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INVESTIGATION OF PULMONIC ACTIVITY IN SPEECH 

John J .  Ohala, Carol J .  Riordan, and Haruko Kawasaki ,  Phonology 
Labora to ry ,  Depar tment  o f  L ingu is t i cs ,  Un ive rs i t y  o f  Ca l i forn ia ,  

Berkeley,  Cal i forn ia ,  U . S . A .  

Although i t  has been known since ancient days  that the pulmonic 

sys tem p rov ides  the a i r  under pressure  required by  a lmost  a l l  speech 

sounds, there  is  s t i l l  considerable cont roversy  surrounding the 

question o f  whether  there is  any a c t i v e  shor t - te rm pulmonic involve- 

ment in the product ion o f  spec i f i c  speech segments ( e . g . ,  asp i ra ted 

s teps )  or  o f  s t r essed  sy l l ab les .  Since the only way the pulmonic 

sys tem can ac t i ve l y  cont r ibute t o  speech product ion i s  by  vary ing 

the volume o f  the chest  c a v i t y ,  we sought t o  shed some l ight on 

these issues by  recording, in three adult male speakers o f  English, 

lung volume ( a s  t ransduced by  a whole-body pressure p lethysmograph) 

along w i t h  (combined)  ora l  and nasal  a i r f low and the vo ice  signal 

during a va r i e t y  o f  u t te rance  t y p e s .  Fundamental frequency was 

ex t rac ted  and averages formed o f  a l l  pa ramete rs .  Figure l shows 

a sample o f  the averaged d a t a .  The lung volume funct ion was char— 

ac ter ized by a momentary s lowing o f  the rate o f  decrement ( i n  com- 

par ison t o  an es t imated ' no rma l '  or background r a t e )  during the 

production o f  step closures (upward ar row)  and a quickening of  the 

rate of  decrement during fricatives, [ h ] ,  aSpirated stop release, 

(and the product ion o f  heavi ly s t r e s s e d  syl lables (downward a r r o w ) .  

In a l l  cases  but the l a s t ,  the var iat ion in lung volume could be 

interpreted as pass ive react ions to  changing lung pressure occa— 

sioned by changes in g lot ta l  and/or supraglot ta l  impedance. Only 

heavi ly s t r essed  sy l lables were invariably accompanied by  ac t i ve  

changes in lung volume. (Work  supported by  the National Science 

Foundation and the Nat ional  I n s t i t u t e s  o f  H e a l t h . )  

Figure 1. Averaged funda- 
mental frequency (Fo ) ,  lung 
volume ( V  ) ,  and oral air- 
flow (Uo) during the utter- 
ance ’Lure Bi l l  n e a r ' ,  

[ IOJ  ' b t l  nLJI  as produced 
by an adult male speaker o f  
English. The dotted verti- 
cal line marks the synchro- 
nization point used to form 
the averages. 
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