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Cantonese is a syllable-timed language: that is, the syllable is the
isochronous unit of speech. However, in Cantonese, there is a type of closed
syllable with the stop codas [-p], [-t], or [-Kk] (i.e. syllables with the so called
“entering-tones”) which sound much shorter than other syllables. On the
surface, the shorter duration of stop syllables and the general prosodic
feature of syllable-isochrony seem to conflict. This study conducted acoustic
investigations of stop syllables in Cantonese in different contexts (i.e. in
isolated form, in disyllabic words, and in disyllabic words located at the
beginning, middle, and final positions of sentences). The results showed
that stop syllables alone are shorter than non-stop syllables in various
contexts. However, in disyllabic words or in sentences, there is a
supplementary lengthening effect immediately after the stop syllables: there
is more acoustic blank, and in some circumstances the initial of the
following syllable is lengthened. Therefore, we propose that the phonetic
realization of syllable isochrony is beyond the syllable itself in Cantonese.
The results and discussions of this study may also shed light on the problem
of the disappearance of “entering tones” from various Chinese dialects.

Keywords: syllable isochrony, stop syllable, entering tone, prosodic feature,
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Introduction

The syllable is an important concept in Cantonese, not only as a basic structure for
phonological analysis but also as a basic isochronous unit in speech prosody, since
it is a syllable-timed language (Mok 2008). According to the syllable isochrony
hypothesis, each syllable in Cantonese should take up a similar amount of time.
However, in Cantonese, there is a syllable type with entering tones, which end
with the stop coda [-p], [-t], or [-k] and sound extraordinarily short. It seems that
with different coda types (stop coda versus non-stop coda), syllables should have
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distinctive lengths by nature, which seems contradictory to the syllable isochrony
hypothesis in regard to Cantonese. This study conducted a series of acoustic exper-
iments to investigate the prosodic features of stop syllables in Cantonese and tried
to provide a unified framework to accommodate the general prosodic feature of
syllable isochrony and the extraordinary shortness of stop syllables.

1.1 Rhythmic typology and syllable isochrony in Cantonese

Rhythm plays an important role in human behavior and activity. It is the structure
of intervals in a succession of events (Allen 1975). The speech of human languages
is generally characterized by a rhythmical component (Mariano 2011), although
various typologies exist among different languages.

Early studies on rhythm typology proposed that all languages exhibit isochro-
nous units of speech (i.e. the prominent and less prominent units in speech recur
at equal intervals of time). Pike (1945) observed that stress seems to occur at
regular temporal intervals in English, while syllables seem to have similar dura-
tions in Spanish. He was the first to introduce the two categories of stress-timed
and syllable-timed languages. Abercrombie (1967:97) further argued that every
language in the world is spoken with one of these kinds of rhythm. Typical
stress-timed languages include German, Dutch, and English, while typical
syllable-timed languages include French, Italian, and Spanish.

However, early rhythm typology studies were mainly impressionistic. It is
hard to find empirical support for isochrony in speech. Previous empirical studies
found uneven length of inter-stress intervals, syllable, and mora durations (e.g.
Allen 1975; Roach 1982; Dauer 1983, among many others). Some researchers
suggested that speech rhythm is merely perceptual (e.g. Beckman 1992; Laver
1994). Roach (1982) and Dauer (1983) proposed that compared with syllable-
timed languages, stress-timed languages have more variations and rules of word
stress, more complex syllable structure and consonant clusters, and more frequent
vowel reduction. On the basis of these features, researchers developed rhythmic
measures based on consonantal and vocalic durations in the acoustic, including
the interval measures of AC, AV, %V (Ramus et al. 1999), VarcoC, VarcoV (Dellwo
2006), and the pairwise variability index (e.g. rPVI_C and nPVI_V by Grabe &
Low (2002)).

The rhythmic typological category of Chinese (including Beijing Mandarin
and Cantonese) is not classified in early studies. Grabe & Low (2002) found
that Mandarin Chinese had the lowest vocalic nPVI of all the languages inves-
tigated in their study, which suggested that Mandarin Chinese has the strongest
syllable-timed feature. Several later studies (e.g. Jeng 2008, 2011; Lin & Wang
2007) also confirmed the syllable isochrony prosodic feature of Mandarin Chi-
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nese. Cao (2000; 2003) and Jeng (2005) investigated the effect of different con-
texts, including the positions of words within sentences and speech rate, on the
syllable duration patterns of Chinese. These studies suggested that context plays
an important role in syllable duration. In this study, the experimental design took
the factor of context into consideration and investigated various contexts.

As far as Cantonese is concerned, Bauer (1995:255-256) observed that the
rhythm of Cantonese speech sounds like a series of recurring beats which cor-
respond to peaks of sonority (i.e. syllables). He further claimed that although
different types of Cantonese syllables may vary in their absolute durations, the
syllables of an utterance recur at about equal intervals of time. Bauer’s (1995)
study was mainly based on impressionistic observation, and later empirical stud-
ies verified his argument. Peng (2006) conducted corpus-based study, and Mok
(2008) carried out controlled acoustic experiments. Both of these studies com-
pared the rhythmic patterns of Beijing Mandarin and Cantonese. Both studies
supported that Cantonese is a syllable-timed language, and the syllable isochrony
feature is even stronger in Cantonese than in Beijing Mandarin. It can be inferred
that the prosodic feature of syllable isochrony is strong and robust in Cantonese.
There is no doubt that Cantonese is a syllable-timed language.

1.2 Syllable structure and stop syllables in Cantonese

As illustrated in Light (1977:75-76), the Chinese syllable is divided into three
major constituents: initial, final, and tone. The final is further divided into the
medial and the rhyme.' The rhyme is composed of a vowel nucleus and a syllable
coda consonant or an offglide. Among the three major constituents of a syllable,
both the initial and the final (as well as the sub-constituents of the nucleus
and coda) are segmental constituents, while tone is a suprasegmental constituent
which cannot be segmented along the timeline of a syllable. Tone is the feature of
the whole syllable and is mainly carried by the final. With regard to Cantonese, it
is generally accepted that there is no medial in Cantonese phonology (Hashimoto
1972; Cheung 1986; Bauer & Benedict 1997, among many others). The diagram
in Figure 1 provides a depiction of the syllable structure in Cantonese. Without
the medial, the final is the rhyme in Cantonese. In the present manuscript, the
term rhyme is used henceforth.

1. In Light (1977), “rhyme” was written as “rime” and “vowel nucleus” was referred to as the
“principal vowel”
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Figure 1. Diagram showing Cantonese syllable structure

Figure 1 depicts the maximum syllable structure of Cantonese. Some constituents
can be missing in a legal syllable in Cantonese. The initial can be missing: this is
also known as a “zero-initial” syllable. It should be noted that zero-initial and g-
initial are free allophones in present-day Cantonese (Cheung 2002). In our exper-
iment, we used an p-initial quantifier [na:n*’] (HR), whose initial was pronounced
as a y-initial or zero-initial by our participants.

The rhyme in Cantonese can be a monophthong, or a diphthong consisting
of a vowel nucleus and a consonant coda or an offglide. Previous studies reported
that there are pairs of long and short vowel nuclei in Cantonese (Cheung 1994;
Shi & Mai 2003; Cheung & Zhang 2010; Zhang 2010). Through acoustic exper-
iment and perceptual test, Zhang (2010) proved that for the pair [a:] and [e],
the durational difference is the major distinction and the vowel height is a sec-
ondary distinction. A long vowel nucleus can appear in either monophthong or
diphthong. A short vowel nucleus cannot be a monophthong. Kwan-hin Cheung
(1994) and Zhang (2010) both suggested that the duration proportion of vowel
nucleus and coda is complementary: a long vowel nucleus is followed by a short
coda; while a short vowel nucleus is accompanied by a long coda. This comple-
mentary durational distribution is consistent with the feature of syllable isochrony
in Cantonese: the long and short distinction of vowel nucleus does not make any
great difference to the total duration of a rhyme, since there is a compensatory
durational adjustment from the following codas.

There is a special kind of rhyme in Cantonese which only has one constituent
of a syllabic nasal consonant [m] and [n]. Kwan-hin Cheung (1986) proposed that
[m] and [g] should be analyzed as a rhyme coda rather than an initial consonant,
which can allow the existence of [hm] and [hy] in terms of syllable structure. In
our study, we used the numeral “5”, which is an example of this rhyme, and can
be freely pronounced as [m*)] or [p?*] in present-day Cantonese. Sociolinguistic
studies suggested that old people tend to use [g] while the young generation pre-
fer [m] (Bauer 1979; Cheung 2002). In our sample, since the participants were all
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young people, they all pronounced “5” as [m?*]. Kwan-hin Cheung’s (1986) view
is adopted in the present study, and the duration of the nasal syllabic consonant
[m] is counted as the duration of the rhyme.

According to coda types, Cantonese rhymes can be divided into three cate-
gories, the traditional Chinese linguistic terms for which are as follows: (1) Yin-
sheng rhymes: with no consonantal codas; (2) Yangsheng rhymes: with nasal
codas; (3) Rusheng rhymes (or entering rhymes): with stop codas (i.e. [-p], [-t], or
[-k]). A Rusheng rhyme stands out for its abrupt stopping at the end, which sounds
extraordinarily short compared with the other two categories of rhymes. In this
manuscript, syllables with a Rusheng rhyme are called stop syllables and syllables
with a Yinsheng rhyme or a Yangsheng rhyme are called non-stop syllables.

Tone is a required constituent of Cantonese syllables. In traditional Chinese
linguistics, the term tone categories not only involves the pitch categories that
make lexicons distinctive but also takes categories of rhymes into consideration.
Stop-syllables and non-stop syllables with the same pitch features are divided into
separated tone categories: entering-tones and non-entering tones. Figure 2 shows
the diagrams of the nine tones in Cantonese, with the five-point scale method for
transcribing tones, which was proposed by Chao (2006[1930]). It can be observed
from Figure 2 that T1 and T7, T3 and T8, and T6 and T9 are the same from the
perspective of pitch shape and pitch height, being respectively high-level, mid-
level, and mid-low-level tones.

According to the Western tradition of transcribing tones, which only consid-
ers the factor of pitch, each pair of the same pitch shape and height should be the
same tone, and there are six tones in Cantonese. Comparing the six-tone system
in the Western tradition and the nine-tone system in the Chinese tradition, the
categorization of rhymes and tones are confounded in the Chinese tradition. The
stop syllables mentioned here are also referred to as syllables with entering tones
in Chinese. In addition to the canonical tones shown in Figure 2, there is a kind
of morphological changed tone (%) in Cantonese which denotes familiarity,
intimacy, change of word class, or derived meaning. The changed tone is in the
form of a high-rising tone which sounds the same as T2. When this changed tone
is carried by a stop syllable, such as aap2 ‘duck; zat2 ‘nephew’ or zok2 ‘chisel; it
cannot get a position in the nine-tone system in Chinese but can be compatible in
the six-tone system of Western linguistic tradition.

Wong & Chan (2018) disagreed that entering tones T7, T8, and T9 are
shorter versions of the three level tones T1, T3, and T6. Their acoustic data
graphs showed that entering tones have falling contours. However, from their
data graphs, it can be observed that the so-called “level tones” also have slightly
falling contours. This falling tendency can be explained by the declining intona-
tion effect of speech, as suggested by Zhang (2016; 2017). In addition, entering
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tones and non-entering tones are in complementary distribution: they are carried
by different types of rhymes (i.e. stop rhymes versus non-stop rhymes) and thus
never appear in the same phonetic context. According to the Western linguistic
tradition, although there is a slight difference, they should be regarded as allo-
phones of the same tone rather than two distinctive tone categories (as proposed
by Wong & Chan (2018)). The focus of Wong & Chan (2018) was on the f; pat-
terns of entering tones and non-entering tones, while this study focuses on the
durational patterns.
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Figure 2. Diagrams showing Cantonese tones, including non-entering tones and

entering tones

If there is an intrinsic distinctive difference in syllable length due to the nature
of syllable coda types, this contradicts the syllable-isochrony hypothesis. The
acoustic experiments conducted in this study were designed to figure out the
mechanism for accomodating the two linguistic features of syllable-isochrony and
the unbalanced syllable length between stop syllables and non-stop syllables.
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2. Research method

2.1 Design of the reading list

The Chinese reading list for the acoustic experiments consisted of three parts.
(See Appendix.) The first part consisted of numerals in isolated form, including
the numbers from one to ten, plus the numerals for zero, hundred, and thousand,
all of which are monosyllabic words in Cantonese. These numerals consist of dif-
ferent types of initials and rhymes, including both stop syllables and non-stop syl-
lables. With the first part of the reading list, we can make a general observation on
the duration pattern of isolated syllables in Cantonese.

word:
e,
. Numeral Quantifier E
H
H Non-stop coda: 3 Different Initial 1
i
1 Stop coda: 10
H
S-Mid:
T TTTET ST s ey
He Has . Numeral Quantifier | Noun
H H
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' '
........................ J
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H
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h

Figure 3. Diagrams showing the design of the second and third parts of the reading list

The second and third parts were designed to investigate the different duration
patterns of the numerals “3 (saam1)” versus “10 (sap6)”* Saam]1 is an example of
a non-stop syllable, while sap6 is an example of a stop syllable. Both saamI and
sap6 have the same initial s- but have different rhymes (-aam and -ap). The rhyme
-aam is composed of a long vowel nucleus aa and a bilabial nasal coda m, while
the rhyme ap is composed of a short vowel nucleus a and a bilabial stop coda p.

2. saaml and sap6 are the Cantonese transcription according to the Jyutping Scheme pro-
posed by the Linguistic Society of Hong Kong (1993). This transcription method is alphanu-
meric, which is more convenient for denotation when plotting data graphs. The corresponding
IPA transcription for saaml and sap6 is [sazm”?] and [sepz]. The Jyutping Scheme was also
applied in TextGrid of Praat, as demonstrated in Figure 4.
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In terms of the vowel height of the vowel nucleus and the place of articulation
for the coda, they are similar, but in terms of the vowel length and the manner of
articulation for the coda, which are directly related to duration patterns, they are
contrastive.

The various monosyllabic quantifiers in Cantonese can cover different possi-
bilities of the composing initials, and thus the combination of a disyllabic word
NUMERAL + QUANTIFIER can allow us to study the interaction between the rhyme
of a numeral and the various types of following initial of a quantifier. In addition,
placing NUMERAL + QUANTIFIER in various positions of a sentence, including at
the beginning, end, and middle (abbreviated as s-BEGINNING, S-END, and s-MID
in this paper), is a flexible approach. Figure 3 displays the diagrams showing the
design of the second and third parts of the reading list. For the contexts of worD
and s-MID, the initials of QUANTIFIER covered the whole set of the 17 initials® of
Cantonese, when we conducted a thorough investigation to study the interaction
between the rhyme types of NUMERAL and the initial types of QUANTIFIER. For the
contexts of s-END and s-BEGINNING, we conducted an exploratory investigation,
and QUANTIFIER only covered three sets of initials (i.e. [n], [k], and [s]) as repre-
sentatives of voiced, plosive, and fricative initials.

2.2 Participants, audio—recording settings, and acoustic measurement

Twenty volunteer undergraduate students (10 male and 10 female) from the Edu-
cation University of Hong Kong participated in our experiment. They were all
native speakers of Hong Kong Cantonese. They were aged between 20 and 24
at the time they joined the experiment. No language, psychiatric, or psycholog-
ical disorders were reported. The experiment was conducted in a quiet office at
the Education University of Hong Kong. The procedures of the experiment were
explained to participants first, and written consent forms were signed before the
experiment.

The participants were asked to read aloud the single syllables, disyllabic
words, and sentences listed in the Appendix. If the participants made a mistake
during their reading, they were asked to go ahead and provide a correct reading.
They were told that the wrong version would be ignored and only the correct
version would be used for later data analysis. Audio recordings were made with
a Marantz PMD620 Professional Handheld Digital Audio Recorder and a
Sennheiser e845-s microphone. The microphone was set at mono channel, the
sampling rate was 44,100 Hz, the resolution was 16-bit, and the saving format was
WAV file.

3. [K"] and [K"?] are not included.
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Figure 4. Screenshots (saamI soengl in the upper panel and sap6 soengl in the lower
panel) of the TextGrid method in Praat, with segmental boundaries marked by blue lines,
Jyutping transcription denoting targeted segments, and “blank” representing acoustic
blank

The audio recordings were further processed and divided into several sound files.
The acoustic measurement was carried out by the free Praat software (Boersma
& Weenink 2018). First, the boundaries of the segments (i.e. the initial, vowel
nucleus, and coda of each targeted syllable as well as the acoustic blank between
NUMERAL and QUANTIFIER) were marked by the TextGrid function in Praat.
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Screenshots of two examples of this procedure are displayed in Figure 4, with the
upper panel showing saaml soengl and the lower panel showing sap6 soengl,
both of which are disyllabic words of “NUMERAL (3 or 10) + QUANTIFIER (soengl)”
It can be observed that there is an obvious acoustic blank between sap6 and soeng,
which is marked as “blank” in the lower panel.

Second, a Praat script written by the author was applied to measure the
duration of each segment with TextGrid boundaries. The data were exported to
Microsoft Excel (Office 365) and SPSS 25 Network Version (with EAUHK license)
for further statistical analyses.

3. Results

3.1 Duration patterns of isolated syllables

Figure 5 shows the duration data from Part I of the reading list (i.e. the numerals
in isolated syllables). The stacked columns represent the mean values of the com-
posing initials and rhymes, and the error bars indicate 1 standard deviation. The
y axis is the duration data in seconds (abbreviated as “s” henceforth). The x axis is
the numerals (which are denoted by Arabic numbers). Under the Arabic numbers,
there is a line of Jyutping transcription (Linguistic Society of Hong Kong 1993).

The data displayed in Figure 5 indicate that there is great variance among
these numerals in terms of duration of rhymes, duration of initials, and total dura-
tion of the syllables.

The duration of rhymes data show a clear distinction between stop syllables
and non-stop syllables: all rhymes with a -p, -t, or -k coda (i.e. jatl, luk6, catl,
baat3, sap6, baak3) are much shorter than those without a stop coda (i.e. ji6,
saaml, sei3, m5, gau2, ling4, cinl). On the basis of the average rhyme duration,
the numerals can be listed in order from the shortest to the longest: sap6 (0.151s)
<luk6 (0.158s) <jatl (0.164s) <catl (0.167s) <baak3 (0.212s) <baat3 (0.237s)
<ling4 (0.290s) <ji6 (0.349s) < gau2 (0.366s) < cinl (0.380s) <sei (0.417s) <saaml
(0.435s) <m5 (0.460s). Thus, there is a clear cut-off between stop rhymes and
non-stop rhymes. In addition, to avoid the influence from different initials, those
numerals with the same initial but with stop or non-stop rhymes can be paired
for observation (i.e. the rhymes of jat1 vs. ji6; luk6 vs. ling4; catl vs. cinl; sap6 vs.
saaml; and sap6 vs. sei3). For each pair, the first syllable is a stop syllable and the
second syllable is a non-stop syllable. It can be observed that the rhymes of stop
syllables are only about half the length of their non-stop counterparts, or even
shorter. An independent-samples -test was carried out to examine whether the
difference in duration of rhymes is significant between stop and non-stop sylla-
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bles. A Levene’s test for equality of variances was conducted first, with F=142.406
and p <0.001. Thus, equal variances were not assumed. The #-test result is
t=17.174, df=543.926, p <0.001; this verified that the rhymes of stop syllables are
significantly shorter than the rhymes of non-stop syllables.

0.7

0.6

Duration (s)

IJI!H

1 2 3 4 5 6 7 8 9 10 [¢] 100 1000
jatl  ji6 saam1 sei3 m5 luké catl baat3 gau2 sap6 ling4 baak3 cinl

Isolated syllables of numerals

@ Initial of non-stop syllable @ Rhyme of non-stop syllable
@ Initial of stop syllable @ Rhyme of stop syllable

Figure 5. Stacked mean duration columns of the composing initials and rhymes of

numerals in isolated syllables, with error bars indicating +1 standard deviation

The duration of initials also varies. On the basis of the average duration of initials,
the numerals can be listed in order from the shortest to the longest: m5 (0s)
<baak3 (0.043s) <baat3 (0.045s) <gau2 (0.079s) <jatl (0.092s) <Iluk6 (0.106s)
<ling4 (0.108s) <ji6 (0.109s) < catl (0.141s) <saaml (0.165s) < cinl (0.179s) < sei3
(0.195s) <sap6 (0.202s). The duration patterns of initials are closely related to
their articulation manners. The unaspirated stops of b- and g- are the shortest; the
approximants of j- and I- are a little longer; and the affricate c- and the fricative s-
are the longest. Regarding the difference in the duration of initials between stop
syllables and non-stop syllables, there is no fixed pattern: jatl < ji6, luk6 < ling4,
catl < cinl; while sap6 > saaml, and sap6 > sei3.
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The total duration of a syllable, that is, the sum of the initial and the rhyme,
is decided by both components. On the basis of the average total duration values,
the numerals can be listed in order from the shortest to the longest: baak3
(0.255s) <jatl (0.256s) <luk6 (0.264s) <baat3 (0.282s) <catl (0.309s) <sap6
(0.353s) < ling4 (0.398s) < gau2 (0.445s) <ji6 (0.459s) <mb5 (0.460s) < cinl (0.559s)
<saaml (0.600s) <sei (0.612s). Although the order based on total syllable dura-
tion is not the same as that based on total rhyme duration, there is a clear cut-
off between the stop and non-stop syllables: all the stop syllables are shorter than
the non-stop syllables. An independent-samples ¢-test was carried out to exam-
ine whether total syllable duration is significantly different between stop and non-
stop syllables. A Levene’s test for equality of variances was conducted first, with
F=62.693 and p <0.001. Thus, equal variances were not assumed. The ¢-test result
was t=32.948, df=706.386, p <0.001. This result confirmed that the total duration
of stop syllables is significantly shorter than that of non-stop syllables.

Therefore, the duration data for isolated numeric syllables presented here
indicate that syllables in isolated form are not isochronous phonetically. Com-
pared with non-stop syllables, stop syllables have significantly shorter rhymes and
total syllable duration. The duration of initials also varies, depending on the artic-
ulation manner, but this variation does not exhibit a distinction between stop and
non-stop syllables.

3.2 Duration patterns of the syllables saam1 and sap6 in different contexts

As observed in §3.1, in terms of total syllable duration, there is a significant dif-
ference between stop syllables and non-stop syllables in the context of isolated
syllables. This section reports the findings of a further analysis conducted to
investigate the difference in duration between stop and non-stop syllables (sap6
and saam1 as representatives) in other contexts, such as in a disyllabic word alone
or at the beginning, end, and middle of sentences (abbreviated as s-BEGINNING,
S-END, and s-MID, respectively). The design of the experiments was illustrated in
detail in §2.1. The duration data are displayed as a bar-chart in Figure 6, and the
corresponding statistical analysis results are listed in Table 1. The “difference” col-
umn in Table 1 represents the duration of saam1 minus the duration of sap6, and
the “ratio” column represents the saam1 to sap6 duration ratio.

It can be observed from Figure 6 that the stop syllable sap6 is significantly
shorter than the non-stop syllable saam1 in all contexts. The paired comparisons
between saaml and sap6 in Table 1 show that the mean duration difference
ranges from 0.11s (at S-BEGINNING) to 0.247s (in 1SOLATION). The duration ratio
of saaml to sap6 ranges from 1.502 (s-BEGINNING) to 1.745 (s-END): that is, the
non-stop syllables are at least 50% longer than the stop syllables. The paired-
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samples t-tests results listed in Table 1 further confirm that in all the contexts
(ISOLATION, WORD, S-MID, S-END, S-BEGINNING), the syllable duration of sap6 is
significantly shorter than saaml, with all p-values smaller than 0.001. Therefore,
the duration data in this experiment verify that stop syllables are much shorter
than non-stop syllables in various contexts. This result again contradicts the
hypothesis of syllable-isochrony in Cantonese.

The data shown in Figure 6 and Table 1 also display the duration features of
different contexts. For the both types of syllables (either stop syllable sap6 or non-
stop syllable saam1), they reach the longest duration in the context of ISOLATION,
and the second longest in the context of worbp. In the contexts of sentences (s-
MID, S-END, and S-BEGINNING), the duration data are shorter than in the contexts
of 1soLAaTION and woRrb. Thus, the speech rates differ in different contexts. Sylla-
ble isochrony should be discussed with the condition of a certain context.

*
*
*

S-Beginning

S-End

S-Mid

Different contexts

Word

Isolation

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Duration (s)

sap6 @ saam1

Figure 6. Mean duration bars of sap6 and saam1 in different contexts, with error bars
indicating *1 standard deviation, and “***” indicating p <0.001 in the paired-samples
t-test
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Table 1. Results of paired comparison and paired-samples t-tests for syllable duration

data between saam1 and sap6

Mean of saaml  Mean of sap6  Difference

Context (s) (s) (s) Ratio T df P

ISOLATION 0.6 0.353 0.247 1.700 19.745 59 <0.001
WORD 0.454 0.274 0.18 1.657 57997 339 <0.001
S-MID 0.329 0.206 0.123 1.600 55.705 339 <0.001
S-END 0.356 0.204 0.152 1.745 27319 59 <0.001
S-BEGINNING 0.329 0.219 0.11 1.502 21381 59 <0.001

3.3 Duration patterns of the disyllabic words “saam1/sap6 + QUANTIFIER”
in different contexts

In this section, the analysis will go beyond the domain of the syllable (as in §3.2)
and expand into the domain of the disyllabic word. The disyllabic words are in the
format of “saam1/sap6 + QUANTIFIER”. The testing contexts include the disyllabic
words alone and the disyllabic words located at s-MID, s-END, and s-BEGINNING.
The durations of the whole disyllabic words, which embraced the acoustic blank
(if there had been one) between saaml/sap6 and the QUANTIFIER, were measured.
The results are displayed in Figure 7, and the corresponding statistical analysis
results are listed in Table 2.

Different from the patterns displayed in Figure 6, which show significant dif-
ferences between the paired duration bars, there is much less difference between
the paired duration bars in Figure 7; in particular, each pair in sentences (s-MID,
S-END, and S-BEGINNING) has almost the same length. Although the pair in worD
has the greatest and observable duration difference, the mean difference is only
0.045s. In terms of duration ratio (i.e. the duration of “saaml + QUANTIFIER”
divided by the duration of “sap6 + QUANTIFIER”), the data are very close to 1 in all
the contexts, ranging from 0.999 to 1.056, indicating that they have very similar
durations.

Paired-samples t-tests were also conducted. The results listed in Table 2 verify
that in the contexts of s-mID and s-END, there are no significant differences in
duration, with p values much higher than 0.05. The duration difference is still sta-
tistically significant in the context of worD (p <0.001) and marginally significant
in the context of s-BEGINNING (p=0.034). However, comparison of the duration
bars between Figures 6 and 7 indicates that the duration difference within pairs is
obviously reduced in Figure 7 compared with Figure 6. The worp duration com-
parisons within pairs in Figure 7 indicate that the disyllabic words are approach-
ing isochrony within a certain context.
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For context comparisons, it can be observed from Figure 7 that the disyllabic
words alone (WORD) are the longest; and the disyllabic words located in sentences
(s-MID, S-END, and S-BEGINNING) are much shorter. This is consistent with the
observation from Figure 6. Among the different locations in sentences, the disyl-
labic words located at s-END are visibly longer than those located at s-m1p and
S-BEGINNING. This can be explained by the final lengthening effect (Beckman &
Edwards 1987; Cao 2003, among many others). In Figure 6, saam1 is also longer
in s-END than in s-MID and S-BEGINNING, but sap6 in s-END is shorter than in
S-BEGINNING. In fact, saaml and sap6 are not the ultimate syllable in s-END:
“saaml/sap6 + QUANTIFIER” is the final disyllabic word, and saam1i/sap6 is the
penultimate syllable. Thus, the final lengthening effect is obvious on the final
word as a whole, but not consistent for the first syllable of the final word: ifitis a
stop syllable like sap6, it may not be lengthened.

S-Beginning ] *
—

£ S-End

]

(=

o

v

€

g .

qu; S-Mid

o

Word T %
0.0 0.2 0.4 0.6 0.8 1.0

Duration (s)

sap6 + quantifier @ saam1 + quantifier

Figure 7. Mean duration bars of the words of 3x (“saamI+QUANTIFIER”) and 10x
(“sap6+QUANTIFIER”) in different contexts, with error bars indicating +1 standard
deviation and *** and * indicating p <0.001 and p < 0.05 in paired-samples t-tests,

respectively
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Table 2. Results of paired comparison and paired-samples t-tests for word duration data

between “saamI+QUANTIFIER” and “sap6+QUANTIFIER’

saaml + sapé + Difference
Context Quantifier (s) Quantifier (s) (s) Ratio T df )4
WORD 0.843 0.798 0.045 1.056 9.339 339 <0.001
S-MID 0.556 0.55 0.006 1.010 1.605 339  0.109
S-END 0.6328 0.6329 —-0.0001 0.999 -0.007 59  0.995
S-BEGINNING 0.529 0.516 0.013 1.025 2.175 59  0.034

3.4 Duration structure of the initials, rhymes, and acoustic blank in the
words of “saam1/sap6 + QUANTIFIER”

Comparing the results in §3.2 and §3.3, it should be noted that the syllables
saaml and sap6 have significantly different duration patterns, with the non-stop
syllable saam1 being much longer than the stop syllable sap6 (§ 3.2). However, the
disyllabic words “saam1l + QUANTIFIER” and “sap6 + QUANTIFIER” are approach-
ing isochrony (§3.3), which implies that certain duration restructuring happens
within the disyllabic word. In this section, we report the findings of further analy-
ses of the duration composition of the disyllabic words that were carried out to
investigate the restructuring. As introduced in §2.1, the initials of QUANTIFIER
covered the whole set of the 17 initials in Cantonese, which was embedded in the
contexts of WorD and s-mi1D. The duration of the components of “saaml1/sap6 +
QUANTIFIER” were measured and analyzed, including the initial of the NUMERALS
(s for both saaml and sap6), the rhyme of the NUMERALS (aam for saaml and
ap for sap6), the acoustic blank between the NUMERAL and the QUANTIFIER, the
initial of the QUANTIFIER, and the rhyme of the QUANTIFIER. The stacked dura-
tion bars of the above components are displayed in Figures 8 and 9, and the cor-
responding statistical test results are listed in Tables 3 and 4, which show the data
in the contexts of worD and s-MID, respectively. In both Figures 8 and 9, the data
are divided into three groups according to the articulation manners of the initials
of the QUANTIFIER: QUANTIFIER with plosive initials ([p], [t], [k], [pP], [t"], and
[k]), QUANTIFIER with affricative/fricative initials ([ts], [ts?], [s], [f], and [h]), and
QUANTIFIER with voiced initials ([j], [w], [1], [m], [n], and [ng]).

Generally speaking, Figures 8 and 9 share similar patterns, but each compo-
nent in the context of worp (Figure 8) is a little longer than its counterpart in
the context of s-MID (Figure 9). The common patterns within saaml-sap6 pairs
and within the same context can be summarized as follows. First, the initial [s] of
numerals shows only a little fluctuation within pairs; usually, the s of sap6 is slightly
longer than the s of saam1. Second, the rhymes of numerals show a distinct pattern:
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10-ng
3-ng
10-n
3-n
10-m

saam1/ sap6 + quantifier with different initials (in word)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Duration (s)

s @ aamorap @ Blank @ Q-Initial @ Q-Rhyme

0.8

0.9

Quantifier with affricative/fricative initials Quantifier with voiced initials

Quantifier with plosive initials

Figure 8. Stacked duration bars of composing initials, rhymes, and acoustic blank of

“saaml/sap6 + QUANTIFIER” in Word
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saam1/ sap6 + quantifier with different initials (in S-Mid)

Quantifier with voiced initials

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Quantifier with affricative/fricative initials

10-kh
3-kh
10-th
3-th
10-ph
3-ph
10-k
3-k
10-t

10-p
3-p

Quantifier with plosive initials

0.0

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Duration (s)

@s @ aamorap @ Blank @ Q-Initial @ Q-Rhyme

Figure 9. Stacked duration bars of composing initials, rhymes, and acoustic blanks of
“saaml/sap6 + QUANTIFIER” in S-Mid
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ap is much shorter than aam, being one third to half the length of aam. Third, there
is very little or even no acoustic blank between saam1 and the following QUANTI-
FIER, but there is usually an obvious acoustic blank between sap6 and the Quan-
TIFIER. Fourth, the duration of the initial of the QUANTIFIER varies according to
the manner of articulation as well as the type of rhyme (stop or non-stop) of the
preceding numerals. A more detailed analysis is provided below. Fifth, there does
not seem to be an obvious difference in the rhymes of the QUANTIFIER between the
groups “saaml + QUANTIFIER” and “sap6 + QUANTIFIER'.

Table 3. Results of paired comparison and paired-samples #-tests for comparison of

duration structure of “saam1l + QUANTIFIER” and “sap6 + QUANTIFIER” in WORD

saaml sap6 Difference
(s) (s) (s) T i  p
Initial of NUMERAL 0.156 0.161 -0.005 -2.655 339 0.008
Rhyme of NUMERAL 0.299 0.114 0.185 72.048 339 0.000
Acoustic Blank + Initial of 0.105 0.239 -0.134 -40.382 339 0.000
QUANTIFIER
Rhyme of QUANTIFIER 0.284 0.284 -0.001 -0.215 339 0.830

Table 4. Results of paired comparison and paired-samples t-tests for comparison of

duration structure of “saaml + QUANTIFIER” and “sap6+QUANTIFIER” in S-MID

saaml sap6 Difference
(s) (s) (s) T a  p
Initial of NUMERAL 0.107 0.115 —-0.009 -9.425 339 0.000
Rhyme of NUMERAL 0.222 0.091 0.131 64.067 339 0.000
Acoustic Blank + Initial of 0.064 0.163 -0.100 -42.847 339 0.000
QUANTIFIER
Rhyme of QUANTIFIER 0.167 0.190 -0.023 4.162 339 0.000

From the above general observations, it can be inferred from the distinctive syl-
lable duration between saamI and sapé6 to the nearly isochronous disyllabic word
duration that the restructuring mainly happens among the middle components,
including the Rhyme of the NUMERAL, the Acoustic Blank in-between, and the Ini-
tial of the QUANTIFIER (Q-Initial). According to the observation from Figures 8
and 9, compared with the non-stop numeral saam1I, the stop numeral sap6 has a
much shorter rhyme, but there is much longer Acoustic Blank before the Quan-
TIFIER and/or the Q-Initial is lengthened. Regarding the plosive Q-Initials, they
are very short (especially the unaspirated plosives) and have a limited lengthening
effect after sap6 by themselves, but the Acoustic Blank in between NUMERAL and
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QUANTIFIER is long. As regards affricates and voiced consonants, their duration is
a little longer, and they exhibit a slight lengthening effect after stop syllable sapé,
together with an observable Acoustic Blank. As for fricatives, their duration is
long, and they show an evident lengthening effect after sap6; there is also a little
additional Acoustic Blank before, though not as long as before other types of con-
sonants.

Summarizing the patterns observed from different types of initials, it seems
that the Acoustic Blank and the Q-Initial are complementarily distributed (espe-
cially after the stop syllable sap6): a shorter Q-Initial is usually accompanied by a
longer Acoustic Blank before; or longer Q-Initial has shorter or even no Acoustic
Blank before. To test this hypothesis, Pearson correlation coeflicient data were cal-
culated, and the results are listed in Table 5. The data support that both in Word
and in s-MID, after the stop syllable sap6, the Acoustic Blank and Q-Initial are
significantly and negatively correlated (i.e. longer Acoustic Blank associates with
shorter Q-Initial, or vice versa). Regarding the non-stop syllable saam1I, signifi-
cant negative correlations between Acoustic Blank and Q-Initial also exist in the
context of worp, though with a smaller amplitude of correlation. However, in the
context of s-MID, there is no significant correlation between Acoustic Blank and
Q-Initjal. Probably, the complementary distribution of Acoustic Blank and the fol-
lowing initial mainly happen when the context allows a longer duration. In s-MID,
after the non-stop syllable saam1, the space is too limited for this complementary
distribution.

Table 5. Pearson correlation coefficient results for Acoustic Blank and Q-Initial

Acoustic Blank (s) Q-Initial (s) Pearson’s r N p
WORD-saaml 0.018942 0.085896 -0.337 340 <0.001
WORD-sap6 0.134211 0.104556 -0.465 340 <0.001
S-MID-saam1 0.00646 0.057182 -0.092 340 0.09
S-MID-s5ap6 0.087509 0.075693 —-0.428 340 <0.001

Taking Acoustic Blank and Q-Initial together as a whole, it seems to be in a
complementary relationship with the duration of the Rhyme of the NUMERAL.
To test this hypothesis, all the duration data of both “saaml+QUANTIFIER” and
“sap6+QUANTIFIER” were put together and the Pearson correlation coeflicient
between the Rhyme of the NUMERAL and the “Acoustic Blank + Q-Initial” was
calculated. In the context of worD, Pearson’s r=-0.622, N=680, p<0.001. In the
context of s-MID, Pearson’s r=-0.676, N=680, p <0.001. The correlation analyses
confirmed that there is significant negative correlation between the Rhyme of the
NUMERAL and the “Acoustic Blank + Q-Initial” (i.e. the shorter is the Rhyme of
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NUMERAL, the longer the “Acoustic Blank + Q-Initial”). Thus, “Acoustic Blank +
Q-Initjal” can play a compensatory role when the preceding rhyme is a short stop

syllable.

4. Discussions and conclusions

Through the acoustic experiments conducted in this study, we identified the
prosodic features of Cantonese syllables in various contexts; this can help to inter-
pret the mechanism behind the surface contradiction between syllable isochrony
and the shorter length of stop syllables. The results indicate that although both
initials and rhymes play important roles in deciding the total duration of a syl-
lable, the stop rhyme and non-stop rhyme distinction is more decisive. The data
also confirm that in all the tested contexts, stop syllables are much shorter than
non-stop syllables. To phonetically realize isochrony in a disyllabic word, there
is a supplementary lengthening effect following the stop rhymes: there is more
acoustic blank, and in some circumstances the initial of the following syllable is
lengthened. Through the supplementary lengthening mechanism, the shortness
of the stop syllable can be compensated for and the disyllabic word can approxi-
mate the status of isochrony.

Perry et al. (2009) examined the relationship between the acoustic duration
of syllables and the silent pauses (the equivalent of acoustic blank in our study)
that follow them at syntactic junctures in Cantonese. They found a compensatory
relationship between the acoustic duration of syllables and the duration of the
silent pauses after them. Their studies focused on syntactic juncture and did not
pay special attention to the difference between stop and non-stop syllables, but the
underlying mechanism should be the same as that in the present study: the silent
pause, or the acoustic blank after the syllable, can serve as a durational bufter for
the syllable which is adaptable according to the preceding syllable. If the preced-
ing syllable is long, the acoustic blank is short, and vice versa. Regarding the stop
syllables carrying the morphological changed tone (e.g. aap2 ‘duck’) mentioned
in § 1.2, the general impression is that they are a little longer than the stop syllables
carrying T7, T8, and T9. It can be inferred that the buffer after them is shorter as
a result. This post-syllabic buffer effect can minimize the intrinsic durational dif-
ferences decided by syllable structure and thus help to keep a balanced tempo in
the speech rhythm.

This mechanism sounds like a compensatory lengthening effect. However, in
the literature (De Chene & Anderson 1979; Hayes 1989; Gess 1998; Kiparsky
2011; Kavitskaya 2014, among many others), the term compensatory lengthening
refers to the lengthening of a vowel that happens upon the loss of a following syl-
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lable coda or the loss of a vowel in an adjacent syllable. This means the so-called
compensatory lengthening is the lengthening of the vowel nucleus to compensate
for the loss of the following segment, while the lengthening effect investigated in
this study refers to the lengthening of the following acoustic blank or segment
to compensate for the shortness of the vowel nucleus. Therefore, they operate in
opposite directions. To show the difference, the lengthening effect investigated in
this study is named supplementary lengthening.

Hayes (1989) argued that compensatory lengthening may arise from speakers’
attempts to preserve a word’s moraic count. Moraic phonology can also be applied
to explain the lengthening effect investigated in this study. Although the visible
acoustic signal of a stop coda is short, phonologically it occupies a mora’s length,
and thus acoustically it is realized as an invisible signal as an additional acoustic
blank, or as “borrowing” a certain length from the initial of the following syllable.
In other words, the supplementary lengthening is to fulfill the mora of the stop
coda, which is cross-syllabic.

It is well known that entering tones are vanishing, or indeed have vanished,
in many Chinese dialects. Many previous studies discussed the processes, stages,
and mechanisms of this phenomenon (Zhu et al. 2008; Song 2009, among many
others). The disappearance of entering tones involves the loss of stop codas, the
lengthening of the rhymes, and the merger of entering and non-entering tone cat-
egories. Previous studies on this topic mainly focused on syllables in isolation and
seldom investigated the process in continuous speech. Cross-syllabic factors and
speech rhythm reasons were not discussed. However, this sound change should be
happening in continuous speech, the most frequent context in our daily speech.
Our study indicates that stop syllables must depend on the cross-syllabic sup-
plementary lengthening to realize the mora of stop coda, and thus to approach
prosodic feature of the syllable isochrony. Supplementary lengthening or borrow-
ing length from the following segment are expedient processes and do not seem
to be solid and steady. Thus, the stop coda is being weakened and the preced-
ing vowel nucleus is being lengthened gradually to adjust the durational structure
to fulfill the rhythmic feature of syllable isochrony (i.e. the intra-syllabic com-
pensatory lengthening process takes place to substitute for the cross-syllabic sup-
plementary lengthening process). This hypothesis should be further verified in
future studies; and this is the target for the next step of our research.

To summarize, our experiment in this study confirmed that stop syllables
alone are shorter than non-stop syllables in various contexts, while in continuous
speech (including in disyllabic words alone or at s-BEGINNING, S-MID, Or S-END)
there is a supplementary lengthening effect: either there is additional acoustic
blank or the initial of the following syllable is lengthened. This supplementary
lengthening effect can serve as a buffer for maintaining the syllable-timed



Ling Zhang

prosodic feature. We further propose that this cross-syllabic supplementary
lengthening process is an expedient process and is apt to be substituted by another
phonological process, namely compensatory lengthening: with weakening stop
codas, the preceding vowel nucleus is lengthening to adjust the syllabic internal
durational structure. This proposal should be further tested in future research.
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Abbreviations

S-MID In the middle position of a sentence
S-BEGINNING At the beginning of a sentence
S-END At the end of a sentence

Q-Initial The initial of a quantifier

Q-Rhyme  The rhyme of a quantifier

Appendix. Chinese reading list for the acoustic experiments

—. tHiE NYIEGEA, SEE =R
——ZZWANSNENALTEEHT
. FEETYIERE, SEE R
(—) 1. =82, =3, =8 4. =5 =Wie. =87, =fks =F9. =
10, =H 11, =5k 12, =& 13, =f 14, =@ 15. =16, =R 17,

=&
.

() 1. T82, +HE3. T84, +fs5 TRie. 87, +&8 +HFE 9. +
10, +HE 11, +5R 12, +H 13, TH 14 HE 15, 160 TR 17,
+&

|1l

. AR NAIATT, ERER TR IR
1, EAE=FH. E6 T
2, EE=#AS, EAHREX,
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BH =8B,
EHE=E*x,
BB =W,
EAE=R4R,
EH =1,
EH=FTH,
EE=84%R,
EE=H%H.,
BH =R,
ER=H2,
BH =FE04,
BH = farE,
EH =4
EH=IREET,
ER=aH,

EH+ BN,
EE &R,
EE B,
EETRAER,
B R,
EAHEET#,
EH+HEAR,
B+ HER,
B RIEFR,
EE BB,
B HAE0HEZ,
EA R,
EATHAHRAR,
EA T ARIEET,
EA+ @B,

18, EMTEE =15, [EMTHE 5,
19, ZAFETEAEIE D, +E THREIED,
20, {EMEREA =@, EBEES HE,
21, =fERFIREARIE D, A+ EREARIE D,
22, EMEBHECA =, EMSHA .
23, =HMMFZAIED, HAERFZARIE D,
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