The Effect of Speech Rate on the Temporal
Organization of Syllable Production in Cantonese

Eric Zee

Phonetics Lab, Department of CTL, City University of Hong Kong, Hong Kong
ctlzeelcityu.edu.hk

Abstract

The study investigates the effect of speech rate on the temporal
organization of syllable production of in Hong Kong Cantonese.
The results show that all the component segments of the test
syllables, including the vowel-nasal transitions and element-
element transitions in the diphthongs, contribute to the reduction
of the entire syllable durations in fast speech. While the
percentages of duration reduction for the syllable-initial
consonants in all the test syllables are similar, the percentages of
duration reduction for the vowels, vowel-nasal transitions,
syllable-final nasals, first vowel elements, element-element
transitions, and second vowel elements vary according to the
types of syllable structure in the language.

1. Introduction

In Hong Kong Cantonese (henceforth, HKC), five basic types
of syllable structures may be distinguished: (C,)V:, (C,)V:C,,
(C)VC,, (C)D,, and (C)D,, where C, is an aspirated or
unaspirated stop, an aspirated or unaspirated affricate, a
fricative, a nasal, a liquid, or a glide; V a short vowel; V: a
long vowel; C, an “-N”, i.e., a syllable-final nasal [-m, -n, -]
or “-S”, i.e., a syllable-final unreleased stop [-p, -t, -k], and D
a diphthong. In HKC, two types of diphthongs, D, and D,,
may be distinguished in terms of their internal temporal
structure. D, refers to the diphthongs [ui, iu, ai, au, oi] and
D, to the [ei, ®i, ®eu, ou, ey]. In D, diphthongs, the first
element is longer than the second, whereas in D, diphthongs,
the durations of the two elements are similar [1]. The study
investigates the effect of speech rate on the temporal
organization of syllable production in HKC.

2. Procedures

The wordlist contained 33 meaningful test monosyllables of
different syllable structures as shown in Table 1. The
syllable-initial consonant in the test monosyllables is [t, t", ts,
ts"] or [s], the syllable-final consonant is a stop [t] or nasal [n],

Table 1: 33 test words of 7 syllable types: CV: CV:S, CVS, CV:N,
CVN, CD,, and CD,.

CV: CV:S | CVS | CV:N | CVN CD, CD,

[taT] [tatd] [tetd] | [tanT] | [ten]] | [tail] | [tei]]
[tha7] | [thatd] | [tsetd] | [thanT] | [thenT] | [thaid] | [theid]
[tsal] | [tsatd] | [setd] | [tsanT] | [tsen]] | [tsail] | [tseil]
[tshaT] | [tshatd] [tshanT] | [tsPenT] | [tsPai] | [tstei]
[sa1] | [satd] [san1] | [sen1] | [sail] | [seil]

the vowel is [a] or [e], and the diphthong is [ai] or [ei]. The
test monosyllables in the word list were randomized. The list
was recorded by three native speakers of HKC who were all
college students. However, in this presentation only data from
one speaker is reported. Each recorded the list two times, first,
at a normal conversational rate, and then at a fast rate. Before

recording, each speaker was given time to practice. Temporal
organization of the test syllables was determined by
measurements of the durations of the successive component
segments contained in the syllables. Durations of the
successive component segments in the test syllables were
measured directly from the speech waveforms, using CSL
(Computerized Speech Lab) 4300B speech analysis software
by Kay Elemetrics on a 586 PC. In the cases where the test
syllables contained a diphthong or a nasal ending, durations
were measured from the speech waveforms as well as from the
formant trajectories.

3. Results and Discussion

3.1. CV: Syllables

Table 2a shows the durations (in ms) of the syllable-initial
consonants and vowels in the CV: syllables at normal and fast
speech rates. Table 2b shows the difference in duration
between the syllable-initial consonants and between the
vowels in the test monosyllables uttered at two speech rates,
and the percentages of duration reduction for the consonants
and vowels in the CV: syllables in fast speech.

Table 2a: The durations (in ms) of the syllable-initial consonants and
vowels in the CV: syllables at normal and fast speech rates.

CV: Consonant Vowel
Syllables | Normal Fast Normal Fast
[taT] 6.2 52 386.1 1413
[thaT] 742 392 380.6 156 .4
[tsaT] 48.6 30.6 408.5 1854
[tshaT] 93.7 459 4171 161.8
[sal] 176 4 96.5 420.7 186.4

Table 2b: The differences in duration (in ms) between the syllable-
initial consonants and between the vowels uttered at two speech rates;
and the percentages of duration reduction for the syllable-initial
consonants and vowels in the CV: syllables in fast speech.

CV: Consonant Vowel
Syllables Diff. % Diff. %
[taT] 1.0 16.13 244 8 63.40
[t"aT] 35.0 47.17 2242 5891
[tsa] 18.0 37.04 223.1 54.61
[ts"aT] 47.8 51.01 2553 6121
[sa1] 79.9 45.29 2343 55.69

The test monosyllables used for analyzing the CV:
syllables were [tal], [tha1], [tsal], [ts"al], and [sa1] (Table 1).
The duration reduction in the syllable-initial consonant in fast
speech varies. By consonant duration, I refer to the VOT of [t,
th, ts, ts"] or frication of [s]. The respective durations of [t, t",
ts, tsh, s] are 6.2 ms, 74.2 ms, 48.6 ms, 93.7 ms, and 176.4 ms
in normal speech and 5.2 ms, 39.2 ms, 30.6 ms, 45.9 ms, and
96.5 ms in fast speech. The percentages of reduction in fast
speech for [t, th ts, ts", s] in the CV: syllables are 16.13%,



47.17%, 37.04%,51.01%, and 45.29%, respectively. Thus, the
percentage of durationreduction in fast speech is smaller for [t]
than for [t", ts, ts", s], whereas in normal speech [t] has the
shortest VOT compared to those for [th, ts, ts", s].

As for the vowels [a] in the test monosyllables, the
respective durations of the vowels [a] in [ta1], [tha1], [tsaT],
[tsha1], and [sa7] in normal speech are 386.1 ms, 380.6 ms,
408.55 ms, 417.1 ms, and 420.7 ms and 141.3 ms, 156.4 ms,
1854 ms, 161.8 ms, and 1864 ms in fast speech. The
percentages of duration reduction for the vowels [a] in [taT],
[tha7], [tsa1], [tsha1], and [sa7] are 63.40%, 58.91%), 54.61%,
61.21%, and 55.69%, respectively.

3.2. CV:S Syllables

Table 3a shows the durations of the syllable-initial consonants
and vowels in the CV:S syllables at normal and fast speech
rates. Table 3b shows the differences in duration between the
syllable-initial consonants and between the vowels in the CV:S
syllables uttered at two speech rates, and the percentages of
duration reduction in fast speech for the syllable-initial

twice as long as the vowels [a] in the CV:S syllables, the
larger duration reduction in the vowels in the CV: syllables in
fast speech indicates that longer the vowel duration is in
normal speech, larger the reduction will be in fast speech.

3.3. CVS Syllables

Table 4a shows the durations of the syllable-initial consonants
and vowels in the CVS syllables uttered at normal and fast
speech rates. Table (4b) shows the difference in duration
between the segments of the test monosyllables uttered in two
speech rates, and the percentages of duration reduction for the
syllable-initial consonants and vowels in the CVS syllables in
fast speech.

Table 4a: The durations (in ms) of the syllable-initial consonants and
vowels in the CVS syllables at normal and fast speech rates.

A Consonant Vowel
Syllables | Normal Fast Normal Fast
[tetd] 8.3 50 117.3 109.7
[tsetd] 68.6 355 120.1 1109
[setd] 182.5 93.6 128.5 111.5

consonants and vowels in the CV:S syllables.

Table 3a: The durations (in ms) of the syllable-initial consonants and
vowels in the CV:S syllables at normal and fast speech rates.

CV:S Consonant Vowel
Syllables | Normal Fast Normal Fast
[tatd] 6.6 49 208.0 126.3
[thatd] 60.9 352 2014 138.6
[tsatd] 48.1 25.6 212.6 1449
[tshatd] 89.3 543 2039 1379
[satd] 184.8 87.5 2103 143.1

Table 3b: The differences in duration (in ms) between the syllable-
initial consonants and between the vowels uttered at two speech rates;
and the percentages of duration reduction in fast speech for the
syllable-initial consonants and vowels in the CV:S syllables.

CV:S Consonant Vowel
Syllables Diff. % Diff. %
[tatd] 1.7 25.76 81.7 39.28
[thatd] 25.7 42.20 62.8 31.18
[tsatd] 225 46.78 67.7 31.84
[tshatd] 350 39.19 66.0 32.37
[satd] 97.3 52.65 67.2 31.95

The test monosyllables were [tatd], [thatd], [tsatd],
[tshatd], and [satd] (Table 1). The respective durations of [t,
t", ts, ts", s] in normal speech are 6.6 ms, 60.9 ms, 48.1 ms,
89.3 ms, and 184.8 ms and 4.9 ms, 35.2 ms, 25.6 ms, 54.3 ms,
and 87.5 ms in fast speech. The percentages of duration
reduction in fast speech for [t, t ts, ts", s] in the CV:S
syllables are 25.76%, 42.20%, 46.78%, 39.19%, and 52.65%,
respectively. Similar to the syllable-initial consonants in the
CV: syllables, the percentages of duration reduction in fast
speech are smaller for [t] than for [t", ts, ts"] and [s].

As for the vowel [a] in the CV:S syllables, the respective
durations of [a] in [tatd], [thatd], [tsatd], [tsPatd], and [satd] in
normal speech are 208.0 ms, 201.4 ms, 212.6 ms, 203.9 ms,
and 210.3 ms, respectively, and 126.3 ms, 138.6 ms, 144.9 ms,
1379 ms, and 143.1 ms, respectively, in fast speech. The
percentages of duration reduction in fast speech for the vowels
[a] in [tatd], [thatd], [tsatd], [tsPatd], and [satd] are 39.28%,
31.18%,31.84%,32.37%,and 31.95%, respectively.

The percentages of duration reduction for the vowels [a]
in the CV:S syllables (Table 3b) are smaller than for the
vowels [a] in the CV: syllables (Table 2b). Since in normal
speech the vowels [a] in the CV: syllables are approximately

Table 4b: The differences in duration (in ms) between the syllable-
initial consonants and between the vowels uttered at two speech rates;
and the percentages of duration reduction for the syllable-initial
consonants and vowels in the CVS syllables in fast speech.

CVS Consonant Vowel
Syllables Diff. % Diff. %
[tetd] 33 39.76 7.6 6.48
[tsetd] 33.1 48.25 9.2 7.66
[setd] 88.9 48.71 17.0 13.23

The test monosyllables were [tetd1], [tsetd], and [setd]
(Table 1). The durations of [t, ts, s] are 8.3 ms, 68.6 ms, and
182.5 ms, respectively, in normal speech and 5.0 ms, 35.5 ms,
and 93.6 ms, respectively, in fast speech. The percentages of
duration reduction in fast speech for [t, ts, s] in the CVS
syllables are 39.76%, 48.25%, and 48.71%, respectively.

As in the cases of the CV: and CV:S syllables, the
percentage of duration reduction in fast speech in the CVS
syllables is smaller for [t] than for [ts] or [s]. Thus, in the CV:,
CV:S, and CVS syllable the longer syllable-initial consonants
[th, ts, tsh, s] in normal speech undergo a larger percentage of
duration reduction in fast speech than does the shorter [t] in
normal speech. The positive correlation does occur among [,
ts, tsh, s], as although [ts] is shorter than [t", ts"] and [s] in the
CV:, CV:S, and CVS syllables, the percentages of duration
reduction for [ts] are not always smaller. Maybe such a
positive correlation as such requires a much larger difference
in duration between two syllable-initial consonants, as
between [t] and [t", ts, ts"] or [s].

The percentages of duration reduction in fast speech for
the vowels [e] in the CVS syllables (6.48%, 7.66%, and
13.23%) are smaller in comparison with those for the vowels
[a] in both the CV: (63.40%, 58.91%, 54.61%, 61.21%, and
55.69%) and CV:S (39.28%, 31.18%, 31.84%, 32.37%, and
31.95%) syllables. As shown in Tables 2a, 2b, 3a, 3b, 4a, and
4b, the percentages of duration reduction in fast speech for the
vowels in the CV:, CV:S, and CVS are positively correlated
with the vowel durations in normal speech. That is, the
percentage of reduction in vowel duration in fast speech
decreases as the vowel duration decreases in normal speech.

34. CV:N and CVN Syllables

Table 5a shows the durations (in ms) of the syllable-initial
consonants, vowels, transitions, nasals, and rimes in the CV:N



and CVN syllables uttered at normal and fast speech rates.
Table 5b shows the differences in duration between the
syllable-initial consonants, between the vowels, between the
transitions, between the syllable-final nasals, and between the
rimes uttered at two speech rates, and the percentages of
duration reduction in fast speech for the syllable-initial
consonants, vowels, transitions, nasals, and rimes in the
CV:N and CVN syllables.

The test monosyllables were the CV:N syllables [tanT],
[than], [tsan1], [tsPanT], and [san7], and the CVN syllables
[ten], [t"enT], [tsen], [ts"enT], and [senT] (Table 1).

As shown in Table 5b, the percentages of duration
reduction of the syllable-initial consonants [t, t", ts, ts", s] in
the CV:N and CVN syllables in fast speech are similar to
those of the same consonants in the CV:, CV:S, and CVS
syllables.

The percentages of duration reduction in fast speech are
larger for the vowels [a] in the CV:N syllables (43.46%,
30.39%, 42.16%, 40.58%, and 32.45%) than the vowels [e] in

the CVN syllables (15.20%, 16.14%, 31.29%, 1.88%, and
37.26%). This constitutes another case where the percentages
of duration reduction in fast speech for the vowels are
positively correlated with the vowel length in normal speech, as
in normal speech the durations of the vowels [a] in the CV:N
syllables are approximately twice as long as the durations of
the vowels [e] in the CVN syllables (Table 5a).

The vowel-nasal transitions in the CV:N syllables are
much longer than those in the CVN syllables (Table 5a). The
percentages of duration reduction in fast speech are larger for
the vowel-nasal transitions in the CV:N syllables than the
transitions in the CVN syllables. Again, this is a case where
the percentage of duration reduction in fast speech is
positively correlated with the duration in normal speech.

However, in the case of the syllable-final nasals, in which
the percentages of duration reduction in fast speech are larger
for the nasals in the CV:N syllables than those in the CVN
syllables, despite that the nasals are shorter in the CV:N
syllables than the CVN syllables.

Table 5a: The durations (in ms) of the syllable-initial consonants, vowels, transitions, nasals, and rimes in the CV:N and CVN syllables uttered at
normal and fast speech rates.

CV:N/CVN Consonant Vowel Transition Nasal Rime

Syllables | Normal Fast Normal Fast Normal Fast Normal Fast Normal Fast
[tanT] 7.7 59 197.2 111.5 103.1 533 2074 619 507.7 226.7
[than] 90.1 452 173.1 120.5 132.3 47.8 192.8 549 4982 2232
[tsanT] 644 333 2220 1284 104.1 57.6 246.6 49.1 572.7 235.1
[tshan] 99.7 654 217.6 129.3 125.7 48.1 234.6 38.6 5779 216.0
[sanT] 1974 106.0 2123 1434 1054 420 2592 64.0 576.9 2494
[ten] 7.5 6.0 92.1 78.1 455 37.6 279.5 1014 417.1 217.1
[then] 742 399 91.7 76.9 63.1 42.6 255.0 112.5 409.8 2320
[tsenT] 56.8 269 105.8 727 64.3 420 278.6 1154 448.7 230.1
[tsten] 1224 59.0 90.2 88.5 66.7 325 265.1 155.8 4220 276.8
[senT] 1942 1229 102.8 64.5 372 47.6 2684 108.3 408 4 2204

Table 5b: The differences in duration (in ms) between the syllable-initial consonants, between the vowels, between the transitions, between the nasals,
and between the rimes in the CV:N and CVN syllables uttered at two speech rates; and the percentages of reduction in duration (in ms) for the syllable-
initial consonants, vowels, transitions, nasals, and rimes in the CV:N and CVN syllables uttered in fast speech.

CV:N/CVN Consonant Vowel Transition Nasal Rime
Syllables Diff. % Diff. % Diff. % Diff. % Diff. %
[tan1] 1.8 23.38 85.7 4346 49.8 48.30 145.5 70.15 281.0 55.35
[thanT] 449 49.83 52.6 30.39 84.5 63.87 1379 7152 2750 55.20
[tsanT] 31.1 48.29 93.6 42.16 46.5 44.67 197.5 80.09 337.6 58.95
[tshan] 343 34.40 88.3 40.58 77.6 61.73 196.0 83.55 3619 62.62
[sanT] 914 46.30 68.9 3245 634 60.15 1952 7531 3275 56.77
[ten] 1.5 20.00 14.0 15.20 79 17.36 178.1 63.72 200.0 4795
[tenT) 343 46.23 14.8 16.14 20.5 3249 142.5 55.88 177.8 43.39
[tsenT] 299 52.64 33.1 31.29 223 34.68 1632 58.58 218.6 48.72
[ts"en] 634 51.80 1.7 1.88 342 5127 109.3 41.23 1452 3441
[sen1] 713 36.71 38.3 37.26 -10.4 -27.96 160.1 59.65 188.0 46.03

Table 6a: The durations (in ms) of the syllable-initial consonants, two vowel elements, transitions, and diphthongs in the CD,; and CD, syllables uttered

at normal and fast speech rates.

CD,/CD, Consonant 1st Vowel Element Transition 2nd Vowel Element Diphthong
Syllables | Normal Fast Normal Fast Normal Fast Normal Fast Normal Fast
[tai] 7.6 6.9 2250 136.6 2250 720 124.6 213 574.6 2299
[thaiT] 76.9 482 258.1 130.0 197.6 852 111.7 340 5674 2492
[tsail] 69.8 359 2979 127.7 1934 770 126.8 48.7 618.1 2534
[tshaiT] 97.5 56.9 2764 137.3 203.3 60.2 86.2 38.1 5659 235.6
[saiT] 195.5 98.3 266.2 1499 199.2 754 123.1 229 588.5 2482
[tei] 8.1 7.7 99.7 74.6 256.8 1174 138.7 54.8 4952 246.8
[theiT] 722 489 108.1 50.8 2162 102.5 117.6 543 4419 207.6
[tseil] 60.8 315 1314 84.8 186.5 923 123.0 63.0 4409 240.1
[tsheiT] 99.2 50.6 122.7 594 213.1 105.3 1109 733 446.7 238.0
[seil] 1929 1179 130.0 843 197.1 79.5 90.9 56.5 4180 220.3




Table 6b: The differences in duration (in ms) between the syllable-initial consonants, between the first vowel elements, between the transitions, between
the second vowel elements, and between the diphthongs in the CD, and CD, syllables uttered at two speech rates; and the percentages of reduction in
duration for the syllable-initial consonants, two vowel elements, transitions, and rimes in the CD, and CD, syllables uttered in fast speech.

CD,/CD, Consonant 1st Vowel Element Transition 2nd Vowel Element Diphthong
Syllables Diff. % Diff. % Diff. % Diff. % Diff. %
[tail] 0.7 921 884 39.29 153.0 68.00 1033 8291 3447 59.99
[thain] 28.7 37.32 128.1 49.63 1124 56.88 77.7 69.56 3182 56.08
[tsai] 339 48.57 1702 57.13 1164 60.19 78.1 61.59 364.7 59.00
[tshail] 40.6 41.64 139.1 50.33 143.1 70.39 48.1 55.80 330.3 5837
[sail] 972 49.72 1163 43.69 123.8 62.15 100.2 81.40 340.3 57.82
[teil] 04 494 25.1 25.18 1394 5428 83.9 60.49 2484 50.16
[thein] 233 3227 573 5301 1137 5259 633 53.83 2343 53.02
[tseil] 293 48.19 46.6 3546 942 5051 60.0 48.78 200.8 4554
[tsheil] 48.6 48.99 633 5159 107.8 50.59 37.6 33.90 208.7 46.72
[seil] 75.0 38.88 457 35.15 117.6 59.67 344 37.84 197.7 47.30

As for rimes, the percentages of duration reduction in fast
speech, as shown in Table 5b, are larger for the rimes in the
CV:N syllables than the rimes in the CVN syllables. This is
another case where the percentage of duration reduction in fast
speech is positively correlated with duration in normal speech,
as the rime durations are longer in the CV:N syllables than
those in the CVN syllables (Table 5a).

Finally, the duration reduction in the nasals contributes
most to the duration reduction in the rimes in both the CV:N
and CVN syllables in fast speech. As shown in Table 5b, the
differences in duration between the nasals are larger than the
differences between the syllable-initial consonants, between
the vowels, or between the transitions uttered at fast and
normal speech rates.

3.5 CD, and CD, Syllables

Table 6a shows the durations (in ms) of the syllable-initial
consonants, first vowel elements, transitions, second vowel
elements, and rimes in the CD, and CD, syllables uttered at
normal and fast speech rates. Table 6b shows the differences
in duration between the syllable-initial consonants, between
the first vowel elements, between the transitions, between the
second vowel elements, and between the rimes in the CD, and
CD, syllables uttered at two speech rates, and the percentages
of duration reduction for the syllable-initial consonants, first
vowel elements, transitions, second vowel elements, and rimes
in the CD, and CD, syllables in fast speech. The test mono-
syllables were the CD, syllables [tail], [thail], [tsaiT], [ts"ail],
and [sail], and the CD, syllables [tei], [theil], [tseil], [ts"eiT],
and [seil].

As shown in Table 6b, the percentages of duration
reduction for the syllable-initial consonants [t, t, ts, ts", s] in
the CD, and CD, syllables in fast speech are similar to those
for the same consonants in the CV:, CV:S, CVS, CV:N, and
CVN syllables (Tables 2b, 3b, 4b, and 5b).

In the CD, syllables, the first vowel elements [a] are
longer than the second vowel elements [i] in normal speech
(Table 6a), and the percentages of duration reduction are
smaller for the first vowel elements than for the second vowel
elements in fast speech (Table 6b).

In the CD, syllables, the durations of the first vowel
elements [e] and second vowel elements [i] in normal speech
are similar (Table 6a), and the percentages of duration
reduction in fast speech for both are also similar (Table 6b).

A comparison of the CD, and CD, syllables shows that in
normal speech the first vowel elements [a] in the CD,
syllables are longer than the first vowel elements [e] in the
CD, syllables (Table 6a), and the percentages of duration

reduction for the first vowel elements in the CD, and CD,
syllables in fast speech are similar (Table 6b). Furthermore,
the durations of the second vowel elements [i] in the CD,
syllables and those in the CD, syllables in normal speech are
similar (Table 6a), and the percentages of duration reduction
are larger for the second vowel elements [i] in the CD,
syllables than in the CD, syllables. Concerning the transitions
between the first and second vowel elements, as shown in
Table 6a, the durations of the transitions in the CD, and CD,
syllables in normal speech are similar, and in fast speech the
percentages of duration reduction are slightly larger for the
transitions in the CD, syllables than in the CD, syllables
(Table 6b).

As for the diphthongs (Table 6a), the D, diphthongs are
longer than the D, diphthongs, and the percentages of duration
reduction in fast speech are slightly larger for the D,
diphthongs than the D, diphthongs (Table 6b). A comparison
of the differences in duration reduction among the first vowel
elements, second vowel elements, and the transitions in the D,
diphthongs shows that the duration reduction in the first vowel
elements contribute most to the reduction in the diphthong
durations in fast speech, to be followed by the transitions and
then the second vowel elements. As for the D, diphthong, it is
the transitions that contribute most to the reduction in the
diphthong durations in fast speech and both the first and
second vowel elements contribute less and the amount of their
contributions are similar.

4. conclusion

The paper has presented the effect of fast speech on the
temporal organization of syllable production in HKC. All the
component segments of the test syllables CV:, CV:S, CVS,
CV:N, CVN, CD,, and CD,, including the vowel-nasal
transitions in the CV:N and CVN syllables and element-
element transitions in the CD, and CD, syllables, contribute to
the reduction of the entire syllable durations in fast speech.
While the percentages of duration reduction for the syllable-
initial consonants in all types of syllable are similar, the
percentages of duration reduction for the vowels, vowel-nasal
transitions, syllable-final nasals, first vowel elements,
element-element transitions, and second vowel elements vary
according to the types of syllable structure in the language.
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