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ABSTRACT
The purpose of This study Is trying
to search the duratlonal patterns of
syllables In Standard Chinese by
observing their varlations in dif-~
ferent contexts and examining what
the main control factors are and how
the sytlable’s duration is affected
by these factors. The results show
that the temporal reallzation of the
syllable In connected speech is gov-
erned by multiple factors, In which
the semantic requirement is the most
active and powerful one, the others
Bust act under its control, so all
these factors are hierarchically
vorked on different speech levels in
top-down way.Therefore, the patterns
offered here is a relative dynamic
range, rather than static invarliance.

1. INTRODUCTION

Individually, segaents’ or syllabls’
duration in natural speech has vide
range of elasticity. It |s typically
true In Standard Chinese(SC). Never-
theless, the speech tempo Is stili
kept in a regular range, it seeas
that there may exist some relational
Invariance in temporal distribution,
by vhich the speech teapo is con-
trolled.

Considering of the importance of the
syllable In SC, the present investi-
gatlon Is concentrate on the contro)
of syllable duration, Against this
target, tvo sets of materials vere
tested In this study. The First set
consists of 14 pairs of trisyllabic
vords, and the second set contains [
pairs of sentences, all of them vere
designed according to the background
as follows. Firstly, syllable,as one

of the basic units in Chinese speech,
Is usually running in some relative-
ly fixed groups, among them, the ai-
nimal one is bisyllabic word. This
kind of words Inherently Includes
tvo types of stress and the corre-
sponding temporal patternsi2}. More-
over,the bisyllabic words in SC con-
structionally has relative stabllity
and strong power In constituting nev
vords,so all of the other polysylla-
bic structures In SC are essentially
different combinations bilult from

monosyl labic and bisyllabic words.

Therefore, the durational realization

of a syllable In larger structures

may be not only deteratned by their

position in the sequence,but also by

the sorphological constraint of the

structure. To simpl!fy our analysis,

we just take trisyliabic word as the

test example. Secondly,syllable as &

basic conveyer for the syntactic and

semantic Informations,its durational

variations may be closely related to

syntactic and sementlc constraint of

sentences. Thus, the test sentences

were designed. In addition, for the

convenlence of discussion, the dura-

tional measurement Is also extended

to the acoustic record of monosylla-

bic and bisyllabic words which vers

made |n our previous Investigations

7,21,

2. EXPERIMENTAL RESULTS AND ANALYSES
2.1. Average duration

Generally, it is very hard to assign
an average value for syllables’dura-
tion, since In natural speech, it Is
contextual-dependent. However, our
test results do shov a tendency that
the number of syllables uttered per
second is regularly betveen 5-6 for
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A1) A(2) B(1) B(2) B(3)

puratlonal patterns of syllables summarized from vorlous

d polysyllabic words: )
ii°|:;etyge iliyll. word; A(1) 2+1 NM type trisyll. vord;
’ A(2) 142 NH type trisyll. worg.
1. vord; B(1) 1+2 NT type trisyll. vord;

*B. NT typo bisyl ' B(2)&(3) 2+41 type trisyll. vords.

Figure 1.

iations for syllables
le I. Average duration (ms) of different var
Teb /dan/, /jle/, and /shi/ in normal stress utterance

S raons 310 7onis rviiivisy
final 332.5 357.5 390 245 290 260
Initial 267.5 268.8 222.5 263.3
inter- =(a) 193 175 185 135
vocallc *(b) 187 148 161.3 122.5

*(a) 2nd sy!lables in trisyllabic words;
#(b) 3rd syllables in quadsyllablc vords.

soderate speech and 6-7 for faster
speech. This tendency seess not to
be an accidental event,some previous
studies have provided evidence from
elther production (31 or percept!on
{4,61.Based on these findings coming
from different languages, We would
suppose that the marginal seven oOr
less of syllable number uttered per
second might be one of the rela-
tional invariance in speech tempo
existed throughout the languages In
the world. Thus, it may be served as
a relative scale for the comparison
in this aspect.
2.2. Inherent difference
Some Inherent difference of syilable
duration in SC is observed from the
Isolated syllables. The main control
factors for this difference,as it is
universally acted In many languages,
includes articulatory sanner of the
initlal consonants and the opening
of component vowels. In addition to
these In SC, this kind of difference

is also closely related to the tonal

distinction and stress type.General-

ly, a syllable vith the third tone

is usually longer than that with

other tones ceteris paribus; and a

syllabie #ith normal(NM) type stress

Is clearly longer than that vith

neutral (NT) type’s. Some prevlous

studles have reported that the dura-
tional ratlo of NT to N¥ type sylla-
bles is about 1:2 I5] to 3:5 [1),and
it Is contextually dependent, vhen
neutral type bisyllabic vords are
uttered in connected speech, the du-
rational difference between NT and
NM type syllables becomes aven more

rper(2i.

;?g.pCon(extual variablility

2.3.1. Variations in isolated vords
Figure 1. glves specific variations
of syllable in jsolated polysyllabic
vords. The dark bar on the far left
In the figure represent a relative
scale for the compar ison among the
varlations, Iits value is taken fros
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sentence level: Zhe shuang xle bu jle shi,
(This pair of shoes Is not durable)

phrase level: t [

* ) statement(1):

vord levelt w3 LJ 4 L% __
syllable levels L4 L—_1 L.J LJ Lsy L_2

a general descriptjon
to‘this pair of shoes’.

syll. duration: 1990 220 230 110 330 230(ms)

phrase level: ( ] * ) statement (2):
vord levelt L1 L3 %) Lo emphesize on ‘this pair
syllable level: 1 L____J L_J LW*) L_g LJ of shoes do NOT durable’,

Syll. duration: 200 240 2586 270 310 180(ms)

phrase level: L % Pl

1 statement (3):

vord level: L_________4 ¢®1 J L3
syllable level: L_1 L____1 L®3 L1 L. L2

emphesize on *WHAT is
not durable’.

syll. duration: 260 239 380 80 320 230(ms)

phrase level: ( % [ |

) statement (4):

vord levels L___* ____J L. LJ L
syllable level: L#3 L____ ) L] LJ L.J L_J

emphesize on*WHICH pair
of shoes is not durabie’.

syll. duration: 288 240 210 100 280 200(as)

Flgure 2. The schematic digram for the relationship between syllable
duration and semantic requirement of the sentences.

the average duration of the word-
initial syliables; The bars next to
the dark one represent those pat-
terns summarized from bisyllabic
vords tested in our previous Inves-
tigation [2}; and all of the rest
are the patterns occured in diffar-
ent type of trisyllabic vords. Here
the bars with oblique lines are the
NM type tokens, and those with cross
lines are the NT type tokens. In
each case, the shadoved part of the
bar shows a scope that a syllable’s
duration is exactly /likely reached,
and the part vithin dotted lines il-
lustrates the extent that possiblly
reached.

From figure 1. some effects could
be clearly observed. (a)Posittion ef-
fect: Syllabie duration in SC does
follov positton-effect rule, which
Is universally acted in many lan-
guages,such as vord-initial shorten-
ing, vword-final lengthening, and the
intervocalic ones are often shorter
In average. This effect also can be
seen from Table 1; (b)Constructional
constraint:As one of the basic units
in SC, the durational patterns of
bysillabic words are often appeared
In global. Look at the cases of B(1),
B(2)and B(3)in Figure 1,it’s obvious

that the long-short duration sodel
for NT type’s bisyllabic structure
Is kept in any position within the
trisyllabic vords,so the second syl-
lable In B(1) and the first sylla-
bles in B(2) and B(3) have not been
shortened as expected, but obviously
lengthened instead, though all of
them occur at the Intervocalic posi-
tion or'word-initial position. This
phenomena i1lustrate that the pover
of position-effect is limited, and
it must be played under the control
of morphological restriction.
2.3.2.Yariations In connected speech
(a) Syntactic effect

The Influence comes from syntactic
aspect has been observed in our pre-
vious study [2).1t may be helpfu! to
present an example here: when the
test wvord in a sentence Is folloved
by an independent syntactic element,
the average duration of last sylla-
ble in these words is around 292 8s;
vhile It is compressed o 254 8s
vhen it Is folloved by an auxillary
vord, since thls kind of words Is
usually not an independent eiement
and has to be attached to Its pre-
vious words, consequently,results in
a limitation to the last syllable of
the test vords.
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(b} Units’ length and spesch rate
If ve look at back to the situation
shovn in Table I, and make a siaple
compar ison between the first rov and
the tast two rows respectively or
that between last tvo rovs.It can be
seen that syllable duration does de-
crease vith the increase of syllable
nugber i{n certain unit. At the sase
time, the relationship on inverse
proportion bhetween syllable duration
and speech rate is also found from
the cases in ‘moderate’ colusn and
‘faster’colusn In the Table.Howvever,
that Is not a simple and linear
relation, because speech teapo is
also adjusted by presence / absence
and longer / shorter of the possible
pauses occured at phrase boundary,
and syllable’s elongatlon or com-
pression performed In either case
is only a tendency In gross.

(¢) Semantic Influence

Speech sound Is the surface output
represented the underlying sesantic
input, so the surface realization of
a syllable duration In real speech
Is reasonablly related to semantic
content. Our observation indicates
that this role Is wusually carried
out through the difference in accent
stress. Figure 2 glves one of the
exaaples, In which, Ffour different
statements are wmade from the same
syllable sequence but represent dif-
ferent semantlc contents,and results
In different distribution of syl-
lable duration.

3. CONCLUSSION

Based on the |limited observation
taken in thils study, the durational
patterns of syllables {n Standard
Chinese could be summarized as
follows:

(a) Syllables as monosyllabic words
uttered moderately In isolation Iis
around 500 ms.Some intrinsic differ-
ence {s existed among them,and It Is
conditioned by some inherent factors
related to syllable itself. Hovever,
all of these tokens will be short-
ened when they ocuur in connected
Speech, the average ratio between
this two cases [s around 100:70.

(b) The durational reallzations for
Indlvidual syllable in real Chinese
speech have a wide dynamic range,the
lover threshold is around 100 ms,and

the higher one’s s about 600as. The
contextual variations are shown in
Tabie 1 of the text.

(c) The durational patterns sumsari-
zed above In SC s governed by sul-
tiple factors acted in the different
leveis. The mailn factors, besides
those Inherent ones related to syl-
lable itself, are coming from speech
rate, syllable’s position in the ut-
terance, units’ length in which the
syllable appeared, wmorphological
constraint of speech unit, differ-
ence In syntactlic contexts, and the
semantic requirement of certain
sentences. Moreover, it seems that
the last factor is the most active
and poverful ons, all of the others
nust be acted under its control,
Therefore, these factors are hier-
archically worked on a top-down way,
the elongation or compression for a
syllable Is performed non-linearly
through the mechanisms of compensa-
tion and adjustment, rather than iIn
average or coaplete proportion,
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