a r  es 

P B a t i o  P f r o b  

-18 ,838 

P P a t i o  P P r o b  

-40 ,673 

P Ratio f P r o b  

. 4 3  ,655 



CNV 144 
---- 
source D o f o  Sum og 

Squares 

Between Groups 2 770864,O 
w i t h i n  Groups 81  40U 96896.0 - 
Total  8 3 41267760,O 

Bean A 1  = -136.3 
Hean B = - 150.8 
Bean A 2  = -159-5 
Hean Overa l l  = -148-9 

Ell APIPL, 

source D, F, 

Between Groups 2 
Within Groups 81 
Total  837 

nean A1 = -12-6 
Bean B = -12.9 
f4ean A2 = - 1A,6 
Bean Overal l  = -12.4 

El1 LAT- 
------ 
Source Do 2. 

Between Groups 2 
i i i thin Groups 81 
Total  83 

Hean A1 = 148.5 
tlean B = 152.6 
Bean 82 = 157.6 
Bean Overa l l  = 152.9 

Sum of 
Squares 

25-5 
5062.7 
5088- 2 

Sum of 
Squares 

1154.0 
l94OO -0  
20554-0 

Hean 
Squares 

ea n  
Squares 

P Ratio 

- 7 7  

F ~ a t i o  

-20 

F BatJo 

2,  &O 

P Prob 

,470 

fP ?rob 

F Prob 

,094 



_------- 
s o u r c e  D. P, 

Between Groups  2 
~ i t h i n  Groups 8 1 
T o t a l  83 

a e a n  A1 =11.9 
Bean B =7.1 
Hean A 2  =7.5 
Bean O v e r a l l  =8.8 

Sua o g  Hean P R a t i o  F P r o b  
S q u a r e s  Squares 

391.9 195.9 3.68 ,029 
4313.1 53.2 
4704.9 

S i g n i f i c a n t  /p<, 05) A P o s t e r i o r i  
Con t r a s h :  Homogenous S u b s e t s  u s i n g  
Duncan Range Tes t .  

S u b s e t  1: Bt A 2  
Subset 2: ~i 

----- 
S o u r c e  Do F. SUB of  nean 

S q u a r e s  S q u a r e s  

Between Groups  2 77.0 38.5 
w i t h i n  Groups 81  19937,O 246.1 
T o t a l  83 20014,O 

nean  A 1  = 222.1 
!lean B = 220.6 
liean A 2  = 2 19.8 
Hean O v e r a l l  = 220.8 

S q u a r e s  Squaf e 

Betueeq  Groups  2 63.8 31.9 
U i t h i n  Groups 8 0  2741.4 3 4 - 3  
T o t a l  8 2  2 865.2 

Bean A 1  = 6.0 
Plean B = 4.4 
Mean A 2  = 3.9 
Hean O v e r a l l  = 4-8 

F B a t i o  P P r o b  

-16 ,853 

P R a t i o  P P r o b  



-I-- 

source D. E', SUB og Mean P Ratio P Prob 
Squares Sqaar es 

~etween  Groups 2 1201,O 600.5  -92 .h06 
~ i t h i n  G r o u p s  80 52362.0 654.5 
Total 82  53553.0 

nean A 1  = 362.1 
tiean B = 357.8 
Bean A2 = 352.7 
dean Overal l  = 357-5 



T a b l e  E.12 

Qneway A q a l y s i s  of V a r i a n c e  F o r  C o n d i t i o n s  For 
Averaged Cz D a t a  Over A 1 1  8 a l e  2s 

----- 
s o u r c e  

Betweeq Groups  2 
Within Groups  8 1  
T o t a l  83 

Mean A 1  = -9-1 
Hean B = -10-8 
Bean A 2  = -10.4 
Bean O v e r a l l  = -10,l 

CIV L12 
------ 
S o u r c e  D,P. 

Between Groups  2 
W i t h i n  Groups  81 
T o t a l  83 

Mean A1 = -13.8 
bean  B = -15.2 
Mean 82 = - 13.4 
Bean O v e r a l l  = -14.1 

CNV H3 
----- 
S o u r c e  D, P. 

Between Groups  2 
Within Groups  81 
T o t a l  8 3  

Mean A 1  = -12.8 
Mean B = -16-3 
Mean A 2  = - 15.4 
Bean O v e r a l l  = -14.8 

Sum of  Clean 
S q u a r e s  S q u a r e s  

45-0 22-5 
4lJ4-5 50.7 
Y 169.6 

Sura of 
S q u a r e s  

48.5 
3294.2 
3342.8 

Sum 05 
S q u a r e s  

Mean 
S q u a r e s  

24.3 
40.6 

Bean 
Sjluar es 

P R a t i o  

0 44 

F R a t i o  

0 58 

P Ratio 

2.18 

P P r o b  

,649 

P PrOb 

. 553 

F P r o b  

117 



-c--- 

s o u r c e  D. P. Sum of  
S q u a r e s  

Between Groups 2 1061888,O 
w i t h i n  Groups 81 50483200.0 
T o t a l  8 3 51545088.0 

Mean A 1  = -169.3 
Bean B = -196.9 
Bean A2 = - 1B2.6 
Bean O v e r a l l  = -183.0 

--- 
s o u r c e  D w  F, 

Between ~ r o u p s  2 
f i t h i n  Groups 81 
T o t a l  83 

klean A 1  = -20.3 
Mean B = -20.2 
Mean A2 = -1B.1 
Bean Overall = -19-5 

----- 
Source  D,f. 

Between Groups 2 
Within Groups 81 
T o t a l  83 

Hean A 1  = 142.8 
Bean B = 146.4 
Bean A2 = 145.2 
Hean Overall = 144.8 

Sum of 
S q u a r e s  

82.9 
5253.9 
5336.8 

Sum of  
S q u a r e s  

184.0 
4925.0 
5111.0 

Bean 
Sqaar es 

530944.0 
623249.4 

Bean 
S q u a r e s  

41.5 
64 -9 

Bean 
S q u a r e s  

9 3 - 0  
60.8 

P B a t i o  F P f o b  

85 0 433 

P R a t i o  P Brob 

,611 a 535 

P Batio P Prob 

1.53 ,221 



_------- 
i o u r c e  D. P. Sum o g  Mean F Ratio P Prob 

S q u a r e s  Sgslar es 

3etween G r o u p s  2 L 13.6 106.8 1 -74  - 1.79 
J i t h i n  G r o u p s  81 4 958.4 61.2 

Mean A1 =73,1 
Bean 0 =9,3 
Bean A2 =11.8 
Bean O v e r a l l  =11.4 

------ 
s o u r c e  0, P, Sum of 

S q u a r e s  

3 e t v e e n  G r o u p s  2 8 9 - 0  
d i t h i n  G r o u p s  83 13619,O 
t o t a l  83 13699.0 

Bean A1 = 219.6 
Mean 3 = 217-0  
Bean A2 = 2 18-1 
Hean O v e r a l l  = 218.2 

------- 
Source  D,f. S u a  of 

S q u a r e s  

Bean 
S q u a r e s  

44.5 
168.0 

Hea n 
Sq aar es 

3etween G r o u p s  2 LOO. 9 100.5 
J i t h i n  G r o u p s  75 2688.7 35.8 
r o t a 1  77 26f18.7 

Bean A1 = 5.9 
n e a n  B = 2 - 7  
Hean A 2  = 2 - 3  
Bean O v e r a l l  = 3.7 

P Batio P P r o b  

2.80 ,055 



Bet veeq Groups 

Bean A 1  = 359. 
Hean B = 353, 
Mean A2 = 357, 
Mean Overall = 

Sum of 
Squares 

432- 0 
70452,O 
70884.0 

Heae 
Sqaares 

216- 0 
939.4 

P ~ a t i o  F Prob 

-23 ,197 



T a b l e  E. 1 3  

Oneway A a a l y s i s  o f  Va r i ance  F o r  C o n d i t i o n s  F o r  
Averaged Pz D a t a  Over A 1 1  4 a l e  2s 

CNV M l  
------ 
s o u r c e  D. F. 

Between Groups  2 
U i t h i n  Groups 81 
T o t a l  83 

Bean A1 = 1.9 
Mean B = 1.2 
Hean A2 = 1.5 
Mean O v e r a l l  = 1.5 

C I V  82 
---- 
S o u r c e  D o  P. 

Between Groups  2 
Y i t h i n  Groups 8 1  
T o t a l  83 

Hean A1 = -7.5 
Mean 3 = -8-6 
Hean A2 = -6.5 
flean O v e r a l l  = -7.6 

C N V  a3 
----- 
S o u r c e  D.F. 

Between Groups  2 
Wi th in  Groups 8 1  
T o t a l  83 

flean A1 = -8.5 
Hean B = -11.7 
Hean 82 = -9.9 
Wean O v e r a l l  = -10.4 

Sum o g  Hean 
S q u a r e s  S q u a r e s  

7. 9 3.9 
1624-9 20,1 
1632.8 

Sura of 
S q u a r e s  

80-9 
2001.4 
2082.2 

Sum €24 
S q u a r e s  

Hean 
S q u a r e s  

4D.Y 
24-7 

Bean 
S q a a r e s  

f B a t i o  

- 1 9  

F R a t i o  

3.63 

Z B a t i o  

3 - 2 8  

P P r o b  

,622 

F P r o b  

- 199 

F Pror,  

, 041  

S i g n i f i c a n t  ( p < . 0 5 )  A P o s t e r i o r i  
C o n t r a s t s :  Homogenous S u b s e t s  u s i n g  
Duncan Bange T e s t .  

S u b s e t  1: 3482 
S u b s e t  2: A1;A2 



rC---- 
SOUS ce D. F. SUB of  

Squares 

~etween Groups 2 890048.0 
g i t h i n  Groups 81 2 1850064,o 
rota1 837 22740112,o 

fiean A 1  = -73.2  
Hean B = -99 .5  
nean 82 = -78-1 
Hean Overa l l  = -84.9 

source 0 - f .  

Between Groups 2 
Within Groups 81 
rota1 83 

aean A 1  = -15.2 
Hean B = -13.7 
Bean A 2  = - 12.6 
l e a n  Overal l  = -13.9 

ti1 LAT. 

Between Groups 2 
Yithin Groups 81 
total  83 

dean A 1  = 132-5 
Mean 0 = 136.3 
flean A2 = 135-7 
!lean Overa l l  = 134-9 

Sum of 
Squares 

93-4  
4876.8 
4970.3 

Sum 0 4  
Squares 

232-0 
6741.0 
6973.0 

Bean 
Sqaares 

445024.0 
269753.9 

&tan 
Squares 

46.3 
60.2 

Mean 
Sqaares 

136.0 
83.2 

f Ratio P ?rob 

1 -65  ,197 

F B a t i o  E prob 

1.35) ,253 



----- 
S o u r c e  D- P, Sua of fiean F R a t i o  P p r o b  

S q u a r e s  S q a a r e s  

Between Groups 2 181 -8  50-9 1 -42  ,2&5 
V i t h i n  Groups 81 28.89.5 35.7 
T o t a l  83 2991-3  

Hean A1 =14,9 
Mean B =12.2 
Hean A 2  =13,8 
Hean O v e r a l l  =13,6 

B e t v e e n  Groups 2 
Within Groaps 81 
T o t a l  83 

Hean A1 = 219-4 
Hean B = 218.1 
Bean A2 = 220.8 
Hean O v e r a l l  = 219.4 

Between Groups 2 
U i t h i n  Groups 8 1  
Total  83 

Bean A1 = 14-0  
flean B = 11.5 
Hean A2 = 11.8 
nean O v e r a l l  = 12-4 

Suls of Bean P Ratio 2' Prob 
S q u a r e s  S q u a r e s  

104-0 52 -0  . 35 -712  
12 125.0 149.7 
12229-0 

Sue of Clean F Ratio f ?rob 
S q u a r e s  Sqrsares 

1Q9-9  54-9 2 - 2 5  ,110 
1982.6 24 -5  
2092.6 



---- 
S o u r c e  D.F. Sum of Bean P Patio F P r o b  

Squares Sqtlares 

Between Groups  2 302-0 151.0 -15 ,856 
Y i t h i n  Groups 81 79606.0 982.8 
Total 83 179908,0 

Hean A1 = 356.5 
Hean 0 = 351-9 
Bean A2 = 358.6 
Hean O v e r a l l  = 354.4 



Oneway A q a l y s i s  of Variaace F o r  C o n d i t i o n s  P o x  
Averaged  Pz Data Over  A 1 1  P e n a l e  Ss 

CNV PI1 
----- 
s o u r c e  D.P. Sum o $  Mean 

S q u a r e s  S p u a r  es 

103.3 
39-4 

B e t u e e q  G r o u p s  2 266-6 
Within G r o u p s  129 5081.3 
T o t a l  131 52137.9 

Mean A 1  = -12.5 
Hean B = -14.7 
Bean A2 = -11.7 
Bean O v e r a l l  = -12.9 

------ 
S o u r c e  D.f, Sun o f  

S q u a r e s  

Between G r o u p s  2 277.7 
W i t h i n  G r o u p s  129 6945.2 
T o t a l  131 7222-9 

Hean A 1  = -13-1 
d e a n  3 = -16.0 
Hean A 2  = - 12-8 
Bean O v e r a l l  = -13.9 

CYV B3 
------ 
S o u r c e  D, P, Sum of 

S q u a r e s  

e a n  
S q u a r e s  

Bean 
S q u a r e s  

Betweeq G r o u p s  2 238.6 114.3 
W i t h i n  G r o u p s  129 9263.9 71 -3  
T o t a l  131 9482.6 

Mean A 1  = -13.6 
Bean B = -15.8 
Bean A2 = - 13.7 
Bean O v e r a l l  = -14.1 

F Ratio F P r o b  

2 - 5 8  ,078 

P Batjo F P r o b  

1-59 ,205 



----- 
s o u r c e  D. P. Sum of Plean f BatOo P Prob 

Squares Scpar es 

Between Groups 2 3681 024.0 1840512.0 2 .40  -092 
Within Groups 129 98790U00,O 765817.0 
T o t a l  131 102471424.0 

Mean A 1  = -183 .4  
Bean B = -217,O 
Mean A 2  = - 380.1 
Hean O v e r a l l  = -193 .5  

------ 
source  D, F. Sum of  Bean Y a a t i o  F Prob 

Squares Squares  

Between Groups L 152-2 7 6 - 1  2 - 7 2  , 068  
Within Groups 129 3606.0 27.9 
T o t a l  131 3758.9 

Bean A 1  = -16 -8  
Bean B = -16.6 
Hean A2 = - 1 4 - 4  
Bean O v e r a l l  = -15.9 

------- 
Source D, F a  Sun of Bean P d a t i o  P  pro^ 

Squares Sqzlar es 

Between Groups 2 191.0 95.5 -39 ,685 
Within Groups 129 33841.0 2156.0 
T o t a l  13% 32032.0 

Hean A1 = 144-9  
Bean B = 147.6 
Hean A L  = 145.2 
Mean Overaf 1 = 145.9 



----- 
s o u r c e  D-P, Suet 04 Flean 

S q u a r e s  S q u a r e s  

Between Groups 2 26.9 13.5 
w i t h i n  Groups 127 7327.6 57.7 
T o t a l  129 7394-5 

Mean A1 =8,1 
&lean B ~ 7 . 2  
Hean A 2  =7.2 
Hean Overall =7,5 

----- 
s o u r c e  D. F, Sua of C'fean 

S q u a r e s  S q u a r e s  

Between Groups 2 158-0 79.0 
Within Groups 127 68003.0 535.5 
T o t a l  129 6i8161,O 

Bean A 1  = 222.2 
Bean 0 = 224i.8 
Bean A2 = 223.5 
Bean O v e r a l l  = 223.5 

-------- 
S o u r c e  D,P, Sua  o g  Flean 

S q u a r e s  S q u a r e s  

Between Groups 2 287-5 103.8 
Within Groups 119 8765.6 73.b 
T o t a l  121 8943.2 

nean 81 = 6.9 
Bean B = 4.2  
Hean A2 = 4.1 
Hean O v e r a l l  = 5 - 1  

P R a t i o  F Prob 

- 2 3  ,794 

P R a t i o  F Prob 

1.43 ,247 



------- 
Do P o  

Between Groups 2 
within Groups 119 

121 
8ean A 1  = 395.6 
nean B = 378.7 
Hean A2 = 396.2 
Bean Overall = 389 

Sum o f  
Squares 

8112.0 
4 82080-0 
490192-0 

Hean P Ratio P Prob 
S p a r e s  



----- 
s o u r c e  

Oneway A n a l y s i s  of V a r i a n c e  F o r  c o n d i t i o n s  Fox 
Aweraged C z  Data  Over  All P e a a l e  Ss 

P .  F . Sum of Bean f B a t i o  f P r o b  
S q u a r e s  S q a a r e s  

Between Groups  2 202.0 101.0 2.71 ,069 
U i t h i n  Groups 129 4810.9 37.3 
T o t a l  131 5032.9 

Bean A1 = -7.5 
Mean B = - 10.3 
Hean A2 = -7.7 
Hean O v e r a l l  = -8.5 

cnv a 2  

S o u r c e  

Between Groups  2 
U i t h i n  Groups 129 
T o t a l  131 

Bean A1 = -14.9 
Bean B = - 1 8 - 2  
Bean A2 = -13.7 
Hean O v e r a l l  = -15.6 

----- 
S o u r c e  DO IT- 

Betueea Groups 2 
Within Groups 129 
T o t a l  131 

Mean 83 = -15.2 
Hean B = -21.2 
Mean A2 = -16.7 
Hean O v e r a l l  = -17-7  

Sum of Eean f Ratio F grob 
S q u a r e s  S q u a r e s  

46 8.4 234.2 4.38 ,010 
631 1.3 48-9 
6779-7 

S i q n i f i c a ~ t  (p<. 05) A Bosteriori 
C o n t r a s t s :  H o ~ o g e n o u s  S u b s e t s  u s i n g  
Duncan Range Zes t .  

S u b s e t  1: B 
Subset 2: &3;A2 

Sum of Bearr P R a t i o  P P r o b  
S q u a r e s  S q u a r e s  

854.1 $27.0 6.03 ,003 
91aQ.6 70.8 
99S8.6 

S i g n i f i c a q t  (p<. 05) A fos texior i  
C p n t r a s t s :  Hoiogenous S u b s e t s  u s i n g  
Damcan Range Z e s t ,  

S u b s e t  I: B 
S u b s e t  2: A1;A2 



----- 
source D. F. SUB of liean F Rat io  P Prob 

Squares Squares  

Between Groups 2 7427022.0 3713536.0 5-06 ,008 
Within Groups 129 95702528.0 741880.0 
Tota l  131 103129600,O 

Bean A1 = -188.5 S i g n i f i c a q t  (p<.05) A e o s t e r i o r i  
Hean 3 = -236.5 Contrasts:  Homogenous Subse ts  using 
Bean A2 = -184.3 Dancan Bange T e s t .  
Bean Overa l l  = -203.1 Subset  1: B 

Subset 2: A1;A2 

------- 
source D, F, 

Betveeq Groups 2 
wi th in  Groups 129 
Tota l  131 

Bean A1 = -20.7 
Bean 3 = -28.7 
Hean A2 = - 17.9 
Bean Overa l l  = -19.8 

I1 L B T .  
---- 
Source D. F. 

Between Groups 2 
Within Groups 128 
Total 131 

Bean A1 = 141-0 
Bean 3 = 141.5 
Hean A2 = 139.7 
Bean Overa l l  = 140.8 

Sum 0 s  
Squares 

242.5 
6 356 -2  
6398.7 

Sum 0s 
Squares 

82-0 
l5SO5.O 
15587-0 

Hean 
Sqaares  

121.2 
47 -3 

Bean 
Sqaares  

41 .0  
120.0 

E Ratio ? Prob 

2.54 ,081 

f Rat io  F Pro& 

-33 ,716 



c---- 

source  D. F. SUB of 
Sguares  

Between Groups 2 157.8 
Y i t h i n  Groups 129 6730.7 
T o t a l  131 6828.5 

Bean A1 =13.9 
Mean B =11.6 
Bean A 2  =11,5 
Bean O v e r a l l  =12.4 

P2 LAT, 
------- 
source  D- F. Sum of 

Squares 

Between Groups 2 406-0  
Within Groups 129 58595,O 
Tota l  131 59001-0 

Bean A1 = 228.7 
dean B = 223.2 
Mean A2 = 218.8 
Mean Overall = 229.9 

------ 
Source D. F. SUM o g  

Squares 

Between Groups 2 260.3 
i i i th in  Groups 125 5757.8 
Tota l  127 6038.1 

Hean A1 = 6.5 
Mean 0 = 3.0 
Bean A2 = 4-53 
Mean Overall = 4.8 

Mean 
Squares 

7 8-9 
52.1 

Hean 
Squares 

203 -0 
454.2 

Hean 
S q ~ a r e s  

130.2 
46-1 

f B a t l o  P Prob 

1.51 -222 

P BatJo P Prob 

, 45 ,546 

P Batio P Prob 

2.83 ,061 



_----- 
s o u r c e  D. P. Sum o$ Hean F Ratio f Prob  

S q u a r e s  S q u a r e s  

Between Groups  2 368-0 184.0 .03 . 954 
Hithin Groups 125 561440.0 5291.5 
T o t a l  123 661808,O 

Hean A 1  = 430-6  
Mean I3 = 431-4 
Wean A2 = 4344-5 
Mean O v e r a l l  = 432.1 



T a b l e  E.16 

Onevay A n a l y s i s  of Var ia r ice  F o r  C o n d i t i o n s  F o r  
Averaged P a  Da ta  O w e r  A 1 1  8enaJ.e Ss 

-c--- 

s o u r c e  D. F. 

Between Groups  2 
~ i t h i n G r o u p s  129 
T o t a l  131 

Bean A1 = 5.1 
MeanB =4.5 
Bean A 2  = 4.1 
Bean O v e r a l l  = 4.6 

CNV M2 
----- 
S o u r c e  D.F. 

Between Groups  2 
W i t b i n G r o u p s  129 
T o t a l  131 

Mean A1 = -8.9 
nean  3 = -9.7 
Bean R 2  = -5.8 
Hean O v e r a l l  = -8.5 

CBlV E13 
----- 
S o u r c e  

Between Groops 2 
With in  Groups 129 
T o t a l  131 

flean A1 = -10.8 
Mean B = -14.6 
Sean  A2 = -11-2 
Hean O v e r a l l  = -12,2- 

Sua of 
S q u a r e s  

49.3 
6686.9 
6626-2 

Sum of 
S q u a r e s  

189.9 
5663-3 
5663-0 

Sum og 
S q u a r e s  

Mean 
S q u a r e s  

9.6 
51-2 

Bean 
S q u a r e s  

94-9 
42.U 

Hean 
S g u a z e s  

199.2 
49.9 

F Prob 

,828 

P ?rob 

, 109  

P P r o b  

-020  

S i g n i f i c a n t  (p<,Q5) A Qosteriori 
C a n t r a s t s :  Boaogenous S u b s e t s  u s i n g  
Bancan Bange Zest. 

S u b s e t  1: B 
S u b s e t  2: A2;A2 



_----- 
source D. F. Sum of Bean 

Sguares Squares 

Between Groups  2 2026 lir4. 0 lfIl3072.O 
~ i t h i n  Groups 129 89359936-0 
t o t a l  131 91386080.0 

Hean A 1  = -90-5 
Mean B = - 146.9 
Bean A 2  = -76 -5  
Mean O v e r a l l  = -91 -3  

------- 
source D .  F, 

Betweeq Groups 2 
a i t h i n  Groups 121) 
P o t a l  131 
Hean A 1  = -13 -8  
Hean 0 = -13 -8  
Hean 82 = - 13.0 
Bean Overall  = -13.5 

------- 
Source D. F. 

3etveea Groups 2 
dithin Croups 129 
f o t a l  13 1 

Hean A 1  = 136-3  
Hean B = 137.8 
Hean A2 = 134-4 
4ean Overal l  = 136-2 

Sum o# 
S q u a r e s  

18.0 
4798.3 
4816.4 

Suil of 
S q u a r e s  

270.0 
31351 0 
31621.0 

an 
Squares 

Beaq 
Sqnares 

F Batjo F Prob 

-2tS ,783 



------ 
s o u r c e  D . f .  Sum of 

S q u a r e s  

~ e t w e e n  G r o u p s  2 113.8 
u i t h i n  G r o u p s  129 5864, U 
T o t a l  131 5968.2 

Mean A 1  =13,ii 
Hean B =12.3 
n e a n  A 2  =11,1 
Hean O v e r a l l  =12,3 

----- 
SO u r  ce D. P. Sum of 

Squares 

Between G r o u p s  2 3 333.0 
g i t h i n  G r o u p s  129 117458,O 
T o t a l  13 1 120591.0 

Hean A 1  = 224.6 
Hean B = 230.5 
Hean A2 = 218.6 
Hean O v e r a l l  = 224.6 

------ 
S o u r c e  D.P, 

Between G r o u p s  2 
W i t h i n G r o u p s  127 
T o t a l  129 

n e a n  A 1  = 16 .1  
Mean B = 14.8 
Bean A 2  = 13.9 
Mean O v e r a l l  = 15.1 

--1-1 

S o u r c e  E). P. 

Between G r o u p s  2 
V i t h i n  Groups  127 
T o t a l  129 

Bean A 1  = 435.8 
Mean B = 440.1 
Mean A2 = 432-4 

Hean 
S q u a r e s  

56.9 
45.4 

Hean 
Sqruares 

1566.5 
910.5  

Sum og Bean 
S q u a r e s  S y n a r e s  

Suta og Bean 
S q u a f e s  Sqnares 

f Ratio F P r o b  

1-25 . 289 

P R a t i o  P @rob 

1-72 ,181 

F f a t 4 0  F Prob  

097 ,381 

F kiatio F P r o b  

. 13 ,875 

Mean O v e r a l l  = 436-1 



T a b l e  E, 17 

Oneuay A n a l y s i s  of V a r i a n c e  of Avg, Data  F o r  %'ones 
-,,,,-----,Li,,,,,i,,,, 

_---- 
source Do FP, Sum ofj 

S q u a r e s  

Between Groups  6 262.0 
~ i t h i n  Groups 311 30802.1 
T o t a l  377 3106g. 1 

Mean Tone 0 = -7.0 
Hean Tone 1 =, -5.9 
Heaa Zone 2 = -6-0 
Bean Tone 3 = - 7 - 0  
Bean Tone 4 = -5-4 
Hean Tone 5 = -5.4 
Bean Tone 6 = -4-5 
Hean O v e r a l l  = -5.9 

----- 
Source  D. F. Sua o f  

S q u a r e s  

Betveeq Groups 6 280,1 
W i t h i n G s o u p s  371 16943.5 
Total 377 111223.6 

Bean Tone 0 = -12,l 
Bean Tone 1 = -11.8 
Hean Tone 2 = -12.5 
Bean Tone 3 = - 9,8 
Hean Tone 4 = -12.3 
Bean Tone 5 = -12.5 
Uean Tone 5 = - lI.4 
Bean O v e r a l l  = -11.8 

Bean 
S q u a r e s  

43.3 
83 .Q 

Bean 
S q u a r e s  

46.7 
45.2 

P Batio F P r o b  

1.02 ,&I 1 



CNV C13 
-I_--- 

source D. P. 

Between Groups 
W i t h i n  Groups 
Total  

Bean Tone 0 = 
8ean Tone 1 = 
Hean Tone 2 = 
Hean Tone 3 = 
Hean Tone 4 = 
Mean Tone 5 =, 
Bean Tone 6 = 
Hean Overal l  

---- 
Source D.P. 

Betmeeq Groups 5 

Sua of 
Squares 

522-9 
22U8Q.3 
23003.3 

Sum o$ 
Squares 

L7430+4,0 
W i t h i n  ~ r o u ~ s  371 2U.49703, 4 
Total  377 28524006-4 

Bean Tone 0 = -157.7 
Hean lone  1 = - 147.2 
Hean Tone 2 = - lS3,l 
Mean Tone 3 = -132.7 
Hean Tone 1 = -147.0 
Hean Tone 5 = -160.7 
!lean Tone 6 = - 153.2 
Mean Overall  = -150.2 

Hean 
Sqaares  

67 01 
60-6 

Bean 
Squares 

457 17,3 
76344.8 

P Batio P Prob 

I. 4U ,198 

P Batio F prob 

- 6 0  ,732 



------- 
s o u r c e  D, F. 

Between G r o u p s  
u i t h i n  G r o u p s  
T o t a l  

# e a n  Tone 0  = 
Bean Tone  1 = 
Bean Tone 2 = 
Bean T o a e  3 = 
Mean Tone  4 = 
Mean Tone  5 = 

Sum of Bean P i i a t i o  F P r o b  
S q u a r e s  S q u a r e s  

714.2 119.0 2-59 ,018 
16950, 1 45-.9 
17664.3 

s i g n i f i c a n t  ( p < ,  05)  B P o s t e r i o r i  
C g n t r a s t s :  Honogenous  Subsets 
u s i n g  Duncan Range Test, 

S u b s e t  1: Tone  3 ;Tone  2;Tone 0 
Tone 1; T o n e  4 
S u b s e t  2: Tone 3; T o n e  0: 

Bean Tone  6 = -13-5 Tone 1; Tone 
Bean O v e r a l l  = -15-4  

11 LAT, 
------ 
S o u r c e  D-f, Sum of 

S q u a r e s  

Betweeq G r o u p s  6 893,O 
W i t h i n  G r o u p s  369 91762-0 
T o t a l  375 92565.0 

Bean Tone  0 = 144-0 
t iean Tone 1 = 144.2 
f lean Tone 2 = 140-2 
Bean Tone 3 = 142-7 
Hean Tone 4 = 140-b 
Mean Tone 5 = 142-7 
Hean Tone  6 = 143.3 
Bean O v e r a l l  = 142.5 

Hean 
S q u a r e s  

133.11 
248-7 

4;  one 5; Tone 6 

f P r o b  

,781 



_----- 
source  D- F. Sum of 

Squares  

~ e t w e e n  Groups 6 504-9 
a i t h i n  Groups 376 17690.1 
T o t a l  376 18195. 1 

dean Tone 0 = 1 1.2 
nean Tone 1 = 10-2  
Bean Tone 2 = 10-9 
Hean Tone 3 = l l m t  
tlean Tone 4 = 9.1 
neaa Tone 5 = 10-6  
nean Tone 6 = 7.8 
nean O v e r a l l  = 10.2 

-------- 
Source D.F. Sum of 

Squares 

Between Grdups 6 5928.0 
Within Groups 370 235968.0 
Tota l  376 241888.0 

Hean Tone 0 = 222.2 
Hean Tone 1 = 224.3 
fiean Tone 2 = 221-1 
Nean Tone 3 = 218.8 
8ean Tone 4 = 218-5  
Hean Tone 5 = 228-0  
nean Tone 6 = 214.8  
liean O v e r a l l  = 221-2 

Hean ? Batio F Prob 
Squares 

#ean P B a t i o  P Prob 
Squares 



---------- 
source D.F. Sum oZ Bean 3 B a t i o  F Prob 

Squares Squares 

Betueeq Groups 6 85-9 14-5  -248 ,958  
Within Groups 353  29505.0 58 .0  
Total 359 20591.9 

Bean Tone O = 7.8  
Mean Tone 1 = 7.3 
Xean Pone 2 = 7.7 
nean Tone 3 = 8.1 
Bean Tone 4 = 6.5  
Bean Tone 5 = 7.1 
Bean Tone 6 = 7 .8  
Bean O v e r a l l  = 7.5 

--7- 

Source D, P, Suet of 8ean P f a t i o  F ?rob 
Squares Squar es 

Between Groups 6 654Q,O 1090.7 -23 ,967 
Within Groups 353 1 7 0 9 ~ 4 8 . 0  4842.1 
Tota l  359 1715792.0 

Mean Tone 0 = 394.1 
Hean Tone 1 = 396-4 
Hean Tone 2 = 395.5 
Hean Tone 3 = 383.9 
Mean Tone 4 = 393.3 
Mean Tone 5 = 399.5 
Bean Tone 5 = 402.5 
aean O v e r a l l  = 395.6 



Oneway A n a l y s i s  of Variance of Hale Data F o r  Wones 
-----I--------------------- 

-c--- 

s o u r c e  D. P, Sum 05 
S q u a r e s  

B e t u e e q  G r o u p s  6 237.7 
g i t h i n  G r o u p s  1UO 11232.5 
T o t a l  146 11475.2 

Mean T o n e  0 = -8.1 
Hean T o n e  1 = -7.4 
Mean T o n e  2 = -6.1 
Bean  T o n e  3 = -9.8 
Hean T o n e  4 = -6.6 
Mean T o n e  5 = -6.9 
Bean T o n e  6 = -5.7 
Hean O v e r a l l  = -7,2 

------ 
S o u r c e  D.F. Sum of 

S q u a r e s  

Be tween  G r o u p s  6 55.2 
P i t h i n  G r o u p s  180 5203-9 
T o t a l  I46 5359.9 

Mean T o n e  0 = -10-5 
B e a n  T o n e  1 = -11-2 
Bean T o n e  2 = - 9.6 
Hean l o n e  3 = - 11.0 
Bean  T o n e  4 = -11.5 
B e a n  T o n e  5 = -1Q.8 
Mean T o n e  6 = -10.1 
Mean O v e r a l l  = -10.7 

Heen 
S q u a r e s  

39.6 
80.3 

Bean  
Squares 

9.4 
37,2 

F Ratio P Prob 

- 2 5  ,957 



Between G r o u p s  6 
Within G r o u p s  140 
T o t a l  146 

Hean Tone  0 = -11 -1  
Bean Tone  1 = - 9.3 
Mean Tone  2 = - 9.4 
Mean Tone  3 = -10-2  
Hean Tone  4 = - 11-34 
Hean Tone  5 = -10.65 
Mean Tone  6 = - 11.53 
Bean O v e r a l l  = -10.5 

---- 
Source D-I? ,  

Bet we 
U i t  h i  
r o t a 1  

e n  G r o u p s  6 
n  G r o u p s  140 868421 12-0 

1116 87574272.0 
f iean Tone  0 = -1440-9 
Hean T o n e  1 = - l3Y5.2 
Rean Tone 2 = -121 0.9 
Bean T o n e  3 = - 1383.8 
flean Tone 4 = -1370-6 
h e a n  z o n e  5 = -1370-5 
Bean Tone 6 = -1296.2 
Bean O v e r a l l  = -1353-8 

Sum 0s 
S q u a r e s  

97.0 
6335.7 
6432.8 

Sum of  
Sq ua r es 

732168.0 

h e a n  
S q u a r e s  

16.2 
45.3 

Bean 
S q u a r e s  

122026.6 
620300.8 

B Ratio F f r o b  

,316 ,905 



------- 

Between G r o u p s  
w i t h i n  G r o u p s  

Bean Tone 0 = 
Bean Tone  1 = 
Hean Tone 2 = 
Hean Tone  3 = 
Mean Tone 4  = 
Hean Tone 5 = 
a e a n  Tone  6 = 
n e a n  O v e r a l l  

----- 

Betueeq  G r o u p s  
W i t h i n  G r o u p s  

Hean Tone  0 = 
Hean Tone 1 = 
Hean T o n e  2 = 
Mean Tone 3 = 
Mean Tone  4 = 
d e a n  Tone 5 = 
Bean Tone 6 = 
Hean O v e r a l l  

Sum of 
S q u a r e s  

Sum 05 
S q u a r e s  

Mean 
S q u a r e s  

8 e a n  
S q u a r e s  

f Ratio 

-52 

F P r o b  

.B54 

f P r o b  

,394 



-I---- 

D - f .  

Between Groups 6 
u i t h i n  G r o u p s  140 

146 
n e a n  Tone 0 = 11.9 
Bean Tone  1 = 10-4 
Bean Tone 2 = 1 1.7 
Bean T o n e  3 = 11-5 
Bean Tone  4 = 8.9 
Bean Tone  5 = 10.7 
Bean Tone 6 = 7 - 9  
a e a n  O v e r a l l  = 10-47 

D .  F. 

Between G r o u p s  6 
U i t h i n  G r o u p s  140 

146 
Mean Tone  0 = 218.9 
Hean Tone  1 = 226.2 
Bean Tone 2 = 217.5 
Bean T o n e  3 = 223.1 
Bean Tone 4 = 221-1 
Bean Tone  5 = 225.0 
Hean T o n e  6 = 217.5 
Bean O v e r a l l  = 221-3 

Sum of  
S q u a r e s  

293-8 
5858.2 
51 50-0 

SUB of 
S q u a r e s  

1603.0 
27053.0 
2865f1.0 

Bean 
S q u a r e s  

48 -6 
41.8 

Bean 
S q u a r e s  

266.8 
193.3 

P Ratio 

1-16 

P R a t i o  

3-38 

P P r o b  

330 

F P r o b  

-226 



Squares 

3etween Groups 6 ~ 8 4 . 7  
di thin Groups 136 5086.8 
rota1 142 5373.6 

Hean 
flean 
Bean 
Bean 
Mean 
Mean 
Mean 
nean 

Tone 0 = 7.5 
Tone 1 = 6.6 
Tone 2 = 5.6 
Tone 3 = 3.2 
Tone 4 = 5.0 
Tone 5 = 7 .5  
Tone 6 = 6.0 
Overall  = 6.1 

iource D.F. Snrn of 
Squares 

3etueeq Groups 6 37643. 
J i thin 
rota1 

Hean 
Bean 
Mean 
Hean 
Mean 
Mean 
Hean 
tie an 

0 
Groups 136 131608.0 

142 135368.0 
Tone 0 = 353.7 
Tone 1 = 357.7 
Tone 2 = 357.7 
Tone 3 = 356.7 
Tone 4 = 367.5 
Tone 5 = 361.9 
Tone 6 = 370.8 
Overall  = 359-4 

Bean 
Squares 

47-5 
37.8 

P batio 

1.27 

F Prob 

,275 

Mean 
Squar es 

F Psob 

,694 



T a b l e  E, 19 

-I-- 

source 

Between Gro 
l i t h i n  Grou 
T o t a l  

Hean 
Hean 
Bean 
Mean 
Sean 
Bean 
Bean 
Hean 

)ups  
PS 

Tone 0 = 
Tone 1 = 
Tone 2 = 
Tone 3 = 
Tone 4 = 
Tone 5 = 
Tone 6 = 
O v e r a l l  

D, P. Sum of  
S q u a r e s  

-- 
Sour ce U* F. Sum o-f 

S q u a r e s  

Between Groups 6 546.7 
U i t h i n  Groups 224 11131-5 
TotaJ, 230 1 168d.2 

Mean Tone 0 = -13-1 
Bean Tone 1 = -12,2 
nean Tone 2 = -14.3 
fiean Tone 3 = - 9.1 
Hean Tone 4 = -12.7 
Mean Tone 5 = - 1 L 6  
Bean Tone 6 = -12.2 
Bean O v e r a l l  = -12-5 

Hean 
S q u a r e s  

25.5 
84.9 

Mean 
Squares 

91 -1 
49.2 

P Ratio P P r o b  

-30 935 

F Ratio P Prob 

1-03 ,093 



SUP of 
S q u a r e s  

65i3-1 
1420B.5 
14856.6 

sum 05 
S q u a r e s  

r o u p s  6 
o u p s  224 181063040.0 

230 192354304,O 
Tone O = -166.4 
'Pone 1 = - 152-1 
Tone 2 = -133,S 
Tone  3 = - 129.1 
Tone  4 = -152.1 
T o n e  5 = -175-7  
Tone 6 = -168-2  
O v e r a l l  = -159.7 

------ 
S o u r c e  

Between G r o u p s  6 
w i t h i n  G r o u p s  224 
T o t a l  230 

Hean Tone  0 = -14 -2  
Bean Tone 1 = -13.7 
?lean Tone 2 = - 15-43 
Mean Tone 3 = -12-7  
?lean Tone  4 = -13.8 
Bean Tone  5 =, -17.3 
Mean Tone  6 = -17.4 
n e a n  O v e r a l l  = -14-9 

Ietweeq G 
t i t h i n  Gr 
' o t a l  

Hean 
Bean 
t lean 
# e a n  
Bean 
Hean 
Hean 
Bean 

a e a n  
S q u a r e s  

108-9  
63-4  

Bean 
S ~ u a r  es 

881827,3 
835102.8 

P P r o b  

,117 

F P r o b  

,390 



N 1  AHPL. 
-------- 
S o u r c e  D- F, Sum of Mean P Ratio P P r o b  

S q u a r e s  S q u a r e s  

Betweeq Groups  6 763.7 127-3 3.15 ,006 
W i t h i n  Groups  222 9090-7 40,O 
T o t a l  228 9856,U 

Hean Tone 0 = - 16-8 
Wean Tone 1 = -15-1 
Hean Tone 2 = -18-4 
Hean Tone 3 = -15.5 
Hean Tone  U = -14-4 
Bean Tone 5 = -13.3 
Heaa Tone 6 = - 13.1 
Hean O v e r a l l  = -15-4 

Eil LBT, 
- -- 

S o u r c e  D,f- Sum of  Hean P Ratio P P r o b  
Squares S q n a r  es 

Betweeq Group 
W i t h i a  Groups  
T o t a l  

Hean 
Mean 
Mean 
nean  
Mean 
riean 
Mean 
tiean 

s 6 563,O 94.8 -31 ,933 
222 6 9056-0 311,l 
228 696233,O 

Tone 0 = 142.3 
Tone 1 = 143-4 
Tone 2 = 139-6 
Tone 3 = 142.9 
Tone 4 = 138,7 
Tone 5 = 141.8 
Tone  6 = 141.8 
O v e r a l l  = 141,5 



_------ 
source D. P, Sum og 

Squares 

~ e t w e e n  Groups 6 24d.8 
within Groups 223 11785.1 
Tota l  229 12026.9 

Hean Tone 0 y 10-8 
Hean Tone 1 = 10.1 
Hean Tone 2 = 10.5 
Bean Tone 3 = 10.8 
Hean Tone 4 = 9-3 
Bean Tone 5 = 10-6 
Mean Tone 6 = 7.7 
Bean Overa l l  = 9.9 

Source D ,  F, Sum og 
Squares 

Between Groups 6 &7d-0 
t i i thin Groups 223 206506-0 
Total  229 213171.0 

Bean Tone 0 = 224.4 
Mean Tone 1 = 223.1 
Hean Tone 2 = 223-5 
flean Tone 3 = 216.2 
Bean Tone 4 = 216.9 
flean Tone 5 = 229.9 
hean Tone 6 = 213-1 
Bean Overa l l  = 22l.O 

Bean f B a t i o  F Prob 
Squares 

Beaq P Batio P Prob 
Squares 



Between Groups 6 
wi th in  Groups 210 
ro ta1  216 

flean Tone 0 = 8.1 
Bean Tone 1 = 7.9 
flean Tone 2 = 8.4 
Hean Tone 3 = 11.6 
Hean Tone 4 = 7.6 
Mean Tone 5 = 6.8 
Mean Tone 6 = 9-0 
Mean O v e r a l l  = 8.4 

P3 LBT. 
------ 
Source 

Between Groups 6 
Within Groups 210 
Tota l  216 

Wean Tone 0 = 420-6 
Xean Tone 1 = 422.7 
Hean Tone 2 = 421.2 
Bean Tone 3 = 409.5 
Bean Tone 4 = 415.6  
Mean Tone 5 = 422.3 
Wean Tone 6 = 424.4 
klean Overa l l  = 419.5 

 SUB^ o f  
Squares 

Piean 
Sqtlar es 

70.0  
68.2 

Sean 
Sqaar es 

800.0 
60  17..l 

F Prob 

. 409 

P P s o b  

-991 



T a b l e  E.20 

Qnevay A n a l y s i s  o f  V a r i a s c e  o f  A V g o  Pz Data  

I 
-c--- 

source D.P. Sum o f  
S q u a r e s  

e t v e e n  Groups  6 156, 8 
L t h i n G r o u p s  119 4523.8 
o t a l  125 4680.5 
Hean Tone 0 = -14-8 
Bean Tone 1 = -12.6 
Mean Tone 2 = -12.8 
Xean Tone 3 = -13.6 
Xean Tone 4 = -11.1 
Mean Tone 5 = -12.1 
Mean Tone 6 = -12.1 
Mean O v e r a l l  = -12.7 

---- 
mrce D. Po Sum of 

S q u a r e s  

e t v e e n  Groups  6 1 lQ.6 
i t h i n  Groups 119 5392.3 
o t a l  125  5502.9 

Ilean Tone 0 = -13.7 
Hean Tone 1 = -12.6 
Bean Tone 2 = -12.5 
Bean Tone 3 = -10.9 
Hean Tone 4 = -11.6 
Mean Tone 5 = - 12-1 
Mean Tone 6 = -10.8 
Ilean O v e r a l l  = -12.0 

F o r  Tones 

Bean F B a t i o  P p r o b  
S y n a r e s  



CIV H 3  
_------ 
s o u r c e  

Between G r o u p s  6 
W i t h i n  G r o u p s  119 
T o t a l  125 

Hean Tone  O = -11.9 
Bean Tone 1 = -10.2 
Rean P o n e  2 = -10-4 
Bean Tone 3 = - 1  1-2 
Mean Tone 4 = -10.4 
Bean Tone 5 = -12.1 
Mean T o n e  6 = -13.5 
Hean O v e r a l l  = -11.4 

cblv I44 
----- 
S o u r c e  D* F- 

Betweea G r o u p s  6 
P i t h i n  G r o u p s  119 
T o t a l  125 

Hean Tone  0 = -192-1 
Mean Tone  1 = -170.0 
d e a n  Tone 2 = -167.5 
Mean P o n e  3 = -160.4 
Bean Tone 4 = -152-2 
d e a n  Tone  5 = -171.5 
Bean Tone 6 = -169-8 

SUB ~g 
S q u a r e s  

152.2 
8008-3  
81 60-5 

Sum o f  
Squares 

16 18 43.2 
3623756.8 
7785608.0 

Mean 
S q u a r e s  

25.4 
b7-3 

8ean 
Squares 

26373 -8 
64065-2 

f hat io  P Prob 

- 42 ,865 

Hean O v e r a l l  = -169.1 



_------- 
source D, P. Sua 04 

Squares 

Betveea Groups 6 110.9 
a i t h i n  Groups 11'1 4810.0 
t o t a l  123 4928.9 

Hean Tone 0 = -13.9 
Mean Tone 1 = -14.2 
Bean Tone 2 = -17.0 
Hean Tone 3 = - 15.1 
Hean Tone 4 = -15.2 
Rean Tone 5 = -14-4 
Bean Tone 6 = - 15.0 
Hean Overall  = -14.9 

------ 
Source D. F, Sum of 

Squares 

Between Groups 6 532.0 
d i t h i n  Groups 117 19886-0 
Potal 123 204 0 

!lean Tone 0 = 150-3 
Hean Tone 1 = 151.1 
Hean Pone 2 = 146.5 
liean Tone 3 = 150-1 
Hean Tone 4 = 146.5 
&ean Tone 5 = 145.2 
Hean Tone 6 = 150. 6 
8ean Overal l  = 108.7 

Bean 
Squares 

18.5 
4 1._l 

Bean 
Squares 

88-7 
369-3 

P B a t i o  P Prob 

-45 ,845 

F Ratio E Prob 

- 5 2  - 7  93 



------- 
S o u r c e  D. F. Sum og 

S q u a r e s  

Between G r o u p s  6 199.9 
U i t h i n  G r o u p s  1 1 8  6248.2 
Total  324 6 4 4 3 , l  

Hean Tone 0 = 8 - 7  
Hean T o n e  1 = 7 - 3  
Hean T o n e  2 = 8.4 
Bean T o n e  3 = 8.0 
f lean T o n e  4 = 7.0 
Hean T o n e  5 = 7 - 3  
Mean Tone  6 = U.6 
Hean O v e r a l l  = 7.4 

S o u r c e  Dm P. S u a  09 
S q u a r e s  

Between G r o u p s  6 1846.0 
g i t b i n  G r o u p s  1 1 8  5137 1.0 
T o t a l  124 59213,O 

Mean T o n e  0 = 224.9 
Hean T o n e  1 = 230.8 
Bean  T o n e  2 = 222-2 
Bean T o n e  3 = 220-6 
Bean T o n e  4 = 224.5 
Mean l o n e  5 = 227-8  
Bean T o n e  6 = 218.6 
n e a n  O v e r a l l  = 224.2 

h e a n  i? Ratio F P r o b  
S q u a r e s  

Bean P Ratio F P r o b  
S q u a r e s  



B e t v e e n  G r o u p s  6 
w i t h i n  G r o u p s  113 
T o t a l  119 

n e a n  Tone 0 = 4.2 
Mean Tone  1 = 4 - 9  
Mean Tone  2 = 4.8 
Bean Tone 3 = 6.2 
Hean Tone 4 = 4-43 
Bean Tone 5 = 4 - 3  
Hean Tone  6 = 4.6 
Bean Oeerall  = 4-8 

P3 LAT. 
------ 
S o u r c e  D, F. 

B e t v e e q  G r o u p s  6 
W i t h i n  G r o u p s  113 
T o t a l  119 

n e a n  Tone 0  = 378.9 
Bean Tone 1 = 369.6 
Mean Tone 2 = 378-2 
Bean Tone  3 = 371-4 
Mean Tone 4 = 372-4 
Hean Tone 5 = 378-3 
Hean Tone 6 = 390-5 
Hean O v e r a l l  = 376-5 

Sum of 
S q u a r e s  

45-8 
4563,5 
4613.3 

Sum o f  
S q u a r e s  

4832.0 
300336-0 
305168-0 

Bean 
S q u a r e s  

7.5 
40.54 

Hean 
S q u a r e s  

805.3 
2657-3 

f P a t i o  2' P r o b  

- 3 0  -934 



Table E.L~ 

Oneway A n a l y s i s  o f  V a r i a n c e  of B v y .  Cz Data P o r  Tones  
--------------- ------I--- ' ' -3- 

B1 
------ 
s o u r c e  D. F. Sue  of 

S q u a r e s  

Betweeq Groups  6 103.4 
Y i t h i n  Groups  119 4123.0 
T o t a l  126 4220.4 

Hean Tone 0 = -9.9 
Hean Tone 1 = -8.3 
Mean Tone 2 = -8.4 
d e a n  Tone 3 = -9.5 ' Bean Tone 4 = -8.1 1 d e a n  Pone  5 = -8.2 
Hean Tone 6 = -7.0 
Hean O v e r a l l  = -8 -5  

C I V  B2 
---- 
S o u r c e  D. P, Sum of 

S q u a r e s  

Between Groups  6 101.0 
With in  Groups 119 5149.6 
T o t a l  121 52 56.7 

Hean Tone 0 = -15-1 
d e a n  Tone 1 = -14.8 
d e a n  Tone 2 = -15-4 
Hean Tone 3 = -12.8 
Bean Tone 4 = - 15-3 
d e a n  Tone 5 = -75-7 
Hean Tone 6 = -14.6 

Bean 
S q u a r e s  

17.5 
34.6 

Bean. 
S q u a r e s  

I6  -8 
43.2 

F Bat io  P p r o b  



---- 
S o u r c e  

Between G r o u p s  6 
W i t h i n  G r o u p s  119 
r o t a  1 121 

Wean T o n e  0 = -16.6 
B e a n  T o n e  1 = - 15.7 
Wean T o n e  2 = -16-3 
Mean T o n e  3 7 - 14.8 
Hean T o n e  4 = -16-2 
B e a n  T o a e  5 = -18.1 
l e a n  T o n e  6 = - 18.6 
!Sean O v e r a l l  = -16.7 

B e t u e e a  G r o u p s  6 
W i t h i n  G r o u p s  119 
P o t a l  121 

Wean T o n e  0 = -200,ki 
Bean  T o n e  1 = -188-6 
Wean T o n e  2 = -191.7 
Bean T o n e  3 = -172.7 
Bean  T o n e  4 = -188.8 
Bean  T o n e  5 = -203.6 
fiean T o n e  6 = -194.3 
f lean  O v e r a l l  = -191.4 

S U P  of 
S q u a r e s  

Sun of 
S q u a r e s  

Bean 
S q u a r e s  

31.9 
58.4 

Mean 
S q n a r  es 

18769.0 
65283.0 

P P r o b  

,786 

F Prob 

. 94 1 



s o u r c e  D. P. 

Between  G r o u p s  6 
H i t h i n  G r o u p s  119 
Tota l  125 

Mean T o n e  0 = -20.3 
Mean T o n e  1 = -19.0 
Bean  T o n e  2 = -23.7 
Bean T o n e  3 = -19.2 
Hean T o n e  4 = -17.8 
Hean T o n e  5 = -16.3 
Bean T o n e  6 = -14 .5  
Hean O v e r a l l  = -18.4 

I 1  LAT, 
----- 
Source 

Between  G r o u  
W i t h i n  
T o t a l  

Bean  
Bean 
Hean 
Bean 
Mean 
Bean  
Mean 
nean 

P S  6 
G r o u p s  119 

125 
T o n e  0 = 145.8 
T o n e  1 = 143.5 
T o n e  2 = 140.6 
T o n e  3 = 142.3 
T o n e  4 = 140-6 
T o n e  5 = 143.7 
T o n e  6 = 137.0 
O v e r a l l  = 141-9 

Sum of Heaq P Pat io  P @rob 
S q u a r e s  S q u a r e s  

636.3 106.0 2.18 ,048  
576Q.6 48.4 
64 Of) ,  9 

s i g n i f i c a n t  {p<. 05) A firosteriori 
C o n t r a s t s :  H o a o g e n o u s  S u b s e t s  
u s i n g  Duncan Q a n g e  Tesk. 
Subset 1: T o n e  3 ; T o n e  2;Tone 0 
T o n e  1; Tone 4 
S u b s e t  2: T o n e  3; T o n e  0 ;  
T o n e  1;  T o n s  

Hean 
S q u a r e s  

149.3 
308.8 

4; Tone 5; T o n e  6 



Do Po 

Between Groups 6 
u i t h i n  Groups 119 

12 5 
fiean Tone 0 = 12.2 
Wean Tone 1 = 11.8 
Bean Tone 2 = 12-1 
Hean Tone 3 = 12-0 
Hean Tone 4 = 10.2 
flean Tone 5 7 11-4 
Hean Tone 6 = 7 - 8  
fiean Oserall = 11.1 

------- 
D. Po 

Between Groups 6 
Within Groups 119 

125 
8ean Tone 0 = 220.6 
Hean Tone 1 = 223.2 
Hean Tone 2 = 217-9 
Wean Tone 3 = 216.0 
Bean Tone U = 215.0 
Bean Tone 5 = 227.1 
Bean Tone 6 = 205.5 
Bean O v e r a l l  = 211.9 

Sua of  
Squares  

283.7 
5205.8 
5488.5 

sua of 
Squares  

51 57.0 
80888.0 
86031.0 

Bean 
Squares  

47.3 
47.3 

Bean 
Squares  

859.0 
4h79-3 

P R a t i o  

1-08 

E B a t i o  

3-26 

f Prob 

,370 

P frob 

,278 



_-------- 
s o u r c e  U, F. Sum of 

S q u a r e s  

~ e t w e e n  G r o u p s  6 33.3 
w i t h i n  G r o u p s  110 4700.3 
T o t a l  116 4742.2 

Mean Tone  0 = 4.4 
Hean Tone 1 = 4-0 
Hean Tone 2 = 4.9 
Bean Tone 3 = 4.6 
Bean T o a e  4 = 3,1 
Heae Tone 5 = 4.2 
Mean T o n e  6 = U,3 
Bean O v e r a l l  = 4.2 

----- 
S o u r c e  D. ;Po Sum of 

S q u a r e s  

Between G r o u p s  6 10880,O 
W i t h i n  G r o u p s  110 S4134U. 0 
T o t a l  1 16 652229.0 

Mean Tone  O = 399.5 
Hean Tone 1 = 409.5 
Bean Tone  2 = 398.4 
Bean Tone  3 = 391.5 
Bean Tone  4 = 395-9 
Bean Toae 5 = 399.1 
Mean Tone  6 = 374.4 
Hean O v e r a l l  = 395.6 

#ea n 
S q u a r e s  

5 -9  
42-61 

Bean 
Sqtlar es 

1813.3 
5830.4 

P Prob 

,991 

P ?rob 

,929 



Table E.22 

Oneway A q a l y s i s  o f  V a r i a n c e  o f  Avg, g z  Data For T o n e s  

CNV H1 
----- 
s o u r c e  D - f -  Suip o f  

Squares 

Between G r o u p s  6 120.7 
W i t h i n  G r o u p s  119 4243.4 
Total 125 4363.5 

Bean Tone 0 = 3.7 
Mean Tone  1 = 3.2 
Hean Tone 2 = 3-1 
d e a n  Tone 3 = 2.1 
Mean T o n e  4 = 3.0 
Mean Tone 5 = 3.9 
Bean Tone  6 = 5.4 
Mean O v e r a l l  = 3.5 

D .  F, 

Between G r o u p s  6 
O i t h i n  G r o u p s  119 

125 
Bean Tone 0 = -7-4 
f lean Tone 1 = -7.8 
Bean Tone 2 = - 9-4  
Hean T o n e  3 = - 5.8 
Bean Tone  U = - 9.8 
f lean Tone  5 = - 9.6 
Hean Tone 6 = - 8.7 
Wean O v e r a l l  = - 8.4 

Hean 
S q u a r e s  

20 -9 
35.1 

Mean 
Squares 

P l3atj.o F P r o b  

-56 ,763 

f Batio P P r o b  

1.27 ,274 



----- 
source D,F, Sum of 

Squares 

Between Groups 6 315.7 
Within Groups 119 5079.97 
Total  125 5395.6 

Hean Tone 0 = -10-4 
Hean Tone 1 = -10.0 
Hean Tone 2 = -11.7 
Hean Tone 3 = - 9.0 
aean Tone = -11.8 
dean Tone 5 = -13-8 
Hean Tone 6 = - 13.1 
Mean Overall = -11.4 

------ 
Source D. F, SUB of 

Squares 

Between Groups 6 22630k 0 
l i t h i n  Groups 119 54872576.0 
Total  121 57135616,O 

Bean Tone 0 = -80-3 
Bean Tone 1 = -83-0 
Bean Toae 2 = -100.1 
nean Tone 3 = -65.3 
Bean Tone U = -100.0 
?lean Tone 5 = -106-7 
Bean Tone 6 = -95-3 
Hean Overall = -90-1 

Hea n 2' Pa t jo  F Prob 
Squares 

Mean P Batio P ?rob 
Squares 



11 AHPL. 

between Groups 6 275.3 
l i t h i n  Groups 119 40 83.9 
!o t a l  125 4366.2 

Bean Tone 0 = -13-2  
Bean Tone 1 = -13.0 
Bean Tone 2 = -14.8 
Mean Tone 3 = -14.7 
Bean Tone 4 = -12.3 
Bean Tone 5 = -10.8 
Mean Tone 6 = - 11,O 
Hean O v e r a l l  = -12-9 

letween Groups 6 963.0 
f i t h i n  Groups 119  24771-0 
' o t a l  125 25736-0 

l e a n  Tone 0 = 136.9 
l e a n  Tone 1 = 137.9 
Bean Tone 2 = 133-4 
Hean Tone 3 = 135.7 
Bean Tone 4 = 134.7 
8ean Tone 5 = 137.9 
Bean Tone 6 = 142.6 
Bean O v e r a l l  = 136-9 

Mean 
S q u a r e s  

46.2 
46.2 

Mean 
Sqtlar es 

150.5 
208.2 

F Bak$o F Prob 

1-34  ,242 

P R a t i o  f Pro0 

-77 ,596 



Between Group 
w i t h i n  Groups 

Hean Tone 0 
Hean Tone 1 
Clean Tone L 
Hean Tone 3 
nean Tone 4 
nean  Tone 5 
Clean Tone 6 
Bean Overa l  

------ 

Betweeo Group 
Within Groups 

Mean Tone 0 
Hean Tone 1 
Clean Tone 2 
Hean Tone 3 
Mean Tone 4 
Hean Tone 5 
Bean Tone 6 
Mean Overa l  

Sum of 
Squares 

146.5 
4608.4 
4759.9 

Sum of 
Squares 

1813.0 
92230,O 
94043.0 

Bean 
Squares 

24.4 
38-3  

nean 
Squares 

302.2 
775-0 

F R a t i o  

- 6 3  

P Bal;$o 

- 3 9  

P Prob 

,707 

P P f o b  

, 8 8 5  



i ------- 
source D. P. 

Betmeen G r o u p s  6 
e i t h i n  G r o u p s  116 
b t a l  122 

Hean Tone 0 = 14.6 
Hean Tone 1 = 12.7 
Mean Tone  2 = 13-1 
Mean T o n e  3 = 14.3 
l e a n  Tone  4 = 11-6 
Mean Tone  5 = 12.6 
Mean Tone 6 = 13.5 
l e a n  O v e r a l l  = 13-2 

--- 
S o u r c e  D. F. 

Between G r o u p s  6 
U i t h i n  G r o u p s  116 
C o t a l  122 

l e a n  Tone 0 = 404.1 
l e a n  T o n e  1 = 409.4 
Mean Tone 2 = 411.0 
l e a n  Tone 3 = 402-8 
Mean Tone  4 = Q1Q.Y 
Hean T o n e  5 = 421-2 
Mean Tone 6 = 436-6 
l e a n  O v e r a l l  = 413-9 

Sum o f  
S q u a r e s  

113-1 
5031-0 
515Ya1 

Sum of 
S g u a r e s  

14512, 

Bean 
Squares 

19.5 
43,U 

Bean 
Sqaar es 

2918.6 
5684.3 

P a a t i o  P Prob 

1 -45 ,845 

F Ratio P P r o b  

-4 3 ,362 



Tabke E.23 

.---- 
i o u r c e  Do F, Sum of 

S q u a r e s  

3etueeq Groups  6 72.6 
i i t h i n  Groups 42 1834.8 
r o t a 1  48 1912.5 

Hean Tone 0 = -15,O 
Bean Tone 1 = -14-5 
Hean Tone 2 = -12.7 
Mean Tone 3 = -15-2 
Hean Tone 4 = -11, U 
Mean Tone 5 = -13.8 
nean  Tone 6 = - 13.6 
Bean O v e r a l l  = -13.7 

D.f* Sum of 
S q u a r e s  

3etueen Groups 6 34.5 
J i t h i n  Groups 42  1240-3 
Cotal 4 8  1278.8 

Hean Tone 0 = -10.6 
Mean Tone 1 = -10.8 
4ean  Tone 2 = -8 ,6  
Fiean Tone 3 = -11-0  
Bean Tone 4 = -9-3 
a e a n  Tone 5 = -9.4 
Mean Tone 6 = -9.9 
Bean O v e r a l l  = -9-9 

Hean 
S q u a r e s  

12.9 
43.7 

Bean 
Sqttases 

5-7 
29 -6 

P B a t i o  P Prob 

-29 -935 

P Ratio F Prob 

. 19 ,915 



~etween  Groups 6 
l i t h i n  Groups 42 
Iota1 485 

Bean Tone 0 = -7-3 
Mean Tone 1 = -4 .8  
Bean Tone 2 = -6-1 
Mean Tone 3 = -8.6 
Hean Tone 4 = -7.6 
Bean Tone 5 = -7.3 
tlean Tone 6 = -9.6 
Hean O v e r a l l  = -7.3 

ource D. F, 

letueeg Groups 
% t h i n  Groups 
o t a l  

Bean Toae 0 = 
Hean Tone 1 = 
Mean Tone 2 = 
Bean Tone 3 = 
!lean Tone U = 
Hean Tone 5 = 

Sum 04 
Sguares  

98.1 
3961-7 
2060,8 

Sum o f  
Squares 

755968,O 
2D621CU 16-0  
2138038*,0 

Mean 
Sqaares  

1 6 - 5  
&6,3 

fiean 
Squares  

125994,6 
491057,5 

P @rob 

,904 

P Prob 

,953 

Hean Tone 6 = -144-2 
dean O v e r a l l  = -141-5  



------- 
source D . f ,  Sum 04 

Squares 

~ e t v e e n  Groups 6 18Q.3 
~ i t h i n  Groups 4 2  2566.8 
Total  48 274J, 1 

Hean Tone 0 = -9.7 
Hean Tone 1 = - 14.6 
Mean Tone 2 = -14 -8  
Bean Tone 3 = -12.1 
Mean Tone 4 = -15.3 
Mean Tone 5 = - 15-6 
Mean Tone 6 = -15-1  
Bean O v e r a l l  = -13.8 

191 LAT. 
---- 
Source D. B. Sum 05 

Squares 

Between Gro 
Within Crou 
Total 

Bean 
Mean 
Hean 
Hean 
Bean 
Hean 
Mean 
Bean 

ups 6 523.8 
p s  U 2  17354,9 

4 8  17873.8 
Tone 0 = 155.9 
Tone 1 = 154-2 
Tone 2 = 1 5 L 7  
Tone 3 = 153-4 
Tone 4 = 150.9 
Tone 5 = 349-2 
Tone 6 = 152.6 
O v e r a l l  = 152.6 

Mean 
Squares 

30-4 
61 ,.I 

Bean 
Squares 

87.1 
135.6 

F R a t i o  P Prob 

. 64 ,698 



rc----- 
s o u r c e  D.P. Sum of 

Sg u a r  es 
Hean P Ratio P P r o b  
S q u a r e s  

~ e t v e e q  G r o u p s  6 9152.0 
~ i t h i n  G r o u p s  42 10255,O 
l o t a l  4 8  Y940B,O 

Piean Tone  0 = 9.7 
Mean Tone  1 = 7 - 1  
Mean Tone  2 = 9.1 
Bean Tone 3 = 8 - 4  
Mean Tone  4 = 7.0 
Bean Tone 5 = 7.9 
Bean Tone  6 = 4.0 
Hean O v e r a l l  = 7.6 

------& 

Source D-P, Sum of 
Sg ua r es 

Betweeq G r o u p s  6 308.0 
W i t h i n  G r o u p s  42 347%,8 
T o t a l  4 8  3783-8 

Hean Tone  0 = 218.3 
Bean Tone 1 = 234.3 
Hean Tone  2 = 2 2 0 - 8  
Bean Tone 3 = 226.7 
Mean T o n e  4 = 224.2 
fiean Tone  5 = 224.2 
Mean T o n e  6 = 218.3 
Hean O v e r a l l  = 223.8 

Bean P B a t i o  P P r o b  
S q u a r e s  



etwee4 G r o u p s  6 
i t b i n  G r o u p s  4 2  
o t a l  48 

n e a n  Tone  O = 5.0 
n e a n  Tone 1 = 4-3 
Bean Tone 2 = 4.1 
Bean Tone 3 = 2.7 
Bean Tone  U = 2 - 7  
Bean T o n e  5 = 5.4 
Bean Tone  6 = 3.7 
Bean O v e r a l l  = 4.0 

3 LAT. 

e t v e e n  G r o u p s  6 
i t h i n  G r o u p s  42 
o t a l  48 
Bean Tone 0 = 362.4 
Bean Tone  1 = 361-6 
Hean Tone 2 = 356-5 
Mean Tone 3 = 361-6 
filean Tone 4 = 355.5 
Bean Tone  5 = 359-9 
Bean Tone 6 = 364.9 
Piean O v e r a l i  = 360-5 

S U B  of 
S q a a r e s  

90.9 
2350.8 
6744,7 

Sum of  
S q u a r e s  

395.3 
27 09-11 
31 5&, 7 

Piean 
S q u a r e s  

5.1 
13.1 

B e a ~  
S q a a r e s  

65-9 
31 - 9  

f Batio P Prob 

1-86 ,099 

F Ratio P ?rob 

2.07 ,065 



TabSe E.24 

Oneuay A n a l y s i s  of Var i ance  o f  Hale Cz Data Ppr 2 o n e s  

---- 
;ource  D. P, Sum 06 

S q u a r e s  

letween Groups  6 8413.0 
@ t h i n  Groups  42 8255.0 
l o t a l  48 9104.0 

l e a n  Tone 0 = -10.6 
aean  Tone 1 = -9.4 
Mean Tone 2 = -8.1 
Hean Tone 3 = -12.1 
Hean Tone 4 = -9-4 
fiean Tone 5 = -9.3 
l e a n  Tone 6 = -8.0 
Bean O v e r a l l  = -9.6 

----- 
iource D, F. Sum of 

S q u a r e s  

le tveen Groups  6 918,7 
l i t h i n  Groups 42 466.3 
l o t a l  48 88$,0  

8ean  Pone  0 = -16.1 
Mean Tone 1 = -55.5 
Bean Tone 2 = -17.6 
Mean Tone 3 = -30.8 
Mean Tone 4 = -15-8 
l e a n  Tone 5 = -17.0 
Mean Tone 6 = -24.5 
Bean O v e r a l l  = -17.5 

Hean 
S q u a r e s  

141 -3  
87 -3 

Hean 
S q u a r e s  

3 19.8 
58.6 

f R a t i o  F P r o b  

-57 ,757 

P Batgo  F Prob  

2-02 ,068 



Between Groups 
i i i th in  Groups 

Mean Tone 0 = 
4ean Tone 1 = 
l e a n  Tone 2 = 
l e a n  Tone 3 = 
Bean Tone 4 = 
Bean Tone 5 = 
l e a n  Tone 6 = 
Bean O v e r a l l  

dean Tone 0 = 
Mean Tone 1 = 
Mean Tone 2 = 
Mean Tone 3 = 
Bean Tone 4 = 
Hean Tone 5 = 
Bean Tone 6 = 
Hean O v e r a l l  

Sum of 
Squares  

S U B  of 
Squares  

&?an 
Squares  

Mean 
Sqnares 

f prob 

,01Ci 



------ 
source  

Betveea Group 
w i t h i n  Groups 
T o t a l  

nean Tone 0 
nean Tone 1 
Hean Tone 2 
nean Tone 3 
Hean Tone 4 
Bean Tone 5 

I Hean Tone 6 
Bean Overal  

----- 
Source 

Between Group 
Vith in  Groups 
Total  

Bean Tone O 
8ean Tone 1 
Bean Tone 2 

1 Mean Tone 3 
Mean Tone 4 

Mean Tone 6 I lean 
1 dean Overal  

Sam o $  
Squares  

sura of 
Squares 

Clean 
Squares  

Heaq 
Squares  

f Prob 

,155 



------ 

mean Tone 0 = 
mean Tone 1 = 
l e a n  Tone 2 = 
l e a n  Tone 3 = 
Mean Tone 4 = 
Mean Tone 5 = 
l e a n  Tone 6 = 
l e a n  O v e r a l l  

Mean Tone 0 = 

Bean Tone 2 = 
l e a n  Tone 3 = 
Mean Tone 4 = 
8ean Tone 5 = 
l e a n  Tone 6 = 
Mean O v e r a l l  

Sum o g  
Squares  

9152.0 
7010256,O 
7299408.0 

Sust 0 5  
Squares  

496.0 
5820-9 
6316.0 

Mean 
Sguar es 

192-0 
'l96ii2 -0 

Bean 
Spuares  

82-7 
138-6 

P R a t j o  

- 6 1  

f' Batio 

- 5 9  

F Prob 

-728 

f Prob 

,733 



Between Groups 6 123.3 
u i t h i n  Groups 3 9  1206.2 
r o t a 1  4 5  1323-4 

a e a n  Tone O = 3 - 8  
Mean Tone 1 = 3.7 
Hean Tone 2 = 3.0 
Bean Tone 3 = -0.4 
Bean Tone 4 = 1.3 
!lean Tone 5 = 4.5 
Hean Tone 6 = 1 - 7  
Bean O v e r a l l  = 2.5 

------ 
Source  D,F, Sua of 

S q u a r e s  

Between Groups  6 1199.0 
P i t h i n  Groups 39 29718,O 
T o t a l  4 5  21913,O 

dean  Tooe 0 = 348,1 
Wean Tone 1 = 357.4 
Bean Tone 2 = 350.6 
Hean Tone 3 = 358-2 
Mean Tone 4 = 353-9  
Mean Tone 5 = 357.9 
Bean Tone 6 = 3 6 4 - 8  
Bean O v e r a l l  = 355-7  

Bean 
S q u a r e s  

20 *2 
30.9 

flean 
S q u a r e s  

199.8 
531 ._I 

P B a t i o  P Prob 

- 6 5  , 68d) 

F B a t i o  F P r o b  

2 -37 ,890 



TabAe E-25 

Oneway A n a l y s i s  o f  Variance of Bale Pz Data Ppr Tones 
------------------------u---------,,- 

D. F,  Sum og nean P R a t i o  P Prob 
Squares  Squares 

bet wee^ Groups 6 153.1 25 -5  1 . 1 1  , 373  
w i t h i n  Groups 42  969.6 22-9 

4 8  1112.6 
Hean Tone 0 = 1.3 
Mean Tone 1 = 1 - 7  
Hean Tone 2 = 2-4 
Mean Tone 3 = -2-0  
Bean Tone 4 = 1, I 
Mean Tone 5 = 2,U 
Hean Tone 6 = 4 . 3  
dean  O v e r a l l  = 1-6 

--- 
D- P o  

Between Groups 6 
Within Groups 42 

48  
d e a n  Tone 0 = -7.1 
Hean Tone 1 = -8-3  
Mean Tone 2 = -7 -4  
Mean Tone 3 = -7 -9  
!lean Tone 6 = - I &  1 
!lean Tone 5 = -8-6 
Mean Tone 6 = -6.7 
Hean O v e r a l l  = -8-0  

Sun of Bean P Batia P Prob 
Squares  Squares 



Mean T o n e  4 = -105-2 
Hean T o n e  5 = -89.1 
Mean T o n e  6 = -69-2 
Bean  O v e r a l l  = -85-0 

,---- 

s o u r c e  D m  P. 

Between  G r o u p s  6 
Y i t h i n  G r o u p s  42 
Total  48 

Hean T o n e  0 = -10-4 
Hean T o n e  1 = -8-8 
Bean T o n e  2 = -8.7 
Bean  T o n e  3 = -8.3 
Bean T o n e  4 = -11.3 
Bean T o n e  5 = - 10.3 
f lean  T o n e  6 = - 9 - 6  
Bean O v e r a l l  = -9.6 

CNV 84 

Between  G r o u p s  6 
W i t h i n  G r o u p s  42 
Tota l  48 

n e a n  T o n e  0 = -85-4 
Hean T o n e  1 = -83.7 
Hean T o n e  2 = -77.8 
Bean T o n e  3 = -84.5 

SUB of 
S q u a r e s  

49.4 
1230.0 
1279,4 

Sum of 
S q u a r e s  

510032,O 
13383536-0 
13893568-0 

f lean  
S q a a r e s  

8.2 
29.3 

Hean 
S q u a r e s  

85005-3 
318655.0 

P BatJo f P r o b  

-28 ,982 

P B a t i o  f Prob 

-26  ,948 



----- 
source D, F, Sum of 

Squares 

Between Groups 6 15P-5 
Oithin Groups 4 2  1505.7 
Total  48 1666,2 

aean Tone 0 = -13-7 
Mean Tone 1 = -13.3 
Mean Tone 2 = -14.9 
Mean Tone 3 = -16-3 
Bean Tone 4 = -14.0 
Hean Tone 5 = -11-9  
Bean Tone 6 = -1O,4 
#ean Overal l  = -13-5 

----- 
Source D, F. Sum of 

Squares 

Between Groaps 6 354.1 
Bithin Groups 42 4626,3 
Total 4 8  4979.4 

Mean Tons 0 = 137.4 
dean Tone I = f36.S 
Mean Tone 2 = 129-8 
Mean Tone 3 = 134.0 
Hean Tone 4 = 135.7 
Uean Toae 5 = 138.2 
Uean Tone 6 = 137,4 
Mean Overal l  = 135-6 

Bean 
Squares 

2 5 - 8  
35.B 

Bean 
Squares 

59.0 
110.1 

P Batgo F Prob 

- 7 2  ,639 

F Ratio P psob 

.53 ,739 



_------ 
s o u r c e  f], P. Sun of Bean P Ratio F f r o b  

S q u a r e s  S q u a r e s  

Betweeq G r o u p s  6 8g.9 14.9 ,111 ,863 
w i t h i n  G r o u p s  42 1509.9 35.8 
T o t a l  118 15944.8 

Mean T o n e  O =- 14-4 
Bean Tone 1 = 13-3 
n e a n  T o n e  2 = 14-1 
Bean Tone 3 = 14-0 
Hean Tone  U = 10-4 
Mean Tone  5 = 13.4 
f lean Tone  6 = 11-7 
t lean Overall = 13.1 

----- 
S o u r c e  D.Z. Sum of &ean F R a t i o  P P r o b  

S q u a r e s  Squares 

B e t u e e q  G r o u p s  6 62L.O 104.0 -55 ,365 
W i t h i n  G r o u p s  42 786S.O 387.3 
T o t a l  US 8492.0 

Rean T o n e  0 = 217.4 
Bean Tone 1 = 220-8 
Mean Tone 2 = 215.8 
t iean Tone 3 = 222.5 
f lean T o n e  4 = 221-7 
Bean Tone 5 = 227.6 
Bean Tone  6 = 219-1 
Bean O v e r a l l  = 220-7 . 



--------- 
S o u r c e  D.f, Sum of 

S q u a r e s  

Between G r o u p s  6 133-8 
W i t h i n  G r o u p s  4 1  853.1 
T o t a l  4 7  986.9 

Hean T o n e  0 = 13-6 
8 e a n  T o n e  1 = 11.7 
Bean T o n e  2 = 12-7 
n e a n  Tone 3 = 7.8 
a e a n  Tone 4 = 10.4 
Hean T o n e  5 = 12.0 
Bean Tone  6 = 12.0 
Hean O v e r a l l  = 11-5 

------- 
S o u r c e  D, P, Sum of 

S q u a r e s  

B e t  ween G r o u p s  
W i t h i n  G r o u p s  
T o t a l  

Bean Tone  0 = 
Hean T o n e  1 = 
Hean Tone 2 = 
d e a n  T o n e  3 = 
Hean Tone  4 = 
Hean Tone  5 = 
Bean Tone 6 = 
Hean O v e r a l l  = 

Hean 
S q u a r e s  

22-1  
20.8 

d e a n  
Sqstar es  

902.3 
2289.7 

P Batio P P r o b  

1-06 480 

P B a t j . 0  P Prob 

. 33 ,879 



T a b l e  E.26 

CNV •’41 
----- 
s o u r c e  0 .  F. 

Betweeq Groups  6 
w i t h i n  Groups 70 
Total 76 

d e a n  Tone 0 = - 14.6 
!lean Tone 1 = -11.3 
Hean Tone 2 = -12.8 
Hean Tone 3 = -1Q-8 
nean  Tone 4 = - lU,9 
Hean Tone 5 = -10.9 
nean  Tone 6 = -11,1 
Bean O v e r a l l  = -12-0 

Betueeq  Groups  6 
Wi th in  Groups 70 
T o t a l  16 

Bean Tone 0 = -15-6 
Bean Tone 1 = -13.7 
Bean Pone 2 = - 15-0 
Mean Tone 3 = -10.8 
Mean Tone 4 = -13.1 
flean Tone 5 = -13-7 
Mean Tone 5 = -1 1.4 
Mean O v e r a l l  = -13-5 

Sum of 
S q u a r e s  

. 130-4 
254U.5 
267tC. 9 

Sum o f  
S q u a r e s  

201.3 
363.21.2 
38 76-5 

fleaa 
S q u a r e s  

21.1 
36.51 

Hean 
S q u a r e s  

33.6 
52.5 

P R a t i o  P P rob  

. 59 ,733 

P B a t g o  F P r o b  

-64 ,700 



-- 
source Do P, 

Between Groups 6 
W i t h i n  Groups 70 
Total  76 

Bean Tone 0 = -14.9 
Bean Tone 1 = -13-6 
Bean Tone 2 = -13.2 
Mean Tone 3 = - 12,9 
Bean Tone 4 = - 12-3 
Bean Tone 5 = - 15.2 
Bean Tone 6 = -16.0 
Mean Overal l  = -14.0 

----- 
Source D o  F. 

Between Groups 6 

Sum 0s 
Squares 

123,1 
4632.8 
476O.9 

Sum of 
Squares 

1622363, 0 
W i t h i n  ~ r o u ~ s  70 48184649,O 
Total  76 504070013.0 

Mean Tone 0 = -213-8  
Bean Tone 1 = -181.9 
Mean Tone 2 = -195-3 
!lean Tone 3 = -167-6 
flean Tone 4 = -170.5 
Bean Tone 5 = -190.8 
Bean Tone 6 = -186.1 
Mean Overal l  = -186.6 

Mean 
Squares 

20 -5 
66.3 

Bean 
Sgilar es 

270394.6 
696823.g 

F Rat io P ?rob 

-31 928 

P Ratio P Prob 

-39 ,885 



---- 

Between Groups 
wit b i n  Groups 

Hean Tone 0 = 
Hean Tone 1 = 
Hean Tone 2 = 
Uean Tone 3 = 
Bean Tone U = 
Mean Tone 5 = 
Uean Tone 6 = 
fiean O v e r a l l  

---- 

Between Groups 
l i t h i n  Groups 

Bean Tone 0 = 
n e a n  Tone 1 = 
Mean Tone 2 = 
Hean Tone 3 = 
Hean Tone 4 = 
Mean Tone 5 = 
Ifean Tone 6 = 
Mean O v e r a l l  

a 
i 

i 

i 

sum og 
S q u a r e s  

Sum of 
S q u a r e s  

Bean E Ratio F Prob 
S q a a r e s  

Bean F R a t i o  P Prob 
S q u a r e s  



_----- 
s o u r c e  D o S o  Sum of Eean f B a t i o  P P r o b  

S q u a r e s  S q u a r e s  

Between G r o u p s  6 68.8 11.5 -18 -980 
~ i t h i n  G r o u p s  69 4379-8 6 3 - 5  
T o t a l  75 4448.6 

Mean Tone  0 = 8-1 
Bean T o n e  1 = 7-4 
Bean Tone 2 = 8-0 
Bean Tone 3 = 7 - 7  
Bean Tone 4 = 7.0 
Mean Tone 5 = 7.0 
# e a n  Tone 6 = 5-0 
Bean O v e r a l l  = 7.2 

------- 
S o u r c e  f), Pa Sum o$ Bean F 8atd .o  f Prob 

S q u a r e s  Sqdzares 

Between G r o u p s  6 1752, 0 292.0 a 45 ,839 
U i t h i n  G r o u p s  69 44121,O 639-J1 
T o t a l  75 45873, 0 

Hean Tone  0 = 229.0 
Bean Tone 1 = 228-5 
Bean Tone 2 = 223-1 
Mean Tone 3 = 216.7 
Hean Tone 4 = 224.7 
Bean Tone 5 = 230.1 
Bean Tone 6 = 218.9 
Bean O v e r a l l  = 224.5 



---------- 
s o u r c e  D-Fa Sum og 

S q u a r e s  

B e t v e e n  Groups 6 183.1  
W i t h i n  Groups SU 3543.8 
T o t a l  7 0  372ii.9 

Mean Tone 0 = 3 .8  
Bean Tone 1 = 5.3 
Mean Tone 2 = 5 - 2  
Bean Toae 3 = 8.7 
fiean Tone 4 = 6.3 
Bean Tone 5 = 3.5 
Mean Tone 6 = 5 . 2  
Llean O v e r a l l  = 5-4 

------ 
S o u r c e  D,P, Sum of 

S q u a r e s  

Between Groups 6 7401.0 
Within Groups 6 4  262922.0 
T o t a l  7 0  270323.0 

Bean Tone O = 3 8 9 - 4  
Bean Tone 1 = 375 .2  
Mean Tone 2 = 3 8 9 , 9  
Bean Tone 3 = 378.2 
Hean Tone 4 = 383,5 
Bean Tone 5 = 3 8 9 - 9  
Bean Tone 6 = 4 1 0 . 4  
Hean O v e r a l l  = 387.8 

Bean 
Sq tlar es 

3 0 . 5  
55.3 

Hean 
Sqaar es 

1233.5  
4108.2  

F Batjo F Prob 

-55 ,769 

P itatjo P Prob 

- 3 0  , 9 3 4  



T a b l e  E.27 

Oneway A n a l y s i s  of V a r i a n c e  o f  Fern- Cz Data Por P o n e s  

C N V  8 1  
----- 
S o u r c e  D. Po Sum o/ Bean P Batio P ProB 

S q u a r e s  S q u a r e s  

Between Groups  6 b3.6 .11.3 43 ,856 
P i t h i n  Groups 70 1823.8 26-1 
T o t a l  135 1896.4 

flean Tone 0 = -9.5 
Mean Tone 1 = -7 -7  
Hean Tone 2 = -8 -6  
Mean Tone 3 = -7.9 
Baan Tone 4 = -7.3 
flean l o n e  5 = -7.6 
flean Tone 6 = -6.4 
fiean Overall = -7.9 

--- 
S o u r c e  

Between G 
U i t h i n  G r  
T o t a l  

Hean 
Bean 
Hean 
flean 
Bean 
flean 
fiean 
Hean 

D. P, Sum o #  Beaa F Batio P ?rob 
S q u a r e s  Squares 

r o u p s  
o u p s  

6 186.7 30-9 -59 -655 
70 31 1Q.O 44 ,Y 
76 r 3285.8 

Tone 0 = -15. 9 
Tone 1 = -15.1 
Tone 2 = -17.2 
Tone 3 = -12,0 
Tone 4 = -15.5 
Pone 5 = -16.7 
Tone 6 = -15.2 
O v e r a l l  = -15-4 



Between Groups 
Within Groups 
Tota l  

Bean Tone 0 = 
nean Tone 1 = 
Bean Tone 2 = 
flean Tone 3 = 
noan Tone 4 = 
flean Tone 5 = 
Sean Tone 6 = 
Bean Overal l  = 

---- 
Source D. P. 

Between Groups 6 
Mithin Groups 70 
Tota l  76 

Bean Tone 0 = -208.1 
Mean Tone 1 = -191-9 
Mean Tone 2 = -210-9 
Bean Tone 3 = -166.5 
Hean Tone 4 = -191.3 
Mean Tone 5 = -218.4 
Bean Tone 6 = -206.4 
Hean Overa l l  = -199.1 

Sum of 
Squares 

254-8 
4756.2 
5010,9 

Sum of 
Squares 

Wean 
Squares 

42.5  
67 -9 

Beaa 
Squares 

333338 -6 
650326-6 

F Batio F Prob 

-51  . 788 



----- 
S o u r c e  DOE. Sum of Bean P BatJo P P r o b  

Squares S q a a r e s  

Between Groups  6 151 1-0 251 -9 1-55 ,165 
W i t h i n  Gfoups  70 20926.8 162.2 
T o t a l  76 22432. 0 

, Mean Tone 0 = -20-U 
flean Tone 1 = -18.4 
Mean Tone 2 = -22.1 
Mean Tone 3 = - 19.1 
Mean Tone 4 = -14.7 
fiean Tone 5 = -15.5 
Mean Tone 6 = -13.2 
Mean O v e r a l l  = -17.9 

------- 
S o u r c e  D. P. Sum of Hean F Ratio F P r o b  

Squa r  os S q u a r e s  

B e t v e e q  Groups  6 5 2 2 .  8 87.1 . 64 ,698 
w i t h i n  Groups  70 37358.9 135.6 
T o t a l  76 17877.8 

Hean Tone O = lU5.3 
Bean Tone 1 = lU2.f 
Bean Tone 2 = 139.9 
Bean Tone 3 = 143.7 
Mean Tone 4 = 138.4 
Bean Tone 5 = 143.2 
Hean Tone 6 = 130-9 
tiean O v e r a l l  = 140.5 



P 2  AMPL, 
------- 
Source D. F. Sum of 

S q u a r e s  

Between Groups  6 2 8 9 1  52.0 
With in  Groups 7 0  70 1 0 ~ 5 6 .  0 
T o t a l  76 7299408,O 

Mean Tone 0 = 12.6 
Mean Tone 1 = 12.4 
Bean Tone 2 = 12.3 
Plean Tone 3 = 11.8 
fiean Tone 4 = 10.9 
Bean Tone 5 = 11.9 
nean Tone 6 = 7.5 
Mean O v e r a l l  = 11.4 

P2  LAT, 
----- 
Source D,F. Sum o f  

S q u a r e s  

Between Groups  
f i t h i n  Groups 
T o t a l  

Mean Tone 0 = 
Bean Tone 1 = 
Bean Tone 2 = 
Hean Tone 3 = 
Mean Tone 4 = 
Mean Tone 5 = 
Mean Tone 6 = 
Hean O v e r a l l  = 

Bean P R a t i o  P Prob 
S q u a r e s  

Mean P Ratio P p r o b  
S q u a r e s  



Source D, P, Suts of 
Squares  

Between Groups 6 543943.9 
Within Groups 6 4  432356.8 
Total 7 0  48614d.7 

I Mean Tone Q = 4 - 8  
Hean Tone 1 = 4 - 3  
Bean Tone 2 = 6.2 
Hean Tone 3 = 8.1 
Hean Tone 4 = 4 - 0  
Hean Tone 5 = 4.1 
Hean Tone 6 = 6 - 1  
Hean O v e r a l l  = 5.3 

----- 
S o u r c e  D-P. Sum 05 

S q u a r e s  

Betweeq Groups 6 395-3 
Within Groups 64  27 08-4 
Total 70  31 OL, 7 

Wean Tone 0 = 435.4 
Bean Tone 1 = 446.0 
Hean Pone 2 = 431.9 
8ean Tone 3 = 41&8 
Mean Tone U = 418.9 
Hean Tone 5 = 4 2 1 - 6  
8ean Tone 6 = 380.9 
&ean O v e r a l l  = 421.9 

dlea n P Ratio F Prob 
Squares 

8ean F Ratio f Prob 
Sqaar es 



T a b l e  E.28 

Oneway A n a l y s i s  o f  V a r i a n c e  of Pen, pz D a t a  Pox T o n e s  
- - - - - - - - - - - - i _ f - i - - _ , - - > ~  

-c--- 

s o u r c e  D, P, Sum o f  
S q u a r e s  

~etweeii Groups  6 52.3 
Y i t h i n  Groups  70 2916-5  
T o t a l  7 6  2968.9 

fiean Tone 0 7 5.27 
!lean Tone 1 = 4-09 
Hean Tone 2 = 3.4 
neaa Tone 3 = 4 - 6  
Bean Tone 4 = 4 - 2  
Mean Tone 5 = 4.9 
Bean Tone 6 = 6.2 
Hean O v e r a l l  = 4.7 

S o u r c e  I f -  P, Sum o$ 
Squares 

Between Groups  6 325.2 
O i t h i n  Groups  7 0  2349.6 
T o t a l  76  2673.8 

nean  Tone 0 = :- 7 - 6  
Mean Tone 1 = - 7- 6 
liean Tone 2 = -10.7 
Bean Tone 3 = - 4.4 
Hean Tone 4 = - 9 - 6  
n e a n  Tone 5 = -10.2 
Bean Tone 6 = - 1Q. 1 
Bean O v e r a l l  = -8.6 

flean 
Squares 

8.7 
41-2  

Bean 
Squares 

54.4 
33.5 

f Ratio F Prob 

* 20 ,971 

P Ratio P F r o b  

1-62 . 353 



----- 
S o u r c e  

B e t v e e q  Groups 
Within Groups 
T o t a l  

Hean Tone 0 = 
Bean Tone 1 = 
Heaa Tone 2 = 
Hean Tone 3 = 
Hean Tone 4 = 
Plean Tone 5 = 
Bean Tone 6 = 
Hean O v e r a l l  = 

S o u r c e  D. P. 

Betueeq Groups 
w i t h i n  Groups 
T o t a l  

Hean Tone O = 
Hean Tone 1 = 
Hean Tone 2 = 
Hean Tone 3 = 
Hean Tone 4 = 
Bean Tone 5 = 
Elean Tone 6 = 
Hean O v e r a l l  

Sum of 
S q u a r e s  

2 8 2 0 7 9 - 0  
2 175413.0 
2457483.0 

Bean 
S q u a r e s  

47011 .3  
16853.3 

F Prob 

,014 

Sum of Bean P Bat$o P @rob 
S q u a r e s  S q u a r e s  



S o u r c e  D o P e  Sum 0s 
S q u a r e s  

Betweeq G r o u p s  6 151 1-0 
W i t h i n  G r o u p s  70 20920.8 
T o t a l  76 22432.0 

Mean Tone  O = - l3,O 
fiean Tone 1 = -12-9  
Bean Tone 2 = -14.8 
Hean Tone 3 = -13.8 
flean Tone  4 = - 11.2 
flean Tone 5 = -10-3 
Mean P o n e  6 = -11-4 
Bean O v e r a l l  = -12.5 

------ 
S o u r c e  

Between G r o u p s  
W i t h i n  G r o u p s  
T o t a l  

Mean Tone  0 = 
Hean Tone 1 = 
Hean Tone 2 = 
d e a n  Tone 3 = 
Bean Tone 4 = 
Bean Tone 5 = 
Hean Tone 6 = 
flean O v e r a l l  = 

D o P .  SUB of 
S q u a r e s  

Plea n 
S q u a r e s  

251-9 
162-2 

nean 
S q u a r e s  

87.1 
135.6 

a t i o  

? P r o b  

,698 



------ 
s o u r c e  D, 8. 

Between Groups  6 
g i t h i n  Groups 70  
T o t a l  76 

Bean Tone 0 = 11.8 
Hean Tone 1 = 10-4 
Hean Tone 2 = 11.1 
Hean Tone 3 = 12.7 
fiean Tone 4 = 10.1 
Bean Toae 5 = 12.9 
Bean Tone 6 = 10-4 
t h a n  O v e r a l l  = 11-3 

SUB og Bean P R a t i o  F P r o b  
Squares Sq t l a r e s  

P2 LAT, 
----- 
S o u r c e  D. P. Sum of Hean P Batia P ?rob 

S q u a r e s  S q u a r e s  

Between Groups  6 250 1-0 416.8 - 3 5  
Within Groups 7 0  83028.0 1186.1 
T o t a l  76 85529.0 

Hean Tone 0 = 223-7  
Mean Tone 1 = 217.8 
Bean Tone 2 = 227.9 
Hean Tone 3 = 218-3 
Mean Tone 4 = 212-4 
Bean Toae 5 = 230.1 
Bean Tone 6 = 221.5 
a e a n  O v e r a l l  = 221-7 



S o u r c e  D. P. 

Between  G r o u p s  
W i t h i n  G r o u p s  
T o t a l  

a e a n  Tone 0 = 
Bean Tone 1 = 
Bean P o n e  2 = 
Mean Tone 3 = 
Meao P o n e  4 = 
Bean Tone  5 = 
Mean Tone  6 = 
Bean O v e r a l l  = 

----- 
S o u r c e  

Between 
W i t h i n  G 
T o t a l  

G r o u p s  
~ r o u p s  

t iean 
Bean 
Mean 
Mean 
Bean 
Mean 
fiean 
lrlean 

Tone 0 = 
Tone  1 = 
Tone 2 = 
Zone 3 = 
Tone B = 
Tone  5 = 
Tone 6 = 
O v e r a l l  = 

Sum of b e a n  P Batio F Prob 
S q u a r e s  S q u a r e s  

Do F, S U ~  o f  
S q u a r e s  

Bean 
S q u a r e s  

1634.2 
5356.0 

F Ratio P P r o b  

-32 ,926 



A p p e n d i x  F 



Oneway A n a l y s i s  p t  V a r l a n c e  of All 
S i n g l e - T r i a l  Dd td LOI C o n u i t i o n s  

-- 
s o u r c e  

CNV Amp 

Source D. F. Suin of  mzan Y H a t i o  P Prou 
S q u a r e s  S q d a r 2 s  

B e t w 2 s n  G r o u p s  2 5752.3 ~ 3 7 6 - 2  14-94 .000 
Witnin  G r o u p s  2110 JODLUI), 1 192-5 
Tota l  ~ 1 1 2  411Y52.4 
Hsdn a1 = -14.8 S i g n i f i c a n t  (p< .  05) a p q s t e r i o r i  
Raan  d = -18.6 2ou trasts: doinoganous Subsets 
Mean A L  = -15.0 using D u n c a n  Range  T e s t .  
Haan J v e r a l l  = -1b.3 S u u s a t  1: 

S u ~ s e t  L: B1; A L  

CNV I n t  
------- 
Source  3- I?- Sum o f  hean F d a t i o  F Prou 

S q  u a r a s  Squarzs  

Betwzan G r o u p s  2 50DIY;E.O L5004b-0 13-76 , 0 0 3  
W i t h i n  G r o u p s  ~ 1 1 O  44862752.0 2 1 L 6 L . O  
Total 2112 4536LY4B.O 

Mean A1 = -366-7 S l g n l r i c a n t  (p< .  Ot>) a posteriori 
d e a u  B = - 1 9 b . 8  Con trasrs: Homogenous  Subsets 
Hean 8 2  = - 165.7 u s i n g  Duncan  Hange T e s t ,  
fiean Ove ra l l  = -177.4 Subset 1: b 

S u D s e t  2 :  A1; A2 



-- 
S o u r c e  

Betueen G r o u p s  2 
W i t h i n  G r o u p s  ,2047 
T o t a l  2049 

g e a n  A 1  = -22 -4  
Mean 3 =-23.3 
Mean A L  = -21.0 
Mean O v z r a l l  = -2f.2 

P 2 
-- 
s o u r  ct= 

B?twz?sn G r o u p s  2 
W i t n i n  G c o u p s  2018 
T o t a l  20LO 

M?an A 1  = 16.8 
Msan d = 13. 0 

Mean A2 = 13.8 
d e a r &  a v 2 r a F l  = 14-4 

P3 
-- 
S o u r c e  

B e t w e s n  G c o u p s  2 
W i t h r n  G r o u p s  1761 
T o t a l  1763 

Mean A 1  = 15.5 
S e a n B  = 12.2 
Xtan A i  = 12.1 
& e a n  O v 2 r a l l  = 13.3 

Sum o f  d e a n  P H a t i o  F P r o b  
S y u a r h  S q u a r e s  

lb39,~ 913.6 5-97 . U03 
3154US.Y 154-1 
317244.6 

S l y n l r i c a n t  (p<.  Us) a p o s t e r i o r 1  
C o r t r a s t s r  Homoy e n o u s  S u b s e t s  
u s i n g  D u n c a n  d a n g e  <T2st. 

s u o s e t  1: A?; i3 
S u s a t  2 :  A2 

Sum o f  k a a n  F d a t i o  F P r o B  
S q u a r e s  Sq u a r d s  

1318.3 353.2 b. 26 -002 
3 0 ' j l ~ d ~  1 153.2 
311~l50.4 

S l g n i z l c a n t  ( p < .  u5) a p o s t e r i o r i  
C o n t r a s t s :  H o m o g e n o u s  S u b s e t s  
u s i n g  D u n c a n  H a n j e  Tdst. 

S u b s d t  1: 6 ;  82 
S u u s e t  L :  A 1  

Sun of  fieall F R a t l o  P P L O D  
S q u a r z s  S q u a r e s  

4494.6 ~ 2 4 7 - 3  17.84 . 0 0 0  
L L l d b 3 - 5  1Lb.O 
Ld6353,I 

S i g r i l r l c a i i t  ( p < ,  U 5 )  a p o s t e r l o r 1  
C o n t r a s t s :  h o m o g e n o u s  S u b s e t s  
u s i n g  DUnCdn h a n g e  T e s t .  

 SUDS^?^ 1: B;  A2 
S u b s e t  L :  A 1  



Oneway k u a l y s i s  or Varlaace or  M a ~ e  
s i n g l e - T r i a l  D a t a  f o r  C o n d i t i o n s  

RT 
-- 
s o u r c e  0. F. 

~ e t w e e n  G r o u p s  i 

g i t h i n  S r a u p s  73b 
~ o t a i  798  

H*an A1 = 5 6 7 - 0  
M2an 3 = 5 9 8 - 9  
Mean A2 = 600.9 
Beau O v e r a l l  = 617.9 

Betwsen G r o u p s  2 
W i t h i n  ~ f o u p s  796 
T o t a l  7 9 b  

Msan A1 = -13.0 
Nean B = -15.b 
Hean a2 = - 15.0 
Hean O v e r a l l  = - 1 4 - 6  

CNV Int 
------- 
S o u r c e  D. F a  

Between G r o u p s  L 

W i t h i n  G r o u p s  7 9 0 
T o t a i  7Yti 

Bean A1 = -1bU.Y 
kiean i3 = -180 .8  
f iean A2 = - 3 7 0 - 1  

Sum or  tie ail F i 3 a t i o  P P r o b  
b y  u a r  zs s q u a r z s  

6 7 U 9 l L . O  4 3 5 4 5 6 . 0  5.85 .UO1 
~ 0 5 7 0 ~ 4 0 . 0  6353U- 4 
51441152.0  

s l g n i t ~ c d n t  ( p < .  05)  a p o s t e r i o r 1  
C o n t r a s t s :  t l o u o g e n o u s  S u b s e t s  
u s l n g  D u n c a x ~  g a n g s  T e s t .  

S u b s e t  1: b; A2 
S u i ~ s e t  L :  A1 

s u m  c t  d d a n  2 1tati.a Y P r o b  
S q d a r e s  s q u a r e s  

1 0 . ~ ~ 6  51L.U 3 . b 3  -0.26 
1 1 ~ 5 7 8 , b  141 .4  
l l36O4.2  

S l g n i r i c a n t  (p<.  U 5 )  a p o s t e r i o r i  
C o n t r a s r s :  Homogenous  S u b s e t s  
using u u n c a n  R a n g e  T e s t .  

Subset 1 :  13; A L  
Subset 2: A l ;  A L  

Sum 0s Piean F H a t i o  F P r o u  
S q u a r e s  S q u a r e s  

Mean O v e r a l l  = - 1 7 0 - 5  



K 1 
-- 
S o u r c e  

b e t u e e n  G r o u p s  L 
W i t a i r ,  G r o d p s  789 
T o t a l  7 9 1  

Hdau HI = - ~ 2 . 3  
Mean d = -22.9 
Bean  A d  = -L1.1 
MGan Overall = -22.1 

P i  

-- 
S o u r c e  

Betwaen G r o u p s  2 
W i t h i c  G r o u p s  784  
T o t a i  7 8 6  

32ac A1 = 1 5 - 6  
Hear! B = 11.9 
Hean A2 = 1 2 - 8  
Mean Ovzrail = 13.4 

P 3  
-- 
S o u r c e  

Be tween  G r o u p s  L 

W i t h i n  G r o u p s  702 
T o t a l  704  

Mean A1 = 1 ~ . 0  
E z a n  S = 9 - 0  
Hean AL = b o b  
i4san O v s r a l i  = 9.d 

Sum o t  n ~ a n  F B a t i o  P r r o a  
Sq uar  e s  S q u a r d s  

Suru o f  f iean  P n a t i o  E P r o b  
S ~ u a r e s  S q u a r e s  

1843.4 923.7 0.60 , 0 0 2  
11 1450.5 142.2 
1 l J L 9 7 . 9  

S i g n l r ~ c a n t  5 a  p o s t e r i o r i  
C o n t r a s t s :  H o a o y e n o u s  S U D S E ~ S  
u s i n g  D u n c a n  a a n y e  T e s ? ,  

auuset 1:  B ;  A L  
S u ~ s e t  2 2  A ?  

Sum of h e a n  F ~ a t i o  F  pro^ 

S q u a r e s  S q u a r z s  

I b 2 0 - b  d l u . 3  8.57 ,000 
b b b 4 d - 4  93.5 
57LS3.U 

S l r g n i L i c a n t  { p < .  05) a p o s t e r i o r i  
C o n t r a s x s :  Homoyenous S u b s e t s  
using Duncan  a a n q s  T e s t ,  

Subset 1: d; A2 
 SUDS^^ 2 :  A1 



uneway Ana lys i s  o f  Varlarice o t  Femaie 
S i n g l e - T r l a l  Dam f o r  Cond i t i ons  

D. h , .  Sum of hGail  F R a t i u  F Prou 
S q u a r s s  S q u a r e s  

CNV Amp 
------- 
S o u r c e  0 .  F+ SUN 0s Aean F Ra t io  P Prou 

Square;; squares  

B e t w e 2 n  Groups 2 oOUB.6 3004.4 13,bY .003 
W i t h i n  G r o u p s  1 3 1 1  268747,.2 220.2 
T o t a l  1313 294755.9 

Mzan A1 = -15.0 S i g n l f  l c a o t  ( p < .  35) a  p o s t e r i o r 1  
Mean B = -20.4 Cont ras t s :  Hoiaogznous S u b s e t s  
Hean A L  = -15.9 u s i n g  Uuncan ddnye T e s t ,  
fiean O v a r a l i  = -17.3 S u u s e t  1: B 

Subset 2: Al; AL 

CNV f c t  
------- 
S o u r c a  D.P. Sulu ug 14ean F Hatio F Prob 

S q  udres Sy ua res 

b e t r s d n  Groups L 5odtlbb.0 ~ 8 1 3 2 8 - 0  12.17 .OOd 
W i t h i n  Groups 133 1 30376400.0 ~ 3 1 7 0 . 4  
T o t a l  1373  3 0 9 4 0 2 5 8 - 0  

b e a n  A1 = -17U.O S i g n i r i c d n t  ( p L u 5 )  a p o s t e r i o r i  
  ye an B = -210.0 C o n t r d s t s :  Homog~nous  Suusets 
H2an A 1  = - 1 b ~ - 9  us ing  D U Q C d n  Range  T e s t ,  
Mean O v s r a l l  = -160.7 Subset 1: B 

Subset  2: sl; A 2  



-- 
s o u r c e  D.F. SUB of dea i l  F a a t i o  F P r o b  

S q u d r a s  S q u a r e s  

Between G r o u p s  2 1378 .5  689 .3  4 - 2 8  . 0 1 4  
W i t h i n  G r o u p s  1 2 5 5  L021U6,8 151 .0  
T o t a l  1 2 5 7  L03465,3  

B e a n  A1 = -22 .5  S i q r t i f l c a n t  (p<,  35) a p o s t e r i o r i  
&earl B = - ~ 3 , 5  C m t r a s t s :  Homogenous  S u b s e t s  
lleah A L  = -L1 ,0  u s l n q  Duncan  b a n j e  T s s t .  
d e a n  O v z r a f i  = -22.3 S u u s e t  1: B1; b 

S u u s e t  2:: A l ;  A L  

-- 
S o u r c e  

S * t u e ? n  G r o u p s  i 467.4 233 .7  1 .47  , 2 2 9  
W i t h i n  G r o u p s  1 2 3 3  1Ybd01.3 153.2 
T o t a l  1 2 3 3  1 564oti.7 

i9ean A1 = 15.9 
Mean E3 = 14.7 
Y$an  A L  = 1 4 . 5  
Mean O v a r d i i  = 15.0  

P3 
-- 
S o u r c e  

B e t w e e n  G r o u p s  L 
M l t h i n  G r o u p s  I d 5 6  
T o t a l  3058 

Hean A1 = 17.b 
Mean 13 = 1 4 - 3  
Mzan A2 = 14.6 
iqean O v z r a l l  = 15.6 

5 u m  of h 2 a n  k. hdtlo F P r o b  
S q  u- a r ~ s  S q u a r e s  

~ 4 l d . b  1 2 0 3 . 3  8.35 , 0 0 0  
14Lb4b. 1 135 .1  
l .UW64,tl  

S i g n l t l e a n t  {p<. 0 5 )  a p o s t e r i o r i  
Con trasts:  H o m o j z n o u s  S u b s e t s  
using Duucan  i i a n j e  T e s t ,  

S u b s e t  1: a ;  A L  
S u b s e t  A :  A 1  



Orieway k n a i y s i s  o f  V d r i a n c e  of  All 
Single-Trial u a t a  f o r  Tones 

D. k'. Sum o r  h e d n  E i i d t i o  F P L O U  

S q u a r e s  S q u a r z s  

B e t w e a n  Groups 6  10841  b0.0 1U0693.3 L.59 . u 1 7  
W i t h i n  G r o u p s  2 107  1 4 b Y ~ 3 5 2 0 . 0  6 9 7 3 1  . 1  
T o t a l  L I  1 3  1480C7580.O 

Mtan  T o u e  0  = 659.3 S i g n i i i c a r i t  i p < .  0 5 )  a p o s t e r i o r i  
Mlan T o n e  1  = 6 2 8 - 0  t o n  t rds ts :  Homogenous S u b s e t s  
Mean T o n e  2 = 683.1 u s l n g  D u n c a n  Hange  T e s t .  
3 e a n  T o n e  3 = b 3 6 . L  S u b s e t  1: Tone  6; Tone  1;  
d e a n  Ton2 4  = 680.8 T o n s  3 ;  T o n e  O 
# e a n  T o n a  5 = 6 9 4 . 3  suuset  2 :  Tone 1  ; T o n e  3; 
Mean Ton* b = 604-3 Lon& 0 ;  T o n e  4 ;  Zone  2 
Bean O v e r a i i  = b b l . 1  Subset 3: T o n e  3 ;  z o n e  U; 

T o n e  4 ;  T o n e  2; Tone  5 

CNV Amp 

D. E ' .  Sum o f  ~ e a u  F B a t i o  P Y r o ~  
Sq uar es S q u a r e s  

Between G r o u p s  6 1837.6 3 0 6 . 3  1 - 5 7  , 1 5 0  
w i t h i n  G r o u p s  2 3 0 7  43ULUL3.o 1 9 4 . 7  
T o t a l  ~ 1 1 3  412046.1 

Mfan  I o n s  O = -16*b 
Mean Ton? 1  = -14.5 
Mean T o n e  2 = -10-4 
Mean Tone  3  = -15.3 
iqean Tone  4 = 15.3 
d e a n  T o n e  5 = -18.0 
Hean  T o n e  6 = -17.3 
d e a n  O v e r a l l  = -1b.3 





-- 
S o u r c e  

d e t u 3 e n  G r o u p s  6 
Within G r o u p s  LO15 
T o t a l  2 0 2  1 

Mean T o n e  0 = 14.8 
Bean T o n s  1  = 14.7 
Mean Tone 2 = 13.6 
Mtan r o n z  3 = 13.4 
Mean Tone 4 = 14.4 
Bean ? o n $  5 = 14.5  
E e a n  l o n e  6 = 11.0 
hean O v d r a l l  = 14.4 

-- 
S o u r c e  

Sum 0s Piean F H a t i o  E P r o b  
Squdres  S g u a r z s  

D, F .  Sum of  heali Y i i a t i o  F P r o b  
S q u a r e s  Jyuar -as  

b e t w e e n  G r o u p s  b 629.9 105 ,  0  . d l  .562 
W i t h i n  Groups 1 7 5 8  2~7115 .b  1 Z y . i  
T a t a r  1 7 6 4  ~27746.7 

Mean T o n e  0 = 1 3 - 4  
Mean T o n e  1  = 12.0 
dean Tone  2 = 13.5 
Mean Tone  3 = 1 1.8 
Bean T o n e  4 = 13.9 
d e a n  Ton? 5 = 13.5 
Mean Eone  b = 12.5 
h e a n  O v 3 r a l l  = 13.2 



Onkway AnaAys i=  o& V a r l d n c e  o r  Hale 
S l n g i e - T r l a l  Ua t a  f o r  T o n a s  

-- 
S o u r c e  U. 3 .  S U N  o r  Fie ail P H a t i o  F P r o b  

A q u a r e s  S q u a r e s  

d z t w e e n  G r o u p s  b 308b40.0 bl44U.O -96 ,437 
Within Groups 7 9 ~  51U727bb.O oilYd5.13 
F o t a l  798 51441408 .0  

Msan T o n z  0 = 621 .3  
Piean Tone  1  = 5Sb.Y 
Haan I o n s  2 = b58.1 
Mean T o n e  3 = 605.5 
Hean T o n s  4 = 626-9 
Hean T o n e  5 = 619.4 
E z a n  T o n e  6 = 530.6 
Bean  O v e r a l l  = 6 1 7 - 9  

i N V  Amp 
------- 
S o u r c e  D.P. Sum o f  tiean 

5q u a r e s  S q u a r a s  

Betwesn G r o u p s  b 335.8 5 ~ .  6 
W i t h i n  G r o u p s  792 1132dt1.4 143 .0  
T o t d l  798 1  1360U.2 

a e a n  r o n e  O = - 1 5 - 2  . 
Mean Tone  1  = - 1 3 - 8  
i4san Tone  2 = -13.8 
Wean T o n e  3 = -14 .5  
Bean T o n e  4 = 15.0 
Hean  T o n e  5 = -13.6 
d e a n  T o n e  6 = -14.6 
iqean O v z r a l i  = -14.6 



CNV ict 
------- 
S o u r c e  D. F. S u n  o g  hie an E H a t i o  P P r o b  

S q u a r e s  S q u a r e s  

ae tuaen Groups  6 515d4.d J 5 9 7 - 3  -48 -826 
Within Groups  7 9 ~  I43L4b5b.O 180th. 7 
T o t a l  798 14370240.u 

f iadn l o n e  0 = -775.b 
mean Tons 1 = -1b2.0 
d e d n  Pone 2 = - 3b2.5 
Bean Tone 3 = -175.6 
Mean Tone 4 = -180-4 
Bean Tone 5 = -155.2 
Mtan Tone b = -1~5.3 
a e a n  Overall = -170-9  

N 1 
-- 
S o u r c t  

setween Groups 6 
Within Groups 785 
T o t a l  791 

Mean Tone 0 = -23.0 
fiean Tone 1  = -20 .1  
Mean T o n e  2 = -22.1 
H e a n  Ton* 3 = -20.2  
d e a n  T o u e  4 = -21 -9  
Mean Tone 5 = -21.0 
deari Tone 6 = -21.4 
dean O v z r a l l  = -LL.I 

Sum og  hean I? k a t i o  P  pro^ 

S q u a r e s  S q u a r z s  



D-I?, Sum o f  azan & B a t i o  P P r o b  
Squar ds Squaras  

detuezn  G r o u p s  b 8 . 2 2 , ~  137.0 ,535 ,453 
W i t h i n  G r o u p s  780  1 1 2 4 7 5 - 8  144.2 
T o t a l  7 8 r, 1 1  3297.9 

Mean l o n e  0 = 13.8 
flzan S o n s  1  = 14.0 
h e a u  Zone 2 = 33.3 
Mean T o n e  3 = 10.b 
Hean  T o n e  4  = 12.9 
f i e a n  T o n e  5 = 13.5 
B z a n  T o n e  b = 10.1 
M ~ a n  O v ? ~ d l l  = 13.4 

-- 
S o u r c e  0. F. S u d ~  o t  Mz ail Y n a t i o  F P r o o  

S q u d r e s  S q u a r e s  

B e t w z t n  G r o u p s  b 420.9 70.1  .73 ,620 
W i t h i n  G r o u p s  6 9 8  66842.1 45.8 
T o t a l  704 0 7 ~ 6 3 . 0  

Bean  T o n e  0  = 1 0 - 0  
Msan T o n e  1  = 9.5 
Mean T o n e  2 = 9.8 
Mean Tone 3 = b,b 
B e a n  T o n e  4 = 3.3 
Mean T o n e  5 = 10,  b 

Mean T o n e  b = 8.b 
Mean u v e r a l l  = 9.8 



HT 
-- 
Source 

vn tway  a n a l y s l s  ot Variance o i  k tadla 
S i n g l e - l ' x ~ d i  odtd r o r  Tonzs 

Between G r o u p s  o 
W i t h i n  Groups 1308  
T o t a i  1314 

Mean Toue 0 = b8Y-1 
Bean Tonz 1  = 663 .4  
M*ar Tone 2 = 6 9 6 - 9  
M2an Tone 3 = 0 5 2 - 6  

I o n s  4 = 7 1 1 . 0  
dean Tone 5 = 738.3 
Heao T o n s  6 = 6 1 2 - 1  
Mean Overa l l  = 6 3 7 - 4  

CNV Amp 
------- 
Source 

b ~ t w 2 s n  Groups 6 
Withic  G r o u p s  1308 
T o t a l  1314 

dean Tone 0 = - 1 7 - 5  
dean T o n e  3 = -15.d 
Plean Tonz L = - 1 7 - 8  
icean T o n e  3 = -15 ,  d 
Mean rone 4  = - 1 5 - 5  
d e a n  Tone 5 = - ~ 0 , 6 3  
Mzan rone b = - 1 8 - 9  
dean d v e r a i l  = -17.3 

Sum O $  Bt3dn f Hati0 P P r o b  
~ q u a r  2s squdre s  

1 GL4000.0 170666,G d.40 . 0 2 o  
9 3  1781 1.2-0 71.237-1 
S4LOL11d.O 

S l g n l r ~ c a a t  {p<, u 5) a p o s t e r i o r i  
Con trosts: Homojenous 5 u b s s t s  
u i n y  Duncan nange Z e s t -  

Subse t  1: Tone o ;  Tone 3;  
fan* 1;  Tone 0; T o n e  2 

3uose t  2: Tone 3 ;  Zone 1;  
Fonz 0; Tone 2 ;  Tone 4  

S u ~ s e t  3:  Tone L ;  !Tons 4; 
done  5 

Sum og Pleari E i i a t i o  P Prou 
Squares S q u a r z s  

3 2 2 3 - 5  537-3 L , q l  - 0 ~ 5  
29 lbO3.3 2 2 2 . 9  
~ 4 4 8 3 9 - d  

S l g n i r i c a n t  ( p < ,  O>) a p o s t e r i o r 1  
Cont ras t s :  Homogenous Subsets 
u s i n g  buucan Kanye Test. 

Sunse t  1: Tone 3 ;  Tone 5; 
Tone 2 

S u b s e t  2: Ton2 6 ;  Tone 0; 
Tone 2; Tonz 3;  T o n s  4 
T o n e  1  



C N V  l n t  

s o u r c e  D. k'. Sun  o f  n e a n  i' l i a t io  k' P r o u  
S q u a r e s  S q u a r e s  

B e t w e t o  G r o u p s  b 3144b4,O 5L41U.7 2 2.j , 0 3 3  
W i t h i n  G r o u p s  1 3 0 8  30746608.0 L 3 5 0 6 - 6  
T o t a l  1 3 1 4  31001072,O 

?lean T o n e  0 = -1b3 ,  b S l g u i t i c a n t  {p<,U5) a p o s t e r i o r i  
d e a n  T o n e  1 = -160.1 C o n t r a s t s :  Homogenous  S u b s e t s  
d e a n  l o n e  L = - 187. b uslng b u n c a n  n a n g e  Test, 
H2an T o n 6  3 = -156.0 S u b s e t  I :  T o n e  5; T o n e  0; 
d e a n  Tone  4 = -152 .7  T o n e  2 ;  Ton2 b ;  T o n e  I; 
~ q e a n  T o n e  5 = -20u.4 T o n e  3 
~l l ean  f o i i e  b = - 16tj.l S u ~ s e t  L: Tone  2 ;  T o n e  o ;  
Piean O v e r a l l  = -1a1.0 Tona  1; T o n e  3 ;  T o n e  4 

-- 
S o u r c e  D , P  S u n  of  h e a n  k' i ia t io  F P r o b  

S q u a r e s  S q u a r e s  

Between G r o u p s  b b9bY.U 1161.5  7 - 3 3  , do0 
W i t h i n  G r o u p s  1252 198423,  7  158.5 
T o t a l  1  i 5 8  i05392,7 

Mean T o n e  0 = -f4.3 S ~ c j ~ i L i c d a t  { p < .  05) a p o s t e r - i o ~ i  
d e a n  T o n e  1  = -22.1 C o n t r a s t s :  H o a o ~ r n o u a  S u b s e t s  
Mean T o u t  i = - 2 3 . 3  u s i n g  Duncan  da11qe T2st, 
d e a n  T o n e  3 = -21.0 S u b s e t  1: lohe O ;  Tone  2; 
MealA Tonz  4 = -20.4 l o n e  1; T o n s  3  
Mean l o n e  5 = - 1 8 , b  S u ~ s k t  2: I o n t  2 ;  T o n e  1; 
Mean T o n e  b = - 1 6 . 3  I o n t  3 ;  Toua  4 

Hem O v e r a l l  = - 2 2 - 3  S u b s e t  3: T o n e  3 ;  Tone  4; 
Tone 5; Toue 6 



P 2  
-- 
s o u r c e  

B e t w e e n  G r o u p s  b 
W i t h i n  G r o u p s  1 L l b  
T o t d l  1234 

Mean T o n s  0 = 15.5 
Bean  P o n s  1  = 1 5 - 0  
E e a n  l o n e  i = 13.7 
Pisan T o n s  3 = 14.9 
Mean f o n e  4 = 1 5 - 3  
a e a n  T o n e  5 = 15.2 
h e a n  Yone b = 11.5 
&sari O v s r a l i  = 15.0 

P 3  
-- 
S o u r c e  

betwezn G r o u p s  b 
W i t h i n  G r o u p s  1 0 5 3  
T o t a l  1 0 5 9  

Nsan  Ton* O = 15.9 
Hean  Z o n e  1 = 13.6 
Piean T o n s  i = 1 5 - 8  
19ean T o n e  3 = 1 4 - 4  
8ean T o n e  4  =, 16.3 
Hean  'Tone 5 = 15.4 
E e a n  T o n e  6 = 15.d 
Piean O v c r a i i  = 15.5 

S u m  og iilzan k d a t i o  E Pro& 
S q u a r e s  S q u a  I.-2s 



Table  o f  I n a r v l d u a i  S C o r ~ e l a t i o n  
C o e f f i c i e n t s  Computaa O v e r a l l  Conditions 



T a t l e  Gla 

b v s r a l l  C o r r e l a t i o n  C o e f f i c i e u t s  for S ~ n g l e  S u b j e c t s  

i t sac t ion  Time with:  
S - H3 M 4  N 1  A m p  P 2  A m p  P3 A m p  5PL GSP1 GSPL 





l 'aule G l c  
Overali C o r r e l a t i o n  C o e i t i c l a n t s  f o r  S i n g l e  5 ub j ec ts  

C h V  Integral ( 6 4 )  w l t n :  
S - i t 1  Amp P 2  Amp 2 3  ~ m p  SPL GSPI G S P L  



T a d e  tila 
Ovsrali C o r r e l a t i o n  ~ o s f  f i c i e n t s  f o r  S i ~ l y ~ ?  Sub jacts 
---------------------------------------------------- 

N 1  A m p l i t u d e  w i t h :  
S - P 2  Amp P 3  am2 S P L  G S P 1  G S P 2  



O v e r a i i  C o r r e i a t i o n  Coef f icieuta f o r  S i n g 1 2  S u b j e c t s  
---------------------------------------------------- 



Ski, w i t h :  
S SSP1 GSP2 

.93*  
- 4  3* 
-, 53* -. JL* 
-.75* . 4b* 
- . 3 4 *  

644: 
-.97* 

23  
-,LO* 
-, d 4 *  -. dL* 

. 3 b *  

. 3 & *  -. b l *  
- 9 7 s  
, t i Y *  



A l a d  j a l o v a ,  N. A .  I n f r a - s i o u  r h y t h m i c  o s c i l l a t i o n s  o f  t h e  
s t a a d y  p o t e n t i a l  o f  t h e  c a r e b r a l  c o r t e x .  Nature, 1 9 5 7 ,  
179: 957-959 ,  

B l a d j a l o v a ,  N . A .  S l o w  e l e c t r i c a l  p r o c e s s s s  i n  t h e  b r a i n ,  
gyqql. @ & i n  f tgg,  , 1  Y 64, 7: 2 4 3 p -  

~ r d u i n i ,  A. E n d u r i n g  p o t e n t i a l  c h a n g e s  e v o k e d  i n  t h e  c e r e b r a l  
c o r t e x  b y  s t i m u l a t i o n  o f  b r a i n  stem r t t i c u l a r  f o r m a t i o n  
a n a  t n a l a m u s ,  I n  H. ti. J a s p e r  (Ed, )  H s t i c u l a r  g o r m a t i o n  
gf khg bypig. L i t t l e ,  Brown a n a  Co., B o s t o n ,  1958: 333-  
351. 

A r d u i n i ,  A.  S l o w  p o t e n t i a l  c h a n g e s  e v o k e a  by s e n s o r y  a n d  
r e t i c u l a r  s t i m u l a t i o n .  I n  U. E. S h e e r  (Eu, ) , Elec t r ica l  
stimg&q&tpn of t h e  b r a i n .  U n i v z r s i t y  o f  T e x a s  P r e s s ,  
A u s t i n ,  1 3 6  1: 99-104 .  

A r d u i n i ,  A. S l o w  p o t e n t i a l  c h a n y z s .  I n  a,P. T h o m p s o n  dau . H P a t t z r s o n  ( E d s , )  , M e t h o d s  i q  ~ b y s i o l o a i c a l  
pyche&sgy: B i o e l e c t r i c  r e c o r d i n q  Qchgi4yg~ L-8: 
c g l l u l a r  Qgocesses and b r a i n  gptgqtip&- A c a d e m i c  
P r e s s ,  Neu Y o r k ,  1973, 3 5 9 - 3 6 8 ,  

B r e z z o ,  J .  a n d  V a u g h a n  Jr., H,G. C o r t i c a l  p o t e n t i a l s  
a s s o c i a t e d  w i t h  v o l u n t a r y  m o v e m e n t s  i n  t h e  monkey.  
B r a i n  Res 1 9 7 5 ,  88 :99-104 ,  ----- ---* f 

A s h t o n ,  H , ,  M i l l m a n ,  J.b,, T e l f o r d ,  H, a n d  T h o m p s o n ,  J.W. 
T h e  effect of c a f f e i n e ,  n i t r a z e p a m  a n d  c i g a r e t t ~  
s m o k i n g  o n  t h e  c o n t i n g e n t  n e g a t i v e  variation i n  man. 
E l e c t r o e n c e ~ B ~  c l i n .  M g g r o p h y s j ~ l _ ~ ,  1 9 7 4 ,  37: 59-71 ,  ----------- 

A s h t o n ,  H., B i l l m a n ,  J . H . ,  T e l f o r d ,  fi. ar id  T h o m p s o n ,  J,W. 
T h e  c o n t i n g e n t  n e g a t i v e  v a r i a t i o n :  a n  O D  j e c t i v e  
e l e c t r o e n c e p h a l o g r a p h i c  m e t h o d  f o r  m e a s u r i c q  t h e  
e f f e c t s  o f  c e n t r a l i y  a c t i n g  d r u g s  o n  b r a i n  a c t i v i t y  i n  
man. 3 ,  J. P_harmacoL=, 1 9 7 5 ,  2: l l 7 P - l 7 8 P ,  

Avramov,  S.H, [ S t s a a y  p o t e n t i a l  c h a n g e s  i n  the human d e e p  
b z a i n  s t r u c t u r e s  d u r i n g  w a k e f u l n e s s  a t  res t  a n u  i n  
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