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PREFACE 

This  book p r e s e n t s  t h e  c o n t r i b u t i o n s  t o  t h e  s i x t h  p u b l i c  one-day s e m i n a r  
j o i n t l y  a r r a n g e d  i n  September 1980 by t h e  Committee o f  Music A c o u s t i c s ,  
which is sponsored  by t h e  Swedish Academy o f  Music,  and t h e  Department 
o f  Speech Communication and Music Acous t i cs ,  KTH. A s  w i t h  t h e  p r e c e e d i n g  
s e m i n a r s  i n  t h i s  series, t h e  purpose  was t o  p r e s e n t  r e s u l t s  from acous-  
t i c s  r e s e a r c h  t o  t h o s e ,  who f o r  r e a s o n s  o f  p r o f e s s i o n  o r  o t h e r w i s e  a r e  
i n t e r e s t e d ,  r e g a r d l e s s  o f  t h e i r  background knowledge. T h i s  s e m i n a r  f o c u s -  
s e d  on  t h e  s i n g i n g  v o i c e  a s  s e e n  f r o m  d i f f e r e n t  p o i n t s  o f  s c i e n t i f i c  
o b s e r v a t i o n .  T h e r e f o r e ,  t h e  c o n t e n t s  o f  t h i s  book is r a t h e r  v a r i e d .  What 
u n i f i e s  t h e  d i f f e r e n t  a r t i c l e s  is, however, n o t  o n l y  t h e i r  f o c u s s i n g  on 
t h e  s i n g i n g  v o i c e ,  b u t  a l s o  t h a t  t h e y  d e a l  w i t h  a s p e c t s ,  which a r e  e i t h e r  
new o r  f r e q u e n t l y  o v e r l o o k e d .  Thus ,  R o t h e n b e r g ' s  p a p e r  p o i n t s  a t  new 
t h e o r e t i c a l  p o s s i b i l i t i e s  r e g a r d i n g  t h e  v o i c e  s o u r c e  and p a r t i c u l a r l y  t h e  
r e a c t i o n  from t h e  v o c a l  t ract  on  t h e  v i b r a t i n g  g l o t t i s ;  Benne t t ' s  p a p e r  
d e s c r i b e s  d e t a i l s  o f  i n d i v i d u a l  v o i c e  c h a r a c t e r i s t i c s  i n  s i n g e r s  and s o  
s t r e s s e s  t h e  r a r e l y  a p p r e c i a t e d  o v e r w h e l m i n g  c o m p l e x i t y  o f  e v e n  t h e  
s i m p l e s t  sequence o f  sung n o t e s ;  Fonagyls r e s e a r c h  h a s  r a r e l y  been recog-  
n i z e d  p r e v i o u s l y  among v o i c e  and  s i n g i n g  r e s e a r c h e r s  e v e n  t h o u g h  h e  
s t a r t e d  t o  p u b l i s h  i t  a good  many y e a r s  a g o ;  F r i t z e l l ' s  a r t i c l e  a n d  my 
own s e c o n d  p a p e r  a r e  c o m p i l a t i o n s  o f  l i t t e r a t u r e  o n  t h e  h e a l t h  o f  t h e  
v o i c e  a n d  o n  a u t o p e r c e p t i o n ,  i . e .  how o n e  p e r c e i v e s  o n e ' s  own v o i c e  
d u r i n g  p h o n a t i o n .  It i s  hoped t h a t ,  i n  t h i s  way, t h e  b o o k  w i l l  b e  f o u n d  
i n t e r e s t i n g  and thought  provoking. 

The r e s p o n s i b i l i t y  f o r  e d i t i n g  and  t y p i n g  a l l  a r t i c l e s  ( e x c e p t  Rothen- 
berg 's )  h a s  been my own, which however was a r e a s o n a b l e  burden thanks  t o  
t h e  a v a i l i b i l i t y  o f  a microcomputer  sys tem w i t h  a f o r c e f u l  t e x t  e d i t i n g  
p rogram.  The a r t i c l e s  h a v e  n o t  b e e n  f o r c e d  i n t o  a n y  u n i f o r m ,  s o  t h e  
r e a d e r  w i l l  f i n d  and  h o p e f u l l y  a l s o  e n j o y  a v a r i a b i l i t y  r e g a r d i n g  e.g. 
head ings  and f i g u r e  c a p t i o n s .  E r i k  Jansson and S t e n  Terns t rdm have t a k e n  
t h e  r e s p o n s i b i l i t y  f o r  t h e  f i g u r e s  and t h e  m a s t e r t a p e  o f  sound i l l u s t r a -  
t i o n s ,  r e s p e c t i v e l y .  Karin Holmgren h a s  r e a d  and improved t h e  m a n u s c r i p t s  
w r i t t e n  by non-English a u t h o r s  from a l anguage  p o i n t  o f  view. 

KTH, October 1981 

Johan Sundberg 
P r e s i d e n t  o f  thk Committe f o r  

Music A c o u s t i c s  



THE VGICE AS A SOUND GENERATOR 

by professor  J O I i A N  SUNDBERG, Department of Speech Communication and Eus ic  

Acoust ics ,  K T H ( R I T ) ,  Stockholm 

What i t  is t h a t  is going on when we genera te  sounds wi th  ou r  voice?  h'hat 

is t h a t  g i v e s  t o  t h e  voice sounds t h e i r  t i m b r a l  c h a r a c t e r i s t i c s ?  These 
a r e  t he  two ques t ions  which t h e  present  a r t i c l e  w i l l  t r y  t o  answer. 

Fig. 1 o f f e r s  a s c h e m a t i c a l  v i ew of t h e  components  i n v o l v e d  i n  sound 
product ion by means o f  t h e  voice  organ. In t e rms  o f  f u n c t i o n s ,  t h e  voice  
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organ can be s a i d  t o  c o n s i s t  o f  a  compressor  d r i v i n g  an o s c i l l a t o r ,  which  

i s  connected t o  a  r e s o n a t o r .  Th i s  way o f  d e s c r i b i n g  t h e  s y s t e m  would be 
h e l p f u l  t o  a n  e n g i n e e r ,  b u t  h a r d l y  t o  t h e  layman. To him it  migh t  b e  more 
e l u c i d a t i n g  t o  s a y  t h a t  what was j u s t  c a l l e d  a n  o s c i l l a t o r  c a n  be r e g a r -  
ded a s  a  sound s o u r c e  w h i l e  t h e  r e s o n a t o r  is a  f i l t e r ,  o r  a s i m p l e  sound 
t r a n s m i t t e r .  

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

v a r i o u s  f u n c t i o n s .  The c o m p r e s s o r  f u n c t i o n  i s  h a n d l e d  b y  t h e  l u n g s  a n d  
t h e  r e s p i r a t o r y  musc les .  The a c t i o n  o f  t h i s  sys tem is c a l l e d  b r e a t h i n g ,  
a s  we a l l  know. The r e s u l t i n g  o v e r p r e s s u r e  o f  a i r  i n  t h e  l u n g s  d r i v e s  t h e  
v o c a l  f o l d s ,  w h i c h  s t a r t  v i b r a t i n g .  The r e s u l t  o f  t h i s  i s  a  p u l s a t i n g  
f l o w  o f  a i r .  F o r  e a c h  c y c l e  o f  v o c a l  f o l d  v i b r a t i o n ,  o n e  a i r  p u l s e  i s  

g e n e r a t e d .  

T h i s  p u l s a t i n g  f l o w  o f  a i r  c a n  a l s o  b e  d e s c r i b e d  a s  a s o u n d ,  t h e  v o i c e  
s o u r c e ,  which i s  composed o f  s e v e r a l  p a r t i a l s .  The f r e q u e n c i e s  o f  t h e s e  
p a r t i a l s  c o n s t i t u t e  a  harmonic  s e r i e s .  The p a r t i a l  w i t h  t h e  l o w e s t  f r e -  
q u e n c y  i s  c a l l e d  t h e  f u n d a m e n t a l .  It h a s  a f r e q u e n c y  e q u a l  t o  t h e  f r e -  
quency o f  t h e  v o c a l  f o l d  v i b r a t i o n .  Apart  from t h e  fundamenta l  t h e r e  is a  
l a r g e  number o f  o v e r t o n e s  i n  t h e  v o i c e  source .  

T h i s  e n t i r e  f a m i l y  o f  s i m u l t a n e o u s l y  s o u n d i n g  t o n e s  i s  s e n t  i n t o  t h e  
v o c a l  t r a c t  w i t h  t h e  a i r  o u t s i d e  t h e  l i p  open ing  a s  t h e  n e x t  d e s t i n a t i o n .  
The a b i l i t y  o f  t h e  v o c a l  t r a c t  t o  t r a n s f e r  t h e s e  t o n e s  is  h i g h l y  v a r i a b l e  
depending on t h e  f requency  o f  t h e  p a r t i c u l a r  t o n e  t o  be  t r a n s f e r r e d .  The 
f r e q u e n c i e s  w h i c h  a r e  m o s t  s u c c e s s f u l  i n  t r a v e l l i n g  t h r o u g h  t h e  v o c a l  
t r a c t  a r e  c a l l e d  resonance  o r  fo rmant  f r e q u e n c i e s .  Those p a r t i a l s  i n  t h e  
v o i c e  s o u r c e  which l i e  c l o s e s t  t o  such  a  f o r m a n t  f r e q u e n c y  l e a v e  t h e  l i p  
opening w i t h  g r e a t e r  a m p l i t u d e  t h a n  o t h e r  p a r t i a l s  even i f  t h e y  e n t e r e d  
t h e  v o c a l  t r a c t  w i t h  a p p r o x i m a t e l y  t h e  same a m p l i t u d e .  I n  t h i s  Nay, t h e  
f o r m a n t s  e n h a n c e  c e r t a i n  p a r t i a l s  i n  t h e  v o i c e  s o u r c e  a n d  g i v e  t h e m  a  

g r e a t e r  a m p l i t u d e  t h a n  o t h e r  p a r t i a l s .  There fo re  t h e  v o c a l  t r a c t  r e sonan-  
c e s  c a n  b e  s a i d  t o  g i v e  t o  t h e  r a d i a t e d  s o u n d  i t s  f i n a l  a c o u s t i c  f o r m .  
T h i s  i s  t h e  r e a s o n  why t h e  r e s o n a n c e s  o f  t h e  v o c a l  t r a c t  a r e  c a l l e d  
fo rmants .  



The f o r m a n t  f r e q u e n c i e s  a r e  d e t e r m i n e d  by t h e  shape  .,f t h e  v o c a l  t r a c t ,  
o r  t h e  a r t i c u l a t i o n ,  i. e .  t h e  a d j u s t m e n t  o f  t h e  l i p  a n d  t h e  jaw o p e -  
n i n g s ,  t h e  t o n g u e  s h a p e ,  t h e  s o f t  p a l a t e ,  a n d  t h e  l a r y n x .  A s  s o o n  a s  a l l  
t h e s e  a r t i c u l a t o r s  have been a d j u s t e d  i n  a  g i v e n  way, a l l  f o r m a n t  f r eque-  
n c i e s  a r e  l o c k e d  t o  c e r t a i n  v a l u e s .  And a s  soon a s  t h e  p o s i t i o n  o f  one  o f  
t h e  a r t i c u l a t o r s  i s  changed,  t h e  fo rmant  f r e q u e n c i e s  a l s o  change. Thus, 
n o t e  t h a t  t h e  f o r m a n t  f r e q u e n c i e s  d e p e n d  o n  a r t i c u l a t i o n  o n l y ,  a n d  t h e  
p i t c h  o f  t h e  sound produced is  d e t e r m i n e d  by t h e  v i b r a t i o n  f r e q u e n c y  o f  

t h e  v o c a l  f o l d s ,  which seems  t o  be  a n  e n t i r e l y  d i f f e r e n t  sys tem.  Th i s  i s  
t h e  r e a s o n  why o s c i l l a t o r  and r e s o n a t o r  a r e  p laced  i n  s e p a r a t e  boxes i n  
F i g .  1. 

By now i t  s h o u l d  b e  q u i t e  c l e a r  t h a t  t h e  a c o u s t i c  c h a r a c t e r i s t i c s  o f  

vo iced  sounds ,  i n c l u d i n g  t h e  p e r s o n a l  v o i c e  t i m b r e ,  i s  d e t e r m i n e d  by two  
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F i g .  2. S c h e m a t i c  i l l u s t r a t i o n  o f  v o i c e  s o u r c e  w a v e f o r m  ( g l o t t o g r a m )  
showing t h e  t r a n s g l o t t a l  a i r f l o w  d u r i n g  p h o n a t i o n .  The g l o t t o g r a m  a l s o  
i n f o r m s  a b o u t  c e r t a i n  a s p e c t s  o f  v o c a l  f o l d  v i b r a t i o n .  



s e p a r a t e  f a c t o r s :  ( 1 )  t h e  v o i c e  s o u r c e  which is  c o n t r o l l e d  by t h e  v i b r a -  

t i o n s  of t h e  v o c a l  f o l d s ,  and (2) t h e  c o n s t e l l a t i o n  o f  f o r m a n t  f r e q u e n -  
c i e s  a s  d e t e r m i n e d  by t h e  a r t i c u l a t o r y  c o n f i g u r a t i o n .  The a r t i c l e s  i n -  
c luded  i n  t h i s  book w i l l  f o c u s  on t h e  v o i c e  s o u r c e ,  w h i l e  t h e  a r t i c u l a -  
t i o n  a n d  t h e  f o r m a n t  f r e q u e n c i e s  w i l l  b e  l a r g e l y  d i s r e g a r d e d .  On t h e  
o t h e r  hand t h e  f o r m a n t  f r e q u e n c i e s  h a s  been d e s c r i b e d  i n  d e t a i l  i n  p r e -  
v i o u s  p u b l i c a t i o n ~  i n  t h i s  s e r i e s  ( S u n d b e r g  1977 a n d  1 9 7 8 ,  Chowning  
1980). The main q u e s t i o n  t o  be c o n s i d e r e d  h e r e  is: what a r e  t h e  c o n t r i b u -  

t i o n s  t o  t h e  p e r s o n a l  v o i c e  t i m b r e  o f  t h e  v o i c e  s o u r c e ,  i. e .  t h e  v i b r a -  
t i o n s  o f  t h e  v o c a l  f o l d s ?  

The a i r  stream, which t r a v e l s  a c r o s s  t h e  g l o t t i s  d u r i n g  phona t ion ,  nor -  
m a l l y  v a r i e s  between t h e  v a l u e  o f  z e r o  l i t e r s / s e c ,  which o c c u r s  when t h e  

v o c a l  f o l d s  c l o s e  t h e  g l o t t i s  e n t i r e l y ,  and a  d i f f e r e n t  maximum v a l u e ,  
which r e f l e c t s  t h e  f a c t  t h a t  t h e  v o c a l  f o l d s  open t h e  g l o t t i s  maximal ly .  

Fig. 2 shows a  t y p i c a l  a l t h o u g h  s c h e m a t i c a l  r e c o r d  o f  t h e  a i r f l o w  a c r o s s  
t h e  g l o t t i s  d u r i n g  p h o n a t i o n .  The h o r i z o n t a l  p a r t  o f  t h e  c u r v e  c o r r e -  

sponds  t o  z e r o  f l o w ,  r e f l e c t i n g  t h e  f a c t  t h a t  t h e  g l o t t i s  i s  c l o s e d .  The 
c u r v e  r i s e s  a s  s o o n  a s  t h e  g l o t t i s  o p e n s  a n d  f a l l s  when t h e  g l o t t i s  
c l o s e s .  The advan tage  o f  t h i s  s o r t  o f  r e c o r d  o f  t h e  t r a n s g l o t t a l  a i r f l o w  
d u r i n g  phona t ion  is  t h a t  i t  i s  most  r e v e a l i n g  b o t h  a s  r e g a r d s  t h e  way t h e  
v o c a l  f o l d s  v i b r a t e  and  t h e  e f f e c t  o n  t h e  v o i c e  t i m b r e .  T h i s  t y p e  o f  
r e c o r d  i s  known a s  a  g l o t t o g r a m .  

The i n f o r m a t i v e  power o f  g l o t t o g r a m s  is  e a s i l y  d e m o n s t r a t e d  i f  we compare  
a  coup le  o f  g l o t t o g r a m s  s e l e c t e d  from d i f f e r e n t  t y p e s  o f  phonat ion.  Fig .  
? o f f e r s  a t y p i c a l  example o f  a n  u n t r a i n e d  v o i c e  phona t ing  a t  d i f f e r e n t  
d e g r e e s  o f  v o c a l  e f f o r t .  The s m a l l  r i p p l e  i n  t h e s e  g l o t t o g r a m s  s h o u l d  be  
d i s r e g a r d e d ,  t h e y  a r e  a r t i f a c t s .  The p o i n t  is ,  i n s t e a d ,  t h e  f a c t  t h a t  t h e  
a i r f l o w  d e c r e a s e s  f r o n ;  maximum t o  minimum v a l u e  q u i t e  s l o w l y  i n  s o f t  
phona t ion  and q u i t e  a b r u p t l y  i n  loud  phonat ion.  A s  ment ioned above t h i s  
i s  a  t y p i c a l  o b s e r v a t i o n .  It seems t h a t  t h i s  is  t h e  way t h e  v o i c e  s o u r c e  
r e g u l a t e s  t h e  a m p l i t u d e  o f  vo iced  sounds  (Fan t  1980, G a u f f i n  & Sundberg 
1980) .  A s e c o n d  o b s e r v a t i o n  c a n  a l s o  b e  made:  a t  l o w  d e g r e e s  o f  v o c a l  
e f f o r t  t h e  g l o t t o g r a m  n e v e r  r e a c h e s  t h e  v a l u e  o f  z e r o  l i t e r / s e c .  T h i s  
v a l u e  i s  r e a c h e d  o n l y  i n  h i g h e r  d e g r e e s  o f  v o c a l  e f f o r t .  T h i s  i m p l i e s  
t h a t  t h e  v o c a l  f o l d s  f a i l  t o  c l o s e  t h e  g l o t t i s  c o m p l e t e l y  i n  s o f t  phona- 
t i o n .  Th i s  i s  t y p i c a l  o f  u n t r a i n e d  v o i c e s .  
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Fig .  3 ( l e f t  g r a p h ) .  G l o t t o g r a m s  p e r t a i n i n g  t o  d i f f e r e n t  d e g r e e s  o f  v o c a l  

e f f ~ r t  a s  m e a s u r e d  i n  a n  u n t r a i n e d  s u b j e c t .  N o t e  t h a t  t h e  s u b g l o t t i c  

p r e s s u r e ,  which  i s  g i v e n  i n  cm H20, i s  d e c i s i v e  t o  t h e  r e s u l t i n g  sound 
p r e s s u r e  l e v e l  ( S P L ) .  

F ig .  4 ( r i g h t  g r a p h ) .  G l o t t o g r a m s  f o r  d i f f e r e n t  t y p e s  o f  p h o n a t i o n  i n  a n  

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

a l o n g  t h e  p h o n a t o r y  p a r a n e t e r  which  r a n g e s  f rom I1pressedu o v e r  " f low"  t o  
f f b r e a t h y l l  phona t ion .  h o t e  a l s o  t h a t ,  i n  t h i s  c a s e ,  t h e  " f lowft  p h o n a t i o n  

g e n e r a t e s  t h e  l o u d e s t  vowel  sound.  



Apart  from t h e  r a t e  a t  which t h e  a i r f l o w  a c r o s s  t h e  g l o t t i s  change f rom 

i t s  maximum t o  i t s  minimum v a l u e  t h e r e  is  a n o t h e r  i m p o r t a n t  p r o p e r t y  o f  
phona t ion  t h a t  c a n  be s e e n  i n  g l o t t o g r a m s .  Th i s  i s  d e m o n s t r a t e d  i n  Fig.  
4 ,  and some e x t r e m e  e x a m p l e s  c a n  b e  l i s t e n e d  t o  i n  S O U N D  EXAMPLE 1. I n  
one e x t r e m e  c a s e  t h e  s u b g l o t t a l  p r e s s u r e  is h i g h  and t h e  v o c a l  f o l d s  a r e  
f o r c e f u l l y  p r e s s e d  t o g e t h e r ,  o r  adducted.  Th i s  t y p e  o f  phona t ion  w i l l  be  
r e f e r r e d  t o  as "pressedt t  phonat ion.  Phonat ion is a l s o  p o s s i b l e  w i t h  l o w e r  
s u b g l o t t i c  p r e s s u r e  a n d  m o r e  m o d e r a t e  a d d u c t i o n  a c t i v i t y .  If  t h i s  i s  

d o n e  p h o n a t i o n  w i l l  t u r n  i n t o  t o  w h a t  we c a l l  " f l o w  p h o n a t i o n u ,  a n d  i f  
phona t ion  i s  changed s t i l l  more i n  t h e  same d i r e c t i o n  t h e  phona t ion  w i l l  

c h a n g e  i n t o  " b r e a t h y v .  Then,  t h e  v o c a l  f o l d s  d o  n o t  make c o n t a c t  a n y  
longer .  Thus, we have a phona t o r y  d imens ion  which e x t e n d s  from "pressedIt  
o v e r  " f l o w f t  t o  Itbreathyfl. 

A change o f  p h o n a t i o n  a l o n g  t h i s  d imens ion  can be s e e n  i n  t h e  g l o t t o g r a m .  
When phona t ion  moves away from w p r e s s e d w ,  t h e  g l o t t o g r a m  a m p l i t u d e  i n -  
c r e a s e s  ( G a u f f i n  & S u n d b e r g ,  1980). T h i s  c a n  b e  o b s e r v e d  i n  F i g .  4. 
l fFressedn phona t ion  i s  c h a r a c t e r i z e d  by a l o n g  h o r i z o n t a l  p o r t i o n  ( c l o s e d  

phase)  o f  t h e  g l o t t o g r a m  and a s m a l l  g l o t t o g r a m  a m p l i t u d e .  "Flowtt phona- 
t i o n ,  o n  t h e  o t h e r  h a n d ,  i s  c h a r a c t e r i z e d  by  a c o n s i d e r a b l y  g r e a t e r  
g l o t t o g r a m  a m p l i t u d e  and a s h o r t e r  c l o s e d  phase. 

Up t o  now we h a v e  s e e n  t h a t  t h e r e  a r e  t w o  g l o t t o g r a m  c h a r a c t e r i s t i c s  
which c o r r e l a t e  q u i t e  n i c e l y  w i t h  p r o p e r t i e s  o f  phona t ion :  ( 1 )  t h e  d e g r e e  
o f  v o c a l  e f f o r t  i s  r e f l e c t e d  i n  t h e  r a t e  o f  a i r f l o w  change from maximum 
t o  minimum v a l u e ;  a n d  ( 2 )  t h e  p o s i t i o n  a l o n g  t h e  p h o n a t o r y  d i m e n s i o n  
t l p r e s s e d / f l o ~ ~ ~  i s  r e f l e c t e d  i n  t h e  g l o t  togram a m p l i t u d e .  

There is one more p o i n t :  t h e s e  g l o t t o g r a m  d i f f e r e n c e s  a f f e c t  i n  a known 
way t h e  v o i c e  t i m b r e  a s  w e l l  a s  t h e  o v e r t o n e  c o n t e n t ,  i. e .  t h e  s p e c t r a l  

c h a r a c t e r i s t i c s  o f  t h e  s o u n d  r a d i a t e d  f r o m  t h e  l i p  o p e n i n g .  The b a c k -  
ground i s  t h e  f o l l o w i n g .  

A g l o t t o g r a m  is  a n  example  o f  a sound waveform. The waveform o f  a sound 
r e f l e c t s  t h e  c o n t e n t  o f  p a r t i a l s  o f  t h a t  sound. The more a b r u p t  changes  a 
waveform e x h i b i t s ,  t h e  g rea te r .  t h e  number o f  h i g h  o v e r t o n e s  i n  t h e  c o r r e -  
sponding sound. Thus, a sound w i t h  v e r y  weak h i g h  o v e r t o n e s  h a s  a wave- 
form d e s c r i b i n g  a v e r y  smooth ly  changing curve .  A sound w i t h  many s t r o n g  



h i g h  o v e r t o n e s ,  on t h e  o t h e r  hand,  h a s  a waveform w i t h  s h a r p  d i s c o n t i n u i -  
t i e s .  

R e t u r n i n g  t o  t h e  g l o t t o g r a m s  i n  F i g .  4, we n o t e  t h a t  t h e  g l o t t o g r a m  
c h a r a c t e r i s t i c  r e f l e c t i n g  t h e  d e g r e e  o f  v o c a l  e f f o r t  c a n  b e  d e s c r i b e d  as 
t h e  a b r u p t n e s s  w i t h  which t h e  c u r v e  moves f rom maximum t o  minimum. Hence, 
we conc lude  t h a t  t h i s  g l o t t o g r a m  c h a r a c t e r s t i c s  c o r r e s p o n d s  t o  t h e  w e a l t h  
i n  h i g h  o v e r t o n e s  i n  t h e  spec t rum o f  t h e  v o i c e  s o u r c e .  T h i s  a g r e e s  w e l l  
w i t h  t h e  f a c t  t h a t  t h e  l o u d n e s s  o f  vo iced  sounds  i s  n o r m a l l y  dependen t  on 
a n  over tone .  A s  r e g a r d s  t h e  g l o t t o g r a m  a m p l i t u d e  it  c a n  b e  shown t h a t  i t  
i s  c l o s e l y  r e l a t e d  t o  t h e  a m p l i t u d e  o f  t h e  f i r s t  p a r t i a l ,  i. e .  t h e  
fundamenta l  o f  t h e  v o i c e  s o u r c e  spect rum.  

T h u s ,  t o  s u m m a r i z e ,  t h e r e  a r e  t w o  p r o p e r t i e s  o f  g l o t t o g r a m s  w h i c h  a r e  
r e l e v a n t  f o r  v o i c e  t i m b r e .  One i s  t h e  r a t e  a t  w h i c h  t h e  a i r f l o w  a c r o s s  
t h e  g l o t t i s  d e c r e a s e s  from maximum t o  minimum. T h i s  r a t e  s e t s  t h e  over-  
t o n e  c o n t e n t  o f  t h e  v o i c e  s o u r c e  spec t rum and n o r m a l l y  a l s o  t h e  a c o u s t i c  
o v e r a l l  a m p l i t u d e  o f  t h e  sound r a d i a t e d  from t h e  l i p  open ing ,  g i v e n  t h e  
f o r m a n t  f r e q u e n c i e s .  The o t h e r  is  t h e  g l o t t o g r a m  a m p l i t u d e  which s e t s  t h e  
a m p l i t u d e  o f  t h e  fundamenta l  o f  t h e  spec t rum r a d i a t e d  from t h e  l i p  ope- 
n i n g ,  a l s o  g i v e n  t h e  f o r m a n t  f r e q e n c i e s .  

From t h e  above we conc lude  t h a t  t h e s e  v o i c e  s o u r c e  c h a r a c t e r i s t i c s  can be 
h e a r d  i n  v o i c e d  s o u n d s .  T h i s  i s  b o t h  a  t r i v i a l  a n d  a  s e n s a t i o n a l  s t a t e -  
m e n t .  It i s  t r i v i a l  i n  t h e  s e n s e  t h a t  we a l l  know v e r y  w e l l  t h a t  we c a n  
h e a r  p r o p e r t i e s  o f  t h e  v o i c e  s o u r c e ,  i. e .  t h e  way i n  w h i c h  t h e  v o c a l  
f o l d s  f u n c t i o n ,  i n  t h e  sound o f  t h e  vo ice .  O f  c o u r s e  we a r e  a b l e  t o  h e a r  
f rom t h e  v o i c e  t i m b r e  when a  pe r son  is  u s i n g  phona t ion  and when 
a  person s p e a k s  loud ly .  bu t  t h e s e  c l o s e  r e l a t i o n s h i p s  be tween  g l o t t o g r a m  
and v o i c e  c h a r a c t e r i s t i c s  a r e  s e n s a t i o n a l  i n  t h e  s e n s e  t h a t  i t  is  q u i t e  
r a r e  t h a t  s u c h  r e l a t i o n s h i p s  a r e  t h i s  s i m p l e .  I n  m o s t  c a s e s  we have o n l y  
vague i d e a s  abou t  t h e  Kay i n  which sound p r o d u c t i o n  c h a r a c t e r i s t i c s  a r e  
m a n i f e s t e d  a c o u s t i c a l l y .  We know them s i m p l y  by i n t u i t i o n .  

It h a s  b e e n  s u g g e s t e d  a b o v e  t h a t  t h e  f o r m a n t  f r e q u e n c i e s ,  i. e .  t h e  
a r t i c u l a t i o n  is a l s o  r e l e v a n t  a s  a d e t e r m i n a n t  o f  t h e  s p e c t r u m  o f  vo iced  
s o u n d s  as  r a d i a t e d  f r o m  t h e  l i p  o p e n i n g .  B e f o r e  Re i n f e r  c e r t a i n  v o i c e  
s o u r c e  p r o p e r t i e s  from t h i s  spec t rum h e  mus t  compensa te  f o r  t h e  i n f l u e n c e  



o f  t h e  fo rmant  f r e q u e n c i e s .  Thus, t h e  i'undamental may b e  q u i t e  s t r o n g  i n  

t h e  r a d i a t e d  s p e c t r u m  b e c a u s e  i t s  f r e q u e n c y  i s  c l o s e  t o  t h e  f i r s t  f o r -  
mant ,  as i n  f e m a l e  h igh-p i t ched  o p e r a  s i n g i n g  (Sundberg,  1975) o r  because  
phona t ion  was c l o s e  t o  t h e  "f lown extreme.  It seems t h a t  v o i c e  t e a c h e r s  
a r e  a b l e  t o  r e a l i z e  which o f  t h e s e  two r e a s o n s  a p p l i e s  i n  t h e  p r a c t i c a l  
c a s e  . 

I f  we w a n t  t o  f i n d  o u t  t h e  s a m e  t h i n g  by  t e c h n i c a l  m e a n s ,  t h o u g h ,  t h e  
t a s k  i s  q u i t e  c o m p l i c a t e d .  Then a n  i n v e r s e  f i l t e r  i s  needed ,  a s  d e s c r i b e d  
i n  t h e  a r t i c l e  M a r t i n  Rothenberg i n  t h i s  volume. 

The s i n g e r ' s  f o r m a n t  i s  a  t y p i c a l  s p e  : t r a l  c h a r a c t e r i s t i c  o f  v o i c e d  

s o u n d s  s u n g  b y  m a l e  o p e r a  a n d  c o n c e r t  s i n g e r s  ( s e e  e  .g. S u n d b e r g  1975) .  
A c o u s t i c a l l y  i t  c a n  b e  d e s c r i b e d  a s  a p e a k  i n  t h e  s p e c t r u m  e n v e l o p e  
a p p e a r i n g  s o m e w h e r e  i n  t h e  n e i g h b o r h o o d  o f  3 kHz. I n  t h i s  f r e q u e n c y  
r e g i o n ,  t h e n ,  t h e  p a r t i a l s  r a d i a t e d  from t h e  l i p  open ing  a r e  p a r t i c u l a r l y  
s t r o n g .  A r t i c u l a t o r i l y  t h e  s i n g e r ' s  fo rmant  c a n  be g e n e r a t e d  by a d j u s t i n g  
t h e  pharynx w i d t h  s o  t h a t  i t  i s  c o n s i d e r a b l y  wider  t h a n  t h e  a r e a  o f  t h e  
e n t r a n c e  t o  t h e  l a r y n x  tube .  If t h i s  i s  done,  t h e  f o r m a n t s  number t h r e e ,  
f o u r ,  a n d  p r o b a b l y  a l s o  f i v e  a r e  c l u s t e r e d  a n d  t h e  a b i l i t y  o f  t h e  v o c a l  
t r a c t  t o  t r a n s p o r t  sound i n  t h i s  f r e q u e n c y  r a n g e  is v e r y  much improved.  
The r e s u l t  o f  c o u r s e  is  t h a t  t h e  v o i c e  s o u r c e  p a r t i a l s  i n  t h i s  f r equency  

r a n g e  g a i n  i n  a m p l i t u d e .  The s i n g e r ' s  f o r m a n t  h a s  t h e  e f f e c t  t h a t  t h e  
s i n g e r ' s  v o i c e  i s  m o r e  e a s i l y  t o  d i s c e r n  a g a i n s t  t h e  b a c k g r o u n d  o f  a n  
o r c h e s t r a ,  a s  is d e m o n s t r a t e d  i n  t h e  sound i l l u s t r a t i o n s  accompanying one 
o f  my p r e v i o u s  a r t i c l e s  ( S u n d b e r g  1977) .  T h u s ,  t h e  s i n g e r ' s  f o r m a n t  i s  
v e r y  i m p o r t a n t  t o  a n  o p e r a  s i n g e r .  

h'owever, i t  w i l l  be c l e a r  t h a t  t h e  a m p l i t u d e  o f  t h e  p a r t i a l s  u n d e r l y i n g  
t h e  s i n g e r ' s  f o r m a n t  a r e  d e p e n d e n t  n o t  o n l y  o f  t h e  v o c a l  t r a c t  s o u n d  
t r a n s f e r  c h a r a c t e r i s t i c s ,  b u t  a l s o  on t h e  v o i c e  s o u r c e  c h a r a c t e r i s t i c s ,  
o r ,  i n  o t h e r  words,  t h e  i n i t i a l  a m p l i t u d e  o f  t h e  p a r t i a l s  a s  t h e y  e n t e r  
t h e  v o c a l  t r a c t .  A s  m e n t i o n e d  a b o v e ,  t h i s  i n i t i a l  a m p l i t u d e  d e p e n d s  o n  
t h e  r a t e  o f  change from maximum t o  minimum a i r f l o w  v a l u e .  An i n t e r e s t i n g  

q u e s t i o n  i s  how t h i s  r a t e  c a n  b e  m a n i p u l a t e d .  We h a v e  s e e n  t h a t  i t  
i n c r e a s e s  a s  v o c a l  e f f o r t  is  i n c r e a s e d .  Vocal e f f o r t  i s  r a i s e d  p r i m a r i l y  
by i n c r e a s i n g  s u b g l o t t i c  p r e s s u r e ,  s o  t h i s  p r e s s u r e  s e e m s  i m p o r t a n t .  The 
r a t e  o f  d e c r e a s e  i n  t h e  a i r f l o w  i s  a l s o  i n f l u e n c e d  b y  some o t h e r  f a c -  



t o r s .  A s  R o t h e n b e r g  & Z a h o r i a n  ( 1 9 7 7 )  h a s  shown t h e  v a l u e s  o b s e r v e d  i n  

g l o t t o g r a m s  o f  s i n g e r s  seem t o o  h i g h  t o  b e  e x p l a i n e d  by  m o v e m e n t  o f  

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

book Mar t in  Rothenberg w i l l  e x p l a i n  t h i s  more i n  d e t a i l .  
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THE VOICE SOURCE I N  SINGING 

by p r o f e s s o r  MARTIN ROTHENBERG, Depar tment  o f  E l e c t r i c a l  a n d  C o m p u t e r  
Engineer ing ,  Syracuse  U n i v e r s i t y ,  Syracuse ,  New York 

The a c o u s t i c  t h e o r y  o f  speech  p r o d u c t i o n ,  as first proposed and as gene-  
r a l l y  now i m p l e m e n t e d  i n  f o r m a n t - b a s e d  s p e e c h  s y n t h e s i s ,  m o d e l s  t h e  
speech  p r o d u c t i o n  mechanism d u r i n g  v o c a l i c  sounds w i t h  t h r e e  r e l a t i v e l y  
i n d e p e n d e n t  s u b s y s t e m s  ( F a n t  1960, F l a n a g a n  1972). T h e s e  s u b s y s t e m s ,  
shown d i a g r a m m a t i c a l l y  i n  Fig. 1, are (1) t h e  r e s p i r a t o r y  s y s t e m ,  which 
p r o d u c e s  a  s l o w l y - v a r y i n g  t r a c h e a l  a i r  p r e s s u r e ,  ( 2 )  a t i m e - v a r y i n g  
g l o t t a l  f low r e s i s t a n c e  whose v a l v i n g  a c t i o n  c r e a t e s  q u a s i - p e r i o d i c  a i r  

p u l s e s ,  a n d  ( 3 )  a s u p r a g l o t t a l  v o c a l  t r a c t  t h a t  s h a p e s  t h e  s p e c t r u m  o f  
t h e  g l o t t a l  f l o w  p u l s e s .  Though e a c h  o f  t h e  s y s t e m s  i n t e r a c t s  w i t h  t h e  
o t h e r  two s y s t e m s  t o  some d e g r e e ,  order-of-magni tude c a l c u l a t i o n s ,  model 
s t u d i e s  and e a r l y  measurements have i n d i c a t e d  t h a t  f o r  many a p p l i c a t i o n s  
i t  is s u f f i c i e n t  t o  c o n s i d e r  t h e s e  t h r e e  subsys tems  as o p e r a t i n g  inde-  
penden t ly ,  a t  least  d u r i n g  vo iced  sounds w i t h  no s t r o n g  s u p r a g l o t t a l  o r a l  
c o n s t r i c t i o n .  

However, a s  we look  f o r  more p r e c i s e  models  o f  t h e  v o i c e  s o u r c e ,  whe ther  
t h i s  be f o r  h i g h e r  q u a l i t y  speech  s y n t h e s i s ,  t h e  s y n t h e s i s  o f  t h e  s i n g i n g  
v o i c e ,  o r  t h e  s t u d y  o f  v o i c e  pa tho logy ,  i t  is n e c e s s a r y  t o  r e t u r n  t o  a n  

F i g .  1. S c h e m a t i c  r e p r e s e n t a t i o n  o f  a  n o n - i n t e r a c t i v e  m o d e l  o f  v o i c e d  
s p e e c h  p roduc t ion .  
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i n t e r a c t i v e  model. Th i s  paper  p r e s e n t s  a  model o f  t h e  v o i c e  s o u r c e  t h a t  
i n c l u d e s  i n  a  r e l a t i v e l y  s i m p l e  way t h e  a c o u s t i c  i n t e r a c t i o n  between t h e  
v o i c e  s o u r c e  and  s u b g l o t t a l  and  s u p r a g l o t t a l  s y s t e m s ,  i n  o r d e r  t o  s e e  
what e f f e c t  t h i s  i n t e r a c t i o n  migh t  have on t h e  s i n g i n g  voice.  

If we l o o k  a t  t h e  m i n i m a l l y  b r e a t h y  and r e l a t i v e l y  t o n a l  ( n o t  p u r p o s e l y  
rough o r  a p e r i o d i c )  v o i c e  most  common i n  s i n g i n g ,  we f i n d  t h a t  t h e  v i b r a -  
t i n g  v o c a l  f o l d s  open and c l o s e  p e r i o d i c a l l y  t o  a l l o w  p u f f s  o r  p u l s e s  o f  
a i r  t o  p a s s  from t h e  t r a c h e a  i n t o  t h e  pharynx. The p e r i o d  o f  t h e s e  p u l s e s  
( t i m e  b e t w e e n  r e p e t i t i o n s )  is t h e  b a s i c  d e t e r m i n a n t  o f  t h e  p i t c h  o f  a  
s u n g  n o t e ,  w h i l e t h e  w a v e s h a p e  o f  t h e  a i r f l o w  p u l s e s  ( t h e  s h a p e  o f  t h e  
p l o t  o f  f l o w  vs .  time w i t h i n  each  p u l s e )  h e l p s  d e t e r m i n e  t h e  q u a l i t y  o f  
t h e  note .  S i n c e  t h e  a c o u s t i c  i n t e r a c t i o n  we speak  o f  h e r e  a f f e c t s  prima- 
r i l y  t h e  v o i c e  q u a l i t y ,  a n d  n o t  t h e  p i t c h ,  we w i l l  c o n c e n t r a t e  on  t h e  
q u a l i t y  o f  t h e  v o i c e  i n  t h e  f o l l o w i n g  d i s c u s s i o n .  

The p a t t e r n  o f  v i b r a t i o n  o f  t h e  v o c a l  f o l d s  d u r i n g  v o i c e  p r o d u c t i o n  i s  
o f t e n  d e s c r i b e d  b y  t h e  " p r o j e c t e d  g l o t t a l  a r e a , "  ( a b b r e v i a t e d  h e r e  as  
PGA), i .e . ,  t h e  a r e a  o f  t h e  o p e n i n g  t h a t  would  b e  s e e n  f r o m  d i r e c t l y  
above o r  below t h e  g l o t t i s .  Measurements on h i g h  speed  o r  s t r o b o s c o p i c  
m o t i o n  p i c t u r e s  o r  f r o m  r e c o r d i n g s  o f  t h e  l i g h t  p r o j e c t e d  t h r o u g h  t h e  
g l o t t i s  f r o m  a  s o u r c e  e i t h e r  a b o v e  o r  b e l o w  ( t h e  ' l p h o t o g l o t t o g r a p h n  
t e c h n i q u e )  have shown t h a t  t h e  waveform o f  p r o j e c t e d  g l o t t a l  a r e a  t e n d s  
t o  c o n s i s t  o f  r a t h e r  t r i a n g u l a r  p u l s e s  s e p a r a t e d  by f l a t  p o r t i o n s  a t  o r  
n e a r  z e r o  a r e a .  The f o r m e r  r e p r e s e n t  t h e  o p e n  p o r t i o n s  o f  t h e  g l o t t a l  
c y c l e ,  w h i l e  t h e  l a t t e r  r e p r e s e n t  t h e  p e r i o d s  d u r i n g  which t h e  f o l d s  are 
c l o s e d  a t  s o m e  l e v e l  a l o n g  t h e i r  v e r t i c a l  d i m e n s i o n .  The a p e x  o f  t h e  
t r i a n g l e  i s  o f t e n  ( b u t  n o t  a l w a y s )  f o u n d  t o  b e  r a t h e r  p o i n t e d .  T h i s  
po in ted  t r i a n g u l a r  appearance ,  when i t  o c c u r s ,  is  g e n e r a l l y  b e l i e v e d  t o  
be due t o  a  phase d i f f e r e n c e  between t h e  movements a t  t h e  upper  marg ins  
and l o w e r  marg ins  o f  t h e  f o l d s .  The r i s i n g  segment  o f  t h e  t r i a n g l e  would 
r e p r e s e n t  t h e  a r e a  a t  t h e  u p p e r  m a r g i n s  o f  t h e  f o l d s  a s  t h e y  o p e n  ( t h e  
l o w e r  m a r g i n s  having opened p r e v i o u s l y  do n o t  e f f e c t  t h e  p r o j e c t e d  g l o t -  
t a l  a r e a  d u r i n g  t h i s  pe r iod) .  The decay ing  segment  r e p r e s e n t s  t h e  a r e a  a t  
t h e  l o w e r  marg ins  o f  t h e  f o l d s  a s  t h e y  c l o s e  ( w h i l e  t h e  upper m a r g i n s  a r e  
s t i l l  open). The t r i a n g u l a r  a r e a  p u l s e  (whe ther  p o i n t e d  o r  rounded) can 
h a v e  a  smal l  d i s s y m m e t r y ,  e i t h e r  t o  t h e  r i g h t  ( w i t h  t h e  o p e n i n g  p h a s e  
s l o w e r  t h a n  t h e  c l o s i n g )  o r  t o  t h e  l e f t ,  b u t  t e n d s  t o  be  r a t h e r  symmetr i -  



The s i g n i f i c a n c e  o f  p r o j e c t e d  g l o t t a l  a r e a  (PGA) i n  s i m p l e  m o d e l s  o f  
v o c a l  t r a c t  a c o u s t i c s  is t h a t  i f  d u r i n g  t h e  g l o t t a l  c y c l e  t h e  v a r i a t i o n s  
i n  a i r  p r e s s u r e  j u s t  i n f e r i o r  and s u p e r i o r  t o  t h e  g l o t t i s  were r e l a t i v e l y  
small compared t o  t h e  a v e r a g e  t r a n s g l o t t a l  p r e s s u r e  ( t h e  c o n d i t i o n  as- 
sumed i n  t h e  n o n - i n t e r a c t i v e  model f o r  v o i c e  p r o d u c t i o n ) ,  t h e  waveform o f  
t h e  volume a i r  f l o w  (volume v e l o c i t y )  th rough  t h e  g l o t t i s  would t e n d  t o  
have a shape  r a t h e r  s i m i l a r  t o  t h a t  o f  t h e  p r o j e c t e d  area, and i t  is t h i s  
g l o t t a l  f l o w  t h a t  s u p p l i e s  t h e  a c o u s t i c  e n e r g y  t o  t h e  v o c a l  t r a c t  f o r  
v o i c e  p roduc t ion .  

However ,  t h e  g l o t t a l  a i r  f l o w  ( a b b r e v i a t e d  h e r e  a s  GAF) d u r i n g  v o i c e  
p roduc t ion  h a s  been g e n e r a l l y  found t o  have a waveform which is cons ide-  
r a b l y  m o r e  t i l t e d  t o  t h e  r i g h t  t h a n  i s  t h e  PGA w a v e f o r m ,  e s p e c i a l l y  
d u r i n g  open vowels  (Miller 1959, Holmes 1963, L i n d q v i s t  1965, Rothenberg 
1973). The t y p i c a l  GAF waveform w i l l  have a s l o w e r  and smoother  i n c r e a s e  
i n  t h e  g l o t t a l  o p e n i n g  p h a s e ,  a n d  a m o r e  s h a r p l y  d e c r e a s i n g  c l o s i n g  
p h a s e ,  w i t h o u t  t h e  p e a k  a t  t h e  a p e x  t h a t  o n e  c a n  f i n d  i n  many PGA wave-  
forms. A c o u s t i c a l l y ,  t h i s  d i f f e r e n c e  is  v e r y  mean ingfu l ,  s i n c e  t h e  acous-  
t i c  q u a l i t y ,  o r  p a t t e r n  o f  a m p l i t u d e s  i n  t h e  h a r m o n i c s  o r  o v e r t o n e s ,  
would be v e r y  d i f f e r e n t  f o r  t h e s e  two  waveforms, as  e x p l a i n e d  below. 

F i g .  2 s h o w s  s o m e  r e p r e s e n t a t i v e  PGA a n d  GAF w a v e f o r m s  t o  i l l u s t r a t e  
t h e s e  d i f f e r e n c e s .  The two PGA waveforms 2a,b are a p p r o x i m a t i o n s  o f  PGA 
from a p h o t o g l o t t o g r a p h  i n  which t h e  l i g h t  was i n t r o d u c e d  j u s t  below t h e  
t h y r o i d  c a r t i l a g e ,  a t  t h e  c e n t e r l i n e  o f  t h e  n e c k ,  a n d  p i c k e d  u p  b y  a 
p h o t o c e l l  a t  t h e  back o f  t h e  pharynx, j u s t  above t h e  g l o t t i s .  The g l o t t i s  
is n o t  u n i f o r m l y  i l l u m i n a t e d  by t h e  l i g h t  s o u r c e ,  a s  would be  n e c e s s a r y  
f o r  a t r u e  PGA measurement,  however,  s i n c e  t h e  l i g h t  s o u r c e  is p laced  s o  
t h a t  t h e r e  is a c l e a r  band  o f  l i g h t  a c r o s s  t h e  g l o t t i s ,  s o m e w h e r e  n e a r  
t h e  c e n t e r  o f  i t s  l e n g t h ,  t h e  r e s u l t i n g  waveform shou ld  show t h e  g e n e r a l  
c h a r a c t e r i s t i c s  o f  t h e  v a r i a t i o n  o f  g l o t t a l  a r e a .  Waveform 2c is  a l s o  a n  
approx imat ion  o f  t h e  PGA from measurements  o f  t h e  g l o t t a l  w i d t h  n e a r  its 
c e n t e r .  However, i n  t h i s  c a s e  t h e  g l o t t a l  wid th  was o b t a i n e d  from frame-  
by-frame measurements  of  h i g h  speed mot ion  p i c t u r e s ,  t a k e n  from above. 
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Fig .  2. G l o t t a l  waveforms d u r i n g  vo iced  speech.  
a. a n d  b. A p p r o x i m a t i o n  t o  t h e  p r o j e c t e d  g l o t t a l  a r e a  u s i n g  t h e  

p h o t o g l o t t o g r a p h i c  t e c h n i q u e  w i t h  a n  a d u l t  male s u b j e c t .  From K i t z i n g  
(1977) .  a is a t  1 1 3  Hz a n d  b a t  136 Hz. 

c. Approximation t o  t h e  p r o j e c t e d  g l o t t a l  a r e a  u s i n g  frame-by-frame 
measurements  o f  g l o t t a l  w i d t h  on h igh  speed  mot ion  p i c t u r e s .  From Hirano,  
e t  a 1  ( 1 9 8 1 ) .  The a b s c i s s a  i s  t h e  frame n u m b e r ,  e a c h  f r a m e  b e i n g  a b o u t  
0.2 msec. S u b j e c t  was a 22-year-old male  b a s s  s i n g e r  p h o n a t i n g  i n  a modal 
r e g i s t e r  a t  a  fundamenta l  f r e q u e n c y  o f  128 Hz. 

d ,  e ,  f ,  a n d  g. Volume a i r  f l o w  a t  t h e  g l o t t i s  o b t a i n e d  b y  i n v e r s e  
f i l t e r i n g  t h e  a i r  f l o w  a t  t h e  mouth. A l l  s u b j e c t s  were  male  a d u l t s ,  w i t h  
t h o s e  i n  e ,  f ,  a n d  g e i t h e r  a m a t e u r  o f  p r o f e s s i o n a l  s i n g e r s .  The l o w e s t  
t h r e e  f o r m a n t s  were  c a n c e l l e d  by t h e  i n v e r s e  f i l t e r ,  w i t h  h i g h e r  v o c a l  
t r a c t  r e s o n a n c e s  a t t e n u a t e d  by low p a s s  f i l t e r i n g .  The vowel i n  d ,  e ,  and 
f was  e i t h e r  / a /  o r  / a e / .  The v o w e l  i n  g was / a / ,  s u n g  w i t h  a s t r o n g  
Ifringl'. It c o n t a i n s  some remanent  e n e r g y  a t  a  s t r o n g  v o c a l  t r a c t  resonan-  
c e  a b o v e  t h e  t h i r d  f o r m a n t .  The a m p l i t u d e  s c a l e  s h o w n  h o l d s  o n l y  f o r  g .  
The small n e g a t i v e  f fovershoo t f l  a f t e r  t h e  g l o t t a l  c l o s u r e  i n  e and f may 
b e  a n  a r t i f a c t  d u e  t o  i m p e r f e c t  i n v e r s e  f i l t e r i n g .  F i g u r e  g a l s o  s h o w s  
t h e  e n e r g y  a t  F  1, F2  and F3  t h a t  was removed from t h e  o r a l  f l o w  s i g n a l  by 
t h e  i n v e r s e  f i l t e r i n g  p rocess .  



The t h r e e  waveforms i n  Fig. 2d,e,f show some t y p i c a l  GAF waveforms d u r i n g  
open vowels  i n  speech  and s ing ing .  They were a l l  o b t a i n e d  by t h e  i n v e r s e  
f i l t e r i n g  t h e  a i r  f l o w  a t  t h e  mouth, u s i n g  a sys tem w i t h  a r e s p o n s e  t i m e  
o f  a b o u t  0.3 m s  ( R o t h e n b e r g  1977).  T h i s  m e a n s  t h a t  c h a n g e s  i n  t h e  wave- 
form o c c u r i n g  i n  roughly  0.3 m s  may a c t u a l l y  r e p r e s e n t  a change i n  f l o w  
t h a t  was s i g n i f i c a n t l y  f a s t e r .  Note t h a t  t h e  decay  i n  a i r  f l o w  i n  t h e s e  
waveforms is  c o n s i d e r a b l y  faster t h a n  t h e  rise i n  f low.  I n  t h e  waveforms 
t a k e n  d u r i n g  s i n g i n g ,  t h e  time r e q u i r e d  f o r  t h e  f i n a l  d e c r e a s e  i n  f l o w  is 
c l o s e  t o  o r  p o s s i b l y  below t h e  r e s p o n s e  t i m e  o f  t h e  measurement sys tem.  
No such  r a p i d  t e r m i n a t i o n  o f  t h e  g l o t t a l  p u l s e  h a s  e v e r  been r e p o r t e d  i n  
a r e a  waveforms. 

The a c o u s t i c  s i g n i f i c a n c e  of t h e  h i g h l y  unsymmet r ica l  f l o w  waveforms h a s  
two  p r i n c i p a l  a s p e c t s  :* 

( 1 )  A r a p i d  t e r m i n a t i o n  o f  t h e  g l o t t a l  p u l s e  f o l l o w e d  by a p e r i o d  o f  z e r o  
o r  a  small c o n s t a n t  f l o w  c a u s e s  a s t r o n g  e x c i t a t i o n  o f  t h e  h i g h e r  o r d e r  
v o c a l  t r a c t  r e s o n a n c e s  ( f o r m a n t s ) .  B e c a u s e  t h e  a m p l i t u d e  o f  t h e  h i g h  
f r e q u e n c y  e n e r g y  g e n e r a t e d  a t  c l o s u r e  v a r i e s  d i r e c t l y  a s  ( t h o u g h  n o t  
s t r i c t l y  i n  p r o p o r t i o n  t o )  t h e  a m p l i t u d e  o f  t h e  f i n a l  s l o p e  o f  t h e  decay  
i n  a i r  f l o w ,  t h o s e  CAF w a v e f o r m s  w i t h  a m o r e  r a p i d  d e c a y  o f  f l o w  would  
c o n t a i n  t h e  g r e a t e s t  amount o f  energy  a t  f r e q u e n c i e s  h i g h e r  t h a n  t h o s e  
g e n e r a t e d  a t  r e a s o n a b l y  h i g h  a m p l i t u d e s  by most m u s i c a l  i n s t r u m e n t s ,  and 
s o  would c a r r y  b e t t e r  above a m u s i c a l  accompaniment. S i n c e  a r a p i d  decay 
o f  f l o w  would c a u s e  t h e  t h i r d  and h i g h e r  f o r m a n t s  t o  be  s t r o n g e r  and,  t o  
a  l e s s e r  e x t e n t ,  a l s o  t h e  s e c o n d  f o r m a n t ,  t h e  r e s u l t i n g  v o i c e  q u a l i t y  
v o i c e  would t end  t o  be c l e a r e r  and more i n t e l l i g i b l e .  

It s h o u l d  b e  a d d e d  t h a t  t h e  d i f f e r e n c e  b e t w e e n  a v o i c e  s o u r c e  t h a t  i s  
weak a t  h i g h  f r e q u e n c i e s  a n d  o n e  t h a t  i s  s t r o n g  i s  n o t  j u s t  i n  t h e  
r e l a t i v e  a m p l i t u d e  o f  t h e  ha rmonics ,  b u t  u s u a l l y  a l s o  i n  t h e i r  pe r iod-  
i c i t y .  If we u s e  a s u i t a b l e  band  p a s s  f i l t e r  t o  i s o l a t e  t h e  t h i r d  or  
f o u r t h  formant  energy  i n  t h e  r a d i a t e d  a c o u s t i c  wave ,  a n d  o b s e r v e  t h e  

* S t a t e m e n t s  i n  t h i s  paper  r e f e r r i n g  t o  a c c e p t e d  p r i n c i p l e s  i n  t h e  f r e -  
quency a n a l y s i s  o f  waveforms o r  t h e  p r o p e r t i e s  o f  l i n e a r  a c o u s t i c  s y s t e m s  
w i l l  n o t  be documented by s p e c i f i c  r e f e r e n c e s .  



w a v e f o r m  on a n  o s c i l l o s c o p e ,  i t  c a n  be  s e e n  t h a t  t h e  s t r o n g  v o i c e  w i l l  

c o n t a i n  a r e l a t i v e l y  s t r o n g  o s c i l l a t i o n  a t  t h e  t h i r d ,  and  u s u a l l y  a l s o  
t h e  f o u r t h  f o r m a n t  f r e q u e n c y  ( s e e  f i g .  2g,  f o r  e x a m p l e ) .  The p a t t e r n  i n  
t h i s  o s c i a l l t i o n  w i l l  r e p e a t  i t se l f  v e r y  c l o s e l y  i n  e v e r y  g l o t t a l  c y c l e ,  
i.e., t h e  waveform o f  t h e  f o r m a n t  energy  w i l l  be v e r y  p e r i o d i c  o r  t o n a l .  
On t h e  o t h e r  h a n d ,  t h e  w a v e f o r m  f r o m  t h e  weak v o i c e  w i l l  o f t e n  h a v e  
energy  a t  t h e  t h i r d  and h i g h e r  f o r m a n t s  t h a t  is n o t  o n l y  weaker,  b u t  more 
v a r i a b l e  i n  its s t r e n g t h  and p a t t e r n  i n  each g l o t t a l  c y c l e ,  i.e., t h a t  is 
less t o n a l .  Th i s  d i f f e r e n c e  i n  t o n a l i t y  is s i g n i f i c a n t  i n  t h a t  i t  means 
t h a t  t h e  weak v o i c e  cannot  b e  made i n t o  t h e  s t r o n g  one s i m p l y  by e l e c t r o -  
n i c  o r  a c o u s t i c  a m p l i f i c a t i o n  o f  t h e  h i g h e r  fo rmants .  Such h i g h  f requency  
e m p h a s i s  c o u l d  p a r t i a l l y  c o r r e c t  t h e  r e l a t i v e  f o r m a n t  a m p l i t u d e s ,  b u t  
cou ld  n o t  improve t h e  t o n a l i t y .  

( 2 )  The s m o o t h e r  o n s e t  o f  t h e  g l o t t a l  f l o w  p u l s e  would  mean t h a t  l e s s  
h i g h  f r e q u e n c y  a c o u s t i c  e n e r g y  w a s  g e n e r a t e d  a t  t h a t  p o i n t .  T h i s  m e a n s  
t h a t  w i t h  a h i g h l y  u n s y m m e t r i c a l  f l o w  p u l s e ,  m o s t  o f  t h e  e n e r g y  a t  t h e  
s e c o n d  and  h i g h e r  f o r m a n t s  w i l l  b e  g e n e r a t e d  a t  t h e  i n s t a n t  o f  g l o t t a l  
c l o s u r e .  From t h e  p r i n c i p l e s  o f  f requency  ( o r  F o u r i e r  series) a n a l y s i s  i t  
can be shown t h a t  a  p e r i o d i c  f l o w  waveform w i t h  o n l y  one  d i s c o n t i n u i t y  i n  
s l o p e  ( a t  c l o s u r e )  w i l l  have a  d i s t r i b u t i o n  o f  e n e r g y  i n  which t h e  a m p l i -  
t u d e  a t  t h e  harmonics  o f  t h e  fundamental  f requency  t e n d  t o  decay uniform- 
l y  w i t h  i n c r e a s i n g  f r e q u e n c y ,  w i t h  t h e  r a t e  o f  d e c a y  d e p e r d i n g  o n  t h e  
s h a r p n e s s  o f  t h e  c e s s a t i o n  o f  a i r  f low. On t h e  o t h e r  hand, a s y m m e t r i c a l  
f l o w  p u l s e  w i l l  have d i p s  i n  t h e  g l o t t a l  spec t rum n e a r  t h o s e  f r e q u e n c i e s  
a t  which t h e  energy g e n e r a t e d  a t  t h e  opening o f  t h e  g l o t t i s  is p a r t i a l l y  
c a n c e l l e d  by t h e  energy  g e n e r a t e d  a t  t h e  g l o t t a l  c l o s i n g ,  i.e., a t  which 
W i n t e r v a l  between t h e  opening and c l o s i n g  is a n  even number o f  cyc- 
l e s .  I f  a  f o r m a n t  o f  a v o w e l  h e l d  a t  a  c o n s t a n t  p i t c h  a n d  a r t i c u l a t i o n  
( a s  i n  s i n g i n g )  were t o  f a l l  n e a r  such a wlow-energylt f r e q u e n c y ,  i t  would 
n o t  b e  a s  s t r o n g l y  t r a n s m i t t e d ,  a n d  t h e  r e s u l t i n g  v o w e l  m i g h t  n o t  b e  
expected t o  be a s  c l e a r  a s  i n  t h e  s i n g l e - e x c i t a t i o n  ( u n s y m m e t r i c a l )  case .  

Thus, i f  t h e  g l o t t a l  f l o w  waveform were t o  f o l l o w  t h e  a r e a  waveform, as 
p r e d i c t e d  by e a r l y ,  n o n - i n t e r a c t i v e  m o d e l s  o f  t h e  v o i c e  s o u r c e ,  t h e r e  
would be l i t t l e  c a r r y i n g  power t o  t h e  v o i c e ,  w i t h  vowels  less d i s t i n g -  
u i s h a b l e  over  t h e  sound o f  a  loud accompaniment t h a n  is  t h e  c a s e  w i t h  a  



"good" s i n g e r .  Resonance e f f e c t s  a t  o r  above 3 kHz, s u c h  as t h e  " s i n g i n g  

formantn r e p o r t e d  by Sundberg (1974), cou ld  improve t h e  c a r r y i n g  power o f  
t h e  v o i c e ,  by s t r e n g t h e n i n g  t h e  h i g h e r  f r e q u e n c i e s ,  b u t ,  n e e d l e s s  t o  s a y ,  
i f  t h e r e  were n o t  a l r e a d y  s t r o n g  h i g h  f requency  components i n  t h e  s p e c -  
t rum o f  t h e  v o i c e  s o u r c e ,  i t  is  d o u b t f u l  t h a t  such  e f f e c t s  c o u l d  produce 
t h e  r i c h n e s s  o f  v o i c e  q u a l i t y  t h a t  can  b e  heard  w i t h  some s i n g e r s .  

It seems,  t h e r e f o r e ,  t h a t  t h e  key t o  t h e  u n d e r s t a n d i n g  o f  why t h e  v o i c e  
s o u r c e  i n  some peop le  can have a spec t rum r i c h  i n  h i g h e r  ha rmonics ,  and 
which c a n ,  i f  p r o p e r l y  modulated by t h e  s u p r a g l o t t a l  v o c a l  t r a c t  resonan-  
c e ,  c a r r y  c l e a r l y  o v e r  t h e  sound o f  mos t  m u s i c a l  i n s t r u m e n t s ,  l ies  i n  a n  
e x p l a n a t i o n  o f  how t h e  g l o t t a l  a i r  f l o w  waveform can d i f f e r  s o  marked ly  
f r o m  p r o j e c t e d  g l o t t a l  a r e a  a n d ,  m o r e  s p e c i f i c a l l y ,  h a v e  a much m o r e  
r a p i d  t e r m i n a t i o n  o f  t h e  g l o t t a l  pu l se .  

I n  t a b l e  1, I have l i s t e d  f o u r  f a c t o r s  which cou ld  p o s s i b l y  c o n t r i b u t e  t o  
t h i s  t y p e  o f  f l o w  p a t t e r n .  O f  t h e  f o u r ,  I b e l i e v e  t h a t  t h e  f o u r t h  i s  
g e n e r a l l y  t h e  most  i m p o r t a n t ;  however,  a c c o r d i n g  t o  t h e  p r e s e n t  s t a t e  o f  
our  knowledge o f  t h e  v o i c e  s o u r c e ,  e a c h  c o u l d  be s i g n i f i c a n t  under  some 
c i r c u m s t a n c e s .  

T a b l e  1. 
1/ 

P o s s i b l e  c a u s e s  o f  t h e  asymmetry i n  t h e  g l o t t a l a i r  flow waveform -- -- 

1. Asymmetry I n  P r o j e c t e d  G l o t t a l  Area 

2. D i f f e r e n t  R e l a t i o n s h i p  B e t w e e n  Area  and  F l o w  
R e s i s t a n c e  During Opening and Clos ing  Phases 

3. Air Displaced By Vocal Fold Movements 

4. A c o u s t i c  Energy  S t o r a g e  o r  R e a c t a n c e  F o r c e s  i n  
The Vocal  T r a c t  
a )  P o t e n t i a l  Energy - Acous t ic  Compliance 

( P r i m a r i l y  due t o  t h e  c o m p r e s s i b i l i t y  o f  a i r )  
b )  K i n e t i c  Energy - Acous t ic  I n e r t a n c e  

( P r i m a r i l y  due  t o  t h e  i n e r t i a  o f  a i r  f l o w )  



The f i r s t  e n t r y  i n  T a b l e  1 e m p h a s i z e s  t h a t  t h e  p r o j e c l t e d  g l o t t a l  a r e a  
i t se l f  can  be s i g n i f i c a n t l y  unsymmet r ica l ,  a s  i n  t h e  example i n  Fig. 2c. 
Any d i s symmet ry  i n  t h e  PGA would add t o ,  o r  s u b t r a c t  f rom,  t h e  dissymmet-  
r y  i n  GAF. 

Proceeding t o  t h e  second e n t r y  i n  Table  1, i t  s h o u l d  be k e p t  i n  mind t h a t  
t h e  model f o r  t h e  g l o t t a l  ae rodynamics  t h a t  p u t s  g l o t t a l  f l o w  a d m i t t a n c e  
( t h e  i n v e r s e  o f  f l o w  r e s i s t a n c e )  l a r g e l y  p r o p o r t i o n a l  t o  p r o j e c t e d  g l o t -  
t a l  a r e a  is  o n l y  a s i m p l e  f i r s t  approx imat ion .  Consider  two  i n s t a n t s ,  one 
d u r i n g  t h e  opening phase and one d u r i n g  t h e  c l o s i n g  phase ,  a t  which t h e  
PGA is t h e  same. Though t h e  p r o j e c t e d  a r e a s  are e q u a l ,  t h e  c o n f i g u r a t i o n  
o f  t h e  v o c a l  f o l d s  c a n  be  q u i t e  d i f f e r e n t  ( B a e r ,  1981 ), and  t h e r e f o r e ,  
t h e  g l o t t a l  a d m i t t a n c e  v a l u e s  cou ld  be q u i t e  d i f f e r e n t .  The r e l a t i o m h i p  
between t h e  shape  o f  v o c a l  f o l d s  and t h e  r e s i s t a n c e  t o  a i r  f l o w  i s  still 
n o t  well unders tood ;  however, a b e t t e r  unders tand ing  o f  t h i s  r e l a t i o n s h i p  
may show t h a t  f o r  some modes  o f  v o c a l  f o l d  v i b r a t i o n ,  t h e  a d m i t t a n c e  
f u n c t i o n  may be q u i t e  unsymmet r ica l  even when t h e  PGA waveform is symmet- 
r i c a l .  

The t h i r d  f a c t o r  i n  Table  1 i s  t h e  a i r  volume d i s p l a c e d  by t h e  movements 
o f  t h e  v o c a l  f o l d  m a s s e s .  One may t h i n k  o f  t h i s  a s  t h e  "hand  c l a p w  
effect. A s  t h e  f o l d s  s e p a r a t e ,  t h e  d i s p l a c e d  a i r  t e n d s  t o  reduce  t h e  n e t  
outward g l o t t a l  f low. Conversely ,  when coming t o g e t h e r ,  t h e  v o c a l  f o l d s  
d i s p l a c e  a n  a i r  v o l u m e  t h a t  i n c r e a s e s  t h e  n e t  o u t w a r d  f l o w .  When t h e s e  
d i s p l a c e d  a i r  components a r e  added t o  t h e  GAF waveform, t h e  e f f e c t  is t o  
t i l t  t h e  g l o t t a l  p u l s e  t o  t h e  r i g h t  ( R o t h e n b e r g  1973) .  However ,  r o u g h  
c a l c u l a t i o n s  o f  t h e  o rder -o f -magni tude  o f  t h i s  e f f e c t  i n d i c a t e  t h a t  i t  
c o u l d  c a u s e  o n l y  a s m a l l  p a r t  o f  t h e  d i s s y m m e t r y  f o u n d  i n  t h e  m o r e  
ha rmonic - r i ch  o f  t h e  n a t u r a l l y  o c c u r r i n g  g l o t t a l  w a v e f o r m s  ( R o t h e n b e r g  
1973, Rothenberg and Zahorian 1977, Flanagan and I s h i z a k a  1978). 

A t  t h i s  t i m e ,  i t  a p p e a r s  t h a t  t h e  p r i m a r y  f a c t o r  c a u s i n g  t h e  GAF waveform 
t o  d i f f e r  f r o m  t h e  PGA w a v e f o r m  i s  t h e  f o u r t h  l i s t e d  i n  T a b l e  1 ,  i.e., 
t h e  i n f l u e n c e  o f  t h e  a c o u s t i c  r e a c t a n c e  i n  t h e  v o c a l  t r a c t  on t h e  p r e s -  
s u r e s  and f l o w s  w i t h i n  t h e  g l o t t i s .  The term " a c o u s t i c  r e a c t a n c e w  refers 

t o  t h e  a c o u s t i c  energy  s t o r e d  i n  t h e  v o c a l  t r a c t  a t  any  i n s t a n t .  When t h e  
energy  s t o r e d  is p o t e n t i a l  energy ,  a s  i n  t h e  compress ion  o f  a volume o f  
a i r ,  t h e n  t h e  a c o u s t i c  r e a c t a n c e  is r e f e r r e d  t o  a s  a compliance.  When t h e  



energy i s  k i n e t i c ,  a s  i n  t he  i n e r t i a l  energy s to red  i n  t h e  v e l o c i t y  o f  
the  a i r  flow a t  a  c o n s t r i c t i o n  i n  t h e  vocal t r a c t ,  t h e  reac tance  i s  
referred to  a s  an inertance. When the voice fundamental frequency Fo is 
below the f i r s t  formant frequency, as  is  usually the case, the react ive 
part of the supraglottal  vocal t r ac t  impedance, a s  seen from the g l o t t i s ,  
i s  i n e r t i v e  a t  Fo. The s u b g l o t t a l  acous t i c  impedance, a s  seen by t h e  
g l o t t i s ,  a l s o  tend s t o  b e i n e r t i v e  f o r  f requencies  between the  h ighes t  
r e s p i r a t o r y  t i s s u e  resonance (of t h e  o rde r  of  magnitude of 10 Hz i n  
adults) and the lowest acoustic resonance (of the order of magnitude of 
400 Hz i n  adul ts ,  as  can be seen in  Fig. 4 below). From a simple model of 
the  vocal t r a c t  a c o u s t i c s ,  i t  w i l l  a l s o  be shown t h a t  t h i s  type of  
iner t ive loading of the g lo t t a l  source a t  Fo and its lower harmonics can 
and most l i ke ly  does cause a  dissymmetry i n  the flow waveform of the type 
we have discussed above. 

The subglottal  and supraglottal iner t ive loading of the g l o t t i s  is shown 
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Fig. 3. Top: Diagrammatic view of the vocal t r ac t  showing the effect  of 
flow inertance on the tracheal and pharyngeal a i r  pressures during the 
closing of the vocal folds. Bottom: Diagram showing how flow i d e r t a n c e  



i n  t h e  v o c a l  t r a c t  c r e a t e s  an unsymmetr ical  g l o t t a l  a i r  f l o w  p u l s e .  
'diagrammatically i n  t h e  s k e t c h  i n  Fig. 3. For s i m p l i f i c a t i o n ,  t h e  v o c a l  

t r a c t  is  shown a s  a h o r i z o n t a l  t u b e ,  w i t h  a s i m p l e  ? o n s t r i c t i o n  r e p r e s e n t  
t i n g  t h e  g l o t t a l  "valvevt .  I f  we p i c t u r e  t h e  a i r  mlsses j u s t  b e f o r e  and  
a f t e r  t h e  g l o t t i s  as more i n e r t i v e  (mass - l ike )  t h a n  c o m p l i a n t  ( compress i -  
b l e ) ,  and t h e  v o c a l  f o l d s  opening a f t e r  be ing  c l o s e d  a  l o n g  t i m e ,  i t  can 
be  s e e n  t h a t  t h e r e  w i l l  b e  a  " d e l a y n  o r  l a g  i n  t h e  b u i l d - u p  i n  a i r  f l o w  
a f t e r  t h e  v o c a l  f o l d s  o p e n ,  a s  t h e  l u n g  p r e s s u r e  a c t s  t o  o v e r c o m e  t h e  
i n e r t i a  o f  t h e  a i r  m a s s .  T h i s  l a g  is shown by t h e  l e f t - m o s t  h o r i z o n t a l  
a r r o w  i n  t h e  s k e t c h  o f  t h e  g l o t t a l  a r e a  and f l o w  waveforms. Conversely ,  
a s  t h e  v o c a l  f o l d s  c l o s e  t o  r e d u c e  t h e  f l o w  ( t h e  c o n d i t i o n  shown i n  t h e  
v o c a l  t r a c t  s k e t c h ) ,  t h e r e  is a n  i n e r t i v e  f o r c e  t h a t  resists t h e  d e c r e a s e  
i n  f l o w .  T h i s  i n e r t i v e  f o r c e  is a c t u a l i z e d  by a m o m e n t a r y ,  i n e r t i a -  
induced i n c r e a s e  i n  p r e s s u r e  i n  t h e  t r a c h e a ,  and a d e c r e a s e  i n  p r e s s u r e  
i n  t h e  pharynx caused by t h e  i n e r t i a  o f  t h e  s u p r a g l o t t a l  a i r  p u l l i n g  it 
away from t h e  c l o s i n g  g l o t t i s .  

Bu t  t h e  i n e r t i a  o f  t h e  a i r  f l o w  d o e s  m o r e  t h a n  j u s t  d e l a y  t h e  b u i l d - u p  
and decay o f  a i r  flow. The i m p o r t a n t  added f e a t u r e  is  t h a t  a l t h o u g h  t h e  
d e c a y  o f  a i r  f l o w  i s  m o m e n t a r i l y  d e l a y e d ,  i t  m u s t  f i n a l l y  b e  f o r c e d  t o  
z e r o  a t  t h e  i n s t a n t  o f  c o m p l e t e  g l o t t a l  c l o s u r e  (assuming  t h a t  t h e r e  is a 
c o m p l e t e  o r  a l m o s t  c o m p l e t e  c l o s u r e ) .  A s  shown b y  t h e  s k e t c h  o f  a i r  
f l o w ,  t h e  r e q u i r e m e n t  t h a t  t h e  f l o w  be z e r o  a t  c l o s u r e  c a u s e s  a  s h a r p  
d r o p  i n  f l o w  j u s t  b e f o r e  t h e  i n s t a n t  o f  c l o s u r e  t h a t  is  s o  i m p o r t a n t  i.n 
g e n e r a t i n g  a s t r o n g  h i g h  f requency  spec t rum i n  t h e  vo ice .  

J u s t  how t h e  v o c a l  t r a c t  a c o u s t i c  i n e r t a n c e  a f f e c t s  t h e  g l o t t a l  a i r  f l o w  
can be s e e n  i n  s i m u l t a n e o u s  measurements  o f  p r e s s u r e  below and above t h e  
g l o t t i s  made by Koike ( 1 9 8 0 ) ,  a n d  shown i n  F i g .  4. Koike u s e d  t w o  
m i n i a t u r e  p r e s s u r e  t r a n s d u c e r s ,  one o f  which was suspended j u s t  above t h e  
g l o t t i s ,  and t h e  o t h e r  j u s t  below t h e  g l o t t i s ,  w i t h  t h e  c o n n e c t i n g  w i r e  
t o  t h e  l o w e r  one p a s s i n g  th rough  t h e  g l o t t i s  a t  its p o s t e r i o r  end. On t h e  
f i g u r e ,  I have drawn i n  an  approx imat ion  t o  t h e  p r o j e c t e d  g l o t t a l  a r e a ,  
assuming a  t y p i c a l  waveshape, and a n  i n s t a n t  o f  c o m p l e t e  g l o t t a l  c l o s u r e  
t h a t  o c c u r s  a t  t h e  ( s i m u l t a n e o u s l y  o c c u r r i n g )  peak t r a c h e a l  p r e s s u r e  and 
n e g a t i v e  peak o r a l  p ressure .  ( I n  l a t e r  measurements ,  Koike h a s  v e r i f i e d  



F i g .  4. P h a r y n g e a l  ( s u p r a g l o t t a l )  and  t r a c h e a l  ( s u b g l o t t a l )  a i r  p r e s -  
s u r e s  d u r i n g  a v o w e l  / a / .  From Koike  (1981). To b r i n g  o u t  t h e  p o i n t s  
e m p h a s i z e d  i n  t h i s  p a p e r ,  I h a v e  s k e t c h e d  i n  a s i m p l e  a p p r o x i m a t i o n  t o  
t h e  p r o j e c t e d  g l o t t a l  a r e a  (PGA), assuming a 50% d u t y  c y c l e  and symmet r i -  
c a l  o p e n i n g  and  c l o s i n g  p h a s e s .  The v e r t i c a l  a r r o w s  i n d i c a t e  t h e  p e a k  
change of  t h e  p r e s s u r e s  from t h e i r  approx imate  a v e r a g e  v a l u e s  d u r i n g  t h e  
g l o t t a l  c l o s i n g  phase. 

p h o t o g l o t t o g r a p h i c a l l y  t h a t  t h e  i n s t a n t  o f  c l o s u r e  d o e s  indeed o c c u r  as  
shown i n  F i g .  4.) A l s o ,  f o r  s i m i l a r  w a v e f o r m s  shown o n  a  much smaller 
s c a l e ,  b u t  w i t h  n u m e r i c a l  a m p l i t u d e  s c a l e  g i v e n ,  t h e  r e a d e r  is  r e f e r r e d  
t o  K i t z i n g  and L 6 f q v i s t  (1975). 

It c a n  be  s e e n  i n  F i g .  4  t h a t  a s  t h e  g l o t t a l  a r e a  d e c r e a s e s ,  a  s t r o n g  
n e g a t i v e  p r e s s u r e  deve lops  above t h e  g l o t t i s ,  and a n  i n c r e a s e d  p o s i t i v e  
p r e s s u r e  d e v e l o p s  b e l o w  t h e  g l o t t i s .  The n e t  e f f e c t  i s  t o  i n c r e a s e  t h e  
t r a n s g l o t t a l  p r e s s u r e  which is f o r c i n g  a i r  th rough  t h e  g l o t t i s ,  s o  as  t o  
d e l a y  t h e  d e c r e a s e  i n  a i r  f l o w  t h a t  would o t h e r w i s e  b e  c a u s e d  by t h e  
c l o s i n g  v o c a l  f o l d s ,  a s  was  shown i n  t h e  s k e t c h  o f  F ig .  3. When t h e  
c l o s i n g  v o c a l  f o l d s  f i n a l l y  d o  c a u s e  a  c e s s a t i o n  o f  f l o w ,  t h e  i n e r t i a  
f o r c e s  a r e  s u d d e n l y  t e r m i n a t e d ,  and  t h e  s u p r a g l o t t a l  and  s u b g l o t t a l  



pressures move rapidly toward the i r  average values, i n  the oscil lcLtory 

I N E R T I V E  LOADING 

Fig. 5. The e f f e c t  of i n e r t i v e  loading of the g l o t t i s  on the  g l o t t a l  
a i r  flow waveform, as  derived from the simple model of the vocal t r ac t  
shown i n  the figure. 

pattern caused by the respective resonances. 

To see more quantitatively how the vocal t r a c t  acoustic inertance af fec ts  
the g lo t t a l  flow U Fig. 5 shows the solution to  the nonlinear differen- 

g ' 
t i a l  equation formed when the g lo t t a l  admittance Y is represented by the g 
s imple ,  symmetrical t r i a n g u l a r  v a r i a t i o n  of conductance ( equa l s  1/R ) 

g 
shown a t  the upper r ight ,  and the acoustic impedances of the subglottal  
and supraglottal systems are  combined into a  s ingle  inertance Lt (Rothen- 
berg 1981).  Psg i s  the  average t r achea l  pressure ,  and would be equal t o  
the average alveolar or lung pressure i f  the d iss ipa t ive  flow resistance 
i n  the bronchi and bronchioles can be neglected. 

The amplitude and t ime s c a l e s  show values  t h a t  might be expected f o r  a  



male v o i c e  a t  m o d e r a t e l y  h i g h  v o c a l  " s f f o r t .  I n  a g i v e n  s i t u a t i o n ,  t h e  
e f f e c t  o f  a s p e c i f i c  v a l u e  o f  i n e r t a n c e  depends  on t h e  a m p l i t u d e  o f  t h e  
g l o t t a l  a d m i t t a n c e  and  t h e  d u r a t i o n  o f  t h e  g l o t t a l  p u l s e .  To o b t a i n  a 
m e a s u r e  o f  t h e  i n e r t a n c e  w i t h  a  m o r e  i n v a r i a n t  s i g n i f i c a n c e  w e  h a v e  - 
d e f i n e d  a normal ized  i n e r t a n c e  Lt, w i t h  a c t u a l  i n e r t a n c e  Lt and norma- 
l i z e d  i n e r t a n c e  ct r e l a t e d  by t h e  e q u a t i o n  

Eq. 1  

w h e r e  t i s  t h e  a c t u a l  d u r a t i o n  o f  t h e  g l o t t a l  p u l s e ,  a n d  Ygmax P  is t h e  
a c t u a l  maximum g l o t t a l  a d m i t t a n c e .  Thus, f o r  t h i s  example ,  a n o r m a l i z e d  
v a l u e  o f  Lt = 1 i s  e q u i v a l e n t  t o  a n  a c t u a l  Lt o f  .02,  i n  cm H20, l / s e c  
u n i t s .  

F o r  t h e  s y m m e t r i c a l  a d m i t t a n c e  p a t t e r n  i n  t h e  f i g u r e ,  i t  c a n  b e  shown 
t h a t  t h e  t e r m i n a l  s l o p e  o f  t h e  a i r  f l o w  p u l s e  becomes i n f i n i t e  f o r  f&l, 

and t h e  h i g h e r  ha rmonics  t h e r e f o r e  become q u i t e  s t r o n g  as t h e  n o r m a l i z e d  
i n e r t a n c e  a p p r o a c h e s  u n i t y .  F o r  v a l u e s  o f  ct l e s s  t h a n  a b o u t  0.2, t h e  
i n e r t a n c e  h a s  l i t t l e  e f f e c t  on  t h e  f l o w  p a t t e r n ;  however,  i t  can  be shown 
t h a t  f o r  non-breathy open vowels  t h e  normal ized  i n e r t a n c e  c a n  a l w a y s  be 
expec ted  t o  be a t  least  t h a t  v a l u e ,  w i t h  v a l u e s  o f  a t  least  0.5 a t t a i n a b -  
l e  f o r  most s p e a k e r s  d u r i n g  normal speech. 

Rough c a l c u l a t i o n s  i n d i c a t e  t h a t  i t  is a t  l e a s t  p o s s i b l e  t h a t  some i n d i -  
v i d u a l  v o i c e s  c o u l d  a t t a i n  v a l u e s  o f  ct o f  1.0 a n d  c o n c e i v a b l y  e v e n  a s  
h igh  a s  2.0 w i t h  some p i t c h  and vowel combinat ions .  However, o u r  knowled- 
g e  t o  d a t e  o f  v o c a l  t r a c t  a c o u s t i c s  d o e s  n o t  p e r m i t  t h e  v a l u e  o f  ct t o  
b e  t i e d  down much m o r e  c l o s e l y  i n  t h e  r a n g e  0.2 t o  2.0. It a p p e a r s  
t h o u g h ,  t h a t  t h i s  i s  a c r u c i a l  q u e s t i o n  i n  t h e  u n d e r s t a n d i n g  o f  v o i c e  
q u a l i t y .  By s i m u l a t i n g  t h e  v o i c e  s o u r c e  shown i n  Fig. 5 , u s i n g  v a l u e s  o f  - 
Lt v a r y i n g  i n  t h e  r a n g e  o f  0  t o  2.0, a n d  c o n n e c t i n g  t h e  v o i c e  t o  a  
formant- type v o c a l  t r a c t  a n a l o g ,  i t  can  be shown t h a t  d i f f e r e n c e s  i n  t h e  
v a l u e  o f  n o r m a l i z e d  v o c a l  t r a c t  i n e r t a n c e  o f  a  m a g n i t u d e  t h a t  c o u l d  
conce ivab ly  be  a s c r i b e d  t o  p h y s i o l o g i c a l  v a r i a t i o n s  be tween  i n d i v i d u a l s  
can make a  v e r y  s i g n i f i c a n t  change i n  t h e  q u a l i t y  and c a r r y i n g  power of  
t h e  v o i c e .  

I n  f u t u r e  r e s e a r c h  we must t h e r e f o r e  d e t e r m i n e  what t h e  f a c t o r s  are t h a t  



m o s t  s t r o n g l y  i n f l u e n c e  ct. Are t h e y  v o c a l  t r a c t  f e a t u r e s  s u c h  a s  t h e  
d e g r e e  o f  p h a r y n g e a l  c o n s t r i c t i o n ?  ( A  c o n s t r i c t i o n  i n  t h e  f l o w  p a t h  
a l w a y s  t e n d s  t o  i n c r e a s e  t h e  i n e r t a n c e ,  s i n c e  i t  i n c r e a s e s  t h e  p a r t i c l e  
v e l o c i t y  a t  t h e  p o i n t  o f  c o n s t r i c t i o n . )  O r  a r e  t h e r e  f e a t u r e s  o f  t h e  - 
v o c a l  f o l d  shape t h a t  i n f l u e n c e  Lt by changing t h e  g l o t t a l  a d m i t t a n c e ?  - 
(By e q u a t i o n  1 above, Lt is  p r o p o r t i o n a l  t o  t h e  peak g l o t t a l  a d m i t t a n -  
ce.) T h e r e  i s  a l s o  t h e  s h a p e  o f  t h e  e n t r a n c e  o f  t h e  l a r y n x  t o  c o n s i d e r ,  
and t h e  complex p a t t e r n  o f  a i r  f low w i t h i n  t h e  l a r y n g e a l  v e s t i b u l e ,  as a 
j e t  o f  a i r  emerges  from between t h e  v o c a l  f o l d s  d u r i n g  t h e  g l o t t a l  pu l se .  
The t ime-vary ing  r e a c t i v e  components o f  t h e  f l o w  p a t h  between t h e  v i b r a -  
t i n g  v o c a l  f o l d s  may a l s o  be a f a c t o r ;  however,  o u r  e x p e r i m e n t s  w i t h  a n  
a n a l o g  s i m u l a t i o n  o f  t h e  t ime-vary ing  i n e r t a n c e  a t  t h e  g l o t t a l  c o n s t r i c -  
t i o n  i n d i c a t e  t h a t  because  o f  its v a r i a t i o n  i n  time t h i s  i n e r t a n c e  d o e s  
n o t  add  s i g n i f i c a n t l y  t o  ct. (The r e l a t i v e l y  c o n s t a n t  i n e r t a n c e  o f  a n  
emerging j e t  o f  a i r  migh t  be s i g n i f i c a n t ,  however.) 

From t h e  above d i s c u s s i o n  i t  shou ld  n o t  be concluded t h a t  a c o u s t i c  i n t e -  
r a c t i o n  between t h e  g l o t t a l  s o u r c e  and t h e  v o c a l  t ract  is s i m p l y  a m a t t e r  
of  an  i n e r t i v e  e f f e c t  t h a t  is  e i t h e r  more o r  less i n  a g i v e n  voice .  There 
a r e  s o m e  o t h e r  i m p l i c a t i o n s  o f  t h i s  i n t e r a c t i o n  w h i c h  c o u l d  b e  h i g h l y  
s i g n i f i c a n t  i n  o u r  u n d e r s t a n d i n g  o f  t h e  s i n g i n g  v o i c e .  I w i l l  d i s c u s s  
h e r e  o n l y  two  f a c t o r s  which seem t o  me t o  be t h e  mos t  s i g n i f i c a n t .  

F i r s t ,  I would l i k e  t o  ment ion  o n l y  b r i e f l y  t h a t  t h e  d e g r e e  o f  a c o u s t i c  
i n t e r a c t i o n  is reduced when t h e r e  is n o t  a f a i r l y  c o m p l e t e  g l o t t a l  c l o -  
s u r e  f o l l o w i n g  t h e  g l o t t a l  f l o w  p u l s e  ( R o t h e n b e r g  1981) .  Thus  a v o i c e  
t h a t  i s  b r e a t h y  i n  t h e  s e n s e  t h a t  t h e r e  i s  n e v e r  a c o m p l e t e  g l o t t a l  
c l o s u r e  a t t a i n e d  d u r i n g  v o i c i n g  cannot  deve lop  t h e  added c a r r y i n g  power 
t h a t  i n e r t i v e  v o c a l  t r a c t  l o a d i n g  can b r ing .  

Second, i t  is i m p o r t a n t  t o  p o i n t  o u t  t h a t  s o u r c e - t r a c t  a c o u s t i c  i n t e r a c -  
t i o n  v a r i e s  i n  t y p e  and  i n t e n s i t y  d e p e n d i n g  o n  t h e  v o w e l  ( R o t h e n b e r g  
1981).  Vowels  w i t h  a  h i g h  f i r s t  f o r m a n t ,  s u c h  a s  / a /  o r  /ae /  (as  i n  
" f a t h e r n  and  " h a t  ," r e s p e c t i v e l y )  a p p e a r  t o  have t h e  s t r o n g e s t  i n t e r a c -  
t i o n  of  t h e  t y p e  d e s c r i b e d  above. When t h e  first f o r m a n t  is l o w ,  o r  when 
t h e  v o i c e  f u n d a m e n t a l  f r e q u e n c y  Fo i s  h i g h ,  s o  t h a t  t h e  r a t i o  F 1 / F O  i s  
low,  t h e  i n t e r a c t i o n  can  be much more complex and does  n o t  n e c e s s a r i l y  
improve o r  s t r e n g t h e n  t h e  v o i c e .  Le t  u s  ease F R  t o  r v r f e r  t o  t h e  f requency  



o f  t h e  l o w e s t  a c o u s t i c  resonance  o f  e i t h e r  t h e  s u b g l o t t a l  o r  s u p r a g l o t t a l  
sys tem.  A s  t h e  r a t i o  FR/FO is reduced,  t h e  i n t e r a c t i o n  w i t h  t h e  r e s o n a n c e  
e n e r g y  b e c o m e s  m o r e  i m p o r t a n t .  A s  when FR/FO i s  h i g h ,  t h e  s i g n i f i c a n t  
f a c t o r  d e t e r m i n i n g  t h e  h igh  f requency  energy  g e n e r a t e d  b y  t h e  c l o s i n g  o f  
t h e  v o c a l  f o l d s  is  t h e  p r e s s u r e  i n c r e a s e  o r  d e c r e a s e  i n  t h e  v o c a l  t r a c t  
n e a r  t h e  g l o t t i s  when t h e  v o c a l  f o l d s  a r e  c l o s i n g .  A s  c a n  be s e e n  i n  t h e  ----- 
p r e s s u r e  r e c o r d i n g s  o f  Fig. 4, t h e r e  are s t r o n g  o s c i l l a t i o n s  i n  p r e s s u r e  
below and above t h e  g l o t t i s  due  t o  t h e  s u b g l o t t a l  and s u p r a g l o t t a l  r e s o -  
n a n c e s ,  r e s p e c t i v e l y .  When FR/FO is  h i g h  ( a s  i n  F i g .  4 ) ,  t h e s e  o s c i l l a -  
t i o n s  h a v e  t ime t o  d e c a y  b e t w e e n  g l o t t a l  c l o s i n g s ,  a n d  h a v e  l i t t l e  e f -  

f e c t .  However ,  i f  t h e  r a t i o  F R / F O  i s  e q u a l  t o  o r  l e s s  t h a n  a b o u t  t h r e e ,  
t h e n  t h e r e  may be a  s i g n i f i c a n t  r e s o n a n c e - r e l a t e d  peak i n  p r e s s u r e  occur -  
r i n g  a s  t h e  v o c a l  f o l d s  a r e  c l o s i n g .  

Cons ider ing  t h e  e f f e c t  on s u p r a g l o t t a l  p r e s s u r e  first, i f  t h e  t i m i n g  is  
such  t h a t  t h e  first formant  c a u s e s  a p o s i t i v e  p re+ssure  peak d u r i n g  t h e  
c l o s i n g  o f  t h e  g l o t t i s ,  r e d u c i n g  t h e  t r a n s g l o t t a l  p r e s s u r e ,  t h e n  t h e  
g l o t t a l  a i r  f l o w  w i l l  b e  r e d u c e d  p r e m a t u r e l y ,  b e f o r e  t h e  i n s t a n t  o f  
g l o t t a l  c l o s u r e .  Th i s  c a n  g r e a t l y  r e d u c e  t h e  h i g h  f r e q u e n c y  e n e r g y  gene- 
r a t e d  a t  t h e  c l o s u r e .  L ikewise ,  a n e g a t i v e  p r e s s u r e  peak o c c u r r i n g  w h i l e  
t h e  v o c a l  f o l d s  a r e  c l o s i n g  w i l l  i n c r e a s e  t h e  t r a n s g l o t t a l  p r e s s u r e  and 
t h u s  i n c r e a s e  t h e  h igh  f requency  energy. 

Though l e s s  i s  known a b o u t  s u b g l o t t a l  r e s o n a n c e s  t h a n  i s  known a b o u t  
s u p r a g l o t t a l  r esonances ,  i t  is c l e a r  t h a t  a resonance- induced i n c r e a s e  o r  
d e c r e a s e  i n  t r a c h e a l  p r e s s u r e  o c c u r r i n g  w h i l e  t h e  v o c a l  f o l d s  are c l o s i n g  
c a n  a l s o  a f f ec t  t h e  h i g h  f r e q u e n c y  e n e r g y  g e n e r a t e d  a t  t h e  c l o s u r e .  An 
i n c r e a s e  o f  t r a c h e a l  p r e s s u r e  would  i n c r e a s e  t h e  e n e r g y  g e n e r a t e d  a n d  
v i c e - v e r s a .  However ,  t h e  h i g h e r  d a m p i n g  o f a  s u b g l o t t a l r e s o n a n c e  (see  
Fig. 4, f o r  example) means t h a t  i t  is less s i g n i f i c a n t  t h a n  a s u p r a g l o t -  
t a l  resonance  o f  comparable  f requency  i n  e f f e c t i n g  v o i c e  q u a l i t y .  

A t  t h i s  time it is n o t  c l e a r  t o  what d e g r e e  a t r a i n e d  s i n g e r  makes u s e  o f  
f o r m a n t  o r  s u b g l o t t a l  r e s o n a n c e  t o  e n r i c h  v o i c e  q u a l i t y .  S u n d b e r g  h a s  
shown t h a t  t h e r e  somet imes  a p p e a r s  t o  be a s h i f t i n g  o f  t h e  a r t i c u l a t i o n  
o f  a  sung vowel s o  a s  t o  "tuneN a l o w e r  o r d e r  fo rmant  t o  t h e  v i c i n i t y  o f  
a m u l t i p l e  o f  t h e  v o i c e  fundamental  f requency  i n  f e m a l e  s i n g i n g .  However, 
i s  t h e  s i n g e r ' s  g o a l  t o  i n c r e a s e  t h e  e n e r g y  a t  t h e  f o r m a n t  b e i n g  t u n e d ,  



as would be p r e d i c t e d  by l i n e a r ,  n o n - i n t e r a c t i v e  t h e o r y ,  o r  is  t h e  g o a l  
t o  e n r i c h  t h e  v o i c e  s p e c t r u m  a t  h i g h e r  f r e q u e n c i e s  a l s o ,  as would  b e  
p r e d i c t e d  by t h e  n o n l i n e a r  i n t e r a c t i v e  model? ( I t  is i n t e r e s t i n g  t o  n o t e  
t h a t  t h e  t u n i n g  o f  a fo rmant  f o r  maximum h i g h  f r e q u e x c y  energy  is  s l i g h t -  
l y  d i f f e r e n t  from t h e  t u n i n g  f o r  maximum formant  e n e r g y ,  s i n c e  t h e  l a t t e r  
is  a l w a y s  a t  an  e x a c t  m u l t i p l e  o f  t h e  fundamenta l ,  w h i l e  t h e  favmer  may 
n o t  be.) Also,  is t h e r e  a  p o s s i b i l i t y  o f  " tun ingn  t h e  s u b g l o t t a l  resonan-  
c e s ?  (Th is  seems doubt fu l . )  

P u t t i n g  t h e s e  q u e s t i o n s  a n o t h e r  way, o n e  can a s k  whe ther  i n  some s t y l e s  
o f  s i n g i n g  t h e  t r a i n e d  s i n g e r  i s  n o t  o n l y  t r y i n g  t o  s e l e c t  v o c a l  t r a c t  
t u n i n g s  t h a t  e n r i c h  v o i c e  q u a l i t y  b u t  is a l s o  s t r i v i n g  t o  avo id  improper  
t u n i n g s  which would d i l u t e  v o i c e  q u a l i t y .  Such t u n i n g  a d j u s t m e n t s  c o u l d  
be  c o n c e i v a b l y  accomplished th rough  s m a l l  changes  o f  vowel a r t i c u l a t i o n  

t-hc w h i c h  w o u l d  v a r y  w i t h  ,if n o t e  s u n g ;  h o w e v e r ,  t h e r e  may b e  o t h e r ,  l ess  
o b v i o u s  m e t h o d s .  F o r  e x a m p l e ,  a s l i g h t  n a s a l i z a t i o n  c a n  i n c r e a s e  t h e  
damping o f  t h e  v o c a l  t r a c t  f o r m a n t s ,  and t h u s  r e d u c e  t h e  fo rmant  energy  
f r o m  a g i v e n  g l o t t t a l  p u l s e  t h a t  i s  s t i l l  p r e s e n t  i n  t h e  s u p r a g l o t t a l  
s y s t e m  d u r i n g  t h e  n e x t  c l o s i n g  o f  t h e  v o c a l  f o l d s .  Can n a s a l i z a t i o n  
t h e r e f o r e  be used a s  a  d e v i c e  t o  produce a more un i fo rm v o i c e  q u a l i t y  a s  
p i t c h  is v a r i e d ?  

I n  c o n c l u s i o n ,  I would l i k e  t o  add some r a t h e r  s p e c u l a t i v e  remarks  on t h e  
p o s s i b l e  r e l a t i o n s h i p  between a  n o n l i n e a r ,  i n t e r a c t i v e  model o f  t h e  v o i c e  
s o u r c e ,  t h e  computer-based s y n t h e s i s  o f  t h e  s i n g i n g  v o i c e  and t h e  p h i l o -  
sophy o f  s i n g i n g  pedagogy. It a p p e a r s  from t h e  model p r e s e n t e d  above t h a t  
a p a r t  o f  t h e  t a s k  o f  t h e  t r a i n e d  s i n g e r  is  t o  d e v e l o p  a s t y l e  o f  s i n g i n g  
i n  w h i c h  t h e  a c o u s t i c  i n t e r a c t i o n  o f  t h e  v o i c e  s o u r c e  w i t h  t h e  v o c a l  
t r a c t  t e n d s  t o  i n c r e a s e  t h e  a c o u s t i c  e n e r g y  a t  t h e  s e c o n d  and  h i g h e r  
f o r m a n t s  produced a t  t h e  i n s t a n t  o f  g l o t t a l  c l o s u r e .  However, t h i s  mus t  
b e  d o n e  i n  s u c h  a way a s  t o  a v o i d  i a r g e  d i f f e r e n c e s  i n  v o i c e  q u a l i t y  a s  
t h e  v o i c e  p i t c h  and t h e  vowel a r e  v a r i e d .  I n  o t h e r  words,  t h e  s i n g e r  mus t  
l e a r n  t o  make use  o f  t h e  s o u r c e / v o c a l  t r a c t  c o u p l i n g  i n  improv ing  v o i c e  
q u a l i t y ,  w h i l e  a v o i d i n g  o r  c o m p e n s a t i n g  f o r  i t s  u n d e s i r e a b l e  e f f e c t s .  
t%xw&\These may be awesome t a s k s  f o r  t h e  human speech  p r o d u c t i o n  mecha- 
nism,  however, t h e y  a r e  s i m p l e  ones  f o r  t h e  e l e c t r o n i c  voice .  E l e c t r o n -  
i c a l l y ,  o n e  may s e t  t h e  r i c h n e s s  o f  t h e  " v o i c e f v  s p e c t r u m  a t  a n y  l e v e l  
d e s i r e d .  Likewise ,  t h e  v o i c e  s o u r c e  o f  t h e  e l e c t r o n i c  v o i c e  can  be  e a s i l y  



i s o l a t e d  from t h e  v o c a l  t r a c t  i t  d r i v e s .  If we add t o  t h e s e  "advantagesw 

o f  t h e  e l e c t r o n i c  v o i c e  t h e  a b i l i t y  t o  s e l e c t  t h e  p r o p e r  v o i c e  fundamen- 
t a l  f r equency  t o  a n y  d e s i r e d  accuracy ,  i n c l u d i n g  t h e  c h a r a c t e r i s t i c s  o f  
p i t c h  c h a n g e  a n d  v i b r a t o ,  we m i g h t  c o n c l u d e  t h a t  t h e  c o m p u t e r  c a n  b e  a 
b e t t e r  s i n g e r  i n  s o m e  s e n s e  t h a n  a human b e i n g  c a n  b e ,  a t  l e a s t  d u r i n g  
vowels.  (Many c o n s o n a n t s  cannot  be a c c u r a t e l y  s y n t h e s i z e d  a s  yet.) 

S a i d  d i f f e r e n t l y ,  i t  may b e  p o s s i b l e  t h a t  s o m e  a s p e c t s  o f  c l a s s i c a l  
s i n g i n g  pedagogy have been i n a d v e r t e n t l y  aimed a t  making t h e  v o i c e  a good 
w c o m p u t e r v l ,  j u s t  a s  some a s p e c t s  o f  c l a s s i c a l  p a i n t i n g  p e d a g o g y  were 
a i m e d  a t  m a k i n g  t h e  p a i n t e r  a g o o d  "cameran. But  I w o n d e r  i f ,  i n  t h e  
f u t u r e ,  we w i l l  f i n d  t h a t  t h e  computer w i l l  e a s i l y  o u t d o  t h e  human s i n g e r  
i n  p r o d u c i n g  " t e c h n i c a l l y  p e r f e c t n  s i n g i n g  ( a c c u r a t e  i n  p i t c h  c o n t r o l ,  
and r i c h  and uniform i n  v o i c e  q u a l i t y ) .  And as t h a t  d e v e l o p s ,  may w e  n o t  
see a  s h i f t  t o  more e x p r e s s i v e  s i n g i n g  s t y l e s  t h a t  l e a v e  t o  t h e  computer  
t h a t  which i t  d o e s  b e s t ?  
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SINGING SYNTHESIS I N  ELECTRONIC MUSIC 

Ey GERALD BENNETT, P r o f e s s o r  o f  c o m p o s i t i o n ,  M u s i k h o c h s c h u l e  Z u r i c h ,  
Schweiz 

It i s  a s p e c i a l  h o n o r  f o r  me a s  a m u s i c i a n  t o  h a v e  b e e n  i n v i t e d  t o  a 
s c i e n t i f i c  symposium on t h e  v o i c e  a s  a m u s i c a l  i n s t r u m e n t .  My work on t h e  
s i n g i n g  v o i c e  h a s  n o t  s h a r e d  t h e  o b j e c t i v e  g o a l s  o f  t h a t  o f  my f e l l o w  
s p e a k e r s  today.  h h i l e  t h e y  have p r i m a r i l y  been concerned  w i t h  t h e  under-  
s t a n d i n g  o f  complex p h y s i o l o g i c a l ,  a c o u s t i c a l ,  and l i n g u i s t i c  phenomena 
f o r  knowledge's sake ,  I have t r i e d  t o  answer  c e r t a i n  a c o u s t i c a l  q u e s t i o n s  
i n  o r d e r  t o  make music  u s i n g  t h e  computer.  

I w i l l  p r e s e n t  t h e  r e s u l t s  o f  a s t u d y  o f  f o u r  s o p r a n o  v o i c e s .  The purpose  
o f  t h e  s t u d y  w a s  t o  i m p r o v e  a p r o g r a m  f o r  s o u n d  s y n t h e s i s  by  c o m p u t e r  
which had a s  model t h e  human v o c a l  t r a c t .  I w i l l  s p e a k  p r i n c i p a l l y  about  
t h e  r e s u l t s  o f  t h i s  r e s e a r c h ;  a t  t h e  e n d  o f  t h e  t a l k ,  h o w e v e r ,  I s h a l l  
t r y  t o  i n d i c a t e  t h e  i m p o r t a n c e  o f  t h i s  and similar r e s e a r c h  f o r  computer  

sound s y n t h e s i s  i n  p a r t i c u l  - and e l e c t r o n i c  music  i n  g e n e r a l .  

B e f o r e  I b e g i n ,  I w a n t  t o  a c k n o w l e d g e  t w o  d e b t s .  The f i r s t  i s  t o  Gunnar  

F a n t ,  whose t h e o r y  o f  speech  p r o d u c t i o n  i s  o f  c e n t r a l  i m p o r t a n c e  f o r  t h i s  
p r o j e c t .  The second i s  t o  Johan Sundberg,  w i t h o u t  whose w i s e  and p r e c i o u s  
a s s i s t a n c e  t h i s  p r o j e c t  c o u l d  n e v e r  h a v e  begun .  M e i t h e r  o f  t h e s e  d e b t s  
c a n  b e  r e p a i d ;  1 am p r o u d  t o  b e  a b l e  t o  s p e a k  o f  t h e  f r u i t s  o f  t h e i r  
i n s p i r a t i o n  and a s s i s t a n c e  i n  t h e  p resence  o f  b o t h  men. 

In  December, 1978, a t  t h e  I n s t i t u t  d e  Recherche e t  C o o r d i n a t i o n  Acoust i -  
que/Musique (IRCAN) i n  P a r i s ,  Xavier Rodet,  Johan Sundberg and 1 began t o  
s y n t h e s i z e  s i n g i n g  v o i c e s  u s i n g  a compute r ,  n o t  w i t h  a n y  o f  t h e  a v a i l a b l e  
l g n g u a g e s  f o r  c o m p u t e r  s o u n d  s y n t h e s i s ,  b u t  r a t h e r  b y  m e a n s  o f  a v e r y  
power fu l  and e f f i c i e n t  program f o r  speech  s y n t h e s i s  deve loped  by Rodet 
s o m e  y e a r s  e a r l i e r  a t  t h e  l a b o r a t o r i e s  o f  t h e  C o m m i s s i o n  $ l l E n e r g i e  



A t o m i q u e  (CEA) a t  S a c l a y ,  F r a n c e .  A l t h o u g h  t h e  s t u d y  I w i l l  s p e a k  o f  

t o d a y  i s  my own,  t h e  v o c a l  s y n t h e s i s  p r o j e c t  a t  I R C A M  h a s  b e e n  c a r r i e d  
o u t  by Rodet and me j o i n t l y ;  w i t h o u t  h i s  sound s y n t h e s i s  program,  none o f  
t h i s  r e s e a r c h  would have been done. 

D e t a i l s  o f  t h e  t e c h n i q u e s  o f  s y n t h e s i s  Rodet u s e s  can  be found i n  Rodet & 

Bennet t  (1980). B r i e f l y ,  h i s  program models  t h e  r e s o n a n t  r e s p o n s e  o f  a n  
i m a g i n a r y  v o c a l  t r a c t  t o  a  v i r t u a l  s o u r c e ,  n o t  a s  i s  u s u a l l y  d o n e ,  b y  

f i l t e r i n g  t h e  s o u r c e  t o  o b t a i n  t h e  r e s o n a n t  p e a k s ,  o r  f o r m a n t s ,  b u t  
r a t h e r  by s y n t h e s i z i n g  d i r e c t l y  t h e  sound o f  e a c h  f o r m a n t  and t h e n  combi- 
n i n g  t h e  f o r m a n t s  t o  a  s i n g l e  v o i c e .  T h i s  m e t h o d  a l l o w s  t h e  u s e r  t o  
d e f i n e  and c o n t r o l  t h e  r e s u l t i n g  sound w i t h  g r e a t  p r e c i s i o n .  C the r  semi- 
n a r s  i n  music  a c o u s t i c s  a t  Stockholm have d w e l t  a t  l e n g t h  on t e c h n i q u e s  

o f  sound p r o d u c t i o n  and r e p r o d u c t i o n  by computer.  I s h a l l  n o t  r e c a p i t u -  
l a t e  any  o f  t h e s e  d i s c u s s i o n s  h e r e ,  e x c e p t  t o  d i r e c t  t h e  c u r i o u s  r e a d e r  

t o  t h e  s t a n d a r d  t e x t  Mathews (1970). 

To b e g i n  w i t h ,  l i s t e n  t o  t w o  e x a m p l e s  o f  s i n g i n g  v o i c e s  s y n t h e s i z e d  o n  
t h e  c o m p u t e r  u s i n g  R o d e t f s  me thod .  The f i r s t  (SOUND EXAMPLE 1 )  i s  a 
p h r a s e  from t h e  m a d r i g a l  "More l a s s o f 1  by Car lo  Gesualdo (ca .  1560-1613). 
The second ( S O U N D  EXAMPLE 2) is a  c o m p o s i t e  o f  compute r  v o i c e s  I used i n  
a  p i e c e  f o r  b a r i t o n e ,  f i v e  i n s t r u m e n t s  and  t a p e :  A b e r  d i e  Namen d e r  ---- 
s e l t n e n  O r t e  und a l l e s  Schone h a t t l  e r  b e h a l t e n  --- -- 

Rodet and 1 were happy t h a t  we had been a b l e  t o  s y n t h e s i z e  sounds  b e a r i n g  

a t  l e a s t  some r e s e m b l a n c e  t o  n a t u r a l  s i n g i n g  v o i c e s ,  b u t  we f o u n d  o u r  
e f f o r t s  d i s a p p o i n t i n g  from many p o i n t s  o f  view. The mos t  g l a r i n g  f a u l t  
s e e m e d  t o  be  t h e  l a c k  o f  i n d i v i d u a l i t y  o f  t h e  v o i c e s ,  a n d  a f t e r  I h a d  

f i n i s h e d  t h e  p i e c e  f o r  b a r i t o n e ,  i n s t r u m e n t s  and t a p e  i n  November, 1979, 
I s e t  o u t  t o  remedy t h i s  f a i l i n g .  

By t h i s  t i m e ,  a f t e r  a  y e a r ' s  w o r k ,  we had  l e a r n e d  t h e  f o l l o w i n g  t h i n g s :  
We knew how t o  s y n t h e s i z e  v a r i o u s  sung vowels  by d e f i n i n g  fo rmant  f r e -  
q u e n c i e s ,  a m p l i t u d e s  and bandwid ths ;  we cou ld  d i s t i n g u i s h  m a l e  and f e m a l e  
v o i c e s  i n  s y n t h e s i s  b y  d i f f e r e n c e s  i n  f o r m a n t  p o s i t i o n  f o r  t h e  s a m e  
v o w e l ,  by  d i f f e r e n c e s  i n  s p e c t r a l  r i c h n e s s ,  a n d  by d i f f e r e n c e s  i n  t h e  
behav io r  o f  t h e  f o r m a n t s  w i t h  changes  o f  fundamenta l  f r e q u e n c y ;  we were  

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



way ( s o  i n  SOUND EXAMPLE 2 e v e r y  c r e s c e n d o  and d e c r e s c e n d o  b r i n g s  a b o u t  a  
change o f  t i m b r e  i n  t h e  v o i c e ) ;  we unclerstod s o m e t h i n g  o f  t h e  n a t u r e  o f  

bo th  v i b r a t o  and t h e  a p p a r e n t l y  random f l u c t u a t i o n s  o f  f u n d a m e n t a l  f r e -  
quency we obse rved  i n  e v e r y  s i n g i n g  v o i c e ;  we m o d i f i e d  a n  a l g o r i t h m  o f  
F a n t l s  d e f i n i n g  f o r m a n t  a m p l i t u d e  and  b a n d w i d t h  i n  t e r m s  o f  f o r m a n t  
f r equency  s o  a s  t o  s i m p l i f y  g r e a t l y  t h e  u s e  o f  t h e  s y n t h e s i s  program. But 
we a l w a y s  s y n t h e s i z e d  t h e  same soprano  o r  t h e  s'ame b a r i t o n e ;  we d i d  n o t  

know how t o  d e f i n e  s e v e r a l  v o i c e s  o f  t h e  same r e g i s t e r ,  each  h a v i n g  i t s  
own f l p e r s o n a l i t y l l .  The l i t e r a t u r e  o f f e r e d  o n l y  a v e r a g e  v a l u e s  f o r  acous- 
t i c a l  p a r a m e t e r s  - t h o s e  we had used a t  t h e  b e g i n n i n g  o f  o u r  s y n t h e s i s  - 
b u t  gave  no c l u e  a s  t o  how t h e s e  v a l u e s  v a r y  among s i m i l a r  v o i c e s .  I was 
l o o k i n g  f o r  s p e c i f i c  v a l u e s  f o r  t h e  p a r a m e t e r s  w h i c h  a r e  g i v e n  t o  t h e  
s y n t h e s i s  program: f o r m a n t  f r e q u e n c i e s ,  v i b r a t o  r a t e ,  e t c ;  s i n c e  most  o f  
o u r  work h i t h e r t o  h a d  b e e n  w i t h  m a l e  v o i c e s ,  I d e c i d e d  t o  f i n d  t h e s e  

v a l u e s  by a n a l y s i n g  c a r e f u l l y  f o u r  d i f f e r e n t  s o p r a n o  v o i c e s ,  t h r e e  o f  
p r o f e s s i o n a l  women s i n g e r s  and one o f  a  boy s o p r a n o ,  aged 1 1  y e a r s .  

I made e x t e n s i v e  r e c o r d i n g s  ( t w o  t o  t h r e e  h o u r s  e a c h )  o f  t h e  t h r e e  f e m a l e  

v o i c e s ,  l e s s  e x t e n s i v e  o n e s  f o r  t h e  b o y ' s  v o i c e .  I a s k e d  t h e  s i n g e r s  t o  
s i n g  s i n g l e  n o t e s  on s p e c i f i c  v o w e l s ,  a t  v a r y i n g  s u b j e c t i v e  d y n a m i c  
l e v e l s  th roughout  t h e i r  e n t i r e  r anges .  I n  a d d i t i o n  I asked  s p e c i a l  s t u -  
d i e s  o f  e a c h  o f  t h e  women ( f o r  e x a m p l e  many d i f f e r e n t  a t t a c k s  o n  o n e  
p i t c h ,  d i f f e r e n t  t y p e s  o f  v i b r a t o  on t h e  same n o t e ,  e t c ) .  The r e c o r d i n g s  
p rov ided  t h e  m a t e r i a l  f o r  t h e  p r e s e n t  s t u d y .  

My f i r s t  and c e r t a i n l y  most  i m p o r t a n t  d i s c o v e r y  was t h a t  s p e c i f i c  s i n g l e  

v a l u e s  f o r  t h e  p a r a m e t e r s  I s o u g h t  t o  d e f i n e  were i n a d e q u a t e  t o  c h a r a c t e -  
r i z e  a  s p e c i f i c  voice .  No one v i b r a t o  r a t e  would d i s t i n g u i s h  v o i c e  A from 
v o i c e  E ;  much m o r e  i m p o r t a n t  t u r n e d  o u t  t o  b e  t h e  way i n  w h i c h  t h e  
v i b r a t o  r a t e  o f  one v o i c e  v a r i e d  under s p e c i f i c  c o n d i t i o n s ,  compared t o  
t h a t  o f  a n o t h e r  v o i c e .  I v e r y  s o o n  r e a l i z e d  t h a t  I w a s  l o o k i n g  n o t  f o r  

u n i q u e  v a l u e s  b u t  r a t h e r  f o r  r u l e s  o f  b e h a v i o r  o f  t h e  m o s t  i m p o r t a n t  
a c o u s t i c a l  f e a t u r e s  f o r  e a c h  v o i c e .  A f i r s t  a n a l y s i s  s u g g e s t e d  t h a t  t h e  
f o l l o w i n g  f i v e  a s p e c t s  o f  e a c h  v o i c e  shou ld  be s t u d i e d  c a r e f u l l y :  



1. t i m b r e  ( s p e c t r u m )  

2. o v e r a l l  sound p r e s s u r e  l e v e l  
3. v i b r a t o  r a t e  and a m p l i t u d e  
4 .  random v a r i a t i o n  o f  fundamental .  f r equency  . 
5. a t t a c k  p a t t e r n s  

I s h a l l  speak  a b o u t  each  of t h e s e  f i v e  a s p e c t s  s e p a r a t e l y .  

1. Timbre 

F o r  e a c h  o f  t h e  f o u r  v o i c e s  I t r i e d  t o  model t h e  a c o u s t i c a l  spec t rum a s  

p r e c i s e l y  a s  p o s s i b l e .  I n  o u r  s y n t h e s i s  program t h i s  meant s i m p l y  d e f i -  
n i n g  c e n t e r  f r e q u e n c i e s  f o r  e a c h  f o r m a n t ,  f o r  t h e  program c a l c u l a t e d  t h e  
a p p r o p r i a t e  f o r m a n t  a m p l i t u d e s  a n d  b a n d w i d t h s  i t s e l f .  I n  f a c t ,  t h i s  
a u t o m a t i c  c a l c u l a t i o n  o f  fo rmant  bandwidth  and a m p l i t u d e  worked well f o r  
t h e  women's v o i c e s ;  i t  d i d  n o t  work a t  a l l  f o r  t h e  boy's v o i c e ,  presumab- 
l y  because  o u r  a l g o r i t h m  was d e r i v e d  from measurements  o f  a d u l t  v o i c e s .  
Fience, S O U N D  EXAMPLE 3 g i v e s  o n l y  e x a m p l e s  o f  s y n t h e s i s  o f  t h e  women's 
v o i c e s .  I n  t h e  sound example one c a n  compare t h e  t i m b r e s  o f  t h e  n a t u r a l  
v o i c e s  b i i t h  t h o s e  o f  t h e  s y n t h e s i z e d  v o i c e s ;  i n  t h e  e x a m p l e ,  a  s h o r t  
s e c t i o n  o f  a  sung n o t e  is f o l l o w e d  by t h e  s y n t h e s i z e d  t i m b r e  f o r  e a c h  o f  
t h e  t h r e e  s i n g e r s .  

F i g .  l a  a n d  1 b  show t h e  s p e c t r u m  o f  o n e  o f  t h e s e  s u n g  n o t e s  a n d  t h a t  o f  

my i m i t a t i o n  r e s p e c t i v e l y .  Frequency i s  on t h e  h o r i z o n t a l  a x i s  and a m p l i -  
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t u d e  o f  t h e  v e r t i c a l ,  m e a s u r e d  i n  dB l e s s  t h a n  t h e  m a x i m a l  a m p l i t u d e  
f o u n d  i n  t h e  s p e c t r u m .  The r e g u l a r l y  s p a c e d  r a y s  r e p r e s e n t  t h e  s o u n d ' s  
p a r t i a l s .  
You w i l l  r e m a r k  t h a t  i n  t h e  l o w e r  p a r t  o f  t h e  s p e c t r u m  t h e  i m i t a t i o n  is  
q u i t e  good,  e a c h  p a r t i a l  h a v i n g  n e a r l y  t h e  a m p l i t u d e  o f  t h e  c o r r e s p o n d i n g  
p a r t i a l  i n  t h e  o r i g i n a l .  I n  t h e  h i g h e r  end o f  t h e  s p e c t r u m  t h e  i m i t a t i o n  
i s  l e s s  e x a c t :  t h i s  s y n t h e s i z e d  sound shows somewhat more e n e r g y  i n  t h e  
u p p e r  f o r m a n t s .  T h i s  i m p r e c i s i o n  may b e  d u e  t o  t h e  i n e x a c t n e s s  o f  t h e  
a u t o m a t i c  c a l c u l a t i o n  o f  a m p l i t u d e  and bandwidth  o f  e a c h  f o r m a n t ,  o r  i t  
may be due  t o  a  d i f f e r e n c e  i n  t h e  s o u r c e  spec t rum s l o p e s  o f  t h e  r e a l  and 
t h e  s y n t h e t i c  v o i c e s  ( S u n d b e r g  1981).  I n  t h e  f o l l o w i n g  d i s c u s s i o n  we 
s h a l l  s e e  how t o  c o r r e c t  t h i s  d i f f e r e n c e .  

Fig .  2 

38 



2. O v e r a l l  sound p r e s s u r e  l e v e l  

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

keep ing  t h e  sound p r e s s u r e  l e v e l  (SPL) a s  n e a r l y  e q u a l  as p o s s i b l e .  Each 
o f  t h e  f o u r  s i n g e r s  s a n g  m o r e  l o u d l y  i n  t h e  u p p e r  p a r t  o f  h e r  o r  h i s  
r a n g e  t h a n  i n  t h e  l o w e r ,  b u t  f o r  e a c h  o f  t h e  s i n g e r s  t h e  SPL i n c r e a s e d  
a m p l i t u d e  a t  a  d i f f e r e n t  r a t e  a n d  r e a c h e d  i t s  maximum a t  a  d i f f e r e n t  

p o i n t  i n  t h e  range.  Not t h e  s p e c i f i c  v a l u e s  f o r  any  one  p i t c h ,  b u t  r a t h e r  
t h e  b e h a v i o r  o f  t h e  SPL o v e r  t h e  e n t i r e  r a n g e  w a s  c h a r a c t e r i s t i c  a n d  

i n d i v i d u a l  f o r  e a c h  s i n g e r .  Fig .  2 i l l u s t r a t e s  t h e  r e s u l t s  o f  t h e  measu- 
r e m e n t s  o f  o v e r a l l  SPL as a  f u n c t i o n  o f  p i t c h .  

h e r e  t h e  change i n  a m p l i t u d e  c l e a r l y  s e e m s  t o  be a  f u n c t i o n  o f  fundamen- 
t a l  f requency.  The v e r t i c a l  s c a l e  shows how much s o f t e r  t h a n  t h e  l o u d e s t  

n o t e  e a c h  n o t e  o f  t h e  a r p e g g i o  was. You s e e  f o r  i n s t a n c e  t h a t  s i n g e r  DD 
had  t h e  g r e a t e s t  d y n a m i c  c h a n g e  ( b u t  a l s o  t h e  g r e a t e s t  p i t c h  r a n g e ) ,  
s i n g e r  IiP t h e  l e a s t .  You a l s o  s e e  t h a t  JLB h a s  a  " b r e a k u  i n  h e r  v o i c e  
a r o u n d  415 Hz ( G B 4 ) .  S i n g e r  D H ,  t h e  boy  s o p r a n o ,  h a s  a l e s s  d r a m a t i c  
b r e a k  around 550 Hz (C#5) .  I n  my i m i t a t i o n s ,  I t o o k  a c c o u n t  o f  t h e  s l o p e  
o f  t h e  i n c r e a s i n g  SPL, t h e  f requency  a t  which i t  was a t  a  maximum and t h e  
s l o p e  o f  i t s  decrease ."  

khen a  s i n g e r  makes a  c r e s c e n d o ,  h e  changes  n o t  o n l y  t h e  l o u d n e s s e  o f  t h e  
n o t e  sung ,  b u t  a l s o  i ts  t i m b r e .  I n  p a r t i c u l a r ,  t h e  a m p l i t u d e  o f  t h e  upper  

f o r m a n t s  i n c r e a s e s  more r a p i d l y  t h a n  t h a t  o f  t h e  fundamenta l  a s  t h e  n o t e  
g e t s  louder .  T h i s  change i n  spec t rum r e f l e c t s  change i n  t h e  v o i c e  s o u r c e  
d u e  t o  t h e  i n c r e a s e d  s u b g l o t t i c  p r e s s u r e .  We h a d  a l r e a d y  m o d e l l e d  t h i s  
t i m b r a l  change i n  o u r  o r i g i n a l  s y n t h e s i s  program,  t h a n k s  t o  d a t a  g i v e n  u s  
by Johan Sundberg. h e  had o r i g i n a l l y  assumed t h a t  f o r m a n t s  two and h i g h e r  

* These measurements  o f  SPL a r e  v e r y  approx imate .  For  more p r e c i s e  measu- 
r e m e n t s ,  m i c r o p h o n e  p o s i t i o n  a n d  d i s t a n c e  would  n e e d  t o  b e  c o n t r o l l e d  
more e x a c t l y .  S i n c e  t h e  g o a l  o f  t h e s e  s t u d i e s  was t o  t r a c e  p a t t e r n s  and 
n o t  t o  d e f i n e  unique v a l u e s ,  t h i s  d e g r e e  o f  p r e c i s i o n  seemed unnecessa ry ,  
e s p e c i a l l y  i n  v iew o f  t h e  much more i m p o r t a n t  a m p l i t u d e  changes  s i n g e r s  
c o n s t a n t l y  make f o r  e x p r e s s i v e  r e a s o n s .  
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a l l  changed a m p l i t u d e  by t h e  same amount. L a t e r  w e  f e l t  i t  more approp- 
r i a t e  t o  i n c r e a s e  t h e  a m p l i t u d e  o f  t h e  h i g h e r  f o r m a n t s  f a s t e r  t h a n  t h a t  
o f  t h e  l o w e r  f o r m a n t s .  F i g .  3 s h o w s  t h e  p r i n c i p l e  o f  t h e  p r e s e n t  a l g o -  
r i t h m .  

In  a n a l y s i n g  my r e c o r d i n g s ,  1 found t h e  a m p l i t u d e  o f  t h e  f o r m a n t  ' l h i l l f i  
around t h e  t h i r d  and f o u r t h  f o r m a n t s  of t h e  l o u d e s t  n o t e s  t o  be  abou t  20 
dE g r e a t e r  t h a n  i n  t h e  s o f t e s t  n o t e s  ( i n  t h e  i l l u s t r a t i o n s  o f  s p e c t r a  a l l  
a m p l i t u d e s  a r e  s c a l e d  t o  t h e  l o u d e s t  p a r t i a l ,  u s u a l l y  t h e  f u n d a m e n t a l ,  
b u t  s o m e t i m e s  - s e e  F i g .  l a  - t h e  s e c o n d  p a r t i a l ) .  I n  o u r  s y n t h e s i s  we 
now model t h i s  20 dB change,  l i n k i n g  i t  a p p r o x i m a t e l y  m o n o t o n i c a l l y  t o  
t h e  o v e r a l l  SFL o f  t h e  no te .  I n  a d d i t i o n ,  we can  d i f f e r e n t i a t e  i n d i v i d u a l  
v o i c e s  by d e f i n i n g  a )  t h e  h i g h e s t  f r e q u e n c y  w h o s e  a m p l i t u d e  d o e s  n o t  
i n c r e a s e  f a s t e r  t h a n  t h e  o v e r a l l  SPL, a n d  b )  t h e  f r e q u e n c y  t o  w h i c h  t h e  
obse rved  20 dB change a p p l i e s .  These p o i n t s  a r e  marked - a  and - b  r e s p e c t i -  
v e l y  i n  F i g .  3. I n t e r m e d i a t e  a m p l i t u d e s  a r e  s c a l e d  p r o p o r t i o n a l l y .  Our 
s y n t h e s i s  a l l o w s  no  d i r e c t  c o n t r o l  o v e r  t h e  s p e c t r u m  o f  t h e  s o u r c e  a s -  
sumed t o  be e x c i t i n g  t h e  f o r m a n t s .  There fo re  we mus t  mimic t h e  e f f e c t s  o f  
s p e c t r a l  c h a n g e  i n  t h e  s o u r c e  i n  t h e  r e s u l t i n g  s o u n d  i t s e l f .  The a l g o -  
r i t h m  which d o e s  t h i s  i s  des igned  s o  t h a t  t h e  a m p l i t u d e s  o f  a l l  f o r m a n t s  
b e l o w  f r e q u e n c y  - b  v a r y  w i t h  o v e r a l l  SPL l e s s  t h a n  2 0  dB, w h i l e  t h e  

a m p l i t u d e s  o f  t h e  f o r m a n t s  a b o v e  f r e q u e n c y  - b  v a r y  m o r e  t h a n  2 0  dB. The 



l o w e r  t h e  f r e q u e n c y  o f  - b ,  t h e  g r e a t e r  t h e  i n c r e a s e  i n  a m p l i t u d e  o f  t h e  
h i g h e r  fo rmants .  The r e s u l t  i s  r o u g h l y  s q u i v a l e n t  t o  v a r y i n g  t h e  s l o p e  o f  
t h e  spec t rum o f  t h e  voice  s o u r c e  w i t h  t h e  o v e r a l l  SPL. I n  SOUND EXAMPLE 4  
you h e a r  s c a l e s  s u n g  by s y n t h e t i c  v o i c e s  u s i n g  t h e  t i m b r a l  mode l s  o f  t h e  
t h r e e  woman s i n g e r s  and i m i t a t i n g  t h e  p a t t e r n s  o f  SPL e v o l u t i o n  shown i n  
F i g .  3 ( w i t h o u t  t h e  b r e a k  i n  JLB's v o i c e ) .  

3. V i b r a t o  r a t e  and ampl i tude  -- 

Vibra to  is a  more complex phenomenon t h a n  e i t h e r  s p e c t r a l  d e f i n i t i o n  o r  
S P L  b e h a v i o r  f o r  t h e  c h a r a c t e r i z a t i o n  o f  a n  i n d i v i d u a l  v o i c e ,  b e c a u s e  
changes  i n  v i b r a t o  a r e  more i n t i m a t e l y  l i n k e d  t o  e x p r e s s i v e  i n t e n t i o n s .  
My r e m a r k s  h e r e  a p p l y  o n l y  t o  a  n e u t r a l  v i b r a t o  o f  t h e  k ind  most  s i n g e r s  
em ploy unconsc ious ly .  

We must c o n s i d e r  two a s p e c t s  o f  v i b r a t o :  v i b r a t o  r a t e  and v i b r a t o  a m p l i -  
tude .  V i b r a t o  is  a more o r  l e s s  r e g u l a r  change o f  p i t c h  around a  n o m i n a l  
c e n t e r  f r e q u e n c y ;  by v i b r a t o  r a t e  I mean t h e  f r e q u e n c y  o f  t h i s  r e g u l a r  
change,  by a m p l i t u d e  i t s  d e p t h  o r  e x c u r s i o n  abou t  t h i s  c e n t e r  p i t c h .  Fig. 
4a i l l u s t r a t e s  t h e  v i b r a t o  o f  a  sung  Bb4. 

You s e e  t h a t  t h e  n o t e  i s  a t t a c k e d  f r o m  b e l o w ;  t h e  v i b r a t . 0  b e g i n s ,  i n -  
c r e a s e s  t o  a  maximum o f  a b o u t  p l u s  and minus 16 Hz, o r  more t h a n  a  

TlME (sec)  
F 1 ~ ~ x - e  La 

T lME (sec) 

F l y r e  4b 

Fig.  4a and b .  



q u a r t e r  t o n e  i n  each  d i r e c t i o n ,  t h e n  d e c r e a s e s  and i n c r e a s e s  once  more a t  
t h e  e n d  o f  t h e  n o t e .  The v i b r a t o  r a t e  i s  r a t h e r  s l o w e r  a t  t h e  b e g i n n i n g  
o f  t h e  n o t e ,  r e a c h i n g  an a p p a r e n t  t a r g e t  v a l u e  ( a b o u t  6 Hz) a f t e r  appro-  
x i m a t e l y  t w o  s e c o n d s .  F i g  4b s h o w s  t h e  s p e c t r a l  e v o l u t i o n  o f  t h e  s a m e  
n o t e  ( low p a r t i a l s  a r e  a t  t h e  back,  h i g h e r  o n e s  i n  f r o n t ,  a m p l i t u d e  is i n  
t h e  v e r t i c a l  p lane) .  

Here  you s e e  a  s t r o n g  i n i t i a l  a t t a c k  i n  t h e  f i r s t  p a r t i a l  (maximum a t  

about  0.9 s e c o n d s ) ,  t h e n  a  d e c r e a s e  o f  a m p l i t u d e  f o l l o w e d  by a n  i n c r e a s e  
w i t h  maximum a t  2.5 s e c o n d s ,  and a  f i n a l  d e c r e a s e  of a m p l i t u d e .  You a l s o  
s e e  t h e  e n t r a n c e  o f  t h e  h i g h e r  p a r t i a l s  a s  t h e  n o t e  g e t s  l o u d e r ,  a v e r y  

c l e a r  i l l u s t r a t i o n  o f  t h e  way t i m b r e  changes  w i t h  a m p l i t u d e .  (Note  t h a t  
t h e  a m p l i t u d e  s c a l e  i n  t h i s  f i g u r e  i s  l i n e a r  and s o  g i v e s  a  q u i t e  d i f f e -  

r e n t  p i c t u r e  of  t h e  r e l a t i o n s h i p  between l o w e r  and upper  f o r m a n t  a r e a s  
t h a n  do t h e  o t h e r  f i g u r e s . )  

Ey c o m p a r i n g  F i g .  4a w i t h  F i g .  4b we c a n  s e e  t o  w h a t  e x t e n t  v i b r a t o  

a m p l i t u d e  i s  dependent  on a  n o t e ' s  fundamenta l  a m p l i t u d e .  Gnly o n c e  do we 
s e e  a  d i s c r e p a n y  between t h e  two: a t  t h e  end o f  t h e  n o t e  t h e  a m p l i t u d e  o f  
t h e  fundamenta l  d e c r e a s e s  r a p i d l y  w h i l e  t h e  v i b r a t o  a m p l i t u d e  i n c r e a s e s .  
I have no ted  t h i s  i n c r e a s e  i n  v i b r a t o  a m p l i t u d e  a t  t h e  end o f  a n o t e  i n  
most  o f  t h e  s i n g e r s  bo th  male  and f e m a l e  whom I h a v e  recorded .  I i m a g i n e  
t h a t  t h e  i n c r e a s e d  v i b r a t o  a m p l i t u d e  h e l p s  keep  t h e  s o f t  sound i n t e r e s -  
t i n g  and r e l a t i v e l y  f u l l  i n  t i m b r e .  

I n  F i g .  4b we a l s o  s e e  l a r g e  f l u c t u a t i o n s  o f  a m p l i t u d e  i n  e a c h  o f  t h e  
p a r t i a l s  hav ing  t h e  same p e r i o d  a s  t h e  v i b r a t o  v a r i a t i o n s  i n  fundamenta l  
f requency.  These f l u c t u a t i o n s  do n o t  r e f l e c t  changes  i n  a m p l i t u d e  o f  t h e  
s o u r c e  s i g n a l  synchronous  w i t h  t h e  changing f u n d a m e n t a l  f r e q u e n c y  ( t h e r e  
a r e  n o n e ) .  I n s t e a d  t h e  c h a n g e s  a r e  p r o d u c e d  by t h e  s i g n a l ' s  p a s s i n g  
t h r o u g h  t h e  n a r r o w  b a n d w i d t h  r e s o n a n c e s  o f  t h e  v o c a l  t r a c t :  a s  a v o i c e  
s o u r c e  p a r t i a l  changes  f r e q u e n c y  because  o f  v i b r a t o ,  i t  may move c l o s e r  
i n  f r e q u e n c y  t o  t h e  c e n t e r  o f  a  r e s o n a n c e .  A s  i t  d o e s  s o ,  i t s  a m p l i t u d e  
i n c r e a s e s ,  and a s  i t  moves away, i t s  a m p l i t u d e  d e c r e a s e s  a g a i n .  S i n c e  t h e  
v o c a l  t r a c t ' s  r e s o n a n c e s  a r e  u n l i k e l y  t o  be  t u n e d  t o  t h e  p a r t i a l s  o f  a  
n o t e  ( a l t h o u g h  i t  seems t h a t  c e r t a i n  s i n g e r s ,  p a r t i c u l a r l y  s o p r a n o s ,  make 
some e f f o r t  t o  t u n e  t h e i r  f o r m a n t s  t o  t h e  n e a r e s t  p a r t i a l s  o f  l o n g  

n o t e s ) ,  d i f f e r e n t  p a r t i a l s  w i l l  r e a c h  t h e i r  maxima a t  d i f f e r e n t  t i m e s .  I n  
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f a c t ,  t h i s  c a n  be  s e e n  i n  F i g .  4b:  c o m p a r e  p a r t i a l s  L a n d  7 m o v i n g  
t h r o u g h  t w o  d i f f e r e n t  r e s o n a n c e s ) .  The i m p o r t a n c e  o f  t h e  v i b r a t o  f o r  a  
s i n g e r  s e e m s  t o  me t o  l i e  i n  v i b r a t o ' s  a b i l i t y  t o  a m p l i f y  t h e  v o i c e  a n d  
t o  e n r i c h e n  i t s  t i m b r e  by  e n s u r i n g  t h a t  t h e  p a r t i a l s  n e a r  a  f o r m a n t  

a c t u a l l y  b r i n g  t h a t  fo rmant  t o  g r e a t e s t  resonance.  

I n  my a r p e g g i o  r e c o r d i n g s  I measured b o t h  v i b r a t o  r a t e  and v i b r a t o  a m p l i -  
t u d e  a s  a  f u n c t i o n  o f  fundamenta l  f requency.  Fig .  5a and 5 b  summarize  t h e  

r e s u l t s  o f  t h e s e  measurements.  

The v i b r a t o  r a t e  i n c r e a s e s  w i t h  h i g h e r  p i t c h  i n  a l l  f o u r  v o i c e s  u p  t o  a  
maximum, a f t e r  which i t  d e c r e a s e s  aga in .  The p a t t e r n  i s  much l i k e  t h a t  o f  
a m p l i t u d e  e v o l u t i o n ,  a l t h o u g h  much more d e t a i l e d  s t u d i e s  t h a n  mine would 
be  n e c e s s a r y  t o  e x p l o r e  t h e  r e l a t i o n s h i p  he re .  Cn t h e  o t h e r  hand,  v i b r a t o  
a m p l i t u d e ,  which i n  Fig. 4a and 4b seemed c l e a r l y  r e l a t e d  t o  f u n d a m e n t a l  
a m p l i t u d e ,  a c t s  i n  F ig .  5 b  much m o r e  l i k e  a n  i n d e p e n d e n t  f a c t o r ,  o r  \ 

r a t h e r  l i k e  a  f a c t o r  m o r e  d e p e n d e n t  o n  a e s t h e t i c  c h o i c e  t h a n  o n  t h e  
u n c o n t r o l l e d  p h y s i c a l  b e h a v i o r  o f  t h e  vo ice .  Three o f  t h e  s o p r a n o s  n a r r o w  
t h e  a m p l i t u d e  o f  t h e i r  v i b r a t o s  a s  t h e y  move up t h e i r  r a n g e s .  One i n -  
c r e a s e s  t h e  a m p l i t u d e  o f  h e r  v i b r a t o  w i t h  h i g h e r  p i t c h ,  p resumably  be- 

c a u s e  s h e  p r e f e r s  a  deep v i b r a t o  on h i g h  n o t e s  and n o t  because  s h e  c a n n o t  
s i n g  o t h e r w i s e .  The SOUNC EXAMPLE 5 i l l u s t r a t e s  a s y n t h e s i z e d  v o i c e  

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

t i m e .  

4. Random v a r i a t i o n  o f  fundamental  f r e q u e n c y  - 

If we s t u d y  F ig .  4a  a g a i n  c a r e f u l l y ,  we f i n d  t h a t  t h e  f u n d a m e n t a l  f r e -  
q u e n c y  i s  by  n o  m e a n s  s t a b l e ,  b u t  r a t h e r  f l u c t u a t e s  i n  a n  i r r e g u l a r  
movement. 

As f a r  a s  we know, t h e s e  f l u c t u a t i o n s  a r e  t r u l y  r a n d o m  and r e f l e c t  m i -  
n u t e ,  u n c o n t r o l l e d  v a r i a t i o n s  i n  t h e  t e n s i o n  o f  t h e  m u s c l e s  o f  t h e  v o c a l  
f o l d s .  These s m a l l  v a r i a t i o n s  a r e  e s s e n t i a l  t o  a n y  c o n v i n c i n g  s y n t h e s i s  
o f  t h e  s i n g i n g  v o i c e :  w i t h o u t  t h e m  e v e n  t h e  m o s t  c a r e f u l l y  p l a c e d  f o r -  
mants  and t h e  most  e l e g a n t  v i b r a t o  sound m a c h i n e - l i k e ;  i n  t h e i r  p r e s e n c e ,  
t h e  e a r  excuses  s m a l l  f a u l t s  o f  t i m b r e  and v i b r a t o .  SOUNC EXAMPLE 6 shows 
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t h e  i m p o r t a n c e  o f  r andom v a r i a t i o n  o f  f u n d a m e n t a l  f r e q u e n c y :  t h e  t w o  
s y n t h e s i z e d  n o t e s  a r e  i d e n t i c a l  e x c e p t  f o r  t h e  p r e s e n c e  o f  random v a r i a -  
t i o n  of fundamenta l  f r equency  i n  t h e  second note .  

Fig.  7 shows t h e  r e s u l t s  o f  t h e  measurement o f  random fundamenta l  f r e -  
quency v a r i a t i o n  a s  a  f u n c t i o n  o f  p i t c h  f o r  o u r  f o u r  sopranos .  

I n  g e n e r a l  t h e  random v a r i a t i o n  d e c r e a s e s  w i t h  a s c e n d i n g  p i t c h .  The 
l a r g e s t  v a r i a t i o n s  a r e  t o  b e  f o u n d  a t  t h e  l o w e r  e n d  o f  t h e  a r p e ; ~  i o s ,  
o u t s i d e  t h e  a c t u a l  soprano  r a n g e ,  where  c o n t r o l  o v e r  p i t c h  and t i m b r e  is  
n a t u r a l l y  l e s s  p r e c i s e  b e c a u s e  o f  t h e  g r e a t  r e l a x a t i o n  o f  t h e  v o c a l  
f o l d s .  A s  t h e  v o i c e  moves up t h r o u g h  t h e  r a n g e ,  t h e  t e n s i o n  o f  t h e  v o c a l  
f o l d s  is i n c r e a s e d ,  and t h e  random v a r i a t i o n s  of p i t c h  become s m a l l e r .  

O f  t h e  f o u r  a s p e c t s  o f  t h e  v o i c e  t h u s  f a r  d i s c u s s e d ,  random fundamenta l  
f r equency  v a r i a t i o n  seems t o  show t h e  l e a s t  d i f f e r e n c e  i n  b e h a v i o r  be t- 
ween i n d i v i d u a l  v o i c e s .  N e v e r t h e l e s s ,  I t h i n k  i t  i m p o r t a n t  t o  model t h e  
g e n e r a l  d e c r e a s e  i n  t h e  e x c u r s i o n  o f  t h e  random v a r i a t i o n  w i t h  i n c r e a s i n g  
p i t c h ,  and one can e a s i l y  i m a g i n e  d e s i g n i n g  a s y n t h e t i c  v o i c e  where t h e  
p a t t e r n  o f  change o f  t h e  random fundamenta l  f r e q u e n c y  v a r i a t i o n  would be  
a n  i m p o r t a n t  p a r t  o f  t h e  " p e r s o n a l i t y "  o f  t h e  vo ice .  



5. A t t a c k  p a t t e r n s  

I n  a g e n e r a l  way,  i t  seem t h a t  e a c h  s i n g e r  h a s  a r e p e r t o i r e  o f  a t t a c k  

p a t t e r n s ,  m o r e  o r  l e s s  e x t e n s i v e ,  d e p e n d i n g  on t h e  a t t e n t i o n  h e  o r  s h e  
h a s  g i v e n  t h e  m a t t e r .  I n  my r e c o r d i n g s ,  e a c h  o f  t h e  s i n g e r s  had c h a r a c t e -  
r i s t i c  a t t a c k s .  JLB, f o r  example ,  u s u a l l y  o v e r s h o o t s  t h e  t a r g e t  p i t c h  o f  
a  h e l d  n o t e  by between 8% a t  E4 and 4% a t  G 1 5  ( t h e  o v e r s h o o t  r e a c h e s  15% 
- 20% a t  t h e  l o w e r  e x t r e m e  o f  t h e  r a n g e  b e l o w  C4). The l e n g t h  o f  t h e  
o v e r s h o o t  ( t h a t  i s  t h e  t i m e  f o r  t h e  b e g i n n i n g  o f  t h e  n o t e  u n t i l  t h e  
t a r g e t  p i t c h  i s  s t a b l e )  is a b o u t  0.5 second a t  t h e  l o w e r  end o f  t h e  r a n g e  
and about  0.1 second a t  t h e  upper  end. Fig. 8 a  - 8f show t h e  f u n d a m e n t a l  
f r e q u e n c y  p a t t e r n s  o f  t h e  s i x  n o t e s  i n  a n  E - m a j o r  a r p e g g i o  f r o m  E3 t o  
G85. The v e r t i c a l  a x i s  r e p r e s e n t  f r equenccy  i n  Hz, t h e  h o r i z o n t a l  t i m e  i n  
s e c o n d s .  E o t e  p a r t i c u l a r l y  t h e  o v e r s h o o t  a t  t h e  b e g i n n i n g  o f  e a c h  n o t e  
and t h e  i r r e g u l a r  v i b r a t o ,  compared w i t h  t h e  v i b r a t o  i n  Fig. 4a. 

S i n g e r  NB a l s o  a t t a c k s  t h e  n o t e s  i n  t h e  l o w e r  p a r t  o f  h e r  r a n g e  f r o m  

above (Fig.  9a-gd), b u t  s h e  t a k e s  much l o n g e r  t h a n  soprano  JLD t o  r e a c h  
a  s t a b l e  p i t c h  ( f r o m  o n e  t o  t w o  s e c o n d s ) .  She  a t t a c k  h i g h e r  n o t e s  f r o m  
below and r e a c h e s  t a r g e t  p i t c h  somewhat f a s t e r  t h a n  f o r  l o w e r  n o t e s ;  h e r  

v i b r a t o  is much more r e g u l a r  t h a n  JLBgs ( c f  Fig. 9e  and 9 f ) .  

F i g .  8. 
TIME ( s e t )  
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C l e a r l y ,  a  c o m p u t e r  p r o g r a m  o f f e r i n g  d y n a m i c  c o n t r o l  o v e r  p i t c h  a n d  
a m p l i t u d e  c a n  r e a l i z e  a t t a c k  p a t t e r n s  l i k e  t h e s e  w i t h o u t  d i f f i c u l t y .  Eut 
b e s i d e s  s t u d y i n g  a t t a c k  p a t t e r n s ,  we must a l s o  c o n s i d e r  t h e  b e h a v i o r  o f  
t h e  g l o b a l  f u n d a m e n t a l  f r e q u e n c y  o f  i n d i v i d u a l  n o t e s .  S i n g e r  D D ,  f o r  
i n s t a n c e ,  a l w a y s  f l a t t e n s  f u n d a m e n t a l  f r e q u e n c y  b y  a  f e w  Hz when s h e  
makes a  c rescendo .  

6 .  C i s c u s s i o n  

What i s  t h e  i n t e r e s t  o f  s u c h  a n a l y s i s  f o r  e l e c t r o n i c  m u s i c ?  O f  c o u r s e ,  
f o r  me t h e  most  immedia te  i n t e r e s t  h a s  been i n  improv ing  t h e  s y n t h e s i s  o f  

s i n g i n g  v o i c e s  by computer.  Th i s  h a s  been t h e  g o a l  o f  a l l  my work, and my 
r e s e a r c h  h a s  b e e n  f o r m u l a t e d  t o  p r o v i d e  s p e c i f i c  a n s w e r s  t o  s p e c i f i c  
problems o f  s y n t h e s i s .  But why d i d  I choose  t o  i m i t a t e  s i n g i n g  v o i c e s  a t  
a 1  l ?  



My o r i g i n a l  i n t e r e s t  i n  hav ing  t h e  computer  s y n t h e s i z e  s i n g i n g  v o i c e s  was 
c o m p o s i t i o n a l .  O f  c o u r s e ,  s t r a i g h t  i m i t a t i o n  is n o t  v e r y  e x c i t i n g :  t h e r e  
i s  n o  s e n s e  s p e n d i n g  s u c h  t i m e  a n d  e f f o r t  o n  s o m e t h i n g  s i n g e r s  w i l l  

a l w a y s  do b e t t e r  t h a n  t h e  computer .  But I cou ld  i m a g i n e  many c o m p o s i t i o -  
n a l  s i t u a t i o n s  w h e r e  I w a n t e d  a n  e x t e n s i o n  o f  t h e  human s i n g i n g  v o i c e ,  
e i t h e r  i n  a  d i r e c t i o n  no s i n g e r  cou ld  g o ,  o r  w i t h o u t  conveying t h e  s e n s e  
o f  p h y s i c a l  e f f o r t  a  human s i n g e r  would  e x p e n d  t o  r e a l i z e  t h e  e f f e c t .  
Here  o n l y  s y n t h e t i c  v o i c e s  would  d o ;  a t  t h e  s a m e  t i m e ,  t h e  i n t r i n s i c  

q u a l i t y ,  t h e  c o m p l e x i t y  and t h e  s u b t l e t y  o f  t h e  s y n t h e s i z e d  v o i c e s  shou ld  
be comparab le  t o  t h o s e  o f  t h e  n a t u r a l  v o i c e ;  hence  t h e  i n t e r e s t  i n  a c h i e -  
v i n g  a  good  i m i t a t i o n .  B u t  t o  i m i t a t e  w e l l  n e c e s s i t a t e s  u n d e r s t a n d i n g  
w e l l  what s i n g e r s  do when t h e y  s i n g ;  t h e r e f o r e  s t u d i e s  l i k e  t h e  p r e s e n t  
o n e s  must  be  made. 

Th i s  r e s e a r c h  h a s  a  more c o m p l i c a t e d  r e l a t i o n  t o  e l e c t r o n i c  m u s i c ,  l e s s  
d i r e c t l y  a p p l i c a b l e  t h a n  measurab le  r e s u l t s ,  t o  b e  unders tood  r a t h e r  i n  
an  i l l u s t r a t i v e  sense .  These s t u d i e s  g i v e  t h e  composer  a  g l i m p s e  o f  how 
c o m p l e x  a n d  how d e l i c a t e  t h e  i n n e r  s t r u c t u r e  o f  s o u n d  i s  a n d  s h o w  him 
i n t e r r e l a t i o n s h i p s  between p h y s i c a l  d i m e n s i o n s  o f  sound which may g i v e  
gu idance  f o r  c o n s t r u c t i n g  new and r i c h  i m a g i n a r y  s o n o r o u s  worlds .  

E l e c t r o n i c  music  h a s  a l w a y s  seemed t o  o f f e r  composers  u n l i m i t e d  p o s s i b i -  
l i t i e s  f o r  making new sounds.  The t e c h n i c a l  d i f f i c u l t y  h a s  a l w a y s  been t o  
a v o i d  u s i n g  t h i s  r i c h n e s s  i n  a  m e r e l y  a n e c d o t a l  o r  d e c o r a t i v e  way, b u t  
r a t h e r  t o  c h o o s e  f r o m  t h e  i n f i n i t y  o f  p o s s i b i l i t i e s  s o u n d s  v a r i e d  a n d  

s a t i s f y i n g  t o  t h e  e a r  and y e t  u n i f i e d  z t  some d e e p e r  l e v e l .  Many compser 
h a v e  e x p e r i e n c e d  how s y n t h e t i c  s o u n d s  e m p i r i c a l l y  c h o s e n  f o r  a  p i e c e ,  
e a c h  i n  i t s e l f  i n t e r e s t i n g  and complex,  b u t  w i t h o u t  s t r u c t u r a l  r e l a t i o n  
t o  t h e  o t h e r s ,  seem t o  l o o s e  much o f  t h e i r  i n t e r e s t  and c o m p l e x i t y  when 
c o m b i n e d .  h e r e  t h e  e a r  s e e m s  v e r y  d e m a n d i n g ,  a s  i f  i t  w e r e  c a p a b l e  o f  
pe r fo rming  a n a l y s i s  t o  d e t e r m i n e  t h e  d e r i v a t i o n  and t h e  i n n e r  c o n s  t i t u e n -  
c y  o f  sound. Johan Sundberg has  spoken o f  how s e n s i t i v e  t h e  e a r  i s  t o  t h e  
q u a l i t y  o f  l l n a t u r a l n e s s v  i n  s y n t h e t i c  v o i c e s :  t h e  f a c t  t h a t  mos t  p h y s i c a l  
c h a r a c t e r i s t i c s  o f  t h e  v o i c e  can v a r y  o n l y  w i t h i n  s t r i c t l y  f i x e d  bounda- 
r i e s ;  even t h e  s l i g h t e s t  t r a n s g r e s s i o n  o f  t h e  b o u n d a r i e s  makes t h e  v o i c e  
s o u n d   unnatural^, w h i l e  w i t h i n  t h e s e  b o u n d a r i e s  g r e a t  v a r i a t i o n  i s  
p o s s i b l e .  S u n d b e r g  b e l i e v e s  ( i f  I u n d e r s t a n d  h i m  c o r r e c t l y )  t h a t  t h i s  

j u d g e m e n t  i s  b a s e d  on a n  a n a l y s i s  o f  how t h e  s o u n d  is  p r o d u c e d ;  i f  t h e  



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

means, we i m m e d i a t e l y  l o o s e  a  g r e a t  d e a l  o f  o u r  d i s c r i m i n a t o r y  power f o r  
t h e  sound. 

I am c e r t a i n  t h a t  t h e  same phenomenon o c c u r s  n o t  o n l y  i n  i m i t a t i o n s  o f  
n a t u r e  b u t  i n  e l e c t r o n i c  music  i n  g e n e r a l :  t h e  p e r c e p t i o n ' s  a t t e m p t s  t o  
d e f i n e  t h e  o r i g i n  o f  a  s o u n d  g i v e  i n s i g h t  i n t o  t h e  s o u n d ' s  s t r u c t u r e .  A 
s u c c e s s i o n  o f  s o u n d s  u n r e l a t e d  a t  t h i s  l e v e l  may i n  many  c o n t e x t s  b e  

a e s t h e t i c a l l y  less s a t i s f y i n g  t h a n  a s u c c e s s i o n  whose sounds  have some 
k i n d  o f  i n n e r  s t r u c t u r a l  r e l a t i o n s h i p .  T h e s e  s t u d i e s  o f  s i n g i n g  v o i c e s  
show s o m e  o f  t h e  t y p e s  o s  c o m p l e x i t y  t h e  e a r  i s  a p p a r e n t l y  g o o d  a t  
d e a l i n g  w i t h ;  t h u s  t h e y  c a s t  l i g h t  o n  t h e  o r g a n i z a t i o n  o f  s o u n d  a t  a 
l e v e l  d e e p e r  t h a n  mere s u r f a c e  i n t e r e s t ,  o f f e r i n g  composers  a  c o n c e p t u a l  
model of  t h e  s u b t l e  nuances  o f  sound's i n n e r  s t r u c t u r e .  

However ,  t h e  r e s e a r c h  h a s  had  c o n s e q u e n c e s  m o r e  d i r e c t  t h a n  s i m p l y  t o  
i l l u s t r a t e  t h e  c o m p l e x i t y  o f  t h e  o r g a n i z a t i o n  o f  s o u n d .  The d i s c o v e r y  
t h a t  most  o f  t h e  a c o u s t i c a l  f e a t u r e s  i m p o r t a n t  f o r  d e f i n i n g  a n  i d i v i d u a l  
v o i c e  a r e  n o t  un ique  v a l u e s  b u t  dynamic f a c t o r s  dependen t  on t h e  momenta- 
r y  c o n t e x t  meant t h a t  we had t o  change o u r  s y n t h e s i s  program s o  t h a t  i t  
e x p e c t e d ,  i n  p l a c e  o f  a  s i n g l e  v a l u e  f o r ,  s a y ,  v i b r a t o  r a t e ,  a  r u l e  
a l l o w i n g  i t  t o  d e r i v e  v i b r a t o  r a t e  f r o m  t h e  p i t c h  a n d  t h e  i n t e n s i t y  a t  
t h e  moment. T h i s  change i n  t h e  program had a n  i m p o r t a n t  consequence we 
had  n o t  o r i g i n a l l y  f o r e s e e n :  t h e  a b i l i t y  t o  v a r y  s y n t h e s i s  p a r a m e t e r s  
d y n a m i c a l l y  and a s  a r e s u l t  o f  d e c i s i o n s  t a k e n  by t h e  program meant t h a t  
t h e  computer  was no l o n g e r  m e r e l y  a n  i n s t r u m e n t  f o r  sound p r o d u c t i o n ,  b u t  
c o u l d  b e  i n c o r p o r a t e d  i n t o  t h e  c o m p o s i t i o n a l  p r o c e s s  i t s e l f .  T h i s  i s  
c e r t a i n l y  n o t  t h e  f i r s t  t i m e  c o m p o s e r s  h a v e  u s e d  t h e  c o m p u t e r  t o  h e l p  
them w r i t e  m u s i c ,  b u t  w h e r e a s  t h e  c o m p u t e r  g e n e r a l l y  d o e s  l i t t l e  m o r e  
t h a n  produce a  s c o r e  t o  be p layed  e i t h e r  by t r a d i t i o n a l  i n s t r u m e n t s  o r  by 
a  s e p a r a t e  s y n t h e s i s  p r o g r a m ,  i n  o u r  p r o g r a m  o n e  c a n  p a s s  on a s  much 
c o n t r o l  t o  t h e  c o m p u t e r  a s  o n e  w i s h e s ,  f r o m  t h e  c r e a t i o n  o f  a  s c o r e  t o  
t h e  a d j u s t m e n t  o f  t h e  s m a l l e s t  d e t a i l  o f  t h e  sound s y n t h e s i s  i t s e l f .  

Th i s  r e s e a r c h  i n t o  s i n g i n g  h a s ,  we b e l i e v e ,  l e d  t o  a s i g n i f i c a n t  advance 
i n  b o t h  t h e  t h e o r y  a n d  t h e  p r a c t i c e  o f  s o u n d  s y n t h e s i s .  Our m o d e l ,  i n  
c o n t r a s t  t o  most  sound s y n t h e s i s  p rograms ,  is  a  p h y s i c a l  model ,  t h a t  o f  
t h e  v o c a l  t r a c t .  C e r t a i n  a c o u s t i c a l  f e a t u r e s  o f  t h e  v o i c e  have been found 



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

have d e f i n e d  t h e  s t u c t u r e  o f  t h e  program. We b e l i e v e  s t r o n g l y  t h a t  t h e s e  
r e l a t i o n s h i p s  w i l l  keep t h e i r  v a l i d i t y  even when t h e  program is  used t o  

produce sounds  b e a r i n g  no a p p a r e n t  s i m i l a r i t y  t o  v o c a l  sounds.  

L e t  u s  c o n c l u d e  by  l i s t e n i n g  t o  SOUND EXAMPLE 7 ,  a s h o r t  s e c t i o n  o f  a 

p i e c e  f o r  t a p e  a l o n e ,  Winter( l980) .  Here t h e  s y n t h e s i s  program produced 
b o t h  s i n g i n g  v o i c e s  a n d  s o u n d s  w h i c h  d o  n o t  s o u n d  v o c a l .  The m u s i c a l  

o r g a n i z a t i o n  o f  s u c h  h e t e r o g e n e o u s  m a t e r i a l  was s a t i s f y i n g l y  s t r i c t ;  
s i n c e  bo th  v o c a l  and non-vocal  sounds  had t h e  same  g e n e r a l  s t r u c t u r e ,  I 

cou ld  s u b j e c t  bo th ,  d e s p i t e  t h e i r  s u p e r f i c i a l  d i f f e r e n c e s ,  t o  t h e  same 
o p e r a t i o n s .  Thus it was t h e  s y n t h e s i s  program which s u g g e s t e d  many o f  t h e  
a s p e c t s  on which t o  base  t h e  p i e c e ' s  m u s i c a l  deve lopment ,  namely  t h o s e  

a c o u s t i c a l  f e a t u r e s  l i n i n g  a p p a r e n t l y  v e r y  d i f f e r e n t  m a t e r i a l s  a t  a deep  
s t r u c t u r a l  l e v e l .  Eut i t  was a l s o  t h e  s y n t h e s i s  program which o r g a n i z e d  

much o f  t h i s  d i v e r s e  m a t e r i a l .  Here m u s i c a l  i m a g i n a t i o n  and a c o u s t i c a l  
a n a l y s i s  moved fo rward  t o g e t h e r ,  each  i n s p i r i n g  t h e  o t h e r ,  e a c h  e n r i c h e -  

ned by t h e  o t h e r ' s  e x p e r i e n c e .  
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EMOTIONS, VOICE AND MUSIC 

by p r o f e s s o r  I V A N  FONAGY, C e n t r e  N a t i o n a l  d e  R e c h e r c h e  S c i e n t i f i q u e ,  
France  

1. D Y N A M I C  DISTINCTIVE FEATURES 

The d i s t i n c t i v e  p r o s o d i c  f e a t u r e s  o f  e m o t i v e  s p e e c h  w e r e  s t u d i e d  i n  

d i f f e r e n t  l a n g u a g e s  b y  a  v a r i e t y  o f  m e t h o d s :  ( a )  a c o u s t i c  a n a l y s i s  o f  
p r o s o d i c  p a r a m e t e r s  such  as fundamenta l  f r equency ,  i n t e n s i t y  and s p e a k i n g  
r a t e  i n  s t a g e  s p e e c h ;  ( b )  t h e  m e t h o d  o f  c o n s t a n t  c o n t e n t ;  ( c )  t h e  
e l i m i n a t i o n  o f  s o - c a l l e d  e n d o - s e m a n t i c  ( i . e .  l e x i c a l ,  g r a m m a t i c a l )  
i n f o r m a t i o n  by means o f  f i l t e r i n g  o r  l a r y n g o g r a p h i c  r e c o r d i n g s ;  o r  s i m p l y  
by u s i n g  p s e u d o - E n g l i s h  o r  p s e u d o - H u n g a r i a n  s e n t e n c e s ,  i .e.  n o n s e n s e  
s e n t e n c e s  r e t a i n i n g  t h e  t r a n s i t i o n  p r o b a b i l i t i e s  i n  E n g l i s h  o r  Hungarian 
phoneme sequences ;  (d)  m o d i f i c a t i o n  o f  t h e  i n p u t  s i g n a l ;  o r  ( f )  s y n t h e s i s  
o f  p r o s o d i c  v e r s i o n s  o f  a  s e n t e n c e .  

The r e s u l t s  o b t a i n e d  f o r  b a s i c  e m o t i o n s  were  v e r y  s i m i l a r  f o r  r e l a t e d  and 
n o n - r e l a t e d  l a n g u a g e s  ( E n g l i s h ,  H u i c h o l ,  H u n g a r i a n ,  J a p a n e s e ,  S w e d i s h  
e t c . ) ,  a n d  a r e  g e n e r a l l y  s t a t e d  i n  t e r m s  o f  mean v a l u e s  o f  i n t e n s i t y ,  
r a t e  o f  s p e e c h ,  f r e q u e n c y  l e v e l ,  f r e q u e n c y  r a n g e .  They c a n  b e ,  a n d ,  
i n d e e d ,  s o m e t i m e s  a r e  p r e s e n t e d  i n  t h e  f o r m  o f  a  d i s t i n c t i v e  f e a t u r e  
m a t r i x ,  s e e  Table  I. 

However, r e s u l t s  o f  t h i s  k ind  seem t o  me b o t h  t r i v i a l  and u n s a t i s f a c t o r y  
i n  m o s t  c a s e s .  I n  e x a m i n i n g  m a t r i c e s  o f  d i s t i n c t i v e  f e a t u r e s  we a r e  

m o d e r a t e l y  s u r p r i s e d  by t h e  unbroken s e r i e s  o f  p l u s  s i g n s  i n  a l l  p r o s o d i c  
d i m e n s i o n s  i n  t h e  c a s e  o f  e x c i t e m e n t .  A l s o ,  we a r e  e m b a r r a s s e d  b y  t h e  
o v e r l a p  b e t w e e n  a n g e r ,  j o y  a n d  e c i t e m e n t  ( p r o v i d e d  t h a t  we a c c e p t  t h e  
p l u s  s i g n s  o b t a i n e d  f o r  f r e q u e n c y  l e v e l  a n d  f r e q u e n c y  r a n g e  by Lynch 
1934, Fa i rbanks  & Pronovost  1938, Hadding-Koch 1961, and Gsrding & Abram- 
s o n  1965) .  



Disagreements  i n  t h e  d i m e n s i o n s  o f  f r equency  r a n g e  and f r e q u e n c y  l e v e l  i n  
t h e  c a s e  o f  a n g e r ,  and i n  t h e  d imens ion  o f  f r e q u e n c y  r a n g e  i n  t h e  c a s e  o f  
f e a r  ( h i g h  l e v e l  a c c o r d i n g  t o  F a i r b a n k s  & Pronovos t  1938 and H u t t a r  1967, 

a n d  l o w  l e v e l  a c c o r d i n g  t o  H o f f e  1960  a n d  O s t w a l d  1 9 6 3 )  may r e f l e c t  
i n t e r i n d i v i d u a l  d i f f e r e n c e s  o r  migh t  be  due t o  t e r m i n o l o g i c a l  d i v e r g e n -  
c i e s .  E i n a r y  f e a t u r e  a n a l y s i s  h a s  been a r b i t r a r i l y  t r a n s f e r r e d  from t h e  
domain o f  s e g m e n t a l  p h o n e t i c s  t o  t h a t  o f  p r o s o d i c  a n a l y s i s .  The d i s t r i b u -  
t i o n  o f  f o r m a n t  f r e q u e n c i e s  may be r e v e a l i n g  i n  t h e  p h o n e t i c  a n a l y s i s  o f  
v o w e l s ;  t h e  d i s t r i b u t i o n  o f  fundamenta l  f r e q u e n c y  a v e r a g e s  a d d s  l i t t l e ,  
if a n y t h i n g ,  t o  t h e  c h a r a c t e r i s a t i o n  o f  t h e  p r o s o d i c  e x p r e s s i o n  o f  a n g e r ,  
h a t r e d ,  t e n d e r n e s s ,  and joy. I n  t e r m s  o f  s u c h  d i s t r i b u t i o n s  t h e  e m o t i o n s  
a n g e r  and j o y  a r e  a l m o s t  o v e r l a p p i n g ,  and h a t r e d  comes c l o s e r  t o  t e n d e r -  
n e s s  t h a n  t o  a n g e r  (Ftnagy 1978). 

Table  I. M a t r i x  o f  p r o s o d i c  f e a t u r e s  l l c h a r a c t e r i z i n g l l  some b a s i c  
e m o t i o n s .  T h e  d a t a  w e r e  a d a p t e d  f r o m  t e s t s  a n d  
measurements  p u b l i s h e d  by Lynch (19341, S k i n n e r  ( 19351, 
Cowan (1 936), F a i r b a n k s  & Pronovos t (1 938),  F a i r b a n k s  & 

Hoagl in  (19411, Abe (19551, Chang (19581, E ld red  & P r i c e  
( 1 9 5 8 ) ,  G r i m e  (19591,  H o f f e  (19601,  U l d a l l  ( 1 9 6 0 ,  
19641,  Hadding-Koch ( 1 9 6 1  1,  K a i s e r  ( 1 9 6 2 1 ,  Fbnagy & 

M a g d i c s  ( 1 9 6 3 ,  19671, O s t w a l d  (1963 ,  1 9 7 3 ) ,  D a v i t z  
( 19641, Mahl-Schultze ( 19641, GArding & Abramson ( 19651, 
H u t t a r  ( 1967) .  

I n t e n s i t y  Frequency Melodic Speed o f  
i n t e r v a l  u t t e r a n c e  

Exc i t ement  + + + + 
Jo Y + + + + 
Sadness  - - - - 
Anger + +- +- + 
Fear  - +- ? + 



In tona t ion  is a  t ime  function.  A s t a t i c  g r i d  such a s  a  ma t r ix  of  d i s t i n -  
c t i v e  f e a t u r e s  obviously cannot r ep resen t  a  process. A dynamic t h e o r y  o f  
in tona t ion  is i m p l i c i t l y  contained i n  t h e  Hungarian term "hanglejte 's9' ,  
' i n t o n a t i o n 9 ,  l i t e r a l l y  ' v o c a l  dance t .  S i m i l a r  c o n c e p t s  o f  f u n d a m e n t a l  
f r e q u e n c y  e v e n t s  u n d e r l i e  o t h e r  m e t a p h o r i c a l  terms, s u c h  a s  m u s i c a l  
s c a l e  o r  even  - r i s e  and f a l l  o f  t h e  p i t c h  ( c f  A r i s t o x e n o s ,  f i rs t  c e n t u r y  - 
A.D, s e e  Harmonische Fragmente, ed P. Marquard 1883, p  10 f.) 

Over t h e  l a s t  20  y e a r s  o r  s o  we have  t r i e d  t o  d e s c r i b e  t h e  p r o s o d i c  
express ion o f  some emotions and a t t i t u d e s  i n  terms o f  dynamic f e a t u r e s .  
The m a t e r i a l  h a s  been e m o t i v e  s p e e c h ,  m o s t l y  produced i n  p l a y s  and 
experiments by a c t o r s  and ac t r -esses  along wi th  r ecord ings  o f  spontaneous 
man i fes ta t ion  of anger, complaint ,  persuasion,  and some o t h e r  a t t i t u d e s  
(Fbnagy & Magdics  1963, 1967, Fbnagy 1971a, 1972, 1978). I w i l l  j u s t  
g ive  a  b r i e f  account of  t h e  p r i n c i p a l  dynamic f e a t u r e s  o f  some emotions 
and a t t i t u d e s .  

Anger, a s  m a n i f e s t e d  i n  a  v i o l e n t  q u a r r e l  s e e m s  t o  b e  c h a r a c t e r i z e d  i n  
English, French, German, and Hungarian emotive speech by f e a t u r e s  such 
a s  : 

( a )  f o r c e f u l  e x p i r a t i o n s ,  v e r y  i n t e n s e  a c t i v i t y  o f  t h e  e x p i r a t o r y  

Fig. 1. Tomographic recordings  o f  t h e  l a ryngea l  conf igura t ion  i n  
( a )  tender  voic ing;  (b) tender  whispering,  ( c )  angry whispering,  
( d l  voic ing dur ing simulated anger. From Fbnagy 1962. 



F i g .  2. A c t i o n  p o t e n t i a l s  o f  t h e  i n t e r n a l  i n t e r c o s t a l  m u s c l e s  ( u p p e r  

c u r v e s )  and l o u d n e s s  l e v e l  ( b o t t o m  c u r v e s )  i n  d i f f e r e n t  v e r s i o n s  o f  t h e  
H u n g a r i a n  word  p i s z o k  ( = d i r t )  p r o n o u n c e d  ( a )  as a n e u t r a l  s t a t e m e n t  (4 
p i s z o k ,  The d i r t ) ;  ( b )  i n  s i m u l a t e d  a n g e r  (Te p i s z o k ! ,  You d i r t y  f e l -  -- - --- 
low!) ;  and ( c )  i n  s i m u l a t e d  h a t r e d .  From Ftnagy 1958. 



m u s c l e s ,  w h i c h  i n c i d e n t a l l y  i s  a  d y n a m i c  f e a t u r e  n o t i c e d  a l r e a d y  b y  
Hippocra tus  ; 

(b) i m p e r f e c t  phona t ion ,  s u c h  as b r e a t h y  v o i c e ;  
( c )  a  r i g i d  m e t r i c a l  p a t t e r n  w i t h  e q u a l l y  d i s t r i b u t e d  heavy  s t r e s s e s  

(--+ --+ o r  +-- +--) which o c c a s i o n a l l y  f a l l  on l i n g u i s t i c a l l y  u n s t r e s -  
sed  s y l l a b l e s ;  

( d )  a  r i g i d  m e l o d i c  b a s e - l i n e  o n  m i d  o r  m i d - l o w  p i t c h  l e v e l  w i t h  
sudden r i s e s  c o r r e s p o n d i n g  t o  t h e  i n t e r v a l  o f  a  f o u r t h ,  f i f t h  o r  s i x t h ;  
t h e  r e s u l t i n g  peaks  form a v i r t u a l  even l i n e ,  which,  however ,  may also be 
s l i g h t l y  r i s i n g  o r  f a l l i n g ;  

( e )  phona t ion  i n  c h e s t  r e g i s t e r  w i t h  d a r k  vowel  c o l o u r ;  
( f )  h i g h  s p e a k i n g  r a t e .  

I n  o r d e r  t o  a v o i d  t h e  p i t f a l l  o f  m e t a p h o r ,  we h a v e  t o  d i s t i n g u i s h  
t h o r o u g h l y  between d i r e c t  o r  c o n c r e t e  l a r y n g e a l  g e s t u r i n g  and i n d i r e c t  o r  
p r o j e c t i v e  t o n a l  g e s t u r i n g  by means o f  i m a g i n a r y  s p a t i a l  p i t c h  movements. 
T o m o g r a p h i c  r e c o r d i n g s  a s  w e l l  a s  d i r e c t  l a r y n g e a l  X-ray r e c o r d i n g s  
c l e a r l y  show t h a t  t h e  v o c a l  s t r a t e g y  i s  e n t i r e l y  d i f f e r e n t  f o r  a g r e s s i v e  
vs.  t e n d e r  e m o t i v e  a t t i t u d e s .  Fig. 1  shows t h e  h i g h l y  d i v e r g e n t  l a r y n g e a l  
c o n f i g u r a t i o n s  f o r  t e n d e r  v o i c e ,  t e n d e r  w h i s p e r i n g ,  a n g r y  w h i s p e r i n g  and 
p h o n a t i o n  i n  s i m u l a t i o n  o f  h a t r e d .  T e n d e r  v o i c e  i s  c h a r a c t e r i z e d  b y  a 
comple te  b u t  smooth c o n t a c t  o f  t h e  v o c a l  f o l d s ,  w i d e l y  s e p a r a t e d  false 
v o c a l  f o l d s  a n d  w i d e  l a r y n g e a l  v e n t r i c l e s .  I n  h a t r e d ,  o n  t h e  c o n t r a r y ,  
t h e  l a r y n g e a l  v e n t r i c l e s  a r e  compressed,  p r o b a b l y  b e c a u s e  o f  a  s p a s m o d i c  
c o n t r a c t i o n  o f  t h e  a d d u c t o r  muscles .  A s  a  consequence o f  t h i s ,  t h e  false 
v o c a l  f o l d s  a r e  approx imated  s o  t h a t  t h e y  t o u c h  e a c h  o t h e r ,  a n d ,  h e n c e ,  
t h e  v i b r a t i o n s  o f  t h e  t r u e  v o c a l  f o l d s  a r e  h i g h l y  d i s t u r b e d .  (For  f u r t h e r  
d e t a i l s  s e e  Fhnagy 1962.) The f i n a l  c o n s e q u e n c e  o f  a l l  t h e s e  m u s c l e  
c o n t r a c t i o n s  i s  t h a t ,  i n  s p i t e  o f  t h e  c o n s i d e r a b l e  e f f o r t  b y  t h e  
e x p i r a t o r y  m u s c l e s  and  t h e  r e s u l t i n g  h i g h  s u b g l o t t i c  p r e s s u r e ,  t h e  
i n t e n s i t y  o f  t h e  sound produced migh t  be l o w e r  t h a n  t h a t  produced w i t h  
much l e s s  e f f o r t  i n  t e n d e r  speech ,  s e e  Fig. 2a-c. 

The r a t i o  b e t w e e n  t h e  i n p u t  p h y s i o l o g i c a l  e n e r g y  a n d  t h e  r e s u l t i n g  
a c o u s t i c  ene rgy ,  which is  g r e a t e r  t h a n  o r  e q u a l  t o  u n i t y  i n  h a t r e d ,  c o u l d  
b e  c o n s i d e r e d  a s  a s y m b o l i c  m e a s u r e  o f  t h e  i n v o l v e m e n t  o f  a g g r e s s i v e  
emot ions .  

L e t  u s  now t u r n  t o  t h e  p r o s o d i c  p r o j e c t i o n  o f  l a r y n g e a l  m i m i c r y .  S O U N D  
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Fig. 3. Fundamental  f r e q u e n c y  c u r v e  o f  a f r a g m e n t  o f  a n  a n g r y  d i s c u s s i o n :  
"Tu v a s  t o u t  d e  meme p a s  t l i m a g i n e r  q u e  j e  p r e n d s  t o u t  s u r  m o i ,  u n i q u e -  

m e n t  p o u r  .... ( t e  f a i r e  p l a i s i r ) I 1  a s  p r o n o u n c e d  b y  t h e  F r e n c h  a c t r e s s  
Marie-Claude Mes t ra l .  

r \  
1 

k'ane s a 4 u s  iT ~b'dne d amu ( LIA b' 
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F i g .  4. F u n d a m e n t a l  f r e q u e n c y  c u r v e  f o  a  F r e n c h  s e n t e n c e :  " P r e n e z  c e  
c o u s s i n ,  p renez  c e  mouchoirI1 a s  pronounced i n  a  t e n d e r  a t t i t u d e  by Marie-  

Claude K e s t r a l .  

EXAMPLE 1 o f f e r s  some t y p i c a l  e x a m p l e s  o f  a n g e r  and t e n d e r n e s s  i n  Eng- 

l i s h ,  F r e n c h  a n d  H u n g a r i a n  s p e e c h .  F i g s .  3 a n d  4 c o m p a r e s  t h e  r i g i d  a n d  

peaky melod ic  c o n t o u r  o f  a n g e r  w i t h  t h e  s l o w l y  u n d u l a t i n g  p i t c h  c u r v e  i n  

t e n d e r  s p e e c h .  The r e l e v a n c e  o f  s m o o t h  v s .  v i o l e n t ,  s u d d e n  c h a n g e s  o f  
d i r e c t i o n  was t e s t e d  by means o f  s y n t h e s i s  o f  F rench  a n d  Hungar ian  u t t e -  
r ances .  The s e n t e n c e  was e m o t i o n a l l y  ambiguous ,  "C1est a u t a n t  d e  g a g n e  -- 
t u  ne r i s q u e  rien!". When s y n t h e s i z e d  w i t h  o n l y  o n e  slow r i s e  and f a l l  o f  -- 
fundamenta l  f r e q u e n c y ,  a s  shown i n  Fig. 5, t h e  m a j o r i t y  o f  t h e  s u b j e c t s ,  

who had t o  chose  one  o u t  o f  f o u r  l a b e l s  ( s t a t e m e n t ,  p e r s u a s i o n ,  c o n s o l a -  

t i o n ,  and  r e p r o a c h )  i n t e r p r e t e d  t h e  u t t e r a n c e  a s  a c o n s o l a t i o n  ( s e e  

Ftnagy & a1 1979). These s y n t h e s i z e d  v e r s i o n s  c a n  b e  l i s t e n e d  t o  i n  SOUND 



I I 1 1 I I I I I I 1 1 I I I I 

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 csec 

T I  ME (csec) 

F i g .  5. I n t e n s i t y  l e v e l  ( u p p e r  g r a p h )  and  f u n d a m e n t a l  f r e q u e n c y  ( l o w e r  
g r a p h )  o f  t w o  v e r s i o n s  (A2 and  A 3 )  o f  t h e  s y n t h e z i z e d  F r e n c h  s e n t e n c e  
' lC1est  a u t a n t  d e  gagnb ,  t u  n e  r i s q u e  r i en!" .  A m a j o r i t y  o f  l i s t e n e r s  
found both  t h e s e  v e r s i o n s  e x p r e s s i n g  comfor t .  

EXAMPLE 2. 

When t h i s  s a m e  s e n t e n c e  was p r e s e n t e d  w i t h  f o u r  p i t c h  r ises ,  i t  was 

i n t e r p r e t e d  e i t h e r  a s  a p e r s u a s i o n  f o r  t h e  c o n t o u r  m a r k e d  C 1  i n  F i g .  6 ,  
o r  a s  a  r e p r o a c h  f o r  t h e  c o n t o u r  m a r k e d  C 2  i n  t h e  s a m e  f i g u r e .  When t h e  

l i s t e t ~ e r s  were a s k e d  t o  p l a c e  e a c h  v e r s i o n  on a  8 -po in t  s e m a n t i c  s c a l e  o f  
l l a g g r e s s i v e n e s s ' l ,  t h i s  l a t t e r  v e r s i o n  p r o d u c e d  a  s i g n i f i c a n t l y  h i g h e r  
s c o r e  i n  t h e  d i m e n s i o n  o f  a g g r e s s i v e n e s s  (5.8 vs.  4). The m a i n  d i f f e r e n c e  

b e t w e e n  t h e  p i t c h  c o n t o u r s  C 1  a n d  C 2  i n  t h e  l o w e r  p a r t  o f  t h e  f i g u r e  
concerns  t h e  r a t e  o f  p i t c h  change ,  which is  h i g h e r  i n  C 2  and t h e  a b r u p t -  

n e s s  o f  t h e  p i t c h  c h a n g e s ,  w h i c h  i s  g r e a t e r  i n  C2. The p r o s o d i c  o p p o s i -  
t i o n  o f  a  r i g i d  and peaky m e l o d i c  l i n e  vs .  a  s m o o t h l y  u n d u l a t i n g  m e l o d i c  
l i n e  s e r v e s  a s  a d i s t i n c t i v e  f e a t u r e  o f  q u a r r e l  vs .  t e n d e r n e s s  ( a g g r e s -  

s i o n  v s .  a f f e c t i o n )  s e e m s  t o  h o l d  e v e n  f o r  t h e  l a n g u a g e  o f  E u r o p e a n  
music. Typical  examples  a r e  g i v e n  i n  SOUND EXAMPLE 3. 



TIME (csec) 

F i g .  6. I n t e n s i t y  l e v e l  ( u p p e r  g r a p h )  and  f u n d a m e n t a l  f r e q u e n c y  ( l o w e r  
g raph)  o f  two s y n t h e s i z e d  v e r s i o n s  o f  t h e  same s e n t e n c e  a s  i n  Fig. 5. The 
C 2  v e r s i o n  c o n t a i n i n g  t h e  more a b r u p t  changes  o b t a i n e d  a  s i g n i f i c a n t l y  
h i g h e r  s c o r e  i n  t h e  d imens ion  o f  a g g r e s s i v e n e s s .  

How i n t e r p r e t  t h e  a p p a r e n t l y  p a r a - l i n g u i s t i c  t e n d e n c i e s  i n h e r e n t  i n  t h e  
d i r e c t  and i n d i r e c t  ( l a r y n g e a l  and m e l o d i c )  pe r fo rmance  induced  by a n g e r  
o r  t e n d e r n e s s ?  I n  f a c t ,  a m e r e  d e s c r i p t i o n  o f  l a r y n g e a l  a n d  p r o s o d i c  
g e s t u r i n g  u s u a l l y  c o n t a i n s  some e l e m e n t s  o f  i n t e r p r e t a t i o n  o f  t h e  under-  
l y i n g  p s y c h o l o g i c a l  p r o c e s s ,  p r o b a b l y  because  o f  a n  i somorph i sm o f  psy- 
c h i c  and p h o n e t i c  e v e n t s .  I t h i n k  o f  t e r m s  s u c h  as  spasmodic  c o n t r a c t i o n ,  
s t r a n g l e d  v o i c e ,  o r  i m a g e s  s u c h  a s  s m o o t h  u n d u l a t i o n  v s .  r i g i d  m e l o d i c  
b a s e  l i n e  and r e c u r r e n t  peaks  r e f l e c t i n g  r e t e n t i o n  f o l l o w e d  by r e p e a t e d  

sudden o u t b u r s t s ,  e x p l o s i o n s ,  smooth vs.  v i o l e n t  changes  o f  d i r e c t i o n .  

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

e m o t i v e  c o n t e n t ,  we i m p l y  t h a t  t h e  d i f f e r e n t  e m o t i o n s  may be  i n t e r p r e t e d  
i n  t e r m s  o f  menta l  g e s t u r i n g ,  a  k ind o f  s y m b o l i c  a c t s .  Indeed,  t h e  t e r m  
ercot ion which d e r i v e s  from e-movere ( t o .  move away f r o m ,  v i z .  t h e  n e u t r a l  
s t a t e )  r e f l e c t s  such  a  dynamic concep t  o f  e m o t i v e  a t t i t u d e s .  According t o  
t h e  c l a s s i c a l  t h e o r y  o f  e m o t i o n s ,  a s  f o r m u l a t e d  by H i p p o c r a t u s ,  Democri- 
t u s ,  Seneca (De i r a ,  Opera v. 1, 1654) e m o t i o n s  a r e  m e r e l y  d i s t u r b a n c e s ,  



p a t h o l o g i c  s t a t e s  o f  mind, which l e a d  t o  abnormal  and i r r a t i o n a l  beha-  
v i o r .  Kant ( Anthropo log ie  1798, s e c t .  71) c o n s i d e r e d  e m o t i o n s  a s  m a n i f  e- 
s t a t i o n s  o f  m e n t a l  i l l n e s s .  The t h e o r i e s  proposed by Young (1943, pp 28- 
4 8 )  o r  Dumas ( 1 9 4 8 ,  pp 278 s q )  d o  n o t  d i f f e r  s u s b s t a n t i a l l y  f r o m  t h e  
v i e w s  o f  s t o i c  p h i l o s o p h e r s .  

T h i s  t h e o r y  h a s  a  v e r y  r e s t r i c t e d  e x p l a n a t o r y  power f o r  t h e  i n t e r p r e t a -  
t i o n  o f  t h e  p r o s o d i c  e x p r e s s i o n  o f  e m o t i o n s .  An a l t e r n a t i v e  t h e o r y  h a s  
been proposed by C h a r l e s  Darwin (1894). Darwin c o n s i d e r e s  t h e  symptoms o f  
e m o t i v e  behav io r  as  v e s t i g e s  o f  a once p u r p o s i v e  a c t i v i t y .  Thus, e.g. t h e  
a c c e l e r a t i o n  o f  h e a r t  b e a t  and r e s p i r a t i o n  i n  bo th  a n g e r  and f e a r  i n c r e a -  
ses t h e  b l o o d - c i r c u l a t i o n  and hence  t h e  p o t e n t i a l  o f  m u s c u l a r  a c t i v i t y .  
Such a n  i n c r e a s e d  muscu la r  p o t e n t i a l  is r e q u i r e d  f o r  f i g h t  as  w e l l  as f o r  
f l i g h t .  i . e .  f o r  t h e  t w o  a n c e s t r a l  s i t u a t i o n s  t o  w h i c h  D a r w i n  r e t r a c e d  
a n g e r  a n d  f e a r .  A s  f o r m u l a t e d  b y  G. W .  C r i l e :  "Anger i s  a p h y l o g e n e t i c  
p r o d u c t  o f  f i g h t ,  f e a r  r e p r o d u c e s  f l i g h t ,  and l o v e  r e c a p i t u l a t e s  c o p u l a -  
t i o n "  ( 1 9 1 5 ,  p. 76) .  I n  t h i s  f r a m e w o r k  v o c a l  a n d  p r o s o d i c  f e a t u r e s  o f  
a n g e r ,  f e a r ,  and o t h e r  emot ions  -- can  be i n t e r p r e t e d  i n  t e r m s  o f  g e s t u r e s ,  
i .e. i n  t e r m s  o f  symptomat ic  o r  s y m b o l i c  b o d i l y  movements. 

Let  u s  c o n s i d e r  a  few examples  o f  t h i s  f o r  t h e  c a s e  o f  a n g e r :  
( a )  h y p e r v e n t i l a t i o n  c u ld  be c o n s i d e r e d  a n  a t t e m p t  t o  produce f o r c e f u l  
e x h a l a t i o n s  which can e l i m i n a t e  a n  o b j e c t  c a u s i n g  i r r i t a t i o n  o r  t e n s i o n .  
The word t o  e l i m i n a t e  a s  w e l l  a s  t h e  L a t i n  word  p e r d e r e  d e n o t e  a t  t h e  
s a m e  t i m e  t o  d r o p  a n d  t o  k i l l . T h e  m e t a p h o r  i n h e r e n t  i n  t h e  E n g l i s h  a n d  
t h e  L a t i n  word p r o b a b l y  r e f l e c t s  s u c h  a n  unconscious  i d e n t i f i c a t i o n  o f  
t h e  two a c t i o n s  o f  d ropp ing  and k i l l i n g .  
( b )  i n c r e a s e d  l o u d n e s s  a s  w e l l  a s  phona t ion  i n  c h e s t  r e g i s t e r  may s e r v e  
t h e  purpose  o f  f r i g h t e n i n g  t h e  r i v a l ,  t h e  enemy o r  t h e  v i c t i m ;  
( c )  m u s c u l a r  t e n s i o n  on a l l  l e v e l s  may b e  i n t e r p r e t e d  a s  a p r e p a r a t i o n  
f o r  a  f i g h t ;  
( d )  t h e  l l s t r a n g l e d v  v o i c e  c o r r e s p o n d i n g  t o  a  l a r y n g e a l  c o n s t r i c t i o n  as  
o b s e r v e d  i n  h a t r e d  c o u l d  be  r e g a r d e d  a s  a  s y m b o l i c  a t t e m p t  t o  s t r a n g l e  
t h e  enemy ( c f  Freud 1940-46, v o l  I:238; F e r e n c z i  1939, v o l  3:448, Ftnagy 
1 9 7 1  a ,  F h a g y  1981) .  
( e l  t h e  r i g i d  melod ic  b a s e - l i n e  c o u l d  be a  p r o j e c t i o n  o f  a  t e n s e ,  
r i g i d  body p o s t u r e  p reced ing  and p r e p a r i n g  t h e  a t t a c k ;  



F i g .  7. F u n d a m e n t a l  f r e q u e n c y  c u r v e  o f  t h e  F r e n c h  s e n t e n c e  " J e  v o i s  u n e  
l e t t r e  s u r  mon bureau ,  une l e t t r e  d'Andrkn a s  pronounced i n  a n  o u t b u r s t  
of  j o y  by t h e  French a c t r e s s  Marie-Claude M e s t r a l .  

( f )  t h e  s u d d e n  r i s e s  i n  p i t c h  f r e q u e , n c y  c o r r e s p o n d  t o  s u c c e s s i v e  o u t -  
b u r s t s  o f  a g g r e s s i o n  and may s u b s t i t u t e  f o r  sudden b lows ;  
(g)  t h e  h i g h  d e g r e e  o f  r e g u l a r i t y  of t h e  p r o s o d i c  s t r u c t u r e  may seem t o  
m a t c h  t h e  h i g h  d e g r e e  o f  o r g a n i s a t i o n  n e c e s s a r y  f o r  f i g h t i n g  s u c c e s s -  
f u l l y  . 
A l s o  i f  we t u r n  t o  a r t i c u l a t i o n ,  t h e  g e s t u r e s  c h a r a c t e r i z i n g  e m o t i v e  
s p e e c h  c a n  b e  i n t e r p r e t e d  i n  a n  a n a l o g o u s  way: t h e  s t i f f e n i n g  a n d  t h e  
s t a c c a t o  movements o f  t h e  tongue  i n  speech  s i m u l a t i n g  a n g e r  o r  h a t r e d ;  
t h e  i n c r e a s e d  m a x i l l a r y  a n g l e s ;  t h e  u p p e r  i n c i s o r s  " b i t e w  o n  t h e  l o w e r  
l i p  i n  a r t i c u l a t i o n  o f  /w/.* The n e a r l y  m e t r i c a l  o r g a n i z a t i o n  c h a r a c t e r i -  
z i n g  a n g e r  i s  g e n e r a l l y  a b s e n t  i n  j u b i l a t i o n ,  i .e.  i n  t h e  e x p r e s s i o n  o f  
a n  emot ion  cor respond ing  t o  a  t r i u m p h a n t  s i t u a t i o n  a s  is  i l l u s t r a t e d  i n  
F i g .  7. I n c i d e n t a l l y ,  t h i s  s i t u a t i o n  d o e s  n o t  r e q u i r e  s e l f  command. 

* Radioc inematograph ic  a n a l y s i s  o f  Hungarian and French e m o t i v e  speech  
a s  r e c o r d e d  f r o m  o n e  f e m a l e  a n d  o n e  m a l e  u n t r a i n e d  s p e a k e r  s u b j e c t  a s  
w e l l  a s  f r o m  t h r e e  a c t r e s s e s  and o n e  a c t o r  c l e a r l y  d e m o n s t r a t e s  t h a t  
a n g e r ,  h a t r e d ,  t e n d e r n e s s ,  j o y ,  a n d  f e a r  a r e  e x p r e s s e d  b y  a n a l o g u o u s  
a r t i c u l a t o r y  g e s t u r e s  i n  u n r e l a t e d  l a n g u a g e s  (Ftnagy 1976, Ftnagy & a l . ,  
f o r t c o m i n g ) .  



Semant ic  t e s t s  were  c a r r i e d  o u t  on 23 s y n t h e s i z e d  v e r s i o n s  o f  t h e  pseudo- 
H u n g a r i a n  s e n t e n c e  l l / k i s e r a  me:ra ba :va tag / l l .  The r e s u l t s  s h o w e d  t h a t  
t h o s e  v e r s i o n s ,  which e x h i b i t e d  a n  e q u a l  d i s t r i b u t i o n  o f  v i o l e n t  s t r e s -  
s e s ,  a  s t r a i g h t e n i n g  o f  t h e  b a s e - l i n e  and a  s t r a i g h t e n i n g  o f  t h e  l e v e l  
reached by t h e  p i t c h  maxima, a r e  more l i k e l y  t o  be  i n t e r p r e t e d  a s  e x p r e s -  
s i o n  o f  a n g e r  t h a n  v e r s i o n s  h a v i n g  i r r e g u l a r  p i t c h  r i s e s  r e f l e c t i n g  
v i o l e n t  b u t  l e s s  w e l l  c o o r d i n a t e d  body  m o v e m e n t s  (Fbnagy  & Fbnagy, u  
n p u b l i s h e d )  . 

The s low speed  and t h e  s l o w  g r a d u a l  p i t c h  changes  i n  a f f e c t i o n a t e ,  t e n d e r  
speech seem t o  r e f l e c t  smooth,  c a r e s s i n g  movements. They would e x p r e s s  
t h e  d e s i r e  n o t  t o  h u r t  t h e  p a r t n e r  by u n e x p e c t e d ,  i n c o n s i d e r a t e  
movements. 

Th i s  k ind o f  encod ing  is a r c h a i c  bo th  a t  t h e  l e v e l  o f  c o n t e n t  and a t  t h e  
l e v e l  o f  e x p r e s s i o n .  The c o n t e n t s  c o m m u n i c a t e d  a re  p r e - c o n c e p t u a l ,  a n d  
t h e  way o f  communicat ing t h e s e  c o n t e n t s  is  i t s e l f  based o n  a  p r e - r a t i o n a l  
t y p e  o f  m e n t a l  p r o c e s s i n g ;  i t  s e e m s  t o  r e l y  h e a v i l y  o n  m a g i c a l  
p r e s u p p o s i t i o n s :  
( a )  t h e  b e h a v i o r  o f  t h e  p a r t  may be  used t o  r e p r e s e n t  t h e  b e h a v i o r  o f  t h e  
whole;  t h e  p o s t u r e  and t h e  movement o f  t h e  body may be p r o j e c t e d  on t h e  
l a r y n x ;  
( b )  t h e  a p p a r e n t  m o v e m e n t s  o f  t h e  p i t c h  i n  t h e  a c o u s t i c  d o m a i n  a r e  
r e p r e s e n t i n g  t h e  movements o f  t h e  body; 
( c )  t h e  s p e a k e r  may i d e n t i f y  w i t h  t h e  l i s t e n e r ;  t h u s ,  t h e  l l s t r a n g l e d l l  
v o i c e  may b e  e q u i v a l e n t  w i t h  t h e  t h r o t t l i n g  o f  a  p r e s e n t  o r  a b s e n t  
a d v e r s a r y ;  
( d )  t h e  v e r b a l  p r o d u c t  c a n  b e  e q u a t e d  w i t h  a n y  o b j e c t ,  i n a n i m a t e  o r  
a n i m a t e ;  t h u s ,  t e a r i n g  t h e  s e n t e n c e  i n t o  p i e c e s  by means o f  v i o l e n t  and  
i r r e g u l a r  s t r e s s e s  may be a  s u b s t i t u t e  o f  a n  a c t i o n  o f  v i o l e n c e  d i r e c t e d  
a g a i n s t  t h e  l i s t e n e r  o r  a g a i n s t  a  t h i r d  person.  

I b e l i e v e  t h a t  most  o f  t h e  p a r a l i n g u s t i c  f e a t u r e s  o f  e m o t i v e  prosody may 
be  i n t e r p r e t e d  o n  t h e  b a s i s  o f  s u c h  m a g i c a l  a s s u m p t i o n s ,  i n  t e r m s  o f  
d i r e c t  o r  i n d i r e c t  ( p r o j e c t i v e )  v o c a l  g e s t u r i n g .  

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

n a r r o w  p i t c h  r a n g e  i n  a l l  l a n g u a g e s ,  w h i c h  I h a v e  i n v e s t i g a t e d ,  i . e .  
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Fig.  8. Schemat ized i n t e n s i t y  and f r e q u e n c y  c u r v e s  i n  s y n t h e t i c  v e r s i o n s  
o f  a  Hungarian (nonsense)  s e n t e n c e  which most  s u c c e s s f u l l y  e l i c i t e d  t h e  
a t t i t u d e s  s p e c i f i e d .  

E n g l i s h ,  F r e n c h ,  German,  a n d  H u n g a r i a n ,  as  w e l l  as  i n  v o c a l  m u s i c .  The 
p i t c h  r i s e s  abou t  a  s e m i t o n e  i n  t h e  s t r e s s e d  s y l l a b l e s ,  and t h e n  r e t u r n s  
t o  a  mid  l e v e l ,  w h e r e  i t  b e c o m e s  s o  t o  s p e a k  p a r a l y z e d .  P a p a g e n o ' s  
f r i g h t e n e d  "0 w a r 1  i c h  e i n e  Maus" f r o m  t h e  f i r s t  a c t  o f  M o z a r t ' s  Magic  
F l u t e  o f f e r s  a  s t r i k i n g  example. The e x t r e m e  n a r r o w i n g  o f  t h e  p i t c h  migh t  
r e f l e c t  a  m a x i m a l  c o n t r a c t i o n  o f  t h e  body.  I f  we h u n c h  u p  a n d  d o  n o t  
move,  we a r e  l i k e l y  t o  s t a y  o u t  o f  s i g h t / r e m a i n  u n r e v e a l e d .  Low v o c a l  
i n t e n s i t y  and a  b r e a t h y  v o i c e  c o u l d  s e r y e  t h e  same purpose .  

The t h r e e  c o n f i g u r a t i o n s  s h o w n  i n  F i g .  8 a r e  s t y l i z e d  r e p r o d u c t i o n s  o f  
s y n t h e s i z e d  v e r s i o n s  o f  t h e  p s e u d o - H u n g a r i a n  s e n t e n c e  m e n t i o n e d  a b o v e  
/ k i s e r a  me: ra  b a : v a t a g / .  F o r t y s i x  s y n t h e s i z e d  v e r s i o n s  o f  t h i s  p h r a s e  
w e r e  p r e s e n t e d  t o  t w o  g r o u p s  o f  H u n g a r i a n  s u b j e c t s  i n  a  f o r c e d - c h o i c e  
t e s t .  One o f  t h e  g r o u p s  c o n s i s t e d  o f  42 h i g h - s c h o o l  s t u d e n t s ,  a n d  t h e  
o t h e r  o f  2 5  u n i v e r s i t y  s t u d e n t s  i n  a  f o r c e d - c h o i c e  t e s t  ( s e e  FCnagy & 

Ftnagy, f o r t h c o m i n g  f o r  f u r t h e r  d e t a i l s ) .  From t h e  r e s u l t s  t h e  f o l l o w i n g  
e m o t i o n a l  p r o f i l e s  emerged: 
( a )  menace: a  p a r a l l e l  i n c r e a s e  i n  i n t e n s i t y  and p i t c h  f r e q u e n c y ;  
( b )  l o n g i n g :  a  g r a d u a l  i n c r e a s e  a n d  d e c r e a s e  o f  i n t e n s i t y ,  a r i s e  a n d  a  
f a l l  i n  p i t c h  f r e q u e n c y  f o l l o w e d  by a  s l i g h t  f i n a l  r i s e  which is synchro-  



n i z e d  k i t h  a  d r o p  i n  i n t e n s i t y ;  

( c )  a  q u i c k  b u t  s m o o t h  p i t c h  r i s e  i n  t h e  l a s t  s y l l a b l e  c o m b i n e d  w i t h  a  
s i m u l t a n e o u s  r a p i d  d r o p  of i n t e n s i t y  appeared  t o  be b e s t  f o r  evok ing  t h e  

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

S i m i l a r  v o c a l  s t r a t e g i e s  c h a r a c t e r i z e  m e n a c e ,  l o n g i n g  a n d  c o q u e t r y  i n  
E n g l i s h ,  German,  a n d  F r e n c h ,  a s  c a n  b e  s e e n  i n  F i g .  9 as  w e l l  a s  i n  
W e s t e r n  E u r o p e a n  m u s i c ,  c f  F i g .  10-11. A c c o r d i n g  t o  t h e  p r i n c i p l e  o f  

i somorphism we have t o  c o n s i d e r  t h e  s i m u l t a n e o u s  r ise  o f  sound p r e s s u r e  
and p i t c h  f requency  as a n  e x p r e s s i o n  o f  a n  i n c r e a s e  o f  p h y s i c a l  t e n s i o n .  

Such  a  g r a d u a l  i n c r e a s e  i n  t e n s i o n  c a n  b e  i n t e r p r e t e d  a s  a  g r o w i n g  
t h r e a t .  A s  a  p r o j e c t i o n  o f  b o d i l y  d i s p l a y ,  t h e  s l o w ,  g r a d u a l  p i t c h  r i s e ,  
suppor ted  by a p a r a l l e l  rise i n  i n t e n s i t y  seems  t o  r e f l e c t  a n  u p r i s e  and 
a  s l o w ,  t h r e a t e n i n g  a p p r o a c h .  S i m i l a r l y ,  w e  m i g h t  c o n s i d e r  t h e  s l o w  
dynamic and t o n a l  r i s e  a s  obse rved  i n  l o n g i n g  a s  a r e f l e c t i o n  o f  i n c r e a -  
s i n g  t e n s i o n .  However ,  t h e  r i s e  i n  i n t e n s i t y  i s  a l w a y s  p r e c e d e d  b y  a n  
o f f b e a t  -- by two  o r  more u n s t r e s s e d  s y l l a b l e s  on mid o r  mid-high l e v e l  
-- and f o l l o w e d  by a  s l o w  d e s c e n t .  

The c o n t r a d i c t i o n  between t h e  changes  i n  i n t e n s i t y  and  i n  p i t c h  c o u l d  be 

Fig. 9. I n t e n s i t y  (upper  g raph)  and fundamenta l  f r e q u e n c y  ( l o w e r  g r a p h )  
o f  t h e  French s e n t e n c e  ftVous e t e s  t o u j o u r s  l i b r e  c e  s o i r ? "  a s  pronounced 
i n  an a t t i t u d e  o f  c o q u e t r y  by Marie-Claude Mes t ra l .  
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b, 1 
Fig.  10. ( a )  Mus ica l  t r a n s c r i p t i o n  o f  t h e  I iungarian s e n t e n c e  "Ha c s a k  egy  
p e r c r e  i s  l a t h a t n a m ! ,  I f  o n l y  I c o u l d  s e e  h i m  f o r  a m i n u t e ! "  a s  

pronounced by a  Hungarian actress i n  a  mood o f  l o n g i n g .  (b )  The theme  o f  
l o n g i n g  from t h e  p r e l u d e  o f  Wagner's opera  T r i s t a n  und I s o l d e .  

i n t e r p r e t e d  as a  r e f l e c t i o n  o f  a n  i n n e r  c o n f l i c t  i n  t h e  f o l l o w i n g  manner. 
The weakening o f  t h e  e x p i r a t o r y  e f f o r t  r e s u l t i n g  i n  t h e  d r o p  o f  i n t e n s i t y  
may be  a n  e x p r e s s i o n  o f  r e s i g n a t i o n .  The r e l i n q u i s h m e n t  is  c o n t r a d i c t e d  
by t h e  i n c r e a s i n g  l a r y n g e a l  t e n s i o n  r e f l e c t e d  i n  t h e  p i t c h  r i s e .  Suppres-  
s e d  l o n g i n g  ( o f f b e a t )  f o r c e s  i t s  way ( s l o w  i n c r e a s e  i n  i n t e n s i t y  a n d  
p i t c h  f requency) .  The d i s t a n t  aim c a n n o t  be reached  ( d e c r e a s e  i n  i n t e n s i -  

t y ) ,  t h e  body is  extended h o p e l e s s l y  t o w a r d s  t h e  r e m o t e  o b j e c t  o f  d e s i r e  
( t h e  r i s i n g  melod ic  c o n t o u r  l l c r o s s e s n  t h e  descend ing  i n t e n s i t y  c u r v e ) .  

E x a m p l e s  o f  c o q u e t t i s h  l u r i n g  c a n  b e  l i s t e n e d  t o  i n  SOUND EXAMPLE 4. 
SOUND EXAMPLE 5 g i v e s  a  m u s i c a l  c a s e  c o l l e c t e d  f rom B a r t o k l s  M i r a c u l o u s  
Mandarin. In  c o q u e t t i s h  l u r i n g  t h e  q u i c k  p i t c h  rises r e f l e c t  and i n d u c e  

e x c i t e m e n t .  I n  t e r m s  o f  m e l o d i c  g e s t u r e s  t h e y  c o u l d  b e  i n t e r p r e t e d  a s  
r a p i d  l u r i n g  movements masked by a  s i m u l t a n e o u s  d r o p  i n  a m p l i t u d e .  The 
s u d d e n  s w i t c h e s  i n t o  h e a d  r e g i s t e r  a c c e n t u a t e  t h e  f e m a l e n e s s  o f  t h e  
s p e a k e r  and e v o k e  c h i l d i s h  m o c k e r y ,  t e a s i n g ,  p l a y f u l  v e x i n g ,  s e x u a l  
p r o v o c a t i o n .  The t y p i c a l  h a l f  w h i s p e r  c a n  b e  s e e n  a s  a r e f l e c t i o n  o f  
c o n c e a l e d  p a s s i o n ,  a n d  i t  m e e t s  t h e  s e c r e c y  o f  a p p e a l .  It may a l l u d e  t o  
s e x u a l  e x c i t e m e n t ,  which i s  o f t e n  r e f l e c t e d  i n  i m p e r f e c t  phona t ion .  

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

s t i l l  m o r e  c o n s p i c u o u s  i n  t h e  c a s e  o f  i r o n y .  O f  c o u r s e ,  i r o n y  may l e a v e  
n o  t r a c e  a t  a l l  o n  t h e  p h o n e t i c  l e v e l ,  s i n c e  t h e  i r o n i c  i n t e n t i o n  i s  
s u p p o s e d  t o  b e  h i d d e n .  The t y p e s  o f  v o c a l  p e r f o r m a n c e  t o  b e  c o n s i d e r e d  



Fig. 11. C o q u e t t i s h  l u r i n g  of  t h e  c o u r t e s a n  i n  B a r t o k l s  o p e r a  w M i r a c u l o u s  

Mandarin" ( c f  SOUND EXAMPLE 5). 

h e r e  c o r r e s p o n d s  t o  a  somewhat s i m p l i f i e d  e x p r e s s i o n  o f  i r o n y ,  s u c h  a s  
can somet imes  be hea rd  from t h e  s t a g e  i n  t h e a t r e s .  I n  r e a l i t y ,  t h e  con- 
c e p t  o f  i r o n y  c o v e r s  a  w i d e  a n d  h i g h l y  d i v e r s i f i e d  c l a s s  o f  a t t i t u d e s  
( s e e  Muecke 1969). According t o  p r o s o d i c  a n d  c i n e r a d i o g r a p h i c  a n a l y s i s  
f o l l o w e d  by s e m a n t i c  t e s t s  based on p r o s o d i c a l l y  d i f f e r e n t  v e r s i o n s  o f  a 
H u n g a r i a n  o n e  word s e n t e n c e  ( F h a g y  1971b ,  19761, t h e  v o c a l  p r o f i l e  o f  
i r o n y  c a n  be d e s c r i b e d  by means o f  t h r e e  d i s t i n c t  p h a s e s ,  as i l l u s t r a t e d  
i n  F i g .  12:  
( a )  a n  i n i t i a l  phase  phonated i n  c r e a k y  v o i c e  w i t h  a  s t r o n g  c o n s t r i c t i o n  
o f  t h e  l a r y n x ;  t h e  p i t c h  r a n g e  i s  v e r y  l o w ,  a n d  t h e  p i t c h  c o n t o u r  i s  

I- 
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Fig.  12. I n t e n s i t y  and fundamenta l  f r equency  r e c o r d i n g s  (upper  and l o w e r  
g r a p h s )  o f  t h e  s y n t h e s i z e d  Hungarian s e n t e n c e  llJo, Well1'. The v e r s i o n  i n  
which t h e s e  c u r v e s  were used o b t a i n e d  t h e  h i g h e s t  s c o r e  i n  t h e  d i m e n s i o n  
o f  i r o n y  i n  s e m a n t i c  t e s t s  w i t h  Hungarian l i s t e n e r s .  From Ftnagy 197 1. 



f a i r l y  s t r a i g h t ;  t h e  l a b i a l  a r t i c u l a t i o n  is r e l a x e d  and t h e  mouth c o r n e r s  
s l i g h t l y  l o w e r e d ;  
( b )  a  second phase  produced i n  head r e g i s t e r  a t  r educed  o v e r a l l  i n t e n s i -  
t y ,  i n c l u d i n g  a  r i s e  i n  p i t c h  t o w a r d s  a v e r y  h i g h  f r e q u e n c y  (250 Hz was 

measured i n  a  ma le  voice!)  and a  t e n s e  p a l a t a l i z e d  a r t i c u l a t i o n ,  i .e .  t h e  
tongue is d i s p l a c e d  forwards-upwards  r e s u l t i n g  i n  a c l e a r e r  and s h a r p e r  
vowel q u a l i t y ,  combined w i t h  a pharyngea l  c o n s t r i c t i o n ;  
( c )  a  t h i r d  phase  i n  which phona t ion  r e t u r n s  t o  c h e s t  r e g i s t e r  o c c a s i o -  
n a l l y  i n t e r r u p t e d  by c r e a k y  v o i c e  phona t ion ,  t h e . p i t c h  is  r e t u r n e d  t o  t h e  
l e v e l  o f  t h e  first phase  and i s  immobi l i zed .  

I n  a l l  t h e s e  t h r e e  phases  t h e  velums a r e  more o r  less lowered  impos ing  a 
n a s a l  t i m b r e  t o  t h e  sen tence .  The tongue i s  moved backwards  i n  t h e  first 

phase ,  is  r a i s e d  and advanced i n  t h e  second phase ,  and is  r e t r a c t e d  a g a i n  
i n  t h e  t h i r d  p h a s e ,  a s  w a s  c l e a r l y  s h o w n  i n  t h e  c i n e r a d i o g r a p h i c  m a t e -  
r i a l  . 
This  p a t t e r n s  can  be i n t e r p r e t e d  a s  a  drama i n  t h r e e  a c t s .  The changes  i n  
t e n s i o n  i n  t h e  t r a g e d y  a r e  p h y s i c a l l y  p r e s e n t  i n  t h e  changes  i n  m u s c u l a r  
t e n s i o n .  But what meaning can  we d e r i v e  from t h i s  pantomime? 

( a )  I n  t h e  p r o t a s i s  of  t h e  drama t h e  pharyngea l  c o n s t r i c t i o n  i s  a s i g n  o f  
r e j e c t i o n ;  i t  t y p i c a l l y  accompanies  t h e  e x p r e s s i o n  o f  h a t r e d .  The r e s u l -  
t i n g  " s t r a n g l e d t t  v o i c e  c o u l d  e v e n  c o n t a i n  a n  a l l u s i o n  t o  h o m o c i d e .  The 
l o w  p i t c h  f r e q u e n c y  a n d  t h e  c h e s t  r e g i s t e r  may r e f e r  t o  v i r i l i t y  a n d  
f o r c e .  Moses  ( 1 9 5 4 )  c a l l s  t h i s  t y p e  o f  p h o n a t i o n  n u l t r a - p a t e r n a l w .  The 
l l c r e a k l l  i s  a s i n i s t e r  g r o w l i n g .  I n  t h e  s l o w  r a t e  o f  s p e e c h  a n d  i n  t h e  
i m m o b i l i t y  i n  t e r m s  o f  p i t c h  t h e r e  is someth ing  menacing,  s o m e t h i n g  t h a t  
may s u g g e s t  a  w i l d  an imal  c r o u c h i n g  i n  o r d e r  t o  pounce upon i ts  v i c t i m .  
The d e l a b i a l i z a t i o n  and t h e  lowered  c o r n e r s  o t  t h e  mouth would e x p r e s s  
g e n e r a l  s c o r n  o r  d i s g u s t .  The p r o t a s i s  o f  o u r  drama i s  t h u s  domina ted  by 
d e s p i t e ,  h a t r e d ,  and menace! 

( b )  The s e c o n d  p h a s e ,  o r  t h e  e p i t a s i s  o f  t h e  d r a m a ,  i s  m a r k e d  by s u d d e n  
c h a n g e s :  s h i f t  i n t o  h e a d  r e g i s t e r  p h o n a t i o n ,  p i t c h  r i se ,  d e c r e a s e  o f  
i n t e n s i t y ,  and p a l a t a l i z a t i o n  seem t o  r e f l e c t  a n  a f f e c t i o n a t e ,  f e m i n i n e  
o r  i n f a n t i l e  a t t i t u d e .  T h i s  g e n t l e n e s s  i s  p a r t i a l l y  c o n t r a d i c t e d  by  
c l e a r l y  a g r e s s i v e  e l e m e n t s ,  s u c h  as  m u s c u l a r  t e n s i o n  a n d  p h a r y n g e a l  



c o n s t r i c t i o n .  T h e s e  a n t a g o n i s t i c  a t t i t u d e s  c r e a t e  a  c e r t a i n  d r a m a t i c  
t e n s i o n ,  which p r e p a r e s  f o r  t h e  f i n a l  s o l u t i o n .  

( c )  And t h e  d r a m a  e v o l v e s  as e x p e c t e d .  The c a t a s t r o p h e  is  m a r k e d  b y  a  
s u d d e n  r e t u r n  t o  a g g r e s s i o n .  The m a s k  o f  s w e e t n e s s  i s  t o r n  o f f .  The 
i n t e r l o c u t o r ,  s e e m i n g l y  c a r r i e d  t o w a r d s  t h e  g l o r i o u s  h e i g h t s ,  s u d d e n l y  
f a l l s  from t h e  c l o u d s ,  s e e s  h i m s e l f  th rown i n t o  t h e  a b y s s ,  where h e  mus t  
mee t ,  f a c e  t o  f a c e ,  t h e  d i a b o l i c  s p e a k e r  who is w a i t i n g  f o r  him, 

I n  t h i s  way t h e  p a t t e r n  o f  i r o n y ,  which is a n  e x p r e s s i v e  m o d i f i c a t i o n  o f  
n e u t r a l  i n t o n a t i o n ,  can  be s e e n  as a d r a m a t i c  pe r fo rmance  i n  t h r e e  a c t s ,  
which accompany and d i f f e r e n t i a t e  t h e  p r i m a r y  message o f  t h e  sen tence .  

The sudden changes  o f  s e m a n t i c  a s p e c t s  c o u l d  be  r o u g h l y  r e p r e s e n t e d  i n  
t h e  f o l l o w i n g  way: 

C h a r a c t e r  Phase 
I I1 I11 

K a s c u l i n e  + - + 
Fem i n i n e  - + - 

Aggress ive  + + + 
Tender - + - 

It s h o u l d  be no ted  h e r e ,  t h a t  a d e s c r i p t i o n  o f  t h e s e  c h a r a c t e r i s t i c s  i n  
t e r m s  o f  a v e r a g e  i n t e n s i t y ,  p i t c h  change,  s p e a k i n g  r a t e  e t c .  would com- 
p l e t e l y  b l u r  t h e  e s s e n c e  o f  t h e  v o c a l  pe r fo rmance  w i t h  i t s  t y p i c a l  a b r u p t  
changes  a t  n e a r l y  a l l  l e v e l s .  

I have t r i e d  t o  emphasize  t h e  p r e c o n s c i o u s  o r  unconsc ious  s y m b o l i c  dyna- 

mic a s p e c t s  o f  emot ive  prosody s i m p l y  because  t h e y  a r e  less a p p a r e n t  t h a n  
t h e  c o n s c i o u s ,  s t y l i z e d  r e p r o d u c t i o n  o f  symptoms. T h i s  k ind  o f  r ep roduc-  
t i o n  o f  symptoms is a l s o  t y p i c a l  o f  e m o t i v e  prosody and i t  c a n  be e f f i -  
c i e n t l y  i l l u s t r a t e d  by a n  example  t a k e n  from t h e  prosody o f  c o m p l a i n t .  I n  
t h e  l a n g u a g e s  i n v e s t i g a t e d ,  i n c l u d i n g  t h e  lllanguagell o f  m u s i c ,  c o m p l a i n t  
i s  a s s o c i a t e d  w i t h  a  r e c u r r e n t  s l i g h t  ( s e m i t o n e  w i d e )  r i s e  a n d  f a l l  o f  
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Fig. 13. The Hungarian s e n t e n c e  " A  P&er mind ig  hazud ik ,  t;gy h a z u d i k  m i n t  

e g y  gep! ( P e t e r  i s  a n o t o r i o u s  l y e r ,  h e  l i e s  l i k e  a mach ine! ) "  a s  p r o -  
nounced by a  l i t t l e  Hungarian g i r l  i n  t h e  mood o f  c o m p l a i n t .  The c u r v e s  
r e p r e s e n t  ( a )  fundamenta l  f r equency ,  (b)  a  t r a n s c r i p t i o n  o f  t h e  fundamen- 
t a l  f r e q u e n c y  t o  m u s i c a l  n o t a t i o n ,  a n d  ( c )  a n  e x c e r p t  o f  t h e  LAMENT0 
c h o i r  from Monteverd i l s  o p e r a  Orfeo. 

t h e  p i t c h  i n  s t r e s s e d  s y l l a b l e s ,  a s  is i l l u s t r a t e d  i n  Fig. 13. The o b s e r -  
v a t i o n s  made w e r e  c o n f i r m e d  by  m e a n s  o f  e x p e r i m e n t s  u s i n g  s y n t h e t i c  
s p e e c h .  It a p p e a r e d  t h a t  t h e  n u m b e r  o f  r e s p o n s e s   complaint^ v s .  " q u a r -  
r e l "  depends s t r o n g l y  on i n t r a -  and i n t e r s y l l a b i c  changes  o f  f u n d a m e n t a l  
f r e q u e n c y .  A s u d d e n  a n d  d e e p  f a l l  is  m o r e  l i k e l y  t o  b e  a s s o c i a t e d  w i t h  
a n g e r  and  q u a r r e l  t h a n  a s l i g h t  u p - g l i d e  a n d  d o w n - g l i d e  i n  s t r e s s e d  
s y l l a b l e s ,  s e e  Fig. 14. There can be l i t t l e  d o u b t  t h a t  s u c h  u p - g l i d e s  and 
d o w n - g l i d e s  a r e  s t y l i z e d  r e m i n i s c e n t s  o f  w e e p i n g ,  w h e r e  s l i g h t  p i t c h  
r i s e s  r e f l e c t  t h e  c o n t r a c t i o n  o f  t h e  e x p i r a t o r y  m u s c l e s  ( c f  Habermann 
1955). T h i s  c o n s t i t u t e s  a  t y p i c a l  examp1.e o f  s y m p t o m a t i c  v o c a l  behav io r .  



I n  both  s y m b o l i c  and symptomat ic  p i t c h  p a t t e r n s ,  t h e  e x p r e s s e d  e m o t i o n  
i s  i n  some way a c t u a l l y  p r e s e n t  i n  t h e  p r o s o d i c  e x p r e s s i o n .  E m o t i v e  
i n t o n a t i o n  i s  e x p r e s s i v e  o n l y  if i t  r e d u c e s  a  t e n s i o n  b y  l i t e r a l l y  e x -  
p r e s s i n g ,  i . e .  t h r o w i n g  o u t  t h e  i m a g i n a r y  o b j e c t  w h i c h  i s  c r e a t i n g  t h e  
t e n s i o n .  I t h i n k  t h a t  t h i s  i s  t r u e  f o r  a l l  m o t i v a t e d  s i g n s :  t h e y  c a n  b e  
d i s t i n g u i s h e d  from p u r e l y  a r b i t r a r y  s i g n s  by  s u c h  a n  i n t r u s i o n ,  i .e. t h e  
n i l l e g a l v  p r e s e n c e  o f  t h e  c o n t e n t  a t  t h e  l e v e l  o f  e x p r e s s i o n .  

The c o n t e n t i o n  o f  some g e n e r a t i v e  l i n g u i s t i c s  (Yor io  1973) i n t e r p r e t i n g  
e m o t i v e  i n t o n a t i o n  a s  a  s u r f a c e  m a n i f e s t a t i o n  o f  a n  u n d e r l y i n g  s u p e r -  
s e n t e n c e ,  e . g .  "1 h a t e  t h a t . . . " ,  "I d e s i r e  t h a t . . . " ,  s e e m s  t o  b e  
m i s l e a d i n g  and a n a c h r o n i s t i c .  The r e a s o n  is t h a t  t h e y  c o n f u s e  two l e v e l s  
o f  communicat ion,  namely communication by means o f  words ,  which is based  
o n  c o n c e p t u a l  t h i n k i n g ,  o n  t h e  o n e  h a n d ,  a n d  p r o s o d i c  c o m m u n i c a t i o n  o f  
p r e - c o n c e p t u a l  e m o t i v e  c o n t e n t s  b y  m e a n s  o f  m o t i v a t e d  p r o s o d i c  
c o n f i g u r a t i o n s ,  on t h e  o t h e r  hand. These a r e  two l e v e l s  o f  communica t ion  
which a r e  r a t h e r  d i s t a n t  on a n  e v o l u t i o n a l  ( o n t o g e n e t i c  and p h y l o g e n e t i c )  
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Fig.  14. I n t e n s i t y  and fundamental  f r e q u e n c y  (upper  and l o w e r  g r a p h s )  o f  
t h e  s y n t h e s i z e d  pseudo-Hungarian nonsense  s e n t e n c e  " K i s e r a  me: r a  b a :  v a -  
t a g v  pronounced as a c o m p l a i n t  by t h e  m a j o r i t y  o f  Hungarian l i s t e n e r s .  - 



s c a l e .  T h i s  d i f f e r e n c e  i s  c l e a r l y  f e l t ,  i f  we,  a p p l y i n g  t h e  g e n e r a t i v e  

m o d e l  p r o p o s e d ,  t r y  t o  s u b s t i t u t e  a n  o u t b u r s t  o f  a n g e r  w i t h  t h e  v e r b a l  
message "1 am angryn.  

M o t i v a t i o n  d o e s  n o t  p r e c l u d e  t h e  c o n v e n t i o n a l  c h a r a c t e r  o f  p r o s o d i c  
p a t t e r n s .  I n  a r e c e n t  i n v e s t i g a t i o n  ( F t n a g y  & F t n a g y ,  f o r t h c o m i n g ) ,  18 
p r o s o d i c a l l y  d i f f e r i n g  v e r s i o n s  o f  t h e  pseudo-Hungarian s e n t e n c e  / k i s e r a  
me:ra ba:vatag/  were p r e s e n t e d  i n  a f r e e  c h o i c e  tes t  t o  40 Hungar ian ,  16 

A m e r i c a n ,  20 C z e c k ,  17  F r e n c h ,  a n d  30 J a p a n e s e  s t u d e n t s .  The s u b j e t c s  
w e r e  a s k e d  t o  t r a n s l a t e  t h e  s e n t e n c e  i n t o  t h e i r  m o t h e r  t o n g u e ,  i . e .  t o  
p r o v i d e  a s e n t e n c e  w h i c h  t h e y  f e l t  t o  b e  i d e n t i c a l  i n  m e a n i n g  w i t h  t h e  
s e n t e n c e  t h e y  had heard.  Also,  t h e y  were  asked  t o  d e t e r m i n e  t h e  e m o t i o n a l  
a t t i t u d e  o f  t h e  s p e a k e r .  The r e s p o n s e s  w e r e  l a b e l l e d  a s  t t c o r r e c t t l  i f  2 

o u t  o f  3 j u d g e s  f o u n d  t h e m  c o n f o r m  w i t h  t h e  s p e a k e r ' s  i n t e n t i o n .  We 
encoun te red  some d i v e r g e n c i e s  i n  t h e  r e s u l t s .  For  i n s t a n c e ,  American and 
Japanese  l i s t e n e r s  made c e r t a i n  m i s t a k e s  i n  t h i s  a t t e m p t  t o  i n t e r p r e t  a n  
u t t e r a n c e  i n  a n  non-understood language.  However, s u c h  e r r o r s  were  a l s o  
c o m m i t t e d  by  t h e  H u n g a r i a n  s u b j e c t s ,  i n  s p i t e  o f  t h e  f a c t  t h a t  t h e y  
u n d e r s t o o d  t h e  l a n g u a g e .  S o m e t i m e s  t h e  H u n g a r i a n  s u b j e c t s  e v e n  f a i l e d  
more f r e q u e n t l y  t h a n  t h e  o t h e r s ,  s e e  Table 11. Our p r e v i o u s  e x p e r i e n c e s  
from s i m i l a r  e x p e r i m e n t s  t e l l  u s  t h a t  s u c h  c o n f u s i o n s  a r e  r e g u l a r l y  made 
i n  s e m a n t i c  t e s t s .  But how t o  r e c o n c i l e  t h e s e  e r r o r s  w i t h  t h e  p re tended  
isomorphism o f  c o n t e n t  and e x p r e s s i o n ?  

I would be i n c l i n e d  t o  a t t r i b u t e  t y p i c a l ,  r e c u r r e n t  i d e n t i f i c a t i o n  e r r o r s  
t o  some a n a l o g y  b e t w e e n  t h o s e  e m o t i o n s  w h i c h  t h e  l i s t e n e r s  t e n d e d  t o  
confound. Thus, i n  s e m a n t i c  t e s t s  based on l a r y n g o g r a p h i c  r e c o r d i n g s  o f  
r e p r e s s e d  a n g e r  o r  h a t r e d ,  a n g e r  was f r e q u e n t l y  i n t e r p r e t e d  a s  d i s d a i n  o r  
r ep roach ,  s e e  Table 111. Undoubtedly, a l l  t h e s e  a f f e c t s  s h a r e  a n  e l e m e n t  
o f  a g g r e s s i o n .  S i m i l a r l y ,  t e n d e r n e s s  and d e s i r e  a r e  v e r y  c l o s e ,  b o t h  
b e i n g  p o s i t i v e  l i b i d i n a l  s o c i a l  a f f e c t s .  - J o y  h a s  b e e n  c o n f u s e d  w i t h  
c o q u e t r y  and  i n s i s t e n c e :  t h e s e  e m o t i o n s  may o c c a s i o n a l l y  o v e r l a p .  An 
e x a m p l e  o f  t h i s  i s  t h e  s i t u a t i o n  s u g g e s t e d  i n  t h e  t e x t  s p o k e n  by  a n  
a c t r e s s ,  who r e j o i c e s  a t  t h e  l e t t e r  s h e  j u s t  r e c e i v e d  f ron  ' e r  l o v e r .  

Even t h e  s t r i k i n g  i n a c c u r a c i e s  o f  s u b j e c t s  i d e n t i f y i n g  f e a r  as, r e p r o a c h  
o r  a s  a mood c o n t a i n i n g  a n g e r  a r e  e x p l i c a b l e  i n  t h e  Darwinian framework: 
b o t h  a n g e r  and  f e a r  r e f e r  t o  s t r u g g l e ,  t h e  e s s e n t i a l  d i f f e r e n c e  b e i n g  



T a b l e  11. "Degree  o f  m o t i v a t i o n " ,  i . e .  t h e  r e l a t i v e  f r e q u e n c y  o f  
c o r r e c t  answers  of  fo re ign  l i s t e n e r s  (American, Czeck, French, Japanese)  
a s  compared t o  t h e  number o f  c o r r e c t  answers  g iven  by Hungarian s u b j e c t s  
i n  an experiment ,  where t h e  s u b j e c t s  guessed t h e  a t t i t u d e s  expressed by 
t h e  d i f f e r e n t  v e r s i o n s  o f  a pseudo-Hungar ian  s e n t e n c e  / k i s e r a  me:ra  
ba :va tag / .  

A t t i t u d e  

Anger 
Hatred 
I r r i t a t i o n  
Plenace 
Resignation ( a )  
Hes igna t ion  ( b ) 
Fear 

JOY 

S u r p r i s e  
Imploring 
Mockery 
Persuasion 
Exp l i ca t i on  ( a )  
Exp l i ca t i on  ( b )  

( i n s i s t i n g )  
Reasoning ( a )  
Reasoning ( b )  
Eleditation 
h f  f e c t i o n  

American Czeck 
(N=16) (N=20) 

.60 -97  
1.30 .77 
1.07 -90  
1.15 .90 
1.07 37 
1.43 .25  

.65 . eo 

.88 57 
1.08 .62 

70 1.37 
1.07 .67 

-98  .80 
70 .38 

.93 .65 

French 

(N=17) 
.70 

1.15 

- 7 8  
.78 

-47 
.45 

- 9 3  
- 7 8  

1.50 
90 

.55 

.58 

.55 

.58 

Japanese 

(N=30) 
1.25 

1.10 
.88 

- 9 7  
1.05 

90 
.62 

92 
.52 

1.09 
.72 

1.17 

- 7 8  
- 3 5  

Mean va lues  .93 .09 - 7 3  .84 

Average 

t h a t  anger expresses  t h e  p repa ra t i on  t o  s t r u g g l e  of  t h e  dominant male,  
whi le  f e a r  expresses  t h e  p repa ra t i on  o f  t h e  weaker one. 



The w e l l  known a n a l o g i e s  between t h e  p h y s i o l o g i c a l  r e s p o n s e s  i n  f e a r  and 
a n g e r  (Cannon  1939,  L i n d s l e y  1 9 7 0 ,  a l s o  A r n o l d  1 9 6 1 )  a r e  i n  a g r e e m e n t  
w i t h  t h i s  supposed a n c e s t r a l  r e l a t i o n s .  The mixup between t e n d e r n e s s  and 
s a d n e s s  p o i n t s  t o  t h e  a b s e n c e  o f  a g g r e s s i v e n e s s  i n  b o t h  t h e s e  moods  
( r e f l e c t e d  i n  t h e  r e d u c t i o n  o f  m u s c u l a r  a c t i v i t y ) .  

The s e m a n t i c  t e s t s  on e m o t i v e  v e r s i o n s  o f  t h e  pseudo-Hungarian / k i s e r a  
me:ra ba:vatag/  a l s o  o f f e r  some o t h e r  r e v e a l i n g  s u r p r i s e s ,  a s  c a n  be  s e e n  
i n  T a b l e  I1 ( s e e  a l s o  F i g . s  3-4). The f a c t  t h a t  j u b i l a t i o n  i s  c o n f u s e d  
w i t h  a n g e r  is  p o s s i b l y  p o i n t i n g  t o  a n  u n d e r l y i n g  common f e a t u r e ,  namely 
e x c i t e m e n t  o r  o u t b u r s t  o f  a  v i o l e n t  e m o t i o n .  The c o n f u s i o n  o f  f e a r  a n d  
s u r p r i s e  may s u g g e s t  t h a t  s u r p r i s e  and f e a r  s h a r e  a common i n i t i a l  phase ,  
n a m e l y  t h e  r e s p o n s e  t o  a n  u n e x p e c t e d  e v e n t ,  w h i c h  e n d a n g e r s  t h e  
e q u i l i b r i u m  o f  t h e  organism.  

The most  unexpected c o n f u s i o n  i n  t h e s e  r e s u l t s  is t h a t  o f  r e a s o n i n g  and 
a r g u m e n t a t i o n ,  on t h e  o n e  h a n d ,  a n d  a n g e r  a n d  fea r  o n  t h e  o t h e r .  T h e s e  
c o n f u s i o n s  seem t o  c o r r o b o r a t e  some hypo theses  r e g a r d i n g  t h e  i n s t i n c t u a l  
b a s i s  o f  r e a s o n i n g .  F o r  i n s t a n c e ,  Hermann ( 1  9 2 3 ,  1 9 7 8 ,  1 9 7 9 )  c o n n e c t s  
l o g i c a l  and  m a t h e m a t i c a l  t h i n k i n g  w i t h  a g g r e s s i v e  p u l s i o n s .  Metaphor ic  
e x p r e s s i o n s  s u c h  a s  -- a c u t e ,  s h a r p  i n t e l l e c t ,  c l e a r  c u t  d i s t i n c t i o n ,  -- 
s c i e n t i f i c  r i g o r  o r  t h e  r e c e n t  s e m a n t i c  d e v e l o p m e n t  o f  a r g u m e n t  m i g h t  
r e f l e c t  o u r  p r e c o n s c i o u s  k n o w l e d g e  o f  s u c h  p a r a l l e l s .  It m i g h t  b e  
ment ioned h e r e  t h a t  t h e  L a t i n  word conv inco  means c o n v i n c e  and is d e r i v e d  
from v inco ,  which means ' t o  d e f e a t 1 .  

I n  f a c t ,  a  c o n f u s i o n  m a t r i x  o f  s e m a n t i c  t e s t s  on e m o t i v e  s p e e c h  c o n t a i n s  
p r e c i o u s  i n d i c a t i o n s  c o n c e r n i n g  t h e  p s y c h o l o g i c  s t r u c t u r e  o f  e m o t i v e  
m e n t a l  s t a t e s . P r o s o d i c  and m u s i c a l  e x p r e s s i o n s  of e m o t i v e  a t t i t u d e s  r e -  
v e a l  much more o f  t h e  r e a l  n a t u r e  o f  emot ions  t h a n  c o n c e p t u a l  a n a l y s i s  by 
m e a n s  o f  l e x i c a l  i t e m s .  Vocal  f e a t u r e s  may u n c o v e r  s o m e  h i d d e n  t r a i t s  
g i v i n g  u s e f u l  h i n t s  f o r  p s y c h o l o g i c  r e s e a r c h .  



2. A THIRD DIMENSION: MELODICITY 

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

e m o t i o n s ,  t h e  b a s i c  d i s s i m i l a r i t i e s  become v e r y  consp icuous .  It is  c e r -  
t a i n l y  more p l e a s a n t  t o  l i s t e n  t o  t h e  m u s i c a l  o u t b u r s t s  o f  a n g e r  i n  t h e  
a r i a  n u m b e r  1 4  o f  t h e  Queen  o f  t h e  N i g h t  i n  M o z a r t ' s  " Z a u b e r f l o t e "  t h a n  
t o  t h e  e x p r e s s i o n  o f  even t e n d e r  f e e l i n g s  i n  E n g l i s h ,  French and Hunga- 
r i a n  speech.  Th i s  p l e a s u r a b l e  e f f e c t  i s  c e r t a i n l y  r e l a t e d  t o  t h e  h i g h e r  

d e g r e e  o f  o r g a n i z a t i o n ,  which seems t o  c h a r a c t e r i z e  m u s i c a l  e x p r e s s i o n  a t  
a l l  l e v e l s .  A h i g h e r  d e g r e e  o f  r e g u l a r i t y  o f  t h e  i n t r a s y l l a b i c  t o n a l  
movement  d i s t i n g u i s h e s  s i n g i n g  f r o m  s p e a k i n g .  The b a s i c  c o m p o n e n t  o f  
p e r f o r m e d  m u s i c ,  i.e., t h e  t o n e ,  c a n  i n d e e d  b e  r e g a r d e d  a s  a  p i e c e  o f  
music  i n  i t s e l f  t o  t h e  e x t e n t  t h a t  i t  c o n t a i n s  a  h i g h l y  o r g a n i z e d  h o r i -  
z o n t a l  as w e l l  a s  v e r t i c a l  s t r u c t u r e ;  t h e r e  i s  a  r e g u l a r i t y  i n  t h e  t i m e  
domain w i t h  r e s p e c t  t o  t h e  sequence o f  s u b s e q u e n t  c y c l e s  and t h e r e  is a 
r e g u l a r i t y  i n  t h e  f requency  domain w i t h  r e s p e c t  t o  t h e  harmonic  s t r u c -  
t u r e ,  which can  even be s a i d  t o  a n t i c i p a t e  polyphony. The p l e a s a n t  e f f e c t  
o f  a  t o n e ,  i ts  euphony, is a  consequence o f  i t s  two-d imens iona l  r e g u l a r i -  
t y ,  which c o n s i d e r a b l y  r e d u c e s  t h e  m e n t a l  e x p e n d i t u r e  i n v o l v e d  i n  p e r c e i -  
v i n g  it. I n  a  p r e v i o u s  a r t i c l e  (Ftnagy 1960) I a t t e m p t e d  t o  make a  rough  
c a l c u l a t i o n  o f  t h e  number o f  measurements  which a  p e r s o n ,  u s i n g  t u n i n g  
f o r k s  o n l y ,  would  h a v e  t o  p e r f o r m  i n  o r d e r  t o  d e t e r m i n e  t h e  c h a n g e s  i n  
fundamenta l  f r equency  c o n s t i t u t i n g  a sung  /a/  and a  n o i s e  o f  i d e n t i c a l  
d u r a t i o n .  It appeared t h a t  79 measurements  would s u f f i c e  f o r  t h e  s t r u c -  
t u r e  o f  t h e  vowel ,  w h i l e  20.000 measurements  were  needed f o r  d e t e r m i n i n g  
t h e  a c o u s t i c  s t r u c t u r e  o f  t h e  n o i s e .  I have a  l i m i t e d  c o n f i d e n c e  i n  t h e s e  
c a l c u l a t i o n s ,  b u t  i t  s e e m s  t o  me q u i t e  e v i d e n t ,  t h a t  we p e r c e i v e ,  i . e .  
a n a l y s e  t h e  t o n e  by  m e a n s  o f  a  h i g h l y  r e d u c e d  e x p e n d i t u r e  o f  e n e r g y  a s  
compared w i t h  t h e  c o s t s  needed f o r  t h e  p e r c e p t i o n / a n a l y s i s  o f  n o i s e .  

The d i c o t o m y  s i n g i n g  v s .  s p e a k i n g  i s  p a r t l y  d e t e r m i n e d  by  c u l t u r a l  h a -  
b i t s .  The Hopi i n d i a n s  o f  Arizona d i s t i n g u i s h  between t a w i  ( s i n g i n g )  a n d  

l a v a y i  ( e v e r y - d a y  s p e e c h ) .  T h e i r  word t i :ngawa ( d e c l a r a t i o n )  is h a l f w a y  
between s i n g i n g  and speech  ( L i s t  1963). Magdics (1963) i n v e s t i g a t e d  t h e  
a c o u s t i c  c h a r a c t e r i s t i c s  o f  a r t i f i c i a l  t r a n s i t i o n s  b e t  ween s p e a k i n g  and 
s i n g i n g  i n  H u n g a r i a n .  Such  t r a n s i t i o n s  r e a l l y  e x i s t  i n  a l l  E u r o p e a n  
l a n g u a g e s .  



Some t w e n t y  y e a r s  a g o  we a t t e m p t e d  t o  g i v e  a  m o r e  o r  l e s s  a d e q u a t e  
d e s c r i p t i o n  o f  H u n g a r i a n  i n t o n a t i o n  t a k i n g  i n t o  a c c o u n t  i t s  v a r i e t y .  
S e v e r a l  s p e e c h  t y p e s  were a n a l y s e d ,  s u c h  a s  l e c t u r i n g ,  se rmons ,  s t r e e t  
vendors '  c a l l s ,  r e c i t a t i o n  o f  p o e t r y ,  t h e a t r e  p l a y s ,  c o n v e r s a t i o n ,  c h i l -  
d ren ' s  speech .  We soon r e a l i z e d  t h a t ,  i n  o r d e r  t o  d i s t i n g u i s h  c h i l d r e n ' s  
t a l k  f r o m  t h e  s p e e c h  o f  a d u l t s ,  s e r m o n s  f r o m  n o r m a l  c o n v e r s a t i o n ,  a n d  
t e n d e r  s p e e c h  from q u a r r e l ,  we had t o  p o s t u l a t e  a  t h i r d  d imens ion  a p a r t  
from p i t c h  and t i m e .  We c a l l e d  t h i s  d imens ion  r n e l o d i c i t y  and d e f i n e d  i t  
a s  t h e  p e r c e p t u a l  r e sponse  t o  t h e  h i g h e r  o r  l o w e r  d e g r e e  o f  r e g u l a r i t y  
/ c o n t i n u i t y / p r e d i c t a b i l i t y  o f  t h e  fundamenta l  f r e q u e n c y  c u r v e  w i t h i n  each 
s y l l a b l e  (Fbnagy & M a g d i c s  1967) .  It i s  n o t  e a s y  t o  f i n d  a n  a d e q u a t e  
measure  o f  t h i s  p a r t i c u l a r  t y p e  o f  t o n a l  r e g u l a r i t y .  S t a n d a r d  d e v i a t i o n ,  
a u t o - c o r r e l a t i o n ,  t o t a l  v a r i a t i o n ,  r e d u n d a n c e  a r e  p o s s i b l e  c a n d i d a t e s  
(Ftnagy & M a g d i c s  1963) .  

The m e l o d i c i t y  v a r i e s  w i t h  age.  Ch i ld ren ' s  s p e e c h  i s  more llmelodicll t h a n  
t h a t  o f  t h e  a d u l t .  A d u l t s  s p e a k i n g  t o  a c h i l d  t r y  t o  m i m i c  t h e  c h i l d ' s  
h i g h e r  d e g r e e  o f  m e l o d i c i t y .  A s  r e g a r d s  s e x ,  women's s p e e c h  is  g e n e r a l l y  
more "melodic" t h a n  men's speech.  Even i n  everyday  b a n a l  c o n v e r s a t i o n  we 
can o b s e r v e  o c c a s i o n a l  s w i t c h i n g  from a  l o w  t o  a h i g h  d e g r e e  o f  melodoci-  
t y .  Thus ,  i n  P a r i s i a n  F r e n c h ,  p l a y f u l  m e l o d i c  c l i c h b  a r e  f r e q u e n t  i n  
c o n v e r s a t i o n  (Fbnagy 198 1 ), e s p e c i a l l y  i n  v e r b a l  c l i c h e ' s  s u c h  a s  ''mais 
v o u s  e n  f a i t e s  un t e t e ! I 1  "En v o i l a  une  id&!!' "Oh q u l i l  e s t  mignon!" 
e t c .  T h i s  s e e m s  t o  b e  t h e  c a s e  a l s o  i n  A m e r i c a n  E n g l i s h  (Ladd  1 9 7 8 ) ,  
A u s t r a l i a n  E n g l i s h  ( M a r l e n e  N o r s t ,  u n p u b l i s h e d ) ,  H u n g a r i a n  ( F b a g y  & 

Magdics 1967) and p robab ly  o t h e r  l a n g u a g e s  a s  w e l l .  O c c a s i o n a l l y ,  melodi-  
c i t y  may p l a y  a  d i s t i n c t i v e  r o l e  i n  t h a t  i t  c o n t r i b u t e s  s i g n i f i c a n t l y  t o  
e.g. t h e  c h a r a c t e r i s a t i o n  o f  d i s j u n c t i v e  q u e s t i o n s  vs .  d i s j u n c t i v e  s t a t e -  
m e n t s  ( F b a g y  & E e ' r a r d  1980) .  

The d e g r e e  o f  m e l o d i c i t y  is  much h i g h e r  i n  l o v i n g  ( l i b i d i n a l )  e m o t i o n s ,  
s u c h  a s  t e n d e r  a p p r o a c h ,  c o u r t s h i p ,  d e s i r e ,  l o n g i n g ,  c o q u e t r y ,  l u r i n g ,  
c o n s o l i n g ,  t h a n  i n  a g r e s s i v e  a t t i t u d e s  s u c h  a s  q u a r r e l ,  h a t r e d  r e s e n t -  
m e n t ,  s c o l d i n g ,  o r d e r i n g ,  s h o w i n g  r i g o r .  T h i s  s u g g e s t s  t h a t  a h i g h e r  
d e g r e e  o f  r e g u l a r i t y  i s  t y p i c a l  o f  t e n d e r  e m o t i o n s  on bo th  t h e  i n t e r -  and 
t h e  i n t r a s y l l a b i c  l e v e l .  A t  t h e  s a m e  t i m e ,  t h e  r e l a t i v e  d u r a t i o n  o f  
q u a s i - p e r i o d i c  voiced e l e m e n t s ,  i .e.,  vowels  and v o c o i d s ,  is  s i g n i f i c a n -  
t l y  l o n g e r  i n  t e n d e r  s p e e c h  a s  c o m p a r e d  w i t h  a n g r y  s p e e c h ,  a l l  o t h e r  



c o n d i t i o n s  b e i n g  e q u a l * .  A g g r e s s i v e  e m o t i o n s  a p p e a r  t o  b e  I t n o i s y  a s  

compared w i t h  more t e n d e r  emot ive  a t t i t u d e s  ( s e e  T a b l e s  I I I - IV) .  Similar- 
l y ,  a n  a c t o r  p e r f o r m i n g  t h e  r o l e  o f  a g e n e r a l  t e n d s  t o  l e n g t h e n  t h e  
consonan t s ,  w h i l s t  t h e  same a c t o r  l e n g t h e n s  t h e  v o w e l s  i n  t h e  r o l e  of a n  
amoroso,  c f  Tab le  V. 

Table  111. D u r a t i o n  o f  v o w e l s  (V) and  c o n s o n a n t s  (C) i n  c e n t i s e -  
c o n d s  i n  t h e  s p e e c h  o f  t h r e e  a c t r e s s e s  (S  1, S2, a n d  S3) 

s i m u l a t i n g  two d i f f e r e n t  e m o t i v e  a t t i t u d e s  ( h a t r e d  and 
t e n d e r n e s s ) .  

S u b j e c t  A t t i t u d e  V C p t k  f s  bdg v z  l j m n  w 

S  1 Tender 9.35 6.06 9.06 9.32 5.20 5.00 4 - 2 2  3 - 0 0  

S2 T e n d e r  8.95 6.92 9.60 9.74 6.25 5.07 6.18 4 - 3 8  

s 3  T e n d e r  11.26 7.33 10.95 11.84 6.50 4.40 4.12 4.17 

S  1 Hatred 6.36 9.17 13.00 14.60 7.63 6.67 7.30 3.50 

S 2  H a t r e d  8.291 1.10 17.07 16.64 10.57 9.60 6.57 5.33 

s 3 Hat red  7.27 8.65 12.56 12.33 9.67 7.40 5.50 4.00 

t - t e s t  : t=  3.92 4.85 3.98 4.06 5.42 4.74 2.45 0.88 

p  < .02 .O1 .02 .02 .01 .O1 .01 .02 

s i g n i f i c a n c e  S S S S S  S S S 

I n  a t e n d e r  mood s p e a k e r s  u s e  v o c a l  a n d  c h r o n e m i c  s t r a t e g i e s  s u c h  a s  
i n t e r - s y l l a b i c  r e g u l a r i t y  i n  t h e  p i t c h  b e h a v i o r ,  s l o w  and g r a d u a l  p i t c h  
c h a n g e s ,  a n d  l e n g t h e n i n g  o f  t h e  l l e u p h o n i c t l  e l e m e n t s .  T h e s e  s t r a t e g i e s  
f a c i l i t a t e  t h e  decoding and e l i c i t e  p l e a s u r a b l e  f e e l i n g s  by i n c r e a s i n g  

* The r e l a t i v e  l e n g t h  o f  a  s p e e c h  s o u n d  v a r i e s  w i t h  v o c a l  i n t e n s i t y .  
Higher i n t e n s i t y  i s  g e n e r a l l y  a s s o c i a t e d  w i t h  a  s h o r t e n i n g  o f  c o n s o n a n t s ,  
l i q u i d s  and n a s a l s  excep ted ,  and w i t h  a l e n g t h e n i n g  o f  v o w e l s  ( F b a g y  & 

a 1  1980). I n  o r d e r  t o  d e t e r m i n e  t h e  i n f l u e n c e  o f  e m o t i o n s  o n  c o n s o n a n t  
and vowel d u r a t i o n ,  we have t o  t a k e  s u c h  e f f e c t s  i n t o  a c c o u n t .  



Table  I V .  R e l a t i v e  d u r a t i o n  o f  v o w e l s  ( tVIC) i n  t h e  p s e u d o -  
Hungarian u t t e r a n c e  / k i s e r a  me:ra ba:vatag/ as spoken by 
f o u r  H u n g a r i a n  a c t r e s s e s  s u g g e s t i n g  12  d i f f e r e n t  a t t i -  
t udes . 

A t t i t u d e s  

Mockery ( c h i l d i s h )  
Com p l a i n t  
Sadness  

JOY 
E x p l a n a t i o n  
Astonishment 
Menace 
D e c l a r a t i o n  
F e a r  
I r r i t a t i o n  
Anger 
Hatred 

Tab le  V. The r a t i o  vowel /consonant  d u r a t i o n  i n  t h e  s p e e c h  o f  a 
Hungarian a c t o r  r e a d i n g  t h e  same t e x t  first i n  t h e  r o l e  
o f  a n  amoroso and t h e n  i n  t h e  r o l e  o f  a g e n e r a l .  
Charac te r  Vowels/p, t ,k Vo wels /Consonants  

Amoroso 
General  

t ( V O ) / t ( C ) .  100: Amoroso General  

Observed 120 
Expected f o r  a 
random d i s t r .  103.5 

TEST:  x2 = 5.260 p<.02** 



t h e  p h o n e t i c  redundancy c o n s i d e r a b l y .  A t  t h e  l e v e l  o f  v o c a l  g e s t u r i n g ,  a 
h i g h  d e g r e e  o f  m e l o d i c i t y  and t h e  dominance o f  v o c a l  e l e m e n t s  r e f l e c t  a  
r e d u c t i o n  o f  l a r y n g e a l  and a r t i c u l a t o r y  m u s c u l a r  t e n s i o n .  W i t h i n  t h e  
f r a m e w o r k  o f  t h e  D a r w i n i a n  t h e o r y ,  s u c h  a  b e h a v i o r  c o r r e s p o n d s  t o  a  
p e a c e f u l  a t t i t u d e ,  i . e .  t o  t h e  a b s e n c e  o f  menace .  The m e n t a l  move a w a y  
from a g g r e s s i o n  and towards  t e n d e r n e s s  seems t o  b r i n g  s p e e c h  c l o s e r  t o  
music .  

I f  we may a s s i g n  a n  a t t i t u d e  t o  a n  a r t i s t i c  t y p e  o f  communica t ion ,  t h i s  
seems t o  p l a c e  m u s i c a l  e x p r e s s i o n  a s  t h e  c o u n t e r p a r t  of a g g r e s s i v e  beha- 

v i o r .  Phone t i c  a n a l y s i s  t h u s  seems  t o  r e j o i n  t h e  myth o f  Orpheus and t h e  
Nagic F l u t e  by a t t r i b u t i n g  t o  music  t h e  power t o  tame t h e  w i l d  f o r c e s  o f  

n a t u r e .  
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TO PERCEIVE ONE'S OWN VOICE AND ANOTHER PERSON'S VOICE 

by p r o f e s s o r  JOHAN SUNDBERG, Department o f  Speech Communication Research 
and Music A c o u s t i c s ,  K T  H (RIT), Stockholm 

L i s t e n i n g  t o  one's  own v o i c e  from a  t a p e  r e c o r d i n g  o n e  r a r e l y  r e c o g n i z e s  
t h e  v o i c e ,  e v e n  t h o u g h  o n e  h o p e f u l l y  r e m e m b e r s  w h a t  was  s a i d .  On t h e  
o t h e r  h a n d ,  o n e  g e n e r a l l y  r e c o g n i z e s  t h e  v o i c e  t i m b r e  o f  o t h e r  p e r s o n s  
u n d e r  t h e  s a m e  c o n d i t i o n s .  T h i s  p o s e s  t h e  q u e s t i o n  t o  b e  c o n s i d e r e d  i n  
t h e  p r e s e n t  a r t i c l e :  k h y  d o e s  o n e ' s  own v o i c e  s o u n d  s o  d i f f e r e n t  t o  
o n e s e l f  as compared w i t h  how it sounds  t o  o t h e r  peop le?  

T h i s  q u e s t i o n ,  o f  c o u r s e ,  i s  i m p o r t a n t  t o  s i n g e r s  a n d  s i n g i n g  t e a c h e r s  
and a l s o  t o  t h e  v o i c e  t h e r a p i s t .  The i d e a l  v o i c e  t i m b r e  sounds  d i f f e r e n t  
t o  t h e  e a r s  o f  t h e  s p e a k e r  t h a n  t o  t h e  e a r s  o f  t h e  l i s t e n e r s .  T h u s ,  t h e  
s t u d e n t  t r a i n i n g  h i s / h e r  v o i c e  s h o u l d  n o t  a t t e m p t  t o  d e v e l o p  a  v o i c e  
usage which produces  t h e  i d e a l  v o i c e  t i m b r e  i n  t h e  s t u d e n t ' s  own e a r s !  A 

s i n g e r  who s i n g s  i n  such  a  way t h a t  he  sounds  a s  CARUSO i n  h i s  own e a r s ,  
p robab ly  sounds a s  something f a r  from CARUSO i n  h i s  l i s t e n e r s '  e a r s .  Let  
u s  e x a m i n e  a  b i t  c l o s e r  t h e  f a c t o r s  w h i c h  d e t e r m i n e  t h e  v o i c e  t i m b r e  
which t h e  s p e a k e r / s i n g e r  p e r c e i v e s  o f  h i s / h e r  own v o i c e .  

The sound o f  one's  own v o i c e  r e a c h e s  one 's  e a r  from two s e p a r a t e  avenues.  
Cine i s  t h e  a i r ,  w h i c h  l e a d s  t h e  s o u n d  f r o m  t h e  l i p  o p e n i n g  t o  t h e  e a r  
c a n a l .  The o t h e r  is  made up by t h e  s t r u c t u r e s  s e p a r a t i n g  t h e  v o c a l  t r a c t  
f r o m  t h e  i n n e r  e a r .  The s o u n d  w i t h i n  t h e  v o c a l  t r a c t  i s  o f  v e r y  h i g h  
a m p l i t u d e  d u r i n g  vowel p r o d u c t i o n ,  a b o u t  20 dE above t h e  sound p r e s s u r e  
l e v e l  which c a u s e s  pa in  i n  o u r  e a r s !  T h i s  sound g e n e r a t e s  v i b r a t i o n s  i n  
t h e  v o c a l  t r a c t  w a l l s ,  a n d  t h e s e  v i b r a t i o n s  a r e  t r a n s m i t t e d  t o  o t h e r  
p a r t s  o f  t h e  head,  i n c l u d i n g  t h e  i n n e r  e a r .  The r e s u l t i n g  bone-conducted 
s o u n d  c a n  be  p e r c e i v e d  o n l y  b y  t h e  s p e a k e r / s i n g e r ,  o f  c o u r s e .  The b o n e  
c o n d u c t e d  s o u n d  d o e s  n o t  r a d i a t e  f r o m  t h e  s k u l l  s o  e f f i c i e n t l y  t h a t  i t  



c o n t r i b u t e s  t o  a n y  s i g n i f i c a n t  e x t e n t  t o  t h e  s o u n d  r e a c h i n g  o u t s i d e  o f  
t h e  s p e a k e r / s i n g e r .  Here is a n  i m p o r t a n t  d i f f e r e n c e  between t h e  s p e a k e r  
/ s i n g e r  and t h e  l i s t e n e r .  It is  o n l y  t h e  s p e a k e r / s i n g e r  who p e r c e i v e s  a n y  
b o n e - c o n d u c t e d  s o u n d  o f  h i s / h e r  own v o i c e .  T h i s  i s  o n e  p a r t  o f  t h e  
e x p l a n a t i o n  why t h e  v o i c e  t i m b r e  i s  n o t  t h e  s a m e  i n  t h e e a r s o f t h e  
person u s i n g  h i s / h e r  v o i c e  and t h e  p e r s o n s  h e a r i n g  h i s / h e r  vo ice .  

T h i s  i s  n o t  t h e  o n l y  f a c t o r  c o n t r i b u t i n g  t o  t h i s  p e r c e p t i o n  e f f e c t ,  
though. There is  a n o t h e r  f a c t o r  which a f f e c t s  t h e  a i r - b o r n e  sound. T h i s  
sound a c t u a l l y  c o n s i s t s  o f  two p a r t s .  One p a r t  t r a v e l s  d i r e c t l y  f rom t h e  
l i p  open ing  t o  t h e  e a r s .  Another p a r t  r e a c h e s  t h e  e a r s  a f t e r  h a v i n g  been 
r e f l e c t e d  one o r  more t i m e s  i n  t h e  room. T h i s  p a r t  o f  t h e  a i r - b o r n e  sound 
r e a c h e s  t h e  e a r s  w i t h  some d e l a y  which is  c o n s i d e r a b l e  i f  t h e  number o f  
r e f l e c t i o n s  i s  h i g h .  T h e s e  t w o  p a r t s  o f  t h e  a i r - b o r n e  s o u n d  may d i f f e r  
c o n s i d e r a b l y .  I n  t h e  d i r e c t  sound t h e  l o w  f r e q u e n c y  components  a r e  t r a n s -  
m i t t e d  more e f f i c i e n t l y  t h a n  t h e  h i g h  f r e q u e n c y  components.  The r e a s o n  
f o r  t h i s  is  t h a t  t h e  h i g h  f requency  components ,  among which we f i n d  t h e  
s i n g e r ' s  f o r m a n t ,  c a n n o t  r a d i a t e  b a c k w a r d s  a s  e f f i c i e n t l y  a s  t h e  l o w  
f r e q u e n c y  c o m p o n e n t s .  F o r  t h i s  r e a s o n ,  t h e  s o u n d  w h i c h  h a s  t r a v e l l e d  
d i r e c t l y  f rom t h e  mouth t o  t h e  e a r s  h a s  a  somewhat more d u l l  t i m b r e  t h a n  
t h e  s o u n d  r a d i a t e d  a l o n g  t h e  l e n g t h  a x i s  o f  t h e  mouth .  T h i s  e f f e c t  i s  
i l l u s t r a t e d  i n  SOUND EXAMPLE 1. It r e p r o d u c e s  t h e  same u t t e r a n c e  p icked  
u p  by  t w o  m i c r o p h o n e s  s i m u l t a n e o u s l y .  One m i c r o p h o n e  i s  l o c a t e d  j u s t  
a b o v e  t h e  l e f t  o u t e r  e a r  o f  t h e  s p e a k e r .  The s e c o n d  m i c r o p h o n e  i s  a t  
e x a c t l y  t h e  same d i s t a n c e  from t h e  l i p  open ing  b u t  p l a c e d  on t h e  l e n g t h  
a x i s  o f  t h e  mouth .  The r e c o r d i n g  was  made i n  a n  a n e c h o i c  r o o m ,  s o  t h a t  
t h e r e  i s  n o  r e f l e c t e d  sound .  T h e r e  i s  a q u i t e  d i s t i n c t  d i f f e r e n c e  n o t  
o n l y  i n  l o u d n e s s  b u t  a l s o  i n  t h e  v o i c e  t i m b r e .  

? h e  a i r - b o r n e  s o u n d  t h a t  r e a c h e s  o n e ' s  e a r s  d o e s  n o t  c o n s i s t  s o l e l y  o f  
t h e  s o u n d  t h a t  h a s  t r a v e l l e d  d i r e c t l y  f r o m  t h e  l i p s  t o  t h e  e a r s .  Some 
sound l e a v i n g  t h e  l i p  opening i n  o t h e r  d i r e c t i o n s  m i g h t  a l s o  e v e n t u a l l y  
r e a c h  t h e  e a r s  a f t e r  a  s m a l l e r  o r  g r e a t e r  n u m b e r  o f  r e f l e c t i o n s  i n  t h e  
room. O f  c o u r s e ,  t h i s  sound i s  g r e a t l y  i n f l u e n c e d  by t h e  a c o u s t i c  c h a r a c -  
t e r i s t i c s  o f  t h e  room. I n  one room o n l y  t h e  low f r e q u e n c y  components a r e  
r e f l e c t e d .  I n  s u c h  a  room t h e  sound o f  one 's  own v o i c e  must  be  v e r y  d u l l  
a s  compared w i t h  a  room which r e a d i l y  r e f l e c t s  even h i g h  f r e q u e n c y  compo- 
n e n t s .  The b a t h r o o m  i s  t h e  c l a s s i c a l  e x a m p l e  o f  a  room o f  t h e  l a s t -  



m e n t i o n e d  t y p e .  I f  a  m a l e  p e r s o n  s i n g s  i n  t h e  b a t h r o o m ,  o r  i n  a n y  room 
w i t h  e f f i c i e n t  s o u n d  r e f l e c t i o n s  a t  h i g h  f r e q u e n c i e s ,  t h e  s i n g e r  w i l l  

h e a r  h i m s e l f  p r o d u c e  a  m i g h t y  s i n g e r ' s  f o r m a n t ,  w h i c h  w o u l d  p e r h a p s  
remind him o f  t h e  sound o f  t h e  v e r y  b e s t  male  o p e r a  s i n g e r s  h e  h a s  hea rd .  
Th i s  would e x p l a i n  why men l i k e  s i n g i n g  i n  bathrooms.  

Even though f o r m a l  e x p e r i m e n t s  have n o t  been made ( t o  my knowledge) i t  
s e e m s  s a f e  enough t o  conc lude  t h a t  t h e  a c o u s t i c  c h a r a c t e r i s t i c s  o f  t h e  

room adds  t o  and i n f l u e n c e s  t h e  t i m b r e  which one  p e r c e i v e s  o f  one 's  own 
v o i c e .  I f  a  s i n g e r  h a b i t u a l l y  r e l i e s  h e a v i l y  on h i s  a u d i t o r y  f e e d b a c k  f o r  
c o n t r o l l i n g  h i s  phona t ion ,  he  would p robab ly  b e  v e r y  d i s t u r b e d ,  a s  soon 
a s  h e  s i n g s  i n  a  room w i t h  s h o r t  r e v e r b e r a t i o n  t i m e .  He w o u l d  t r y  t o  
p h o n a t e  i n  s u c h  a  way t h a t  t h e  s o u n d  o f  h i s  own v o i c e  i n  h i s  own ears  
c o n t a i n s  t h e  amount o f  h i g h  o v e r t o n e s  which h e  l i k e s  i t  t o  c o n t a i n .  But 
p a r t  o f  t h e s e  o v e r t o n e s  a r e  n o r m a l l y  provided by t h e  r e v e r b e r a t i o n  o f  t h e  
s o u n d  i n  t h e  room.  T h i s  s i n g e r  i s  l i k e l y  t o  r e s o r t  t o  " p r e s s w  p h o n a t i o n  
under t h e s e  c o n d i t i o n s .  However i t  seems t h a t  s i n g e r s  t e n d  t o  r e l y  l e s s  
and l e s s  on t h e  a u d i t o r y  feedback  s i g n a l  f o r  c o n t r o l l i n g  phona t ion .  Very 
exper ienced  s i n g e r s  a r e  g e n e r a l l y  a b l e  t o  s i n g  w i t h o u t  any  t r o u b l e  f o r  a  
l o n g  t i m e  i n  a n  a n e c h o i c  r o o m ,  b u t  l e s s  e x p e r i e n c e d  s i n g e r s  a r e  o f t e n  
more embarrassed.  ?he  v e r y  exper ienced  s i n g e r  p r o b a b l y  d e v e l o p s  a  f eed-  
b a c k  s y s t e m  w h i c h  i s  l e s s  i n f l u e n c e d  by  o c c a s i o n a l  f a c t o r s  s u c h  a s  t h e  
room a c o u s t i c s .  Here, v i b r a t i o n s  i n  bone s t r u c t u r e s  caused  by bone condu- 
c t e d  sound is  probab ly  t h e  most  i m p o r t a n t  f a c t o r .  

The a u d i t o r y  image which bone c o n d u c t i o n  g e n e r a t e s  of  one 's  own v o i c e  is  
d e t e r m i n e d  by  t h e  c h a r a c t e r i s t i c s  o f  t h e  t r a n s f o r m a t i o n  o f  a c o u s t i c  
ene rgy  i n  t h e  v o c a l  t r a c t  t o  v i b r a t i o n  e n e r g y  i n  t h e  bone s t r u c t u r e s  o f  
t n e  s k u l l .  The f r e q u e n c y  c h a r a c t e r i s t i c s  o f  b o n e  c o n d u c t i o n  h a s  b e e n  
a n a l y s e d  by T o n n d o r f  (1972). The r e s u l t s  show t h a t  bone  c o n d u c t i o n  i s  
m o s t  e f f i c i e n t  i n  t h e  n e i g h b o r h o o d  o f  600 Hz a n d  t h a t  t h e  e f f i c i e n c y  
d e c r e a s e s  somewhat more s t e e p l y  t o w a r d s  l o w e r  t h a n  towards  h i g h e r  f r e -  

q u e n c i e s  ( 9  dE/octave and 6 dB/octave,  a p p r o x i m a t e l y )  a s  shown i n  Fig.  1. 

T h u s ,  t h e  v o i c e  c o m p o n e n t s  w h i c h  a r e  c l o s e  t o  6 0 0  hz  a n d  h a v e  b e e n  
c o n v e r t e d  i n t o  s k u l l  v i b r a t i o n s  a r e  more e f f i c i e n t l y  t r a n s f e r r e d  i n  t h e  
s k u l l  s t r u c t u r e s  t h a n  o t h e r  components. 
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F i g .  1  ( l e f t  g r a p h ) .  F r e q u e n c y  c h a r a c t e r i s t i c s  o f  b o n e  c o n d u c t e d  s o u n d .  

l i f t e r  Tonndorf ( 1 9 7 2 ) .  
Fig .  E ( r i g h t  g raph) .  R e l a t i o n s h i p  between t h e  s k u l l  v i b r a t i o n  a m p l i t u d e  
and t h e  w i d t h  o f  t h e  jaw opening.  A f t e r  K i r i k a e  & a1 (1964). 

An e q u a l l y  r e l e v a n t  q u e s t i o n  is  how sound energy  i n  t h e  v o c a l  t r a c t  i s  
t r a n s f o r m e d  i n t o  v i b r a t i o n  e n e r g y  i n  t h e  v o c a l  t r a c t  walls. K i r i k a e  & a1 
( 1 9 6 4 )  m e a s u r e d  s y s t e m a t i c a l l y  t h e  v i b r a t i o n s  c a u s e d  by  p h o n a t i o n  o n  
d i f f e r e n t  p a r t s  o f  t h e  s k u l l .  They observed t h a t  t h e  w i d e r  t h e  jaw ope-  
n ing ,  t h e  s n  . l l e r  t h e  a m p l i t u d e  o f  t h e  v i b r a t i o n s  measured on t o p  o f  t h e  
s k u l l ,  as  i s  i l l u s t r a t e d  i n  F i g .  2. A s  s h o w n  b y  e.g. L i n d b l o m  & S u n d b e r g  
( 1 9 7 2 )  t h e  f i r s t  f o r m a n t  f r e q u e n c y  i s  p a r t i c u l a r l y  s e n s i t i v e  t o  jaw 
opening,  s o  we may assume t h a t  i t  i s  t h e  f requency  o f  t h e  f i r s t  f o r m a n t  
w h i c h  i s  t h e  m o s t  i m p o r t a n t  f a c t o r  h e r e .  I f  t h i s  i s  t r u e ,  w e  m u s t  
p o s t u l a t e  t h a t  t h e  c o n v e r s i o n  o f  sound energy  t o  v i b r a t i o n  e n e r g y  i n  t h e  
v o c a l  t r a c t  w a l l s  is  more s u c c e s s f u l  a t  low f r e q u e n c i e s  t h a n  a t  h i g h e r  
f r e q u e n c i e s .  Thus, even though bone conduc t ion  i s  most e f f i c i e n t  n e a r  600 
Hz, t h e  bone conducted sound o f  one's  own v o i c e  d o e s  n o t  seem t o  c o n t a i n  
v e r y  much sound  i n  t h i s  f r e q u e n c y  r a n g e ,  b e c a u s e  t h e  t h e  s o u n d  i n  t h e  
v o c a l  t r a c t  i s  n o t  v e r y  e f f i c i e n t l y  c o n v e r t e d  i n t o  v i b r a t i o n s  a t  t h e s e  
f r e q u e n c i e s .  ( H e r e  we h a v e  a s s u m e d  t h a t  t h e  v i b r a t i o n s  o n  t o p  o f  t h e  
s k u l l  a r e  r e p r e s e n t a t i v e  o f  t h e  v i b r a t i o n s  i n  t h e  i n n e r  e a r s . )  T h i s  
a g r e e s  w i t h  t h e  r e p o r t s  from persons  who have s u d d e n l y  l o s t  t h e i r  a b i l i t y  
t o  h e a r  a i r - b o r n e  s o u n d ,  e.g.  r u p t u r e  o r  p u n c t u r e  o f  t h e  e a r d r u m s .  They 
f i n d  t h e  sound  o f  t h e i r  own v o i c e  v e r y  d u l l  a s  i f  t h e r e  w e r e  n o  h i g h  
f requency  components p r e s e n t .  



Return ing  t o  Fig.  2, we may a l s o  o b s e r v e  t h a t  d i f f e r e n t  v o w e l s  g e n e r a t e  
v i b r a t i o n s  d i f f e r i n g  c o n s i d e r a b l y  i n  a m p l i t u d e ,  and t h a t  n a s a l i z e d  sounds  
g e n e r a t e  v i b r a t i o n s  w i t h  h i g h  a m p l i t u d e s .  Fig.  3 shows v i b r a t i o n  a m p l i -  
t u d e s  i n  t h e  fo rehead  d u r i n g  t h e  p r o n u n c i a t i o n  o f  v a r i o u s  vowels .  A s  ob- 
s e r v e d  i n  t h e  c a s e  o f  t h e  s k u l l ,  t h e  v i b r a t i o n  a m p l i t u d e  is h i g h l y  vowel 
dependent.  V i b r a t i o n s  c a n  e a s i l y  be picked up by means o f  a c c e l e r o m e t e r  
m i c r o p h o n e s ,  a n d  l i s t e n e d  t o .  S O U N D  EXAMPLE 2 i s  a r e c o r d i n g  o f  my own 
v o i c e  a s  p icked  up by means o f  such  a n  a c c e l e r o m e t e r  which was a p p l i e d  on 
my fo rehead .  

To s u m m a r i z e ,  how we p e r c e i v e  o u r  own v o i c e  d e p e n d s  o n  f o u r  d i f f e r e n t  

f a c t o r s :  ( 1 )  t h e  f requency  dependent  a b i l i t y  o f  sound t o  t r a v e l  backwards  
from t h e  l i p  opening t o  t h e  e a r s ;  (2) t h e  f r e q u e n c y  dependen t  a b i l i t y  o f  
t h e  w a l l s ,  f l o o r  and c e i l i n g  o f  t h e  room t o  r e f l e c t  sound,  i. e .  t h e  room 
a c o u s t i c s ;  (3)  t h e  f requency  dependent  a b i l i t y  o f  t h e  sound i n  t h e  v o c a l  
t r a c t  t o  t r a n s f o r m  i n t o  v i b r a t i o n s  i n  t h e  v o c a l  t r a c t  w a l l  s t r u c t u r e s ;  

a n d  ( 4 )  t h e  f r e q u e n c y  d e p e n d e n t  a b i l i t y  o f  t h e  b o n e  s t r u c t u r e  o f  t h e  
s k u l l  t o  t r a n s m i t  v i b r a t i o n s  from t h e  v o c a l  t r a c t  walls t o  t h e  i n n e r  e a r .  
From t h e s e  p o i n t s  it i s  q u i t e  e v i d e n t  t h a t  t h e  t i m b r e  o f  one 's  own v o i c e  
i s  d e p e n d e n t  o f  t h e  room a c o u s t i c s ,  among o t h e r  t h i n g s ,  a n d  t h i s  m a k e s  
t h e  a u d i t o r y  feedback  a  whimsey judge o f  t h e  q u a l i t y  o f  one 's  own phona- 

t i o n .  

Cons ide r ing  t h e  above,  i t  is n a t u r a l  t h a t  s i n g e r s  need t o  d e v e l o p  a  more 
r e l i a b l e  feedback sys tem f o r  phona to ry  c o n t r o l .  From K i r i k a e  & a l .  (1964) 
i t  i s  c l e a r  t h a t  v i b r a t i o n s  i n  t h e  s k u l l  a r e  t h e  r e s u l t s  n o t  o n l y  o f  
phona t ion  b u t  a l s o  o f  a r t i c u l a t i o n ,  a s  t h e  a m p l i t u d e s  o f  t h e  s k u l l  v i b r a -  
t i o n s  a r e  v o w e l  d e p e n d e n t ,  c f  F i g . s  2 a n d  3. T h u s ,  t h e y  d o  n o t  r e l s t e  i n  
a s i m p l e  way t o  phona t ion ,  which i s  g e n e r a l l y  i n d e p e n d e n t  o f  a r t i c u l a -  
t i o n .  K i r i k a e  & a l .  s t u d i e d  t h e  v i b r a t i o n s  caused by p h o n a t i o n  a t  no l e s s  
t h a n  40 d i f f e r e n t  l o c a t i o n s  o n  t h e  body  s u r f a c e ,  a n d  s o m e  r e s u l t s  a r e  

shown i n  t h e  same Fig. 3. It can  be s e e n  t h a t ,  a s  soon a s  we g o  below t h e  
l e v e l  o f  t h e  v o c a l  t r a c t ,  t h e  i n f l u e n c e  o f  t h e  vowel  a t  v a r i o u s  p l a c e s  on 

t h e  v i b r a t i o n  a m p l i t u d e s  become s m a l l e r .  Gn t h e  t h y r o i d  c a r t i l a g e  and on 
t h e  s t e rnum t h e  vowel dependence i s  s m a l l .  This  is  n o t  s u r p r i s i n g  a s  t h e  

vowel d i f f e r e n t i a t i o n  i s  a c h i e v e d  i n  t h e  vochl  t r a c t .  
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Fig.  3. V i b r a t i o n  a m p l i t u d e s  a t  v a r i o u s  p l a c e s  on t h e  body d u r i n g  phona- 
t i o n  o f  d i f f e r e n t  vowels.  From K i r i k a e  & a1 (1964) 

When I worked f o r  I R C A M  ( I n s t i t u t  d e  Recherche e t  C o o r d i n a t i o n  Acous t i -  

que/Musique) i n  P a r i s  I s t u d i e d  t h e  c h e s t  w a l l  v i b r a t i o n s  i n  s i n g e r s  i n  
d e t a i l .  An a c c e l e r o m e t e r ,  which c a n  be d e s c r i b e d  a s  a  ( s t o n e  d e a f )  mic ro -  
phone s e n s i n g  v i b r a t i o n s  o n l y ,  was f a s t e n e d  t o  t h e  c h e s t  w a l l  o f  e a c h  o f  
t h e  s e v e n  s i n g e r s .  The v i b r a t i o n  a m p l i t u d e  a n d  t h e  a m p l i t u d e  o f  t h e  
vowels  produced were  measured a t  d i f f e r e n t  phona t ion  f r e q u e n c i e s .  Fig. 4 
s h o w s  t h e  r e s u l t s .  The v i b r a t i o n  a m p l i t u d e  v a r i e s  w i t h  t h e  p h o n a t i o n  
f requency.  The main t r e n d  i s  t h a t  t h e  d i s p l a c e m e n t  a m p l i t u d e  d e c r e a s e s  by 
a b o u t  9 d E / o c t a v e  r i s e  o f  t h e  p h o n a t i o n  f r e q u e n c y .  T h i s  h o l d s  a c r o s s  
s i n g e r s  a s  a  f i r s t  a p p r o x i m a t i o n .  It i m p l i e s  t h a t  a t  h i g h  p h o n a t i o n  
f r e q u e n c i e s ,  s u c h  a s  t h o s e  p r o d u c e d  by f e m a l e  s i n g e r s  t h e  v i b r a t i o n  
d i s p l a c e m e n t  a m p l i t u d e  i s  v e r y  l o w .  C f  c o u r s e ,  t h e r e  i s  r a t h e r  n o i s y  
t r a f f i c  o f  b l o o d  i n  t h i s  p a r t  o f  t h e  body.  The r s u l t i n g  n o i s e  h a s  a n  
a m p l i t u d e  which appoaches  t h e  a m p l i t u d e  caused by p h o n a t i o n  a t  p h o n a t i o n  
f r e q u e n c i e s  i n  t h e  neighborhood o f  t h e  p i t c h  o f  C5. 

The r e l e v a n t  q u e s t i o n  now is what v i b r a t i o n  a m p l i t u d e s  can  be p e r c e i v e d ,  
o r  i n  o t h e r  words where t h e  t h r e s h o l d  o f  v i b r a t i o n  s e n s a t i o n  is  i n  r e l a -  
t i o n  t o  t h e  v i b r a t i o n  a m p l i t u d e s  caused by phonat ion.  The heavy l i n e  i n  
Fig. 4 r e p r e s e n t s  a n  e s t i m a t e  o f  t h i s  t h r e s h o l d .  It is based on t h r e s h o l d  
measurements  o b t a i n e d  by v i b r a t i n g  t h e  c h e s t  w a l l  f rom t h e  o u t s i d e ,  by 
means o f  a  v i b r a t o r .  For t h e  l o w e s t  f r e q u e n c i e s  t h e  s m a l l e s t  p e r c e p t i b l e  
v i b r a t i o n  a m p l i t u d e  o c c u r s  a t  a p p r o x i m a t e l y  t h e  same r a t e  a s  t h e  phonato- 

r y  c h e s t  w a l l  v i b r a t i o n s .  The maximum s e n s i t i v i t y  i s  o b s e r v e d  a t  t h e  
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F i g .  4. A m p l i t u d e  o f  t h e  c h e s t  wal l  v i b r a t i o n s  i n  d i f f e r e n t  s i n g e r s  
s i n g i n g  a t  v a r i o u s  p i t c h e s .  The h e a v y  s o l i d  l i n e  s h o w s  t h e  a p p r o x i m a t e  
t h r e s h o l d  f o r  s e n s i n g  c h e s t  v i b r a t i o n s  when t h e  c h e s t  i s  v i b r a t e d  from 
o u t s i d e .  From Sundberg ( 1979a) 

p i t c h  o f  F3, o r  a b o u t  175 Hz. Above t h i s  f r e q u e n c y  t h e  t h r e s h o l d  s t a r t s  
t o  r i s e  w i t h  i n c r e a s i n g  f r e q u e n c y ,  s o  t h a t  a t  t h e  p i t c h  o f  D 4  ( c l o s e  t o  
300 Hz) t h e  t h r e s h o l d  is  h i g h e r  t h a n  t h e  v i b r a t i o n  a m p l i t u d e  c a u s e d  by 
phonat ion.  Th i s  i m p l i e s  t h a t  i t  would be  d i f f i c u l t  f o r  a  s i n g e r  t o  s e n s e  
a n y  c h e s t  w a l l  v i b r a t i o n s  above t h i s  phona t ion  f requency .  I n t e r e s t i n g l y ,  
t h e  r e g i s t e r  e m b r a s i n g  t h e  l o w e s t  p h o n a t i o n  f r e q u e n c i e s  i n  t h e  f e m a l e  

v o i c e  is  r e f e r r e d  t o  a s  t h e  t tches t l t  r e g i s t e r .  

The a m p l i t u d e s  o f  t h e  c h e s t  w a l l  v i b r a t i o n s  shown i n  Fig. 4 were r e c o r d e d  
under  normal  phonat ion c o n d i t i o n s .  However, t h e  a m p l i t u d e s  c a n  be v z r i e d  
c o n s i d e r a b l y  by v a r y i n g  t h e  p h o n a t i o n  c h a r a c t e r i s t i c s .  P a r t i c u l a r l y  a  
change of phona t ion  a long  t h e  phona to ry  d imens ion  r a n g i n g  from "pressed"  



o v e r  "f low11 t o  " b r e a t h y f t  h a s  a  d r a m a t i c  e f f e c t  o n  t h e  c h e s t  w a l l  v i b r a -  
t i o n  a m p l i t u d e .  t lPressl l  p h o n a t i o n  r e s u l t s  i n  small  v i b r a t i o n  a m p l i t u d e  
and l lf lowll  and "breathy1'  phona t ion  g e n e r a t e s  l a r g e  v i b r a t i o n  a m p l i t u d e s .  
According t o  t h e  r e s u l t s  o f  my i n v e s t i g a t i o n  t h e  r e a s o n  f o r  t h i s  is t h a t  
t h e  c h e s t  w a l l  v i b r a t i o n s  m i r r o r  t h e  a m p l i t u d e  o f  t h e  v o i c e  s o u r c e  funda-  
m e n t a l ,  which depends  on t h e  t y p e  o f  phona t ion  i n  t e r m s  o f  t h e  " p r e s s e d /  
breathy1'  d imension.  And n o t e  t h a t  t h i s  c o n c e r n s  t h e  v o i c e  s o u r c e ,  s o  it  
i s  p r a c t i c a l l y  independen t  o f  vowel a r t i c u l a t i o n .  

Th i s  i s  o f  c o u r s e  q u i t e  i n t e r e s t i n g .  I f  one  changes  p h o n a t i o n  from "f low" 
t y p e  t o  l tp ressed t t  t y p e ,  t h e  a m p l i t u d e  o f  t h e  c h e s t  wall v i b r a t i o n s  w i l l  

d e c r e a s e .  U s i n g  m y s e l f  a s  a  s u b j e c t  I m e a s u r e d  a  d r o p  o f  17 dIj i n  c h e s t  
wall  v i b r a t i o n  a m p l i t u d e  u n d e r  t h e s e  c o n d i t i o n s  w i t h o u t  c h a n g i n g  t h e  
a c o u s t i c  a m p l i t u d e  o f  t h e  sung vowel a t  a l l !  Thus, t h e  c h e s t  w a l l  v i b r a -  
s i o n  a m p l i t u d e  w i l l  m i r r o r  t h i s  a s p e c t  o f  phona t ion  q u i t e  e f f i c i e n t l y .  

So f a r  we h a v e  s p o k e n  a b o u t  m a l e  v o i c e s  m a i n l y .  W i t h  r e s p e c t  t o  f e m a l e  
- r o i c e s  t h e  s i t u a t i o n  i s  a  b i t  d i f f e r e n t .  S i n c e  t h e y  p h o n a t e  a t  h i g h e r  
f u n d a m e n t a l  f r e q u e n c i e s  t h a n  m a l e s ,  t h e y  c a n  h a r d l y  t a k e  a s y s t e m a t i c  
advan tage  o f  c h e s t  w a l l  v i b r a t i o n s .  On t h e  o t h e r  hand i t  is i n t e r e s t i n g  

t h a t  K i r i k a e  & a l .  f o u n d  t h e  n o s e  d o r s u m  v i b r a t i o n s  t o  b e  r e a s o n a b l y  
independen t  o f  vowel a r t i c u l a t i o n ,  s o  i t  may be t h a t  s u c h  v i b r a t i o n s  a r e  
r e l a t e d  t o  t h e  v o i c e  source .  But we do n o t  know a n y t h i n g  a b o u t  t h i s  y e t ,  
we can o n l y  f o r m u l a t e  q u e s t i o n s  f o r  f u t u r e  r e s e a r c h .  

So f a r  we have c o n s i d e r e d  t h e  c a s e  o f  l i s t e n i n g  t o  one ' s  own v o i c e ,  w h i l e  
l i t t l e  h a v e  b e e n  s a i d  a b o u t  how we h e a r  o t h e r  p e o p l e ' s  v o i c e s .  I n  p r e -  
v i o u s  s e m i n a r s ,  i n  t h i s  s e r i e s ,  o n  t h e  o t h e r  h a n d ,  a s p e c t s  o f  t h i s  h a v e  
b e e n  d i s c u s s e d ,  e .g  how t h e  " s i n g e r ' s  f o r m a n t r 1  i s  g e n e r a t e d  a n d  how i t  
a f f e c t s  t h e  l i s t e n e r ' s  a u d i t o r y  i m p r e s s i o n ;  what sounds  " i n  tune1' o r  I toff  
p i t c h w  e t c ,  and a r t i c l e s  complemented by sounding i l l u s t r a t i o n s  have  been 
p u b l i s h e d  ( s e e  Sundberg, 1977a and 1979b). Here two o t h e r  a s p e c t s  w i l l  be  
c o n s i d e r e d ,  namely ( 1 )  t h e  p e r c e p t i o n  o f  vowel i d e n t i t y  o f  sung  v o w e l s ,  
and ( 2 )  t h e  p e r c e i v e d / i n f e r r e d  m u s i c a l i t y  o f  t h e  s i n g e r .  

The i d e n t i f i c a t i o n  o f  a sound a s  a  s p e c i f i c  vowel can  n o r m a l l y  be r e l a t e d  
t o  t h e  f r e q u e n c y  l o c a t i o n  o f  p e a k s  i n  t h e  s p e c t r u m  e n v e l o p e  o f  t h i s  
s o u n d .  These  p e a k s  o c c u r  a t  t h e  f r e q u e n c i e s  w h e r e  t h e  s o u n d  t r e n s f e r  



FREQUENCY FREQUENCY 

F i g .  5. S c h e m a t i c a l  i l l u s t r a t i o n  o f  t h e  d i f f i c u l t i e s  t o  d e t e r m i n e  t h e  
f o r m a n t  f r e q u e n c i e s  when t h e  f u n d a m e n t a l  f r e q u e n c y  i s  h i g h .  The t w o  
s p e c t r a  w e r e  a c t u a l l y  g e n e r a t e d  w i t h  t h e  s a m e  f o r m a n t  f r e q u e n c i e s ,  a s  
s u g g e s t e d  by t h e  enve lope ,  b u t  t h e  fundamenta l  f r e q u e n c y  d i f f e r e n c e  is  
t h r e e  o c t a v e s .  

a b i l i t y  o f  t h e  v o c a l  t r a c t  c u l m i n a t e s ,  i . e .  a t  t h e  s o  c a l l e d  f o r m a n t  
f r e q u e n c i e s .  But composers  demand r a t h e r  h i g h  f u n d a m e n t a l  f r e q u e n c i e s  
from f e m a l e  s i n g e r s .  I n  such  c a s e s  t h e  f r e q u e n c y  d i s t a n c e  between a d j a -  
c e n t  spec t rum p a r t i a l s  i s  g r e a t ,  s o  t h a t  i t  is i m p o s s i b l e  t o  d e t e c t  t h e  
fo rmant  f r e q u e n c i e s .  The s i t u a t i o n  is  i l l u s t r a t e d  i n  Fig.  5. The pe rcep-  
t u a l  consequence o f  d i f f i c u l t i e s  t o  l o c a t e  f o r m a n t  f r e q u e n c i e s  from t h e  
spec t rum seems  t o  be d i f f i c u l t i e s  i n  i d e n t i f y i n g  t h e  sound a s  a s p e c i f i c  
vowel. It seems  r e a s o n a b l e  t h a t  s u c h  d i f f i c u l t i e s  w i l l  i n c r e a s e  a s  t h e  
fundamenta l  f r equency  i s  r a i s e d ,  i .e .  when t h e  p i t c h  is r a i s e d .  Hence, we 
s e e  h e r e  a  p o s s i b i l i t y  t o  u n d e r s t a n d  why we f i n d  i t  m o r e  d i f f i c u l t  t o  
i d e n t i f y  vowels  sung i n  h igh-p i t ched  tones .  

Fig. 6 i s  t a k e n  from a n  i n v e s t i g a t i o n  o f  t h i s  phenomenon made by Piorozow 
( 1 9 6 5 ) .  He h a d  s u b j e c t s  g u e s s  w h a t  t h e  s y l l a b l e  w a s  when p r o d u c e d  a t  
d i f f e r e n t  p i t c h e s  by p r o f e s s i o n a l  o p e r a  s i n g e r s .  Some unexpected obse rva-  

t i o n s  can be  made from t h e  f i g u r e .  A s c o r e  o f  100 % c o r r e c t  was o b t a i n e d  
f o r  no fundamenta l  f requency.  Thus even t h e  male  s i n g e r s  caused  ambigui-  

t i e s ,  a n d  n o t  o n l y  a t  t h e i r  t o p  p i t c h e s .  However ,  i t  s h o u l d  b e  k e p t  i n  
mind t h a t  t h i s  i n v e s t i g a t i o n  concerned s y l l a b l e s ,  n o t  v o w e l s ;  i t  may be 
ha rd  enough t o  h e a r  i f  t h e  s i n g e r  s i n g s  l1dol1 o r  " tow.  The most  i m p o r t a n t  
i n f o r m a t i o n  c o n v e y e d  by  t h i s  f i g u r e  i s  t h e  a b r u p t  d e c l i n e  o f  t h e  c u r v e  



PITCH 
Fig.  6. Averaged i n t e l l e g i b i l i t y  o f  sung s y l l a b l e s  sung  by p r o f e s s i o n a l  

s i n g e r s  a t  d i f f e r e n t  p i t c h e s .  A f t e r  Morozov (1965) 

f o r  f e m a l e  s i n g e r s  a b o v e  t h e  p i t c h  o f  C5. A t  t h e  p i t c h  o f  A5 t h e  s i t u a -  
t i o n  seems p e r f e c t l y  c h a o t i c ;  t h e  s y l l a b l e  i s  c o r r e c t l y  i d e n t i f i e d  i n  o n e  

c a s e  o u t  o f  t e n  on ly !  

These e f f e c t s  c e r t a i n l y  depend t o  a  g r e a t  e x t e n t  on t h e  s i n g i n g  t e c h n i -  
que, a s  h a s  r e c e n t l y  been e l e g a n t l y  d e m o n s t r a t e d  by S m i t h  & S c o t t  (1980). 

T h e i r  r e s u l t s  a r e  shown i n  F i g .  7. They h a d  a  p r o f e s s i o n a l  o p e r a  s i n g e r  
p r o d u c e  v o w e l s  i n  v a r i o u s  w a y s ,  a n d  p r e s e n t e d  t h e s e  v o w e l  s o u n d s  t o ,  
l i s t e n e r s ,  who were asked t o  i d e n t i f y  t h e  vowels .  From t h e  f i g u r e  w e  c a n  
s e e  t h a t  t h e r e  i s  a g r e a t  l o s s  o f  i n t e l l i g i b i l i t y  a b o v e  t h e  p i t c h  o f  C5 
i n  i s o l a t e d  v o w e l s .  If t h e  v o w e l  i s  s u n g  k i t h  a  d e l i b e r a t e l y  r a i s e d  
l a r y n x ,  t h e  i n t e l l i g i b i l i t y  i s  c o n s i d e r a b l y  b e t t e r  up t o  t h e  p i t c h  o f  A5. 
If t h e  vowel is preceded and f o l l o w e d  by t h e  consonan t  - b ,  t h e  i n t e l l i g i -  
b i l i t y  i s  much b e t t e r ,  and i n  t h i s  c a s e  t h e  improv ing  e f f e c t  o f  a  r a i s e d  

l a r y n x  is r a t h e r  s m a l l .  



PITCH 
Fig.  7. I n t e l l e g i b i l i t y  o f  vowels  sung by a  soprano  s i n g e r .  IS0  r e f e r s  t o  
vowels  sung i n  i s o l a t i o n  and CVC r e f e r s  t o  vowels  preceded and f o l l o w e d  
by  t h e  c o n s o n a n t s  - b  and  d ,  r e s p e c t i v e l y .  OP a n d  RL p e r t a i n s  t o  s i n g i n g  - 
w i t h  normal  and r a i s e d  l a r y n x ,  r e s p e c t i v e l y .  A f t e r  S m i t h  & S c o t t  (1980). 

Summarizing t h e  i n t e l l i g i b i l i t y  a s p e c t s ,  t h e n ,  i t  seems  t h a t  we have t o  
a c c e p t  poor i n t e l l i g i b i l i t y  i n  vowel sounds  produced a t  p i t c h e s  c o n s i d e -  
r a b l y  h i g h e r  t h a n  t h e  p i t c h  o f  C5. S c o t t o  d i  C a r l o  ( 1 9 7 2 )  n o t e s  t h a t  
s e v e r a l  composers  seem t o  r e a l i z e  t h i s ,  when t h e y  l e t  t h e  s i n g e r  r e p e a t  
t h e  same t e x t  even a t  low p i t c h e s .  On t h e  o t h e r  hand many composers  seem 
t o  f a i l  i n  t h i s  r e s p e c t  s o  t h a t  t h e y  k e e p  h i d i n g  i m p o r t a n t  p a s s a g e s  o f  
t h e  t e x t  p a r t s  by p r e s e n t i n g  them a t  t o o  h i g h  p i t c h e s .  

A n o t h e r  phenomenon a p p a r e n t l y  r e l a t e d  t o  t h e  i n t e l l i g i b i l i t y  o f  h i g h -  

p i t c h e d  sung vowels  is t h e  v i b r a t o .  It is  o f t e n  assumed t h a t  t h e  v i b r a t o  
h e l p s  vok-el i d e n t i f i c a t i o n .  The background o f  t h i s  a s s u m p t i o n  i s  i l l u s -  
t r a t e d  i n  F i g .  8. I t  i s  r e l a t e d  t o  t h r e e  b a s i c  f a c t s .  ( 1 )  A t  a n y  moment ,  
t h e  spec t rum o f  a vowel i s  p r a c t i c a l l y  ha rmonic ,  i .e .  t h e  f r e q u e n c i e s  o f  
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F i g .  8. S c h e m a t i c a l  i l l u s t r a t i o n  

o f  t h e  s p e c t r a l  e f f e c t  o f  a  v i b r a -  
t o .  

FREQUENCY ( LINEAR SCALE 

t h e  p a r t i a l s  f o r m  a  h a r m o n i c  s e r i e s  ( f n = n  f l ) .  The s e c o n d  f a c t  i s  t h a t  

t h e  v i b r a t o  c o r r e s p o n d s  t o  a r e g u l a r  l o w - f r e q u e n c y  m o d u l a t i o n  o f  t h e  
fundamenta l  f requency.  Thus, i f  t h e  v i b r a t o  makes t h e  f u n d a m e n t a l  f r e -  
quency v a r y  b e t k e e n  500 and 550 Hz, t h e  f r e q u e n c i e s  o f  a l l  p a r t i a l s  sweep  
a c c o r d i n g l y ,  s o  t h a t ,  a t  any  moment, t h e y  form a  ha rmonic  s e r i e s .  A t  t h e  
moment when t h e  fundamenta l  f r e q u e n c y  i s  525 Hz, t h e  f r e q u e n c i e s  o f  t h e  

o v e r t o n e s  w i l l  b e  1050,  1575,  2100 Hz, a n d  s o  on.  ( 3 )  The a m p l i t u d e  o f  a 
p a r t i a l  depends  on t h e  f requency  s e p a r a t i o n  between t h e  p a r t i a l  and t h e  
f o r m a n t  w h i c h  i s  c l o s e s t  t o  i t  i n  f r e q u e n c y .  T h u s ,  i f  t h e  f r e q u e n c y  o f  
t h e  c l o s e s t  fo rmant  i s  l o # e r  t h a n  t h a t  o f  a  g i v e n  p a r t i a l ,  t h e  a m p l i t u d e  
o f  t h i s  p a r t i a l  w i l l  d r o p ,  a s  s o o n  a s  t h e  f r e q u e n c y  o f  t h a t  p a r t i a l  is  

r a i s e d .  If t h e  f requency  o f  t h e  c l o s e s t  fo rmant  i s  h i g h e r  t h a n  t h a t  o f  a  
p 3 r t i a 1 ,  t h e  a m p l i t u d e  o f  t h i s  p a r t i a l  w i l l  i n c r e a s e ,  a s  s o o n  a s  t h e  
f r e q u e n c y  o f  t h a t  p a r t i a l  i s  i n c r e a s e d .  I n  t h i s  way,  t h e n ,  t h e  v i b r a t o  
 ill h e l p  u s  t o  l o c a t e  t h e  f r e q u e n c i e s  o f  t h e  f o r m a n t s ;  i f  t h e r e  i s  a  
f o r m a n t  j u s t  a b o v e  t h e  f r e q u e n c y  o f  a  p a r t i a l ,  t h e  a m p l i t u d e  o f  t h a t  

p a r t i a l  w i l l  i n c r e a s e ,  when t h e  v i b r a t o  m a k e s  t h e  f r e q u e n c y  o f  t h i s  



' Z LOO p J - - 7 " 1 m r l  

PHONATION FREQUENCY (kHz ) 
F i g .  9. S c a t t e r  o f  r e s p o n s e s  o b t a i n e d  i n  a t t e m p t s  t o  c l a s s i f y  h i g h -  
p i t c h e d  s y n t h e t i c  vowel  sounds  a s  s p e c i f i c  v o w e l s ,  which  had a n d  l a c k e d  
v i b r a t o  ( s o l i d  and dashed  c u r v e s ) .  The f i l l e d  and open  s q u a r e s  r e p r e s e n t  
d a t a  p u b l i s h e d  b y  S t u m p f  (1926) .  They w e r e  o b t a i n e d  f o r  n a t u r a l  v o w e l s  
s u n g  b y  a p r o f e s s i o n a l  a n d  t w o  n o n - p r o f e s s i o n a l  s i n g e r s ,  r e s p e c t i v e l y .  
From Sundberg  (1977b) 
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p a r t i a l  i n c r e a s e ,  and v i c e  v e r s a .  T h e r e f o r e ,  we would  o b t a i n  more  i n f o r -  
m a t i o n  a b o u t  t h e  f r e q u e n c y  l o c a t i o n  o f  t h e  f o r m a n t s  f rom a  v i b r a t o  v o w e l  
t h a n  f rom a v i b r a t o - f r e e  v o w e l ,  and  hence  i t  would b e  easier t o  r e c o g n i z e  
t h e  i d e n t i t y  o f  a v i b r a t o  vowe l  t h a n  t h a t  of  a n o n - v i b r a t o  v o u e l .  

LOO 

200 

0 

T h i s  l a s t  men t ioned  a s s u m p t i o n  was s t u d i e d  a c o u p l e  o f  y e a r s  a g o  (Sund- 
b e r g  1977b). Vowel sounds  s y n t h e s i z e d  on  a  s i n g i n g  m a c h i n e  (MUSSE) were  
p r e s e n t e d  w i t h  a n d  w i t h o u t  v i b r a t o  t o  a g r o u p  o f  p h o n e t i c a l l y  t r a i n e d  
s u b j e c t s ,  who were asked  t o  i d e n t i f y  t h e  vowel.  The f u n d a m e n t a l  f r e q u e n c y  
w a s  v a r i e d  b e t w e e n  3 0 0  a n d  1 0 0 0  Hz. F i g .  9 s h o w s  t h e  s c a t t e r  o f  t h e  
r e s p o n s e s  o b t a i n e d  f o r  t h e  v a r i o u s  p a t t e r n s  o f  f o r m a n t  f r e q u e n c i e s  u sed .  

- 
- 
- - 

- 
- 

I I I 1 

.30 45 .68 1.0 



Tie d i f f e r e n t  g r a p h s  i n  t h e  f i g u r e s  r e v e a l  t h a t  t h e r e  is  a v e r y  s m ~ l l i n -  
f l u e n c e  on vowel  i n t e l l i g i b i l i t y  from v i b r a t o ,  a s  i s  clear from t h e  s m a l l  
d i f f e r e n c e s  o b s e r v e d  b e t w e e n  t h e  c a s e s  w i t h  v i b r a t o  (dashed l i n e s )  and 
w i t h o u t  v i b r a t o  ( s o l i d  l i n e s ) .  

The f i l l e d  and open s q u a r e s  r e f e r  t o  n a t u r a l  v o w e l s  r a t h e r  t h a n  s y n t h e t i -  
s i z e d  vowels.  The f i l l e d  s q u a r e s  r e f e r  t o  a p r o f e s s i o n a l  soprano  s i n g e r  
and t h e  open s q u a r e s  r e f e r  t o  two a m a t e u r  soporanos .  The d a t a  h a v e  been 
adap ted  from a n  i n v e s t i g a t i o n  by Stumpf (1926). We may n o t e  t h a t  i n  t h e  
c a s e  o f  t h e  vowel  /o/  t h e  s i n g i n g  machine p roduces  v o w e l s  t h a t  a r e  as 
i n t e l l i g i b l e  a s  t h o s e  o f  a  p r o f e s s i o n a l  s o p r a n o  s i n g e r .  However ,  a s  a 
r u l e ,  t h e  s y n t h e t i c  vowel sounds  g i v e  v a l u e s  which a r e  j u s t  between t h o s e  
o f  t h e  p r o f e s s i o n a l  soprano and o f  t h e  t w o  amateur  sopranos .  T h i s  t e l l s  
u s  t h a t  t h e  d a t a  o b t a i n e d  from t h e  s y n t h e s i z e r  a r e  n o t  u n r e a l i s t i c .  With  
r e s p e c t  t o  t h e  m a i n  q u e s t i o n .  i . e .  t h e  i m p o r t a n c e  of  v i b r a t o  t o  v o w e l  
i n t e l l i g i b i l i t y  a t  h i g h  p i t c h e s ,  t h e  r e s u l t s  a l l o w  u s  t o  c o n c l u d e  t h a t  
t h i s  i m p o r t a n c e  i s  v e r y  s m a l l  o r  even non-ex i s t en t .  If t h e r e  is  a  r e a s o n  
f o r  t h e  p r e s e n c e  o f  t h e  v i b r a t o  i n  s i n g i n g ,  i t  c a n  h a r d l y  be  t o  i n c r e a s e  

vowel i n t e l l i g i b i l i t y .  

Ky g u e s s  i s  t h a t  t h e  v i b r a t o  d o e s  i n d e e d  s e r v e  a p u r p o s e  i n  s u n g  m u s i c ,  
namely t o  a l l o w  t h e  p e r f o r m e r  some freedom as r e g a r d s  f u n d a m e n t a l  fre- 

quency. I n  a p e r f e c t l y  v i b r a t o - f r e e ,  accompanied s i n g i n g ,  t h e  demands on 
a c c u r a c y  i n  f u n d a m e n t a l  f r e q u e n c y  a r e  v e r y  h i g h  i n d e e d ,  b e c a u s e  e v e r y  
d e v i a t i o n  from j u s t  i n t o n a t i o n  w i l l  l e a d  t o  b e a t s  w i t h  t h e  accompaniment .  
The v i b r a t o  e l i m i n a t e s  s u c h  b e a t s ,  s o  t h a t  t h e  s i n g e r  may u s e  t h e  funda-  
m e n t a l  f r equency ,  o r  r a t h e r  s h o r t  d e v i a t i o n s  from e x p e c t e d  p i t c h e s  a s  a 
m e a n s  f o r  a r t i s t i c  e x p r e s s i o n .  Thus ,  p e r h a p s  t h e  v i b r a t o  o p e n s  u p  a  
channe l  f o r  m u s i c a l  communicat ion,  namely d e v i a t i o n s  f rom e x p e c t e d  p i t -  
c h e s .  

T h i s  l e a d s  u s  o v e r  t o  t h e  n e x t  a s p e c t  o n  s i n g i n g ,  n a m e l y  e x p r e s s i o n .  
A f t e r  h a v i n g  l i s t e n e d  s e v e r a l  t i m e s  t o  t h e  s y n t h e t i c  " p e r f o r m a n c e u  i n  
SOUND EXAMPLE 3, we p robab ly  a l l  f e e l  a  b i t  embar rassed .  The s i n g e r  h a s  a 
good v o i c e ,  b u t  he seems t o  be a  poor p e r f o r m e r  i n  t h e  s e n s e  t h a t  h e  d o e s  
n o t  want t o  convey a n y t h i n g  o f  i m p o r t a n c e  t o  h i s  l i s t e n e r s .  He s e e m s  t o  
t h i n k  o f  v e r y  p r o s a i c  t h i n g s  w h i l e  h e  i s  s i n g i n g .  The r e s u l t  i s  t h a t  no  
m u s i c a l  c o m m u n i c a t i o n  i s  e s t a b l i s h e d .  T h i s  i s  t h e  t y p i c a l  r; . c t i o n  o f  
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m u s i c a l l y  e x p e r i e n c e d  peop le  l i s t e n i n g  t o  t h i s  t y p e  o f  p e r f o r m a n c e ,  where 
n o t h i n g  is  added t o  t h e  p i t c h e s  and d u r a t i o n s  s p e c i f i e d  i n  t h e  n o t a t i o n .  
Thus, i t  s e e m s  t h a t  a sequence o f  t o n e s  i s  n o t  n e c e s s a r i l y  m u s i c ,  some- 
t h i n g  "ex t ra"  mus t  be added t o  t h e  mus ic  s c e t c h e d  b y  t h e  composer  i n  t h e  
n o t a t i o n .  Using a  computer  program f o r  c o n v e r s i o n  o f  w r i t t e n  t e x t  i n t o  
s p e e c h  my c o l l e a g u e s  R. Car l son  and B. Granstrom and I made a n  a t t e m p t  t o  
f i n d  o u t  what was l a c k i n g  ( s e e  Sundberg 1978). 

The s t r a t e g y  was t o  s t u d y  a  p r o f e s s i o n a l  s i n g e r ' s  pe r fo rmance  o f  a song,  
t r y  t o  g e n e r a l i z e  t h e  o b s e r v a t i o n s  i n  t e r m s  o f  p e r f o r m a n c e  r u l e s ,  a n d  
t h e n  t o  t r y  t h e s e  r u l e s  i n  a  s y n t h e t i c  performance.  By l i s t e n i n g  t o  SOUND 
EXAMPLE 4  we c a n  e x p l o r e  t h e  m u s i c a l  e f f e c t  o f  v a r i o u s  pe r fo rmance  r u l e s .  

The s t a r t i n g  p o i n t  was r a t h e r  n e u t r a l  f r o m  a  p o i n t  o f  v i e w  o f  m u s i c a l  

e x p r e s s i o n ,  as can  be h e a r d  i n  SOUND EXAMPLE 3. One o b s e r v a t i o n  t h a t  was 
t u r n e d  i n t o  a r u l e  was t h a t  a  f o l l o w i n g  l o w e r  p i t c h  was approached from 
b e l o w ,  n o t  f r o m  a b o v e ,  a s  we m i g h t  e x p e c t .  The e f f e c t  o f  t h i s  r u l e  i s  
d e m o n s t r a t e d  i n  SOUND ILLUSTRATION 4a. The s i n g e r  made a  small c rescendo-  
dec rescendo  g e s t u r e  on each  q u a r t e r  no te .  When c o n v e r t e d  i n t o  a  r u l e  t h e  
e f f e c t  i s  a s  i n  SOUND ILLUSTRATION 4b. The e f f e c t  i s  a l m o s t  c o m i c a l .  It  
s o u n d s  a s  i f  t h e  s i n g e r  b e l i e v e s  t h a t  h e  h e  i s  s i n g i n g  s o m e t h i n g  l i k e  a  
m i l i t a r y  march. I n  o t h e r  words,  t h e  emphas i s  on t h e  i n d i v i d u a l  q u a r t e r  

n o t e s  h a s  now become f a r  t o o  s t r o n g .  I n  o r d e r  t o  s o u n d  m o r e  m u s c i a l l y  
a c c e p t a b l e ,  i t  i s  n e c e s s a r y  t o  copy a n o t h e r  f e a t u r e  o f  t h e  r e a l  p e r f o r -  
mance o f  t h e  song ,  namely phras ing .  The s i n g e r  seemed t o  a c h i e v e  t h i s  by 
l e t t i n g  each p h r a s e  d e s c r i b e  a  s i m p l e  dynamic p a t t e r n :  3 n o t e s  l e v e l  + 1 

n o t e  d e c r e s c e n d o  + 1 n o t e  c r e s c e n d o  + 1 n o t e  d e c r e s c e n d o .  The s o u n d i n g  
r e s u l t  p l u s  a  p i a n o  accompaniment i s  g i v e n  i n  SCUND ILLUSTRATION 4c. Kost  
~ ! u s i c a l l y  e x p e r i e n c e d  l i s t e n e r s  p r e f e r  t h i s  pe r fo rmance  t o  t h e  p r e v i o u s  
o n e ,  a s  t h e y  i n f e r  a n  a t t e m p t  on t h e  p a r t  o f  t h e  ( i m a g i n e d )  s i n g e r  t o  
shape p h r a s e s  r a t h e r  t h a n  t o  r e p r e s e n t  a  c h a i n  o f  u n r e l a t e d  t o n e s .  

Th i s  l a s t  ment ioned o b s e r v a t i o n  is  i n t e r e s t i n g .  It is  s a f e  t o  p o s t u l a t e  
t h a t  m u s i c a l l y  e x p e r i e n c e d  l i s t e n e r s  a r e  c a p a b l e  o f  t e l l i n g  w h e r e  t h e  
s t r u c t u r a l  u n i t s  c a l l e d  t h e  p h r a s e s  b e g i n ,  c u l m i n a t e ,  and end ,  r e g a r d l e s s  
o f  how t h e  music  is be ing  performed. S t i l l ,  i t  is  a p p a r e n t l y  v e r y  snnoy- 
i n g  t o  l i s t e n  t o  a  performance which d o e s  n o t  announce t h i s  p h r a s e  s t r u c -  
t u r e .  Perhaps  t h e  d i s t u r b i n g  f a c t o r  i n  t h i s  s i t u a t i o n  i s  t h a t  absence  o f  



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

poor m u s i c a l  t a l e n t ,  which is  a n  u n d e s i r e d  and t h u s  d i s t u r b i n g  i n f o r m a -  
t i o n  when l i s t e n i n g  t o  a  p i e c e  o f  music.  

Apart from t h e s e  p u r e l y  s t r u c t u r a l  p o i n t s  o f  v iew on perfomance,  t h e r e  

a r e  c e r t a i n l y  o t h e r s  which a r e  e q u a l l y  i m p o r t a n t .  One would be  t h e  s o ~ n d  
e v e n t s  l e a d i n g  t h e  l i s t e n e r ' s  a s s o c i a t i o n s  t o  e x p e r i e n c e s  o f  e m o t i o n s ,  
m o t i o n  by r u n n i n g  o r  w a l k i n g ,  h e a r t  r a t e ,  b r e a t h i n g  .... T h e s e  a r e  as- 

p e c t s  o f  m u s i c  o f  w h i c h  we know v e r y  l i t t l e  o r  n o t h i n g  e x p l i c i t e l y  b u t  
v e r y  much i n t u i t i v e l y .  Let  u s  hope t h a t  f u t u r e  r e s e a r c h  f i l l  t h i s  c u r i o u s  

and c h a l l e n g i n g  gap! 
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I n t r o d u c t i o n  

S i n g i n g  makes you h e a l t h y ,  and s i n g i n g  i s  a  s i g n  o f  good h e a l t h .  The 
p r e s e n t  p a p e r  w i l l  d e a l  w i t h  n o t  o n l y  t h e  h e a l t h y  v o i c e  b u t  a l s o  t h e  
unheal thy voice ,  and f o r  t h i s  reason  it seems a p p r o p r i a t e  t o  s tar t  o u t  by 
paying honors t o  Manuel Garcia  and g i v i n g  him thanks from a l l  o f  u s  who 
a r e  i n v o l v e d  i n  t h e  m e d i c a l  c a r e  o f  t h e  v o c a l  f o l d s .  Manuel  G a r c i a  was 
bo rn  i n  S p a i n  and  became a  renowned t e a c h e r  o f  s i n g i n g  i n  P a r i s  and 
London. One o f  h i s  s t u d e n t s  was t h e  famous  Swed i sh  s o p r a n o  J e n n y  L i n d ,  
and i n  1848, Garcia  a l s o  became a  member o f  t h e  Royal Swedish Academy o f  
Music. 

Garcia 's  g r e a t  achievement w i t h  r e s p e c t  t o  t h e  medical  c a r e  o f  t h e  voca l  
f o l d s  was t o  i n t roduce  t h e  l a r y n g e a l  mir ror .  This  s i m p l e  d e v i c e  gave t h e  
medical doc to r s  an  ins t rument  f o r  observing t h e  voca l  f o l d s  which s t i l l  
i s  one of  t h e  most impor tan t  ones i n  use. Almost a l l  o f  t h e  i n fo rma t ion  
which  I w i l l  p r e s e n t  h e r e  h a s  been  c o l l e c t e d  by means  o f  t h e  l a r y n g e a l  
mi r ro r .  

I n  my p r e s e n t a t i o n ,  I w i l l  d i s c u s s  a c u t e  inf lammation o f  t h e  voca l  f o l d s ,  
i.e. l a r y n g i t i s ,  nodules  o f  t h e  voca l  f o l d s ,  t h e  i n f l u e n c e  o f  hormones on 
t h e  s ing ing  voice ,  s i ng ing  dur ing  growth, and f i n a l l y  I w i l l  spend a  few 
words on s ing ing  and psyche. These t o p i c s  w i l l  be d e a l t  w i t h  more o r  l e s s  
t h o r o u g h l y ,  and  mos t  o f  them l e s s  t h o r o u g h l y  t h a n  I would  w i s h ,  
u n f o r t u n a t e l y .  T h i s  i s  due  t o  t h e  f a c t  t h a t  I do  n o t  know v e r y  much. On 
t h e  o t h e r  hand o t h e r s  do  n o t  seem t o  know much e i t h e r .  Thus ,  t h e r e  i s  

s t i l l  much r e sea rch  t o  be done i n  t h i s  a rea .  



Acute l a r v n a i t i s  - acu te  in f lammat ion  o f  t h e  voca l  f o l d s  

The main symptom o f  t h i s  d i s e a s e  i s  sudden  h o a r s e n e s s ,  and t h e  ma in  
f i n d i n g  i n  a  v i s u a l  i n s p e c t i o n  i s  a  r e d d e n i n g  o f  t h e  v o c a l  f o l d s .  Under 
n o r m a l  c o n d i t i o n s ,  t h e  v o c a l  f o l d s  a r e  w h i t e  o r  y e l l o w - w h i t i s h ,  when 
examined  by means o f  t h e  l a r y n g e a l  m i r r o r .  It i s  t h e  t h i c k n e s s  o f  t h e  
mucous membrane which d e t e r m i n e s  t h e  c o l o u r .  D u r i n g  i n f l a m m a t i o n  t h e  
mucous membrane is  swol len  because an increased  c i r c u l a t i o n  o f  blood,  and 
h e n c e ,  t h e  v o c a l  f o l d s  a p p e a r  r e d .  The s w e l l i n g  o f  t h e  mucous membrane 
i n t e r f e r e s  w i th  t h e  v i b r a t i o n s  o f  t h e  vocal  fo ld s .  When t h e  in f lammat ion  
i s  f i e r c e ,  t h e  s w e l l i n g  i s  c o n s i d e r a b l e  s o  t h a t  i t  p r e v e n t s  t h e  v o c a l  
f o l d s  f rom v i b r a t i n g .  Then, t h e  p a t i e n t  l o s e s  h i s  v o i c e  and becomes  
aphonic . 

The cause o f  acu t e  l a r y n g i t i s  i s  an i n f e c t i o n  w i t h  v i r u s e s  o r  b a c t e r i a ,  
and t h e  l a r y n g i t i s  i s  u s u a l l y  p a r t  o f  an upper r e s p i r a t o r y  i n f e c t i o n .  The 
most common course is  aphonia f o r  a  couple  o f  days,  whe rea f t e r  t h e  vo i ce  
g r a d u a l l y  r e t u r n .  A f t e r  a  week i t  i s  more o r  l e s s  r e s t o r e d  t o  n o r m a l  
condi t ions .  For s i n g e r s  i n  p a r t i c u l a r ,  i t  i s  v e r y  impor tan t  t o  know t h a t  
t h e  vocal  f o l d s  a r e  very  vu lne rab l e  dur ing  a c u t e  l a r y n g i t i s .  Smal l  hemor- 
rhages  and s w e l l i n g s  a r i s e  e a s i l y ,  and misuse o f  t h e  vo i ce ,  i .e.  t o o  much 
use o f  t h e  vo ice  may l ead  t o  long l a s t i n g ,  d e l e t e r i o u s  consequences. 

The mos t  i m p o r t a n t  component  i n  t h e  t r e a t m e n t  o f  a c u t e  l a r y n g i t i s  i s  

vo ice  r e s t ,  and prevent ing coughing is  a l s o  urgent .  I f  t h e r e  i s  a  tenden- 
cy t o  cough, t h e  p a t i e n t  should be g iven  expec to ran t s  and cough-depres- 
s i n g  drugs.  Occasional ly ,  i f  t h e  p a t i e n t  is  a  s i n g e r  scheduled f o r  a  very  
i m p o r t a n t  p e r f o r m a n c e  which  c a n n o t  be  p o s t p o n e d ,  a  s l i g h t  o r  m o d e r a t e  
l a r y n g i t i s  can be t r e a t e d  l o c a l l y  i n  o rde r  t o  reduce t h e  s w e l l i n g  o f  t h e  
vocal  f o l d s  mucous membrane. This  w i l l  a l l ow  t h e  s i n g e r  t o  s i n g  f o r  a  few 
h o u r s .  It i s  t h o u g h t ,  howeve r ,  t h a t  t h i s  k i n d  o f  t h e r a p y  may d e l a y  t h e  
recovery,  and it i s  not  o f t e n  used. 

A k i n d  o f  s i n n e r ' s  t r a c h e i t i s  h a s  been  r e c o g n i z e d  i n  S tockho lm d u r i n g  

r ecen t  yea r s  (Leanderson 1980). It o f t e n  s t a r t s  a s  a  common co ld ,  bu t  it 
may a l s o  o c c u r  w i t h o u t  a n y  s u c h  s i g n s .  The symptom i s  m a i n l y  a  k i n d  o f  
s i n g i n g  f a t i g u e :  t h e  p a t i e n t  c a n  s i n g  f o r  5 t o  1 0  m i n u t e s ,  and t h e n  t h e  
vo ice  l o s e s  i t s  q u a l i t y ,  and t h e  i n t e n s i t y  decreases .  Af t e r  a  vo i ce  r e s t  



of 1-2 hours ,  t h e  s i n g e r  can s i n g  aga in  a t  t h e  usua l  l e v e l  o f  performan- 
c e ,  b u t  o n l y  f o r  a s h o r t  w h i l e .  The m a i n ,  and o f t e n  t h e  o n l y  f i n d i n g ,  i s  
a reddened mucous mebrane o f  t h e  t r a c h e a ,  i.e. what can be seen  below t h e  
voca l  f o l d s  du r ing  examination wi th  t h e  l a ryngea l  mi r ro r .  The d u r a t i o n  o f  
t h i s  d i s o r d e r  i s  u s u a l l y  10-14 days,  bu t  it may l a s t  f o r  s e v e r a l  months. 
It has  been hypothesized t h a t  t h e  cause  is  an e a s i l y  developing edema o f  
t h e  s u b g l o t t i c  mucosa,  i.e. a  s w e l l i n g  o f  t h e  mucous membrane o f  t h e  
lower s u r f a c e  o f  t h e  vocal  fo ld s .  A n t i b i o t i c  therapy  w i t h  v ibramycin  i s  
e f f e c t i v e  i n  most cases .  

F i n a l l y ,  i t  s h o u l d  be  p o i n t e d  o u t  t h a t  s i n g e r s  s h o u l d  a v o i d  m e d i c a t i o n  
wi th  a c e t y l s a l i c y l i c  a c i d  dur ing  upper r e s p i r a t o r y  i n f e c t i o n s .  Th i s  drug  
i n c r e a s e s  t h e  tendency f o r  b leed ing ,  and i t s  use may cause t h e  develop-  
ment o f  a  submucous hematoma o f  t h e  voca l  f o l d s  dur ing  s ing ing .  

Nodules o f  t h e  voca l  f o l d s  

Vocal fo ld  nodules  i s  a  term used f o r  s w e l l i n g s  o f  t h e  edge o f  t h e  v o c a l  
f o l d  i n  t h e  middle  o f  i t s  membranous por t ion .  This  i s  where t h e  ampl i t ude  
o f  t h e  v o c a l  f o l d  v i b r a t i o n  i s  maximal .  I t  i s  commonly b e l i e v e d  t h a t  
t h e r e  a r e  mechanical reasons  f o r  t h e  development o f  voca l  f o l d  nodules .  
S i n c e  s u c h  n o d u l e s  a r e  m a i n l y  s e e n  i n  s u b j e c t s  who h a b i t u a l l y  u s e  h i g h  
voca l  p i t c h  and i n t e n s i t y ,  i t  has  been hypothesized (Sonninen & a l .  1972) 
t h a t  t h e  h i g h  v o c a l  f o l d  t e n s i o n  and t h e  f o r c e f u l  c l a p p i n g  t o g e t h e r  o f  
t h e  voca l  f o l d s  due t o  t h e  s o  c a l l e d  Be rnou l l i  e f f e c t  l e ad  t o  microhemor- 
r h a g e s  o r  b l e e d i n g s  i n  t h e  mucous membrane,  and t h e  c o n s e q u e n c e  o f  t h e  
repea ted  t raumas i s  a  cons t an t  swe l l i ng .  

Nodules  o f  t h e  v o c a l  f o l d s  a r e  f r e q u e n t l y  s e e n  i n  c h i l d r e n  who s h o u t  
much. Among s i n g e r s ,  i t  i s  w e l l  known t h a t  sopranos and t e n o r s  a r e  l i a b l e  
t o  develop nodules. According t o  Lacina (19721, sopranos tend t o  deve lop  
n o d u l e s  g r a d u a l l y ,  w h e r e a s  i n  t e n o r s  t h e y  mos t  o f t e n  a r i s e  a c u t e l y .  
L a c i n a  ( 1 9 7 2 ) ,  i n  h i s  s t u d y  o f  80 o p e r a  s i n g e r s ,  a l s o  found  s i n g e r s '  
nodules  i n  4 a l t o s  ( c f  Table I). I n  chi ldhood,  nodules  a r e  more common i n  
boys than  i n  girls,  whereas i n  adul thood,  nodules  a r e  uncommon i n  men. 



Table  I. Occurrence  of v o c a l  f o l d  n o d u l e s  i n  o p e r a  s i n g e r s  
( f rom Lac ina ,  1972). 

Voice type  Numberof  Number o f  P e r c e n t a g e  
s i n g e r s  s i n g e r s  w i t h  
examined n o d u l e s  

Soprano 2 4  8 
Mezzo soprano 5 1  
A l t o  10 4  

Female t o t a l  39 1 3  

Tenor 16 7  
B a r i t o n e  14 0  
Bass  11 0  

Male t o t a l  4  1  7  

The main symptom o f  s i n g e r s  s u f f e r i n g  from n o d u l e s ,  i s  d i f f i c u l t y  w i t h  
p iano  s i n g i n g  i n  t h e  upper p a r t  o f  t h e  range .  The d i a g n o s i s  o f  n o d u l e s  , i s  
based on m i r r o r  examina t ion  o f  t h e  l a r y n x .  Most o f t e n  i n s u f f i c i e n t  c l o -  
s u r e  o f  t h e  v o c a l  f o l d s  d u r i n g  phona t ion  is  a l s o  found,  a s  d e m o n s t r a t e d  
by Moore & a1 ( 1 9 7 9 )  b y  m e a n s  o f  u l t r a  h i g h  s p e e d  f i l m i n g .  However ,  t h e  
l a r y n g e a l  e x a m i n a t i o n  is  c a r r i e d  o u t  w i t h  t h e  p a t i e n t  phona t ing  under  t h e  
most  u n n a t u r a l  c o n d i t i o n s  (wide  jaw opening and t h e  tongue p u l l e d  maxi- 
m a l l y  a n t e r i o r l y ) .  O f  c o u r s e ,  o b s e r v a t i o n s  o f  t h e  v o c a l  f o l d  f u n c t i o n  
made under such  c i r  cumstances  i s  o f  l i m i t e d  v a l u e .  

The most  i m p o r t a n t  t r e a t m e n t  o f  "youngf1 n o d u l e s  i s  v o i c e  r e s t .  The v o c a l  
b e h a v i o r  w h i c h  h a s  l e a d  t o  t h e  d e v e l o p m e n t  o f  t h e  n o d u l e s  s h o u l d  b e  
c h a n g e d .  I n  s i n g e r s  t h i s  m a i g h t  mean a  c h a n g e  o f  s i n g i n g  t e a c h e r .  O l d ,  
f i r m l y  e s t a b l i s h e d  n o d u l e s  migh t  r e q u i r e  s u r g i c a l  t r e a t m e n t .  



Hormones and t h e  s i n g i n g  voice  

The s e x  hormones  have  a  c r u c i a l  i n f l u e n c e  on t h e  s i n g i n g  v o i c e .  The 
h i s t o r y  o f  s u r g i c a l  exc i s ion  o f  t h e  sexua l  g lands  i n  boys be fo re  puber ty  
f o r  product ion o f  c a s t r a t o  s i n g e r s  is  w e l l  known. 

Dur ing  c h i l d h o o d ,  t h e r e  i s  no d i f f e r e n c e  i n  t h e  d e v e l o p m e n t  o f  v o i c e  
be tween  boys  and  g i r l s .  With p u b e r t y ,  t h e  m a l e  v o i c e s  unde rgo  a  r a p i d  
change .  Na id r  & a1 (1965)  s t u d i e d  t h e  d e v e l o p m e n t  o f  v o i c e  i n  100 boys  
o v e r  a  5 -yea r  p e r i o d ,  be tween  t h e  a g e s  o f  11 and  15. The f i r s t  v o i c e  
change observed was a  lowering o f  t h e  upper range  l i m i t .  The main v o i c e  
changes occurred du r ing  t h e  first p a r t  o f  puberty. The average  l e n g t h  of 
t h e  mutat ion o f  vo i ce  was 13 months, i.e. from t h e  first observed changes 
u n t i l  t h e  v o i c e  showed a  s e e m i n g l y  s t a b l e  f u n c t i o n  i n  a n  a d u l t  m a l e  
range. It has  been shown t h a t  t h e  male vo ice  changes a l s o  a f t e r  puberty.  
Shipp & Hol l ien  (1969) demonstrated t h a t  l i s t e n e r s  can i d e n t i f y  t h e  age 
o f  unknown m a l e  s p e a k e r s  a m a z i n g l y  w e l l ,  and t h e  a v e r a g e  f u n d a m e n t a l  
frequency d i f f e r s  between age l e v e l s ;  i t  e x h i b i t s  i t s  l o w e s t  l e v e l  i n  t h e  
i n t e r v a l  o f  40 and 50  y e a r s  o f  a g e ,  and  i t  r i s e s  i n  o l d  a g e  ( H o l l i e n  & 

Shipp 1972) 

If androgens (male sex hormones) o r  anabo l i c  s t e r o i d s  be  g iven  t o  women, 
t h e r e  i s  a  v i r i l i s a t i o n  of  t h e  voice.  The voice  becomes deeper ,  and some 
women even exper ience  a  muta t iona l  vo i ce  change, l i k e  boys dur ing  puber- 
t y .  Anabolic s t e r o i d s  were given a s  s t r eng then ing  medica t ion  i n  t h e  1950s 
and 1960s, and androgens were used i n  drugs f o r  women i n  o rde r  t o  reduce  
symptoms o f  menopause. Unfortunately,  t h i s  vo i ce  change is  i n  most c a s e s  
i r r e v e r s i b l e ,  s o  t h a t  t h e  v o i c e  d o e s  n o t  r e t u r n  t o  n o r m a l ,  when t h e  
m e d i c a t i o n  i s  ended  (Heinemann 1976) .  For  t h i s  r e a s o n ,  t h e  above  men- 
t ioned  uses  o f  t h e s e  drugs have been stopped. 

Voice changes wi th  t h e  mens t rua t ion  cvc l e  

L a c i n a  (1968)  made an  e n q u i r y  among 100  f e m a l e  s i n g e r s  and s t u d e n t s  o f  
s i ng ing  about vo i ce  changes wi th  t h e  mens t rua t ion  cyc le .  Among t h e s e  80 
gave a p o s i t i v e  answer. Twentyfive experienced vo ice  problems only  du r ing  
t h e  days preceding t h e  mens t rua t ion ,  whi le  37 experienced such problems 



o n l y  d u r i n g  t h e  m e n s t r u a t i o n ,  a n d  1 9  e x p e r i e n c e d  v o i c e  p r o b l e m s  b o t h  
b e f o r e  and a f t e r  t h e  m e n s t r u a t i o n .  The t y p e  o f  t h e s e  v o i c e  p rob lems  was 
d e s c r i b e d  i n  a  g r e a t  v a r i e t y  o f  w a y s ,  t h e  m o s t  common c o m p l a i n t  b e i n g  
t h a t  t h e  v o i c e  became husky and b r e a t h y ,  and t h a t  i t  d i d  n o t  p o s s e s s  i ts  
normal  a b i l i t y  t o  "carryt t .  M i r r o r  e x a m i n a t i o n s  o f  t h e  l a r y n x  d u r i n g  t h e  
m e n s t r u a t i o n  p e r i o d  r e v e a l e d  i n s u f f i c i e n t  c l o s u r e  o f  t h e  v o c a l  f o l d s  
d u r i n g  phonat ion.  

A r e l a t e d  s t u d y  was c a r r i e d  o u t  by F lach  & a1 (1969) ,  who s e n t  a q u e s t i o -  
n n a i r e  t o  1 3 6  f e m a l e  s i n g e r s  i n  o r d e r  t o  o b t a i n  i n f o r m a t i o n  a b o u t  t h e  
i n f l u e n c e  o f  m e n s t r u a t i o n  a n d  p r e g n a n c y  o n  t h e  v o i c e  f u n c t i o n .  The a n -  
s w e r s  i n d i c a t e d  v o i c e  changes  i n  r e l a t i o n  t o  t h e  m e n s t r u a t i o n  p e r i o d  i n  
7 7 % ,  w h i c h  i s  i n  good  a g r e e m e n t  w i t h  t h e  80  % t h a t  L a c i n a  f o u n d .  F o u r  
f i f t h s  o f  t h e s e  s i n g e r s  r e p o r t e d  n e g a t i v e  c h a n g e s .  H o w e v e r ,  o n e  f i f t h  
r e p o r t e d  a p o s i t i v e  v o i c e  c h a n g e  d u r i n g  m e n s t r u a t i o n ,  i n  t h a t  t h e  f e l t  
t h e i r  v o i c e s  t o  become s o f t e r .  Out o f  t h e  136 f e m a l e  s i n g e r s ,  61 had born 
c h i l d r e n .  40 o f  them had obse rved  c l e a r  v o i c e  changes  d u r i n g  t h e  pregnan- 
cy .  Among t h e m ,  21 h a d  h a d  v e r y  p o s i t i v e  e x p e r i e n c e s ;  t h e y  f o u n d  t h a t  
t h e i r  v o i c e s  became r i c h e r  i n  q u a l i t y  a n d  m o r e  m a t u r e .  F i v e  o f  t h e  
s i n g e r s  had  e x p e r i e n c e d  v o i c e  p r o b l e m s  d u r i n g  t h e  p r e g n a n c y ,  b u t  t h e  
a u t h o r s  n o t e d  t h a t  t h e s e  women a l s o  r e p o r t e d  p rob lems  o f  d i f f e r e n t  k i n d s  
s u c h  a s  f e e l i n g  s i c k  a n d  v o m i t i n g .  It i s  o f t e n  s t a t e d  t h a t  t h e  v o i c e  
r e t u r n s  t o  i t s  pre-pregnancy s t a t u s  a f t e r  t h e  b i r t h  o f  t h e  c h i l d .  Howe- 
v e r ,  I know o f  no s y s t e m a t i c  i n v e s t i g a t i o n  o f  t h i s  i s s u e .  

C o n t r a c e p t i v e  p i l l s  have been s u s p e c t e d  o f  i n f l u e n c i n g  t h e  v o i c e  f u n c t i o n  
o f  f e m a l e  s i n g e r s .  Dordain  (1972) s t u d i e d  t h e  m a t t e r ,  b u t  f a i l e d  t o  f i n d  
any s u p p o r t  f o r  t h i s  s u s p i c i o n .  

F i n a l l y ,  i t  s h o u l d  b e  n o t e d  t h a t  o t h e r  h o r m o n e s  may a l s o  i n f l u e n c e  t h e  
v o i c e ,  and h e r e  t h e  t h y r o i d  g l a n d  shou ld  be ment ioned.  It i s  w e l l  known 
t h a t  h y p o t h y r o i d i s m ,  i . e .  when t o o  l i t t l e  t h y r o i d  h o r m o n e  i s  p r o d u c e d ,  
l e e d s  t o  v o i c e  c h a n g e s .  The v o i c e  p i t c h  i s  l o w e r e d  a n d  t h e  q u a l i t y  be -  
comes c o a r s e .  If  compensatory  m e d i c a t i o n  i s  g i v e n ,  t h e  v o i c e  r e t u r n s  t o  
normal ,  s o  t h a t  t h e  v o i c e  change i s  r e v e r s i b l e .  The o p p o s i t e  c o n d i t i o n ,  
t h y r o t o x i c o s i s ,  i . e  when t o o  much t h y r o i d  h o r m o n e  i s  p r o d u c e d ,  i s  n o t  
known t o  l e e d  t o  a n y  d i r e c t  v o i c e  c h a n g e s .  I n d i r e c t l y ,  h o w e v e r  i t  



c e r t a i n l y  d o e s ,  b e c a u s e  o f  g e n e r a l  and p s y c h i c  symptoms ,  wh ich  may b e  
very  s e v e r e .  

Sinning dur ing  nrowth 

I be l i eve  t h a t  s i ng ing  should s t a r t  a t  an e a r l y  age. One might r a i s e  t h e  
q u e s t i o n ,  o f  w h e t h e r  t h e r e  i s  a n  o p t i m a l  a g e  f o r  l e a r n i n g  t o  s i n g .  F o r  
a l l  o t h e r  kinds o f  l e a r n i n g  t h e r e  seem t o  be op t ima l  ages ,  s o  I t h i n k  it 
i s  j u s t i f i e d  t o  i n f e r  t h a t  t h i s  i s  t r u e  f o r  s i ng ing  a s  wel l .  

An o l d  s t u d y  by F l a t a u  & Gutzmann (1908)  c o n c e r n s  t h e  r a n g e  o f  t h e  
c h i l d ' s  s i n g i n g  v o i c e .  They m a i n t a i n e d  t h a t  t h e  r a n g e  i s  v e r y  l i m i t e d  
d u r i n g  t h e  f i r s t  y e a r s  o f  l i f e  and i n c r e a s e s  v e r y  s l o w l y .  Thus,  a t  t h e  
a g e  o f  s e v e n  i t  i s  s t i l l  l e s s  t h a n  a n  o c t a v e .  T h i s  c l a s s i c a l  s t u d y  was  
d i s p u t e d  by H a r t l i e b  (1 9 5 7 ) ,  who found t h a t  c h i l d r e n ,  a l r e a d y  d u r i n g  
t h e i r  first yea r s  o f  l i f e ,  could use t h e i r  vo ice  w i t h i n  a  p i t c h  r ange  o f  
no l e s s  t h a n  3 o c t a v e s .  The d i s c r e p a n c y  be tween  t h e s e  t w o  s t u d i e s  may 
perhaps be explained by d i f f e r e n t  methodsof obse rva t ion  and examinat ion.  

A c l a s s i c a l  ques t i on  concerning s ing ing  dur ing  growth is  t h e  fo l l owing :  
Is it  advantageous f o r  t h e  development o f  good vo ice  f u n c t i o n  t o  s i n g  i n  
c h i l d r e n ' s  c h o i r s ?  No d o u b t ,  t h e  a n s w e r  depends  o f  t h e  t y p e  o f  v o i c e  
u s a g e  p r a c t i s e d  i n  t h e  p a r t i c u l a r  c h o i r .  There  a r e  g r e a t  d a n g e r s !  Hess  
( c i t e d  by Weiss, 1950) c la imed t h a t  60 - 70% o f  good v o i c e s  i n  boys were 
r u i n e d  by u n w i s e  c h o i r  l e a d e r s .  And Laumer ( a l s o  c i t e d  by W e i s s ,  1950)  
found t h a t  o n l y  2% o f  a l l  t h e  boys  i n  t h e  famous  German and  A u s t r i a n  
boys' c h o i r s  became s i n g e r s  a t  an a d u l t  age. This  is  p a r t i c u l a r l y  remar-  
kable  i n  view o f  t h e  e x c e l l e n t  musical  educa t ion  which i s  g iven  t o  t h e s e  
boys  i n  c o n n e c t i o n  w i t h  t h e i r  c h o i r  s i n g i n g .  T h i s  i s  n o t  t o  s a y  t h a t  
t h e s e  r e s u l t s  c a n  be  a p p l i e d  t o  c h o i r  s i n g i n g  i n  a n y  c o u n t r y ,  b u t  t h e  
r i s k  o f  j o i n i n g  c h o i r s  i n  e a r l y  a g e  s h o u l d  n o t  be  n e g l e c t e d .  L e a d e r s  o f  
chi ldren 's  c h o i r s  should be ve ry  observant  and fo l l ow  t h e  development o f  
each ch i ld ' s  vo i ce  c a r e f u l l y .  

Let us now t u r n  t o  t he  ques t i on  of  s ing ing  during puberty.  I am convinced 
t h a t  t h i s  i s  t h e  mos t  d a n g e r o u s  p e r i o d ,  a t  l e a s t  i n  boys .  The m u t i o n a l  
vo ice  change has  been d e a l t  w i th  i n  a  c l a s s i c a l  and comprehensive r ev i ew  



by Weiss (1950). The f i e r c e  d i s p u t e  on t h i s  t o p i c  between Manuel Garcia  

and t h e  f i r s t  B r i t i s h  l a r y n g o l o g i s t ,  More l1  Mackenz ie ,  i s  l e g e n d a r y .  
Apparently, Garcia  had been s i n g i n g  dur ing  puber ty ,  and he thought  t h a t  
h i s  vo i ce  had su f f e r ed  damage from t h i s  s inging.  Thus, he  s t r o n g l y  recom- 
mended abs t i nence  from s ing ing  du r ing  puberty. Mackenzie, on t h e  o t h e r  
hand, s t r o n g l y  be l ieved  t h a t  s i ng ing  wise ly ,  w i thou t  s t r a i n  was good and 
t h a t  it was a  n a t u r a l  way t o  s t i m u l a t e  t h e  development o f  t h e  v o i c e  even 
d u r i n g  puberty.  

I n  Swedish schools ,  i n s t r u c t i o n  i n  s ing ing  is  provided f o r  a l l  c h i l d r e n  
over  a  number of years.  However, some c h i l d r e n  have obvious problems w i t h  
t h e i r  s i n g i n g .  Some y e a r s  a g o ,  a n  i n v e s t i g a t i o n  was made i n  Go tebo rg  
( P e r s s o n ,  1964)  o f  s t u d e n t s  d e s c r i b e d  a s  "weak i n  s i n g i n g w ,  g r o w l e r s ,  
and m o n o t o n e r s  ( s i n g s v a g a ,  b rummare ,  monotoner). These l a b e l s  appear  a  
b i t  q u e e r ,  b u t  t h e y  seem t o  b e  v e r y  r e s i s t e n t .  Thus,  I o f t e n  meet them 
among my a d u l t  p a t i e n t s .  I a s k  a l l  p a t i e n t s ,  who come t o  s e e  me f o r  vo i ce  
problems, i f  t hey  l i k e  t o  s ing.  Many o f  them answer: "No, I cannot  sing." 
When I a s k  them: "How do you know?", t hey  r e p o r t  t h a t  t hey  were t o l d  t h i s  
i n  t h e  f i r s t  g r a d e  o f  t h e  s c h o o l .  Thus,  s e v e r a l  p e o p l e  have  l e a r n e d  a t  
s c h o o l  n o t  how t o  s i n g  b u t  r a t h e r  t h a t  t h e y  c a n n o t  s i n g ,  and  t h i s  s e e m s  
t o  prevent  them from r e a l l y  t r y i n g  again! This  i s  obvious ly  ve ry  unfortu-  
na te .  I am convinced t h a t  most people  can l e a r n  t o  s i n g  and have a  l o t  o f  
p l ea su re  from t h e i r  s inging.  It is impor tan t  t h a t  we r e a l i z e  t h a t  l e a r -  
n ing  is a  process  which t a k e s  some time. Nobody c a n  r i d e  a  b i c y c l e ,  r ead ,  
o r  p lay  an ins t rument  a t  t h e  first a t t e m p t ,  and some c h i l d r e n  may be slow 
l e a r n e r s .  It would be p e r f e c t l y  imposs ib l e  t h a t  t h e  t eache r  t e l l s  a  c h i l d  
a f t e r  t h e  second o r  t h i r d  l e s s o n  o f  read ing  t h a t  he  cannot  read ,  s o  t h a t  
t h e  b e s t  t h i n g  t o  do is  t o  keep q u i e t  when o t h e r s  a r e  read ing ,  o r  go and 
f i n d  s o m e t h i n g  e l s e  t o  do. S t i l l ,  i t  seems  t h a t  t h i s  a t t i t u d e  t o w a r d s  
l e a r n i n g  is  p r a c t i s e d  wi th  regard  t o  s ing ing  even i n  our  time. 

It seems, though, t h a t  more and more a t t e n t i o n  is being paid towards t h e  
i m p o r t a n c e  o f  h e l p i n g  a l l  p u p i l s  t o  l e a r n  s i n g i n g .  F o r  i n s t a n c e ,  i n  
Stockholm, s o  c a l l e d  s i n g i n g  c l i n i c s  ( s h g k l i n i k e r )  have been e s t a b l i s h e d  
i n  a  number of  e lementary  schools .  I n  t h e s e  c l i n i c s ,  c h i l d r e n  w i t h  s i n -  
g ing  problems r ece ive  s p e c i a l  t r a i n i n g .  The r e s u l t s  have been most rewar- 
d i n g ,  n o t  o n l y  i n  t e r m s  o f  s i n g i n g ,  b u t  a l s o  w i t h  r e s p e c t  t o  t h e  s e l f -  



confidence and t h e  a t t i t u d e  towards school  has  improved (Olsson-Ekstrom, 

1974).  

There seems t o  e x i s t  a  r e l a t i o n s h i p  between l a c k  o f  mus i ca l  t a l e n t  and 
v o i c e  d i s o r d e r s .  E i s e n s o n  & a 1  (1958)  t e s t e d  90 p a t i e n t s  w i t h  v o i c e  
d i s o r d e r s ,  and  8 7  s u b j e c t s  i n  a  c o n t r o l  g r o u p  f o r  t h e i r  a b i l i t y  t o  d i s -  
c r i m i n a t e  p i t c h  and loudness  us ing  s u b t e s t s  o f  t h e  Seashore Measures f o r  
Musical Ta len t  (Seashore & a1 1960). The r e s u l t s  i n d i c a t e d  a s i g n i f i c a n -  
t l y  lower  s c o r e  f o r  s u b j e c t s  w i th  vo i ce  d i s o r d e r s  i n  t h e  p i t c h  d i s c r i m i -  
n a t i o n  t e s t ,  b u t  n o t  i n  t h e  l o u d n e s s  t e s t .  Out o f  t h e s e  s u b j e c t s  s u f f e -  
r i n g  f r o m  v o i c e  d i s o r d e r s  1 5  were  r e t e s t e d  a t  t h e  end  o f  a  15-weeks  
course  i n  vo i ce  therapy and e a r  t r a i n i n g  wi th  t h e  emphasis  l a i d  on p i t c h  
d i s c r imina t ion .  The r e t e s t  i nd i ca t ed  a  s t a t i s t i c a l l y  s i g n i f i c a n t  improve- 
ment i n  p i t c h  d i s c r i m i n a t i o n  a b i l i t y .  

Bergendal (1976) a l s o  used Seashore Measures of  Musical Ta l en t  and com- 
p a r e d  t h e  s c o r e s  f rom t h i s  t e s t  w i t h  t h e  r e s u l t s  o f  v o i c e  t r a i n i n g  and  
vo ice  therapy  i n  a  group of  27 s t u d e n t s  o f  logopedics  and 7  p a t i e n t s  w i t h  
v o i c e  d i s o r d e r s .  It t u r n e d  o u t  t h a t  s t u d e n t s  and  p a t i e n t s  w i t h  h i g h  
Seashore s c o r e s  responded w e l l  t o  vo i ce  t r a i n i n g ,  whereas l i t t l e  improve- 
ment was observed i n  those  having low scores .  May be  e a r l y  t r a i n i n g  would 
have changed t h e  s i t u a t i o n  f o r  those  s c o r i n g  low on Seashore's t e s t  a t  a n  
a d u l t  age. 

S inging  - and psyche 

One o f  t h e  c l a s s i c a l  s o n g s  f o r  m a l e  c h o i r  f rom t h e  1 9 t h  c e n t u r y  ("DAne 
l iksom Askan, brijder!") con ta in s  some l i n e s  t h a t  a r e  o f t e n  quoted. I n  my 
t r a n s l a t i o n  t h e y  r e a d :  " S i n g i n g  c r e a t e s  n o b l e  f e e l i n g s ;  t h e  key o f  t h e  
h e a r t  i s  s i n g i n g t t .  I t h i n k  we c a n  a l l  a g r e e  w i t h  t h e s e  s t a t e m e n t s .  
Singing makes you happy. Thus, i t  seems t h a t  s i n g i n g  i n f l u e n c e s  t h e  mood 
favorably.  On t h e  o t h e r  hand, i f  your vo i ce  is n o t  func t ion ing  a s  smooth- 
l y  a s  i t  u s u a l l y  i s ,  t h e  i n f l u e n c e  f rom s i n g i n g  on y o u r  mood i s  i n  t h e  
oppos i t e  d i r e c t i o n ;  you f e e l  uncomfortable  and unhappy. If t h e  vo i ce  does  
n o t  f u n c t i o n  a t  a l l ,  s o  t h a t  you c a n n o t  p h o n a t e ,  o r  i f  a b s o l u t e  v o i c e  
r e s t  i s  r e q u e s t e d ,  e.g. b e c a u s e  o f  a  l a r y n g e a l  o p e r a t i o n  o r  a n  a c u t e  
l a r y n g i t i s ,  t h i s  may have a  nega t ive  o r  even unbearable  i n f l u e n c e  on your  



psyche  and your  r e l a t i o n s  t o  t h e  e n v i r o n m e n t .  A c o m p l e t e  s i l e n c e  may 
e a s i l y  b e  i n t e r p r e t e d  a s  a  s i l e n t  c r i t i c i s m .  It a l s o  o c c u r s ,  c u r i o u s l y  
enough,  t h a t  p e o p l e  r e a c t  t o w a r d s  s u c h  a  s i l e n c e  by  s t a r t i n g  t o  t a l k  
s lower  and more d i s t i n c t l y ,  a s  i f  t hey  be l ieved  t h a t  t h i s  would he lp  you 
t o  sha re  t h e i r  conversat ion!  

The r e l a t i o n s h i p  b e t w e e n  s i n g i n g  and psyche  a p p e a r s  t o  be  r e c i p r o x .  I f  
you a r e  p s y c h i c a l l y  o u t  o f  b a l a n c e ,  i f  you a r e  t e n s e  and unde r  s t r e s s ,  
your vo i ce  r e v e a l s  your mood; you do not  sound well. Psychic f a c t o r s  have 
a  heavy impact  on a  s inger 's  performance. Se l f -conf idence  and assurance  
a r e  a p p a r e n t l y  very  impor tan t  t o  a  s inger 's  a b i l i t y  t o  perform. For t h i s  
reason ,  t h e  t a s k  o f  t h e  vo ice  expe r t  t r e a t i n g  a  s i n g e r  i s  o f t e n  mainly a  
psychotherapeut ic  one. He uses  h i s  m i r r o r  and examines t h e  voca l  f o l d s ,  
bu t  t h e  essence  o f  t h e  t r ea tmen t  i s  t o  encourage, suppor t ,  and r e a s s u r e  
t h e  s i n g e r  t h a t  every th ing  is f i n e ,  and t h a t  he w i l l  do very  w e l l .  

These l a s t  s t a t e m e n t s  a r e ,  o f  c o u r s e ,  e n t i r e l y  b a s e d  on my p e r s o n a l  
e x p e r i e n c e .  I d o  n o t  know o f  a n y  s y s t e m a t i c  i n v e s t i g a t i o n s  o f  t h e s e  
p a r t i c u l a r  a s p e c t s  on t h e  e f f e c t s  on p s y c h i c  f a c t o r s  on v o i c e  f u n c t i o n  
and voca l  performance. 

F i n a l  comments 

The q u e s t i o n  was r a i s e d  by o u r  c h a i r m a n ,  w h e t h e r  o n e  c a n  " h e a l  one's 
vo i ce  by s ing ingu .  Claims have been made t h a t  you can s u c c e s s f u l l y  t r e a t  
vo i ce  d i s e a s e s  and d i s o r d e r s  such a s  common co ld ,  as thma and s t u t t e r i n g  
by means o f  s ing ing ,  but  s t a t emen t s  o f  t h i s  kind seem t o  m i r r o r  persona l  
b e l i e f s  r a t h e r  t h a n  f a c t s .  I would r e s t r i c t  m y s e l f  t o  s u p p o r t  t h e  v i e w  
t h a t  s i n g e r ' s  n o d u l e s  may d i s a p p e a r ,  i f  t h e  t e c h n i q u e  o f  s i n g i n g  i s  
c o r r e c t e d .  But t h e r e  i s  no d o u b t  s i n g i n g  i s  good f o r  you r  v o c a l  and 
g e n e r a l  h e a l t h .  T r a i n i n g  i n  s i n g i n g  g i v e s  u s  a  b e t t e r  command o f  o u r  
v o i c e ,  an  a w a r e n e s s  o f  what  i s  g o i n g  on i n  o u r  l a r y n x ,  and a n  improved  
a u d i t o r y  percept ion.  With t h i s  we a r e  b e t t e r  equipped t o  meet t h e  voca l  
s t r e s s e s  and s t r a i n s  o f  today's no i sy  l i f e .  

To sum up ,  t h e r e  i s  much r e s e a r c h  t o  be  done  i n  t h e  a r e a  o f  s i n g i n g  and 
t h e  h e a l t h  o f  t h e  v o i c e .  J u s t  t o  m e n t i o n  o n e  e x a m p l e ,  what  h a p p e n s  t o  



g i r l s '  vo i ce s  du r ing  puberty? A s  f a r  a s  I know, nobody h a s  eve r  publ ished 

any s tudy  o f  t h i s  t r u l y  b a s i c  i s sue .  

To end t h i s  p r e s e n t a t i o n  I would l i k e  t o  modify an o l d  L a t i n  proverb. We 

a l l  know t h a t  " n a v i g a r e  n e c e s s e  e s t "  ( s a i l i n g  i s  n e c e s s a r y ) .  Now, a s  

s i n g i n g  means s a i l i n g  on t h e  w ings  o f  t h e  s o n g ,  i t  s e e m s  j u s t i f i e d  t o  

conclude t h a t  ' INAVIGARE ET CANTARE NECESSE ESTn 
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SOUND EXAMPLES 

Side  A 

BENNETT: SINGING SYNTHESIS I N  ELECTRONIC MUSIC 

Track I 1. Synthesized phrase  from Gesualdofs "Moro Lassoff 

Track I1 2. Excerpt from t h e  t ape  p a r t  of IfAber d i e  Namen d e r  s e l t n e n  

Orte  und a l l e s  Schtjne h a t t f  e r  behal ten",  by G. Bennet t  

Track I11 3. Natural  v e r s u s  syn thes i zed  sopranos ( t h r e e  s i n g e r s )  

4. Three s y n t h e t i c  s c a l e s  with SPL-dependent t imbre  

5. Two synthes ized  examples o f  v i b r a t o  e v o l u t i o n  

6. Regular v s .  random v a r i a t i o n  of t h e  fundamental  f requency  

Track I V  7. Excerpt from "Winter (1980)"  f o r  t a p e ,  by G. Benne t t  

Side B 

J O H A N  SUNDBERG: THE VOICE AS A SOUND GENERATOR 

Track I 1. Examples o f  ( a )  b r ea thy ,  ( b )  l lf loww, ( c )  normal ,  and 
( d )  pressed phonat ion 

I V A N  FONAGY: EMOTIONS, V O I C E  AND MUSIC 

Track I1 1. Anger and t ende rnes s  i n  t h r e e  languages  

2. Three  s y n t h e s i z e d  v e r s i o n s  o f  a n  e m o t i o n a l l y  a m b i g u o u s  

s e n t e n c e ,  i n t e r p r e t e d  a s  a )  a rebuke 
b )  an a t t emp t  t o  convince  
c )  conso l ing  



Track 111 3. Excerpt from W . A .  Mozart:llDie EntfUhrung aus  dem Sera i l1 I  

(Osminls a r i a  "Drum beim Barte  d e s  Propheten. . .!I) 

Excerpt from W. A. Mozart :"Don Giovannifl 

( O t t a v i o l s  a r i a  no. 10) 

4. Coquet t ish l u r i n g  i n  Engl ish and French 

5. Excerpt from B. Bartok:"The Miraculous Mandarinf1 

(lur'ing o f  t h e  cou r t e san )  

JOHAN SUNDBERG: TO PERCEIVE ONE S OWN VOICE 

Track I V  1. E f f e c t  o f  microphone p o s i t i o n  on vo ice  q u a l i t y :  

a )  i n  f r o n t  o f ,  and b)  t o  t h e  s i d e  o f  t h e  speaker  

2. Speech a s  p i c k e d  up by a n  a c c e l e r o m e t e r  p l a c e d  on t h e  

speaker 's  f o r e h e a d  

Track V 3. Singing s y n t h e s i s  "off t h e  shee t f1 ;  no performance r u l e s  added 

4. Singing s y n t h e s i s ,  with performance r u l e s  accumulating : 
a )  i n i t i a l  p i t c h  d ipp ing  

b) crescendo-decrescendo on each no te  

c )  s imple phrasing and piano accompaniment 


