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Elicitation: picture-prompted word repetition task

target: [ɕoŋ35]  熊 
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Measures of front and back cavity size in /ù/

0

10

20

0 2000 4000 6000
frequency (Hz)

dB   3880 Hz

spectrum with centroid value

0

2000

4000

6000

0.2 0.3 0.4
time (seconds)

Hz

spectrogram with
onset F2 value

1976 Hz 



X
X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X

J2�bm`2b BM fbf UH27iV pb fCf U`B;?iV

0

2000

4000

6000

0.2 0.3 0.4
time (seconds)

Hz
  centroid=8659 Hz

1837 Hz 

0.2 0.3
time (seconds)

  centroid=4973 Hz

2436 Hz 



Measures in /s/ (left) vs /C/ (right)

0

2000

4000

6000

0.2 0.3 0.4
time (seconds)

Hz
  centroid=8659 Hz

1837 Hz 

0.2 0.3
time (seconds)

  centroid=4973 Hz

2436 Hz 

dental /s/ alveolopalatal /C/



X
X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X

h?2 aQM;vm�M USh>V bB#BH�Mi 7`B+�iBp2 bT�+2

4000 6000 8000

10
00

15
00

20
00

25
00

m1

on
se
tF
2

all 10 male talkers

4000 6000 8000
m1

on
se
tF
2

all 10 female talkers

[ʂ] [ɕ] [s]

F2
 a

t v
ow

el
 o

ns
et

 (H
z)

centroid frequency over middle 40 ms of fricative (Hz)



The Songyuan (PTH) sibilant fricative space

4000 6000 8000

10
00

15
00

20
00

25
00

m1

on
se
tF
2

all 10 male talkers

4000 6000 8000
m1

on
se
tF
2

all 10 female talkers

[ʂ] [ɕ] [s]

F2
 a

t v
ow

el
 o

ns
et

 (H
z)

centroid frequency over middle 40 ms of fricative (Hz)
14m : alveolopalatal /C/ 03f : “fronted” /C/



X
X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X

h2�bBM; �T�`i #2ir22M@ pbX rBi?BM@bT2�F2` p�`B�iBQM

4000 6000 8000

10
00

15
00

20
00

25
00

m1

on
se
tF
2

all 10 male talkers

 w
om

en

4000 6000 8000
m1

on
se
tF
2

all 10 female talkers

 m
en [ʂ] [ɕ] [s]m
ed

ia
n 

F2
 a

t v
ow

el
 o

ns
et

 (H
z)

median centroid frequency over middle 40 ms of fricative (Hz)
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180   Mary E. Beckman et al.

primary school and included provisions for establishing teacher-training courses 
in pronunciation as well as pedagogy at government-funded centers such as  
Jílín Teachers’ College (see Cheng 1979; Yin and Baldauf 1990; Chen 1999: Chapter 
2). Although there was a hiatus when the “Cultural Revolution from 1966 to 
1976 dramatically ruined the education system” (Wang 2012: 60), the Ministry 
of  Education then implemented a wide-scale curricular reform in the 1980s, 
which included a heavy re-investment in local teacher training and local docu-
mentation efforts such as the Sūn et al. survey. As a result of this reinvestment, 
Yin and Baldauf (1990: 285) could state a decade later, “Most students graduat-
ing from primary schools can speak Putonghua fluently, and they will continue 
to  speak Putonghua if they go to secondary schools or universities for further 
study.”

Note that in non-Mandarin regions, speaking Pǔtōnghuà meant the spread of 
societal bilingualism into rural areas and the emergence (or reinforcement) of 
regional urban L2 Mandarin accents, which could take on the same social mean-
ings that speaking the regional language has always had. For example, Shànghǎi-

Fig. 6: Distribution of pronunciations of the anterior sibilant fricative in the Sūn, Lù, and Lǐ 
(1986: 45) dialect survey map superimposed on a map of administrative divisions in Jílín 
Province (https://en.wikipedia.org/wiki/File:Jilin_prfc_map.png). Zone 4 is the division of 
the provincial capital, Jílín City, and zone 7 is the Sōngyuán City administrative division. The 
metropolitan area proper is the Níngjiāng district, the part at the northern edge of zone 7 that 
is at the center of the ‘[ʂ] only’ region on the dialect survey map.
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Fig. 960.—Muscles of the larynx, seen from above.
(Enlarged.)

from the base of one cartilage to the apex of the opposite one, and tlierefore
cross each other like the limbs of the letter X; a few fibers are continued around
the lateral margin of the cartilage, and
are prolonged into the aryepiglottic fold

;

they are sometimes describcfl as a sepa-
rate muscle, the Aryepiglotticus. The
Arytaenoideus transversus crosses trans-
versely between the two cartilages.
The Thyreoarytaenoideus {Thyroary-

tenoid) (Figs. 959, 9()0) is a broad, thin,
muscle which lies parallel with and lateral
to the vocal fold, and supports the Avail of
the ventricle and its appendix. It arises
in front from the lower half of the angle
of the thyroid cartilage, and from the
middle cricothyroid ligament. Its fibers
pass backward and lateralward, to be in-
serted into the base and anterior surface
of the arytenoid cartilage. The lower and
deeper fibers of the muscle can be differ-

entiated as a triangular band which is

inserted into the vocal process of the
arytenoid cartilage, and into the adjacent
portion of its anterior surface; it is

termed the Vocahs, and lies parallel with the vocal ligament, to which it is ad-
herent.
A considerable number of the fibers of the Thyreoaryttenoideus are prolonged

into the aryepiglottic fold, where some of them become lost, while others are con-
tinued to the margin of the epiglottis. They have received a distinctive name,
Thyreoepiglotticus, and are sometimes described as a separate muscle. A few fibers
extend along the wall of the ventricle from the lateral wall of the arytenoid cartilage
to the side of the epiglottis, and constitute the Ventricularis muscle.

Actions.—In considering the actions of the muscles of the larynx, they may be conveniently
divided into two groups, vix. : 1 . Those which open and close the glottis. 2. Those which regu-
late the degree of tension of the vocal folds.

The Cricoarytwnoidei posteriores separate the vocal folds, and, consequently, open the glottis,

by rotating the arytenoid cartilages outward around a vertical axis passing through the crico-
arytenoid joints; so that their vocal processes and the vocal folds attached to them become
widely separated.
The CricoaryUvnoidei laterales close the glottis by rotating the arytenoid cartilages mwar !,

so as to approximate their vocal processes.
The Arytmnoideus approximates the arytenoid cartilages, and thus closes the opening of

the glottis, especially at its back part.
The CricothAjreoidei produce tension and elongation of the vocal folds by drawing up the arch

of the cricoid cartilage and tilting back the upper border of its lamina; the distance between the
vocal processes and the angle of the thyroid is thus increased, and the folds are consequently
elongated.
The Thyreoarytamoidei, consisting of two parts having different attachments and different

directions, are rather compUcated as regards their action. Their main use is to draw the aryte-
noid cartilages forward toward the thyroid, and thus shorten and relax the vocal folds. But,
owing to the connection of the deeper portion with the vocal fold, this part, if acting separately,
is" supposed to modify its elasticity and tension, while the lateral portion rotates the arytenoid
cartilage inward, and thus narrows the rima glottidis by bringing the two vocal folds together.
The manner in which the entrance of the larynx is closed during deglutition is referred to

on page 1140.
Mucous Membrane.—The mucous membrane of the larynx is continuous above with that

lining the mouth and pharynx, and is prolonged through the trachea and bronchi into the lungs.

It lines the posterior surface and the upper part of the anterior surface of the epiglottis, to which

Physiologic and acoustic differences between male and female 
voices 

Ingo R. Titze 
Voice Acoustics and Biomechanics Laboratory, Department of Speech Pathology and Audiology, 
University of Iowa, Iowa City, Iowa $2242 

(Received 14 April 1988; accepted for publication 23 November 1988) 

Comparison is drawn between male and female larynges on the basis of' overall size, vocal fold 
membranous length, elastic properties of' tissue, and prephonatory glottal shape. Two scale 
factors are proposed that are useful for explaining differences in fundamental frequency, sound 
power, mean airflow, and glottal efficiency. Fundamental frequency is scaled primarily 
according to the membranous length of' the vocal folds (scale factor of' 1.6), whereas mean 
airflow, sound power, glottal efficiency, and amplitude of' vibration include another scale factor 
(1.2) that relates to overall larynx size. Some explanations are given for observed sex 
differences in giottographic waveforms. In particular, the simulated (computer-modeled) 
vocal fold contact area is used to infer male-female differences in the shape of' the glottis. The 
female glottis appears to converge more linearly (from bottom to top) than the male glottis, 
primarily because of' medial surface bulging of' the male vocal folds. 
PACS numbers: 43.70.Bk, 43.70.Gr 

INTRODUCTION 

Much of our knowledge about speech production comes 
from studies on male speakers. In the area of' speech acous- 
tics, a half-century of' contributions by engineers (mostly 
male) has led to substantial theories about sound generation, 
propagation, and resonation in the vocal tract. Assumptions 
and simplifications in these theories were often based on 
speech samples derived from the investigator's own voice, or 
the voices of' his colleagues. One wonders, for example, if' the 
source-filter theory of' speech production would have taken 
the same course of development if female voices had been the 
primary model early on. In any case, analysis and synthesis 
of'female ( and children's) speech involve more than a mere 
scaling of' fundamental frequency. Some basic differences in 
the phonatory and articulatory mechanisms need to be con- 
sidered. 

The purpose of' this article is to draw some comparisons 
between the male and the female larynx on the basis of' size, 
tissue properties, and prephonatory glottal shape. Some 
physiologic scale factors will be derived to explain differ- 
ences in fundamental frequency, sound power, mean air- 
flow, and vocal efficiency. Explanations will also be given for 
observed differences in the giottographic waveforms. In par- 
ticular, the simulated vocal fold contact area will be used to 
infer male-female differences in the shape of' the glottis. 
Most of' the results will be based on data from other investi- 
gators, but some new results from computer synthesis will be 
included. 

I. SIZE DIFFERENCES 

Some important morphological differences between the 
male and the female larynx have been discribed by Kahane 
(1978) and Hirano (1983) on human cadavers. These are 
illustrated in Figs. 1 and 2. In Fig. 1 (a), a sagittal view of the 
thyroid cartilage is shown. According to Kahane, the anter- 
ior-posterior dimension of the male cartilage is approxi- 
mately 20% larger than that of the female, suggesting a lin- 
ear scale factor of 1.2. This scale factor, which we will call a, 

seems to apply also to the lateral and vertical dimensions in 
Kahane's measurements. In Fig. 1 (b), the same overall 
length scaling is seen, but the membranous vocal fold lengths 
differ by 60%. This suggests that the male vocal folds grow 

(a) Sagittal View 

20% 

lOO% 

(b) Horizontal Section 
FIG. 1. Male-female comparisons of dimensions of the larynx. (a) Sagittal 
view of thyroid cartilage and (b) horizontal section showing difference in 
membranous length (after Kahane, 1978). 

1699 J. Acoust. Soc. Am. 85 (4), April 1989 0001-4966/89/041699-09500.80 © 1989 Acoustical Society of America 1699 
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Stage 1: F2 onset di↵ers in [C] vs [s] allophones of MN /s/
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Stage 3: GY /C/ vs. /s/ di↵erentiated at fricative center
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assimilation of Guoyu /s/ to Taiwanese /s/ in /Ce51 Ce/
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AMi2`BK bmKK�`v j

h?2 E�Q?bBmM; bB#BH�Mi bT�+2UbV
Ç �b BM i?2 S2M; URNNjV bim/v Q7 MQM@bB#BH�Mi 7`B+�iBp2b BM i?2

MQ`i?2`M /B�H2+ib- i?2 a?B? UkyRkV bim/v Q7 E�Q?bBmM; bB#BH�Mi
7`B+�iBp2b b?Qrb j bi�;2b Q7 �+[mBbBiBQM Q7 :mQvm T?QM2iB+bX

Ç ai�;2 R, h?2 QH/2bi bT2�F2`b �bbBKBH�i2 i?2 :u +QMi`�bi
#2ir22M /2Mi�H fbf pb �Hp2QHQT�H�i�H fCf iQ i?2 GR �HHQT?QMB+
p�`B�iBQM #2ir22M �M �Hp2QH�` (b) �M/ � ǳT�H�i�HBx2/Ǵ (C)X

Ç ai�;2 j, JQbi Q7 i?2 vQmM;2bi bT2�F2`b ?�p2 �+[mB`2/ i?2
T?QM2iB+b Q7 i?2 :u fbf pb fCf +QMi`�bi- r?B+? ?�b BM~m2M+2/
i?2B` GR T?QM2iB+b- iQ /Bz2`2MiB�i2 � KQ`2 /2Mi�H (b) �HHQT?QM2
7`QK � `Q#mbiHv �Hp2QHQT�H�i�H (C) �HHQT?QM2 7Q` JL fbfX

Ç ai�;2 k, AM i?2 KB//H2 ;2M2`�iBQM- K2M i2M/ iQ T`Q/m+2 i?2
QH/2` �bbBKBH�iBQM T�ii2`Mb Q7 i?2B` T�`2Mib �M/ rQK2M i2M/ iQ
T`Q/m+2 i?2 vQmM;2` �HHQT?QMB+ T�ii2`Mb Q7 i?2B` +?BH/`2MX
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q`�TTBM; mT

h?2 aQM;vm�M SmiQM;?m� bB#BH�Mi bT�+2
J�Mv vQmM; rQK2M ?�p2 � 7`QMi2/ U(bD)@HBF2V fCf- Km+? HBF2 i?2
HQM;@bi�M/BM; ǳ72KBMBM2 �++2MiǴ p�`B�Mi Q7 "2BDBM;X
h?2 aQM;vm�M SmiQM;?m� �bTB`�iBQM +QMi`�bi
h?2b2 vQmM; rQK2M ?�p2 HQM;2` oPh p�Hm2b BM fi?- F?f �M/
b?Q`i2` oPh p�Hm2b BM fi- Ff- 2M?�M+BM; i?2 �bTB`�iBQM +QMi`�bi
`2H�iBp2 iQ KQbi K2MǶb T`Q/m+iBQMb- � ǳ+H2�` bT22+?Ǵ 2z2+i\
h?2 E�Q?bBmM; :mQvm bB#BH�Mi bT�+2
JB//H2@�;2/ rQK2M �`2 KQ`2 �/p�M+2/ BM i?2 b?B7i 7`QK ?2�pBHv
�++2Mi2/ :mQvm bB#BH�Mib iQ � SmiQM;?m�@HBF2 /Bz2`2MiB�iBQM
#2ir22M fCf �M/ fbf U�M/ 2p2M fùfVX
h?2 E�Q?bBmM; aQmi?2`M JBM bB#BH�Mi �HHQT?QM2b
JB//H2@�;2/ rQK2M �`2 KQ`2 BM~m2M+2/ #v :mQvm +QMi`�bib BM
i?2B` /Bz2`2MiB�iBQM Q7 �HHQT?QM2b Q7 fbf BM aQmi?2`M JBMX
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�+FMQrH2/;K2Mib
6mM/BM; bQm`+2b

Ç Pal *2Mi2` 7Q` *Q;MBiBp2 a+B2M+2 AMi2`/Bb+BTHBM�`v amKK2`
62HHQrb?BTb iQ 6�M;7�M; GB �M/ iQ u�@iBM; a?B?

Ç h�`;2i2/ AMp2biK2Mi ;`�Mi iQ 6�M;7�M; GB � 1mMDQM; EQM;
Ç �HmKMB :`�Mi 7Q` :`�/m�i2 _2b2�`+? �M/ a+?QH�`b?BT iQ

u�@iBM; a?B?
Ç LA.*. ;`�Mi ykNjk iQ C�M 1/r�`/b
Ç La6 ;`�Mib "*a@ydkNjye- "*a@ydkNR9y- � "*a@ydkNkdd iQ

J�`v "2+FK�M- C�M 1/r�`/b- � "2MD�KBM JmMbQM
aT2+B�H i?�MFb Ę

Ç iQ J�`DQ`B2 *?�M �M/ GB@K2B *?2M 7Q` ?2HT BM /2bB;MBM; i?2
rQ`/ HBbib �M/ `2+`mBiBM; T�`iB+BT�Mib BM E�Q?bBmM;-

Ç iQ �HH Q7 i?2 T�`iB+BT�Mib BM #Qi? E�Q?bBmM; �M/ aQM;vm�M-
Ç �M/ iQ vQm- Qm` �m/B2M+2- 7Q` vQm` FBM/ �ii2MiBQMX


