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ABSTRACT
The study is an investigation of the

temporal organisation of syllable pro-
duction in Cantonese Chinese. Results
show (i) temporal compensation does
not take place between C and V in the
CV syllables, however, the duration of

V is affected by the initial C type; (ii)
tone plays a part in determining the
temporal pattern of the syllables; and
(iii) the reduction of diphthong duration
or vowel+nasal sequence is contributed
by the reduction of the lst target vowel
not the transition or the 2nd target
vowel, or the vowel not the nasal.

INTRODUCTION
The temporal aspect of speech pro-

duction has been extensively studied
[11,l21, [31,[4Li51l6]. [7], [81. I91,
[101.1111,[121,[13l. [I4]. [15]. [16]-
The purpose of this study is to
demonstrate certain regularities that
have been found to be characteristics of
the temporal structure of syllable
production at the local time control level
in Cantonese. By local time control,
Allen [1] refers to "the specification of
segment durations within syllables and
possibly syllable durations within
rhythmic phrases“, and by global time
control. he refers to "speech rate or
tempo" (p. 222). The paper also shows
whether temporal compensation takes
place within sequences of successive
component segments in the Cantonese
monosyllables. Temporal compensation
has been used to refer to the cases
where the segment durations are
inversely correlated [8], [9], [10] as an
effort by the speaker to maintain an
invariant syllable duration [7] or
macrostructural invariance [16]. An
inverse or negative correlation between
the durations of two successive
segments implies that "articulatory
events are programmed at some higher
level not in terms of single phonemes,
but in terms of high-level articulatory
units" and temporal compensation

occurs when the durations of segments
in a sequence are negatively correlated
or the production of the segments takes
place in terms of phonological units [9].

In Cantonese, four types of syllable
structure are distinguished: (C,)V:,
(C,)D, (C,)V:C2, and (C,)VC2, where
Cl may be an aspirated or unaspirated
stop, an aspirated or unaspirated
affricate, a fricative, a nasal, a liquid, or
a glide; D a diphthong; V a short vowel;
V: a long vowel; and C2 an “-N“, i.e.,
a syllable—final nasal [-m, -n, -[J] or “-
S”, i.e., a syllable-final unreleased stop
[-p, -t, -k]. In Cantonese two types of
diphthongs, D1 and D2, may be
distinguished in terms of their internal
temporal structure. DI refers to the
diphthongs, such as [ui, iu, ai, au, oi],
and D2 to the diphthongs, such as [ei,
2i, nu, ou, oy]. In Cantonese, six long
citation tones, 1, 4, J, J, 4, A, or 55,33,
22, 21, 35, 24, respectively, occur on
the open syllables or syllables with a
nasal ending, (C,)V:, (CI)D, (C,)V:N,

and (C,)VN. Short variants of the

tones, 1, -t, J, i.e., 5, 3, 2, realise on

the syllables with a stop ending, such
as (C,)V:S and (C,)VS.

The present study investigates the
temporal structures in syllables of
different types associated with different
tones in Cantonese. Due to page limit,
the only temporal data to be discussed
in this paper are those of syllables,
CV:, CV:S, CVS, CD, and CV:N.
where V2: [3], V = [1?], D = [ai], and

N = [n]. More specifically, the paper
shows (1) whether temporal compen—
sation takes place between a syllable—
initial consonant, C, and the post—

consonantal -V:, -V:S, —VS, —D, and
V:N in CV:, CV:S, CVS, CD, and

CV:N syllables; (2) whether temporal
compensation takes place among the
first target vowel, the transition, and the

second target vowel in D, i.e., the
diphthongs; (3) and whether tone plays

a part in determining the temporal struc-
ture of the syllables under question.
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METHOD
In this study, meaningful Cantonese

monosyllables of the types (C,)V:,
(C,)D, (C,)V:C2, and (C,)VC2, asso-
ciated with different tones, such as 1, 4,
4, J, 4, and A (Le, 55/5, 33/3, 22/2,
21, 35, and 24, respectively), were
used as test syllables: [pa55], [pa33],

[P322]. [Pall], [P835]; [p"a551,
[pha33ly [Phal [pha351; [58551,
[tsa33], [tsa22], [tsa35], [tsa21];
[tsha55], [tsha33], [tsha24], [ts"a2l];
[sa55], [sa33], [sa35], [sa21]; [pak5],
[pak3], [pak2]; [phakS], [phak3],
[tsak5], [tsak3], [tsak2]; [tshakS],
[tshak3], [tshak2]; [sap5], [sap3],
[saPZJL [P86]. [p80]. lPhPl5l; [tset5].
[tset2], [tshetS]; [set5], [snt2].
Temporal organization of the test
syllables is determined by measure-
ments of the durations of the
successive component segments con-
tained in the syllables. Using Kay
Elemetrics' CSL 4300B speech analysis
software on a 486 PC, durations of the
successive component segments in the
test syllables were measured directly
from the speech waveforms. In the
cases where the test syllables contain a
diphthong or a nasal ending, durations
were measured from the speech wave—
forms as well as from their formant
trajectories. Two native llong Kong
Cantonese college students, one male
and one female, provided the speech
data. The speakers were instructed to
utter each of the test monosyllables in a
carrier sentence, [no jiu tUk pei
lei then] "I want (to) read for
you (to) listen", at normal rate of
speech. The test words in the word-
lists were randomised. Five repetitions
of each of the test syllables were
recorded. The recording was performed
in a sound-proof booth.

RESULTS
The mean vowel or diphthong

durations (n = 5) in CV: or CD
syllables, where C is [p], [ph], [ts],
fish], or [s], tend to be similar if the
tone on the syllable is 55, 33, 22, 35,
or 24; and the mean vowel durations (n
= 5) in CV: or CD syllables, where C is
[13“], [ts], [ts"], or [s], tend to be similar
if the tone on the syllable is 21.

The overall mean vowel [a] duration
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in all the CV: syllables, where C is [p],
[ph], [ts], [tsh], or [s], is longer
(329.16 ms (n = 85; s.d. = 22.18)) if
the tone on the syllable is 55, 33, 22,
35, or 24, and shorter (247.00 ms (n =
25; s.d. = 23.63)) if the tone on the
syllable is 21. This is also true for CD
syllables. The overall mean diphthong
[ai] duration in all the CD syllables
associated with tone 21 is 274.30 ms
(n = 10, s.d.: 13.44) and the overall
mean diphthong duration associated
with tones 55, 33, 22, and 35 is 348.07
ms (n = 75, s.d. = 24.45). Such a
correlation between duration and tone
type is not present in CV:S and CVS
syllables, due probably to the fact that
the tone on these syllables does not
reach the level of l.

Regardless of the tone type on the
CV:S or CVS syllables, the mean
vowel [a] or [e] durations in these
syllables tend to be similar. The overall
mean vowel [a] duration in all the CV:S
syllables asso-ciated with tones 5, 3,
and 2 is 186.61 ms (n = 70, s.d. =
20.07). The overall mean vowel [a]
duration in all the CVS syllables
associated with tones 5 and 2 is 120.03
ms (n = 40, s.d. = 10.57).

Regardless of the tone type on the
syllables, the mean vowel or diphthong
durations in CV:, CD, CV:S, and CVS
syllables are shorter if C is an aspirated
stop or affricate; or longer if C is an
unaspirated counterpart or a fricative.
The overall mean vowel duration of all
the CV: syllables, associated with tones
55, 33, 22, 24, and 35, is 344.57 ms
(n = 35, s.d. = 18.49) if C is an
unaspirated [p] or [ts]; 312.87 ms (n =
30, s.d. = 20.03) if C is an aspirated
[p"] or [tsh]; and 344.47 ms (n = 15,
s.d. = 18.42) if C is [s]. The overall

mean diphthong duration of all the CD
syllables, associated wtih tones 55, 33,
22, and 35 is 363.66 ms (n = 35, s.d.

= 18.59) if C is an unaspirated [p] and

[ts]; 328.04 ms (n = 25, s.d. = 19.04)

if C is an aspirated [ph] or [tsh]; and

346.73 ms (n = 15, s.d. = 20.07) if C
is [s]. The overall mean vowel duration

of all the CV:S syllables, associated

with tones 5, 3, and 2, is 202.63 ms (n

= 30, s.d. = 14.72) if C is an
unaspirated [p] or [ts]; 169.56 ms (n =
25,s.d.=15.65) if C is an aspirated
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[p"] or [tsl']; and 182.53 (n = 15, s.d. =

7.51) if C is [s]. The overall mean

vowel duration of all the CVS syllables,

associated with tones 5 and 2, is

126.85 ms (n = 20, s.d. = 5.28) if C is

an unaspirated [p] or [ts]; 111.00 ms (n

= 10, s.d. = 12.55) if C is an aspirated

[ph] or [tsh]; and 115.40 ms (n = 10,

s.d. = 7.07) if C is a fricative. Similar

results are obtained for CV:N syllables.

The reduction of the total diphthong

durations in CD syllables which are

associated with 55, 33, 22, and 35

tones and when initial C is an aspirated

stop or affricate is contributed mainly

by the reduction of the duration of the

first target vowel [a], not the transition

or the second target vowel in the

diphthong. The mean duration of the

first target vowel [a] in the CD

syllables, associated with tones 55, 33,

22, and 35 is 197.34 ms (n = 35, s.d.

= 14.98) if C is an unaspirated [p] or

[ts], and 158.60 ms (n = 25, s.d. =

13.10) ifC is an aspirated [p"] or [tsl'].

The mean duration of the transition in

the CD syllables, associated with tones

55, 33, 22, and 35 is 130.77 ms (n =

35, s.d. = 1245) if C is [p] or [ts], and

135.36 (n = 25, s.d. = 11.88) ifC is

[ph] or [tsl‘]. And, the mean duration of

the second target vowel [i] in the CD

syllables, associated with tones 55, 33,

22, and 35 is 35.54 ms (n = 35, s.d. =

12.20) ifC is [p] or [ts], and 34.08 ms

(n = 25, s.d. = 11.57) if C is [p"] or

[tsh].
The funher reduction of the total

diphthong duration in CD syllables, as

a result of the effect the 21 tone, where

C is an aspirated stop or affricate is

contributed by the reductions of
durations of the first target vowel and
the transition, or the second target
vowel in the diphthong.

As for the temporal structure in the
diphthongs in those CD syllables,
which are assoeiated with tones 55, 33,
and 35 and where C is a fricative, [s],

the relatively smaller reduction of the
total diphthong duration is contributed
by both the reductions of durations of
the first and second target vowels.

There is a tendency for the syllable-
initial aspirated stops and affricates in
CV: and CD syllables to have a slight
increase in duration if the tone on the
syllable is 21, as compared with the

Session. 51.4

_>—

ICPhS 95 Stockholm

durations associated with a non-21

tone. The mean duration of [ph] in [pha]

associated with a 21 tone is 9300 ms

(n = 5, s.d. = 13.06), whereas the

mean durations of [p"] in [pha]

associated with tones 55, 33, and 35

are 69.80 ms (n = 5, s.d. = 5.07),

73.21 ms (n = 5, s.d. = 9.05), and

85.20 ms (n = 5, s.d. = 5.02),

respectively. The mean duration of the

[tshl in [tsl‘a] associated with a 21 tone

is 140.40 ms (n = 5, s.d. = 20.07),

whereas the mean durations of [tsh] in

[tsl‘a] associated with tones 55, 33, and

24 are 113.40 ms (n = 5, s.d.

12.22), 133.00 ms (n = 5, s.d.

22.66), and 125.00 ms (n = 5, s.d. =

10.40), respectively. Similar results

are obtained for CD, CV:S, CVS and

CV:N syllables.
The syllable-initial consonant [s] in

CV:, CD, CV:S, and CVS syllables has

the longest duration, followed by [tsh],

[ph], [ts], and [p] in descending

duration, for example, in CV: syllables

which are associated with a 55 tone, the

mean durations (n = 5) of [5], [ts“],

[ph], [ts], and [p] are 144.80 ms (s.d. =

12.44), 113.40 ms (s.d. = 12.22),

69.80 ms (s.d. = 5.07), 54.00 ms (s.d.

= 12.69), and 8.40 ms (s.d. = 2.51),

respectively

CONCLUSION

Temporal compensation does not

seem to take place between syllable-

initial consonant and the post—conso-

nantal vowel or diphthong in the

Cantonese CV:, CD, CV:S, and CVS

syllables. The observation is evidenced

by the fact that invariant syllable dura-

tion in Cantonese is not maintained, for

example, the mean durations (n = 5) of

the syllable-initial consonants [p], [ts].

[tsh], and [s] in CV: syllables asso-

ciated with a 33 tone are 8.40 ms (s.d.

= 2.30), 52.80 ms (s.d. = 10.62),

133.00 ms (s.d. = 22.66), and 150.60

ms (s.d. = 14.05), respectively, where-

as the mean durations (n = 5) of the

following vowel [a] in the syllables are

338.20 ms (s.d. = 14.91), 350.40 ms

(s.d. = 18.48), 348.40 ms (9.61), and

353.80 ms (s.d. = 23.78) .

The reduction of the vowel or diph—

thong duration in the syllables where

the initial consonant is aspirated is not

viewed as an effort of the speaker to
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maintain invariant syllable duration,

rather a result of reduced subglottal

pressure caused by the production of

aspiration of the syllable-initial conso-

nanL
The further reduction of the duration

of the vowel or diphthong in CV: and

CD syllables which are associated with

a 21 tone and where C is an aspirated

stop or affricate is assumed to be

contributed by both the reduced sub-

glottal pressure and the 21 tone. The

duration of the vowel or diphthong in

CV: syllables which are associated with

a 21 tone is shorter than the duration

associated with a non-21 tone even if

the syllable-initial is zero or an

unaspirated stop or affricate. This

shows that tone does play a part in

determining the temporal structure of

the syllables. That the vowel or

diphthong duration in the CV:, CD,

CV:S, CVS, and CV:N syllables where

the initial consonant is a fricative, [s], is

not reduced or only slightly reduced is

probably due to the fact that the

production of [s] does not reduce the

subglottal pressure for the production

of the post-consonantal vowel or

diphthong as much as an aspirated

consonant does. It seems that temporal

compensation takes place among the

first target vowel, the transition, and the

second target vowel in some syllables,

as the total mean durations of the

syllables [path] and [paid] as well as

[pai-t] and [paiJ] are almost the same,

although the mean durations of the first

target vowel, transition, and the second

target vowel differ. The durational data

by the female Cantonese speaker have

not been presented, although the pattern

of the temporal organisation is similar.
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