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ABSTRACT 
Physiological fea tures  of the 

difference i n  phonation types 
were investigated on Suzhou 
Chinese by use of f iberopt ic  
endoscopy and electromyography. 
The f indings  suggest that "normal” 
vs.  "breathy" opposi t ion in  phona— 
t ion  type in  Suzhou should be 
brought about by ' antagonistic 
s e t t i n g  in  the  larynx. 

1.1NTRODUCTION 
I t  i s  known tha t  there i s  an 

i n t e r e s t i ng  in teract ion between 
in i t i a l  consonants ,  vowels and 
tones i n  Wu dialects  i n  China .  
Recent phonologists o f t e n  ment ion 
the  term "phonation type“ i n  
treating th i s  phenomenon, but  the  
physiological reality o f ;  i t  is  
s t i l l  unclear. In  Wu d ia lec ts ,  a 
breathy ( o r  murmured)  syllable i s  
in i t i a t ed  by so called "muddy" 
initial (usually indicated by a . 
phonetic letter [ ] .  like in [pfi], 
[ t ñ l . [ kfi ] . [ sfi l  and [B]) ," fol lowed 
by a breathy vowel with.&ow p i t ch  
i n i t i a t i o n ;  whereas & normal (or  
c lear )  syllable i s  i n i t i a t ed  by a 
"clear" i n i t i a l  ( i . e .  voiceless 
inasp i ra tes  and aspirates} ,  
followed by clear vowel w i t h  high 

- pi tch  i n i t i a t i o n .  
Experiments were conducted on 

Suzhou dia lec t ,  one of the  main 
dia lec ts  in  Wu area.  t o  reveal the  
physiological aspects of the  
d i f f e r ence  between "breathy" and 
' n o r l a l “  phona t ion .  Seven lexical 
tones a re  d i s c r i m i n a t e d  i n  Suzhou 
as  described below by tone 
l e t t e r s .  Among seven tones Tones 
IVa and  IVb. are  character ized by 
shor te r  d u r a t i o n  in  t h e i r  
syl lables than i n  o the r  syllables 
as ind ica ted  by one numera l (5 )  or  
two nuaerals  w i t h  an 
u n d e r l i n e i 2 3 ) [ 1 ] .  

Yin TBnes Yang Tones 
l a  55 I b  24 
I l a  52 
I l l a  412 I I I b  231 
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IVa 5 IVb 23 
The normal phonation and clear 
i n i t i a l s  are associated wi th  Yin 
tones ( indicated by ” a ” ) ,  and the  
breathy .phonation and muddy 
in i t ia l s  wi th  Yang tones("b") .  

2. PROCEDURE 
Laryngeal views were observed 

by a f lex ib le  f iberscope and were 
recorded on VTR a t  a r a t e  of 30 
f rames ( 6 0  fields) per second. The 
intraoral  pressure ( P 0 )  was 
simultaneously measured by 
introducing a miniature  pressure 
transducer through the  n o s t r i l  t o  
the mesopharnx. Electro— 
myographic(EMG) recording was made 
on the  same day but  separately 
from t he  f iberoptic  experiment.  

. T h e  electrodes were Inser ted i n to  
the cr icothyroid ( C T ) ,  thyro- 
arytenoid (Vocalis,  VOC) and 
sternohyoid ( S H ) .  The EMG signals 
were r ec t i f i ed  and integrated over 

‘ a  period of  5 m s .  and sampled a t  a 
rate of 1 kHz.  

In  the  experiments syllables 
wi th  zero i n i t i a l s  and dental 
steps,  [ i l / [fi l l . [ t i ] / [ tfi i ] ,  were 
u t t e r ed ,  f i r s t  i n  isolat ion and 
second in  ;he carrier sentences: 
A :  [1155 kp41 kñäîl kaî5 2131] 

"He looks a t  t h i s  character_____f 
B: [kña 21 kazs 21 31 in55 ta25 
____11 25 13412] "This character, 
i t s  "pronunciat ion i s  the same as 

3. Results 
3-1 Acoustic evidence 

Spectrographic observations 
show that the  breathy phonat ion i s  
charac ter ized  i n  vowels by 
f r i c a t i o n  components a t  the  higher 
frequency range w i t h  the damping 
of the  upper  fo rmants .  Closure 
durat ion and VOT f o r  [ t l / [ t h ]  were 
measured and the  resul ts  of t h e  
measurements are shown below. VOT 
i s  i den t i f i ed  here  as the  
in terval  f rom the release point  to  
the  onset of the periodical vocal 
wave s ince itw'as o f t en  the case 
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NORMAL [1:155] 
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BREATHY [ t 6 1 24 ] 
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Fig.1 Selected frames of the laryngeal views for Suzhou [ti55]( normal ) and [tfii241( breathy ) 

uttered in isolation. In both syllables laryngeal views are selected from beginning part of the vowels: 

(A) approximately corresponds to the point of oral release. and (B) to 40—70 ms. after release. 

with the nuddy steps tha t  the 
exact value of VOT was hard to  
detect by oscillographic and 
spectrographic inspection. 
Closure Durat10n(ls.) 

vg. n—Max. Std.  No.  
[ t  165.8 131.0-225.2 20.9 30 
[ t  ] 128.2 99.9-171.9 23.3 21 

. t - tes t :  p<lx 
!g1(ns.) 

ToneI . I I , I I I  ToneIV 
Avg. Std.  No.  Avg. S td .  No.  

[ tg  12 .2  2 . 4  22 8 . 5  1 . 3  7 
t ] 20.6 3 . 9  14 1 0 . 8  0 . 6  6 

t - tes t :  p<lx 
Closure duration i s  

significantly longer in  
unaspirated stops than in  muddy 
s to  s .  VOT in  the muddy stop 
( l t  ] )  is  invariably positive. I t  
was reported that there was no 
significant difference i n  VOT 
between luddy stops and voiceless 
unaspirated s topl2] .  But the 
present analysis has revealed that  
the difference i s  statistically 
significant i f  the VOT i s  defined 
as above. 
3—2 Intraoral air pressure(Po) 

Maxi-un Po i n  i n i t i a l  stops 
18 lower i n  [ tfi ]  than in  [ t ] .  The 
difference i s  s ignif icant  at  the 
level p<58 i n  carrier sentence A :  
p<23 in  carrier sentence B;  and 
totally p<1x. 
Po(lnH 0 

sentenceA sentenceB 
Avg. S td .  No.  Avg. S td .  No.  

[ t ë  106.9 1 8 . 3  16 122.9  14.8 8 
t I 91.4 15 .4  12 107.6 12 .8  6 

3-3 Direct observation of the 
larynx 

Fig.1 shows representative 
frames of the glottal views in  the 
nor-al( l t155])  and breathy 
([t5124l) phonation. I t  can be 
observed in the f igures that the 
anterior-posterior dimension of 
the supraglottal structure i s  

remarkably decreased f o r  breathy 
phonat ion.  The constricted 
gesture. which can be called ”ary- 
epiglot t ic  cons t r i c t ion"[3] .  i s  
observed throughout the  e n t i r e  
syllable wi th  an increasing 
degree, but  i s  weakened a t  t he  end 
of the syllable. Note t ha t  the  
adductive movement of t he  f a l se  
vocal f o l d s .  which i s  a 
character is t ic  f ea tu re  i n  the  
"glottal  s top" [1] ,  does not take 
place i n  t h i s  type of 
constriction.  I t  appears tha t  the  
whole larynx moves downward i n  
breathy phonation.  The s t a t e  of 
the g lo t t i s  as well as o ther  
related features  1s summarized 
below. 
1) Vocal 1n1t1at10n([11/lfiu) 

The g lo t t i s  appears t o  be 
closed both i n  normal and breathy 
phonation at  the  i n i t i a t i o n  of the  
syllables. In  the normal phonat ion 
a syllable i s  o f t en  in i t i a t ed  by 
the glottal stop which i s  
characterized by the  adduction of 
the  fa lse vocal f o l d s .  In  the  
breathy phonation the glot tal  s top  
i s  de f in i te ly  absent .  
2)60nsonanta1 in i t i a t i on ( [ t i ] : [ t ñ i ] )  

No remarkable d i f fe rence  i s  

observed in  the  glottal  f ea tu re  
between the  two consonant types. 
There could be four  s ta tes  of the  
g lo t t i s :  ( i ) b o t h  car t i laginous and 
nenbranous(l igamental)  port ions of 
the  glot t is  are open,  (2 )on ly  
cartilaginous portion i s  open, ( 3 )  
only membranous portion i s  open,  
(4)both  of them are closed; and 
every one of the f o u r  s ta tes  i s  
observed both in  [ t ]  and [ tfi ] .  
causing no glottal vibrat ion.  
3-4 Electrogïoggaphic findings 

Fig .2  shows . t he  averaged 
EMG signals f o r  CT, SH and VOC. 
VOC: la normal phonation VOC i s  
activated at the vocal i n i t i a t i o n ,  
while i n  breathy phonation i t  i s  
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Fig.2 Averaged EMG signals of VOC, CT and SH for "normal" phonation and "breathy" phonation. The 
vemcal line in (ass; and [tfii24] indicates the moment of/t/ release ; and in [352] and [61231 1. the moment 
of lk/release for the syllable preceding the test word. A typical contour of F0 is shown for each test word. 
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suppressed at  the  in i t iat ion.  This 
evidence i s  i n  good conformity 

with the f iberopt ic  observation. 

In the syllables with“ high or 
r i s ing  F0 contour VOC act ivi ty  
increases at the  syllable f i na l  
portion showing & reciprocal 
pattern wi th  CT. This i s  related 

with the pi tch control of the 
tones as well as the vocal 
termination of the sy l lable l l ] .  
SH, CT: The activity of SH and CT 
i s  basically antagonistic a t  the 
beginning of the syllables: SH i s  
activated fo r  breathy phonation 
and CT f o r  normal phonation. 
though SH act ivi ty  increases to a 
extent as CT i s  activated in  
normal phonation. Both SH and CT 
show the early in i t ia t ion  in  their  
ac t iv i t ies :  1n the syllables wi th  
dental stops. they start the i r  
act ivi t ies  at around the closure 
point or  even ear l ie r .  In other 
words, high and low pitch 

init iations are preceded by e a r l y _  
activation of CT and SH. 

In  pitch r i s i ng  and f a l l ing ,  
however, CT and SH are not 
antagonistic. C T .  evidently 
participates in  p i tch  r a i s in  (see  
EMG f o r  [ tfi iz4]  and [tfi1231] . but 
SH does not show any marked 
activity in  p i tch  fa l l ing(see  EMG 
f o r  [ t 1 5 2 ] ) .  
3-5 Evidence observed in 

bisyllabic words 
The muddy Initials have been 

reported to be realized in  fu l ly  
voiced consonants i n  connected 
speech. In  the  experiment a set  of 
bisyllabic words which have normal 
or muddy Initials in  the second 
syllable were also examined. VOT in  
muddy stops i s  i n  most cases 
negative and the g lo t t i s (both  
cartilaginous and membranous 
por t ions)  i s  closed. The closure 

duration and peak Po in  muddy 
stops are s ignif icant ly shorter 
/lower than in  normal stops.  

4 .  Discussion 
I t  i s  suggested that the 

difference in  phonation types 
should be produced by the 
antagonistic se t t ing  in  the 
larynx. 

The breathy phonation i s  
characterized by ”ary-epiglottic 
constr ict ion",  w i th  the downward 
movement of the larynx. The 
activity of SH, and presunably 
other extr insic muscles as well ,  
undoubtedly contribute to  for-  
the constriction and the downward 

s h i f t  of the larynx. These muscles 
adjust the framework of the larynx 
as a whole, then externally or 
vertically ef fect ing  the  tension 
of the  vocal f o l d s l 4 ] [ 5 ] .  Note 
that  VOC and CT are suppressed at 
the in i t ia t ion  of the breathy 
phonation. Conceivably increased 
activity of the extrinsic muscles 
would shorten and thicken the 
folds by exerting the  forces 
externally on the], i t s  adductive 
tension being decreasedla l .  The 
”breathy” quality of the syllable 
might be brought about by a 
"slack" state of the vocal folds ,  
which would provide a favorable 
condition fo r  low pitch 
i n i t i a t i on .  And t h i s  may also be a 
reason the vocal folds s tar t  
vibrating in  the intervocalic 
posi t ions .  

The normal phonation, on the 
other hands, i s  in i t ia ted by the 
increased act ivi ty of VOC i n  the 
vocal in i t i a t ion  and that  of CT in  
the  consonantal in i t i a t ion .  the 
former of which i s  of ten 
accompanied by the adductive 
gesture of the false vocal fo lds .  
VOC contributes t o  increase the 
adductive tension of the vocal 
folds by su plying the medial 
compressioa . CT i s  primarily a 
pi tch ra i se r ,  but  note that i t s  
ac t iv i ty  i s  init iated quite  early. 
I t  i s  assumed that CT also 
part icipates in  increasing the 
adductive tension of the f o l d s l 6 ] .  
Thus a " s t i f f "  state of the vocal 
folds i n  normal phonation is  
unlikely t o  cause the vibration 
and would provide a favorable 
condition f o r  high pitch 
i n i t i a t ion .  
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