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ABSTRACT 
T h e  i n t o n a t i o n a l  d i f f e r e n c e  
b e t w e e n  wh a n d  n o n - w h  q u e s —  
t i o n s  i n  T o k y o  J a p a n e s e  w a s  
e x a m i n e d .  P e r c e p t i o n  e x p e r -  
i m e n t s  I n v o l v i n g  s y n t h e t i c  
I n t o n a t i o n  r e v e a l e d  t h a t  t h e  
m o s t  i m p o r t a n t  c u e  f o r  t h e  
d i s c r i m i n a t i o n  b e t w e e n  t h e  
t w o  t y p e s  i s  t h e  l a c k  
o f  s a l i e n c e  o f  i n t o n a t i o n  
b o u n d a r y  a f t e r  t h e  w h — w o r d .  
r a t h e r  _ t h a n  t h e  p r o m i n e n c e  
o f  t h e  f o c u s e d  wh—word p e r  
s e .  

1 .  INTRODUCTION 
T h a t  s y n t a c t i c  b e h a v i o r  o f  
wh a n d  non—wh q u e s t i o n s  d i f —  
f e r  i s  w e l l  r e c o g n i z e d  b y  
g r a m m a r i a n s .  I t  s e e m s  t o  b e  
l e s s  r e c o g n i z e d  b y  t h o s e  w h o  
a r e  w o r k i n g  w i t h  J a p a n e s e  
p r o s o d y  t h a t  t h e  t w o  q u e s —  
t i o n  t y p e s  d i f f e r s  s i g n i f i —  
c a n t l y  i n  t h e i r  p r o s o d i c  
d o m a i n s  a s  w e l l .  A s  a m a t t e r  
o f  f a c t . t h e  d i f f e r e n c e  d o e s  
n o t  c o n s i s t  i n  a m e r e  d i f —  
f e r e n c e  o f  f i n a l  r i s e  b u t  
r a t h e r  c o n c e r n s  t h e  o v e r a l l  
i n t o n a t i o n  s h a p e s .  

2 .  MATERIAL 
I h — q u e s t i o n s  a r e  m a r k e d  w i t h  
wh—words l i k e  d a r e  ( w h o ) .  
d o k o  ( w h e r e ) .  n a n i  ( w h a t )  
e t c .  I n c i d e n t a l l y .  t h e r e  a r e  
a c l a s s  o f  w o r d s  w h i c h  a r e  
n o t  w h — w o r d s  b u t  a o r p h o l o g i —  
c a i i y  v e r y  s i m i l a r  t o  t h e m :  
d g r e k a  ( s o m e o n e ) ,  dokoka 
( s o m e w h e r e ) .  n a n i k g  (some— 
t h i n g ) e t c .  T h o s e  w o r d s  a r e  
s e m a n t i c a i l y  marked ,  g i v e n  
t h e i r  i n d e f i n i t e — p r o n o u n —  
{ I k e  m e a n i n g .  A s  t h e  r e s u l t  
o f  t h e i r  m o r p h o i o g i c a l  s i —  
m l i a r l t y .  w e  c a n  c o n s t r u c t  

p a i r s  o f  wh a n d  non—wh— 
q u e s t i o n s  l i k e  ( 1 )  a n d  ( 2 ) ,  
w h e r e  s y n t a c t i c  a n d  a c c e n t u —  
a l  c o n f i g u r a t i o n s  a r e  e x a c t —  
l y  t h e  s a m e  a c r o s s  t w o  
s e n t e n c e s .  ( A p o s t r o p h e s  d e -  
n o t e  a c c e n t  l o c a t i o n s . )  

( 1 ) [ n a ' n i - g a ] N P [ l i - e ' — r u  ] P 
w h a t — N o m .  s e e — P o t . — P r e s .  

= W h a t  c a n  ( y o u )  s e e ?  

( 2 ) [ n a ' n i k a ]  [ m i — e ' — r u  ] 
s o m e t h i n g  N P s e e — P o t . — P r s Y P  

= C a n  ( y o u )  s e e  a n y t h i n g ?  

F i g . l  s h o w s  t y p i c a l  e x a m p l e s  
o f  t h e  F 0  c o n t o u r s  o f ( l )  a n d  
( 2 )  u t t e r e d  by  a m a l e  s p e a k -  
e r  o f  T o k y o  J a p a n e s e  ( T J ) .  
T h e i r  i n t o n a t i o n a l  d i f f e r —  
e n c e  c a n  b e  e x p r e s s e d  i n  
t e r m s  o f  t h e i r  f o c u s  p l a c e -  
m e n t .  R o u g h l y  s p e a k i n g ,  t h e  
f o c u s  o f  a w h - q u e s t i o n  l i k e  
( 1 )  i s  o n  t h e  w h - w o r d ,  w h i l e  
t h e  f o c u s  o f  a non—wh q u e s —  
t i o n  l i k e  ( 2 )  i s  o n  i t s  
p r e d i c a t e .  U s u a l l y  t h e  d i f —  
f e r e n c e  i n  f o c u s  p l a c e m e n t  
i s  r e f l e c t e d  i n  t h e  p r o s o d i c  
s t r u c t u r e s  o f  t h e s e  sen— 
t e n c e s .  A c c o r d i n g  t o  t h e  
t h e o r y  p r o p o s e d  b y  P i e r r e -  
h u m b e r t  & B e c k m a n  [ 1 ] ,  t h e  
d i f f e r e n c e  c a n  b e  r e p r e s e n t -  
e d  i n  t e r m s  o f  t h e  d i f f e r —  
e n c e  o f  t h e  ' i n t e r m e d i a t e  
p h r a s e '  d e f i n e d  a s  t h e  d o -  
m a i n  o f  ' c a t a t h e s i s . ’  W h i l e  
t h e  w h o l e  u t t e r a n c e  m a k e s  u p  
a n  ” i n t e r m e d i a t e  p h r a s e  i n  
( 3 ) .  the u t t e r a n c e  i s  d i v i d -  
e d  i n t o  t w o  d i f f e r e n t  i n -  
t e r m e d i a t e  phrases  i n  ( 4 ) .  
( i t  i s  i n t e r e s t i n g  t h a t  t h e  
s a m e  p r o s o d i c  d i f f e r e n c e  c a n  
b e  o b s e r v e d  i n  t w o  ' a c c e n t -  
l e s s '  J a p a n e s e  d i a l e c t s l 2 1 . )  
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Fig .1  The F0 contours of wh question 
/naniga mieru / ( l e f t )  and non-uh ques— 
t ion /nanika mieru/ ( r ight )  as uttered 
by a male Tokyo Japanese speaker. The 
frequency scale i s  loga l i tha ic .  

( 3 )  [ n a ' n i g a  m i e ' r u ]  
( 4 )  [ n a ' n i k a ]  [ m i e ' r u ]  

I n  F i g . 1 .  t h e  p e a k  F0  v a l u e  
o f  n a n i g a  i s  c l e a r l y  h i g h e r  
t h a n  i t s  n a n i k a  c o u n t e r p a r t ,  
a n d  t e s t i f i e s  t o  t h e  
p r e s e n c e  o f  f o c u s  i n  t h e  
w h - w o r d .  T h i s  k i n d  o f  f o c u s —  
d r i v e n  p r o m i n e n c e  i n  t h e  
wh—word i s  r e a l i z e d  c o n s i s t -  
e n t l y .  b u t  i t  i s  b y  n o  l eans  
t h e  o n l y  c h a r a c t e r i s t i c  o f  
w h — i n t o n a t i o n .  R a t h e r .  w h a t  
makes t h e  i n t o n a t i o n  s h a p e  
o f ( 1 )  v i s u a l l y  d i s t i n c t  f r o m  
t h a t  o f  ( 2 )  i s  t h e  l a c k  o f  
s a l i e n c e  o f  t h e  p r o s o d i c  
b o u n d a r y  b e t w e e n  NP a n d  V P (  
a q u i c k  r i s e  a t  t h e  b e g i n —  

. n i n g  o f  m i e r u  ) .  I n  s h o r t ,  
t h e r e  a r e  t w o  p o s s i b l e  
p h o n e t i c  c u e s  t o  t h e  d i f f e r —  
e n c e  b e t w e e n  ( 1 )  a n d  ( 2 ) :  
p r o m i n e n t  F0  p e a k  o f  t h e  
wh—word ( P w )  a n d  t h e  s a l i —  
e n c e  o f  t h e  p r o s o d i c  bound— 
a r y ( S b ) .  

3 .  EXPERIMENT 1 

T h e  a i m  o f  t h e  f i r s t  e x p e r i -  
m e n t  w a s  t o  e x a m i n e  i f  
n a t i v e  s p e a k e r s  o f  T J  c a n  i n  
f a c t  d i s c r i m i n a t e  t h e  t w o  
q u e s t i o n  t y p e s  s o l e l y  by  
m e a n s  o f  i n t o n a t i o n . T h e  d i f -  
f e r e n c e  o f  ( 1 ) a n d  ( 2 )  c o n -  

Fig .2  % correct ident i f i cat ions  of 
uh question (real line) and non-wh 
question (dotted line). The abscissa 
represents the aaskinz types indicated 
in the text} 

s i s t s  i n  t h e  / k / — / s /  conso— 
n a n t a l  c o n t r a s t  a s  f a r  a s  
t h e  s e g m e n t a l  t i e r  l a  c o n -  
c e r n e d .  S o  i t  w a s  e x p e c t e d  
t h a t  s u b j e c t s  w o u l d  b e  
f o r c e d  t o  r e l y - o n  p r o s o d i c  
c u e s  i f  w e  e r a s e d  t h e s e  
c o n s o n a n t s  a n d  t h e n  f i l l e d  
t h e  r e s u l t i n g  s i l e n c e  w i t h  
w h i t e  n o i s e .  On t h i s  r e a s o n —  
i n g . t h e  f o l l o w i n g  t e n  s t i m u -  
l i  w e r e  p r e p a r e d .  T h e  u n d e r —  
l i n e s  s h o w  t h e  t i m e  s t r e t c h  
r e p l a c e d  w i t h  n o i s e .  

( l a  n a n i g g m i e r u  
l b  n a n i g a m i e r u  
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I n  e r a s i n g  s e q u e n c e s  o f  s e g —  
m e n t s .  c a r e  w a s  t a k e n  t o  r i d  
t h e  e f f e c t  o f  c o a r t i c u l a t i o n  
a s  m u c h  a s  p o s s i b l e .  Conse— 
q u e n t l y , t h e  w h i t e  n o i s e  pe— 
n e t r a t e s  more o r  l e s s  i n t o  
t h e  f i n a l  p a r t  o f  p r e c e d i n g  
s e g m e n t  a n d  t h e  b e g i n n i n g  o f  
f o l l o w i n g  s e g m e n t  i n  a l l  
c a s e s .  A l l  m a n i p u l a t i o n  o f  
o r i g i n a l  u t t e r a n c e s .  w h i c h  
w e r e  s a m p l e d  i n  l O K H z / l s b i t s  
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_ _ n i .  The s t i m u l i  w e r e  p r e -  b e  i d e n t i f i e d  a s  a wh— 
300— {go EJSO E'eo __‘\\ sented to the same l i s teners  question with 90% accuracy. 

fit, i n  t h e  s a m e  m a n n e r  a s  i n  t h e  i t  i s  n e c e s s a r y  t h a t  t h e  D 
+ F w ï p r e v i o u s  experiment. F i g . 4  value b e  l o w e r  t h a n  120Hz 

' \Qt shows t h e  p e r c e n t a g e s  w i t h  1 . e .  l o w e r  t h a n  t h e  r i g h t  
200'A 3Q” which each s t i m u l u s  was edge o f  t h e  preceding NP. 

i p e r c e i v e d  a s  w h — q u e s t i o n . T h e  The d a t a  presented h e r e  and  
… ' a o  \\ a b s c i s s a  o f  t h e  f i g u r e  i s  a t h a t  o f  K o r i  a n d  t h a t  o f  

: ï Ë\_ composite r e p r e s e n t a t i o n  o f  F u j i s a k i  & K a w a i  s u g g e s t  
100“ . . {2°  3 "%. D values f o r  t h e  s t i m u l i  t h a t  any theory  of  phonet-  
HZ WN.  * ‘-._3 w i t h  E=130 Hz ( t h e  l e f t w a r d  i c s  t h a t  a s s u m e s  t h a t  t h e  

\\î L . . . . . . . L,) three  v a l u e s  ) and f o r  t h e  e f f e c t  o f  f o c u s  i s  l i m i t e d  
. . MOWOŒO m o œ o m o w o œ o  1 w i t h  E=80Hz ( t h e  o n l y  t o  t h e  c o n s t i t u e n t  Flg.3 Schelatnc structure of  the s t i m u l  

synthet ic  s t imul i .  Control p o i n t s  A-F Fig .4  X wh—judgments of s ixteen r e s t ) .  T h e  r e a l  a n d  d o t t e d  m a r k e d  a s  f o c u s e d  i s  i n a p —  were l i n e a r l y  i n t e r p o l a t e d  as a gross synthet ic  s t i m u l i  a s  the function of l i n e s  s t a n d  r e s p e c t i v e l y  f o r  p r o p r i e t e  a n d  t o  b e  r e v i s e d .  approximation to natural intonations.  the D values (absc i s sa ) .  Real l i n e s  t h e  stimuli W i t h  3:300!” a n d  F i n a l l y ,  I t  s h o u l d  b e  p o i n t -  The thick arrow indicates the time stand for the stimuli with B=300Hz( B=23°“Z- This “3“” “°“ ed °“ that °“e ”””…“ stretch masked with white noise. prominent vh). and dotted lines stand c l e a r l y  that t h e  contribu— PI‘Oblel W33 l e f t  untouched: 
for those with B:230Hz(not prominent). t i o n  o f  t h e  D v a l u e  i s  w h e t h e r  t h e  d i f f e r e n c e  o f  

g r e a t e r  b y  f a r  t h a n  t h a t  o f  i n t o n a t i o n  e x a m i n e d  i n  t h i s  
c o n d i t i o n .  was made on a and Sb by u s i n g  s y n t h e s i z e d  _ the  B v a l u e .  Although a s tudy  i s  s p e c i f i c  t o  t h e  
c o m p u t e r .  T h e s e  s t i m u l i  w e r e  s p e e c h  i n  w h i c h  b o t h  c u e s  ! r a i s e d  B v a l u e ( 3 0 0 H z )  m a k e s  p a i r  o f  wh a n d  n o n - w h  q u e s -  
presented  t o  e l e v e n  s p e a k e r s  were c o n t r o l l e d .  F i g  3 shows some c o n t r i b u t i o n  t o  sub-  t i o n s .  The l i n e  o f  r eason ing  
o f  TJ i n  random order i n  a the  schematic  s t r u c t u r e  of  J e c t s '  judgment o f  wh—ques- t h a t  I f o l l o w e d  i n  t h i s  quiet l is tening condition. the stimuli synthesized A-F tion.this effect i s  observed study predicts that the The s u b j e c t s  were requested  of  F i g ,  3 d e n o t e  the  p o i n t s  on ly  when D i s  r e l a t i v e l y  d i f f e r e n c e  i s  not  a s p e c i f i c  
t o  i d e n t i f y  w h e t h e r  t h e  where  t h e  c o n t o u r  i s  con— h i g h  (180Hz o r  1 6 0  Hz). O n c e  o n e .  I t  i s  e x p e c t e d  t h a t  t h e  
u t t e r a n c e  they heard was ( 1 )  t r o l l e d .  point A i s  t h e  D i s  s e t  t o  r e l a t i v e l y  low same i n t o n a t i o n a l  d i f f e r e n c e  
OF ( 2 ) -  N0 n o t i c e  c o n c e r n i n g  b e g i n n i n g  o f  t h e  u t t e r a n c e  v a l u e s  (120Hz o r  100Hz). t h e  i s  o b s e r v e d  i n  a n y  p a i r  o f  the relevance of prosody was and i s  fixed at 200Hz Point stimuli were perceived "OSt' sentences having the sale given. Fig.2 summarizes the B i s  concerned with the cue 1? as wh-question irrespec- difference of focus place- 
r e s u l t  Of t h e  f i r s t  e x p e r i -  pw; i t s  Fo v a l u e  i s  e i t h e r  , ' t l v e  o f  t h e  B values. ment a s  t h e  o n e  o b s e r v e d  
ment. Real and d o t t e d  l i n e s  300Hz or 230Hz. Point  C between ( 3 )  and ( 4 ) ‘  show r e s p e c t i v e l y  t h e  p e r -  s t a n d s  f o r  t h e  b e g i n n i n g  o f  5 '  DISCUSSION AND CONCLUSION c e n t a g e s  Of c o r r e c t  identi— the  p r e d i c a t e  mieru and i s  The two experiments  r e -  6 .  REFERENCES 
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contribution.)  ble in TJ_ The remaining l more reduced than that of Jishoin.  

s i x t e e n  I n t o n a t  ° - t h e  o t h e r  c o n s t i t u e n t s .  T h i s  
4 .  EXPERIMENT 2 w e r e  s y n t h e s i z ä d n b y c o g î g g ä â  a n a l y s i s .  w h i c h  i s  b a s e d  o n  ACKNOWLEDGMENT 
The a i m  o f  t h e  s e c o n d  e x p e r -  m e t h o d ,  u s i n g  t h e  PANASYNS . p r o d u c t i o n  d a t a ,  s e e m s  t o  b e  I am v e r y  g r a t e f u l  t o  Osalu 
i m e n t  was  t o  e x a m i n e  t h e  program d e v e l o p e d  b y  H i r o s h i  c o n g r u e n t  w i t h  my p e r c e p t i o n  M i z u t a n i  o f  NLRI f o r  h i s  
r e l a t i v e  i m p o r t a n c e  o f  Pw I m a g a w a  a n d  S h i g e r u  K i r i t a —  d a t a .  F i g .  4 i n d i c a t e s  t h a t  c o m m e n t s  o n  a n  e a r l i e r  d r a f t  

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