An Interplay Between F0 and Phonation in Du’an Zhuang Tone
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Abstract

This paper undertook an acoustic study of the tone system of
one speaker of Du'an Zhuang, finding that his tone system
involved phonation contrasts in addition to FO contrasts. It was
found that two of the six tones in unchecked syllables
involved significant creakiness near the midpoint of the vowel.
These results suggest a phonological tone contrast that
involves both FO and creakiness. Among pairs of tones that
differed in their phonation, significant differences in the
timing of FO fall were discovered. Additionally, the two
creaky tones differed in the timing of the maximum
creakiness. Future research could establish whether and to
what extent Du'an Zhuang speakers utilize creakiness and FO,
and their relative timing, in discerning between tonal
categories. Production studies are needed with larger samples
of speakers and perception studies are needed to confirm the
contrastive roles of phonation and FO in the Du’an Zhuang
tone system.

Index Terms: Creakiness, phonation, tone, Zhuang

1. Introduction

This paper illustrates the importance of considering
phonation in tonal studies of languages via a specific example
with a single speaker of the Du’an dialect of the Zhuang
language, a member of the Tai-Kadai family spoken in
southern China. The paper constitutes a production study
where both FO and a composite acoustic measure of creakiness
are together taken to distinguish tonal categories.

Previous work has been done on Wuming Zhuang, the
standard variety, which is spoken in the Yongbei (&£1k)
region. Wuming Zhuang belongs to the Hongshui He (£L.7K 7))
group as a variety of Northern Zhuang. Wei and Qin [1] have
established that Wuming Zhuang employs a system of tonal
contrast in which FO contours alone can fully describe the tone
system. Hansen and Castro [2] and Kullavanijaya [3] have
reported that dialectal variations of Zhuang are so vast that
various dialects are mutually unintelligible.

We explore the possibility that the tonal system of Du’an
Zhuang involves contrasts in both FO and creaky phonation.
While pitch has been at the center of describing tone, studies
have noted that phonetic correlates such as phonation and/or
duration are also important in characterizing tone in general
(see [4] for discussion). Many authors have offered proposals
of Chinese languages where phonation contrasts are involved
[5,6,7].

In the Cambodian language, a report on ‘register’ appears,
in which one register is described as being associated with a
breathy or sepulchral voice and lower pitch, and another
register with a normal voice with higher pitch [8]. DiCanio [9]
provides a detailed phonetic study of the register system in
Chong, a Mon-Khmer language. The interplay between

phonation and tone has been reported in various other
languages, including Burmese [10], Green Mong [11],
Southern Yi, Hani and Bo [12], to name a few.

A traditional description of Chinese is based on Chao
Tone Letters [13], which represent tones using numbers 1 to 5
in ascending pitch order. In the case of Zhuang, each tone
category is split into two, allegedly to an upper register and a
lower register as shown in Table 1. Note the traditional use of
“register” in Chinese is distinct from “register languages”
involving contrasts in FO and/or phonation.

Table 1. Tone categories and corresponding Chao
Tone Letters in Wuming Zhuang (based on [1]).

Tone 1 3 5 7 Short 7 Long
Chao 24 55 35 55 35
Example [na] [na] [na] [nap] [na:p]
Gloss ‘thick’ “face’ ‘arrow’ ‘to put | ‘to be

into’ stuck’
Tone 2 4 6 8 Short 8 Long
Chao 31 42 33 33 33
Example [na] [na] [na] [nap] [na:p]
Gloss “field’ ‘aunt’ ‘meat’ ‘to bind’ ‘to  turn
in tax’

Note that checked syllables, which from the point of view of
tone behave as a distinct sub-system contrasting two tones
(tones 7 and 8), are not included in the scope of this study.

The main focus of discussion in the rest of the paper is
to investigate the roles of pitch and phonation and how these
are used to distinguish tonal categories in unchecked syllables
for our Du’an Zhuang speaker. Note that results from this
single speaker cannot be generalized to the language.

2. Materials

The data for this study was acquired from one male native
speaker of Du'an Zhuang in his mid 20's. He received his
education in Zhuang until middle school. Since then, his
education was in Mandarin Chinese. At the time of the
elicitation, the consultant communicated with his immediate
family members and relatives in Du'an Zhuang over the
phone. In the US, however, he mainly spoke Mandarin
Chinese.

The words used in the recordings were taken from [1], a
short grammar that describes Wuming Zhuang. The word list
used for recordings was taken from the sections on sounds and
tone. The stimuli list includes all onset types, vowel qualities,
vowel lengths and coda types in order to control for contextual
effects on FO. 160 items were used in total, with each item
repeated multiple times.

Six tokens with duration less than 40 ms were discarded
since they were too short.




Influence of onset and coda segments on tone, duration
and FO contour is important. Unfortunately, with the available
data it is impossible to do such an analysis since not all
combinations of tones and onsets (or codas) were present.
Therefore, only differences in tones are reported here.

Four two-hour recording sessions were conducted in a
soundproof booth at a U.S.-based university. The participant
took breaks every 30-45 minutes. He wore a head-mounted
unidirectional cardioid microphone Shure WH-30, which was
connected to a solid-state recorder Marantz PMD671 with an
XLR cable. Most collected samples were stored in mono
WAV files at a sampling rate of 48 kHz; some of them (111
of 549) were sampled at 44.1 kHz due to a setup error. Words
were read in list form to exclude possible tone sandhi effects,
and were presented using Chinese characters. Their
transcriptions, which are for Wuming Zhuang, were used as a
basis for comparing each tone with the corresponding elicited
Du'an Zhuang versions. Most tokens were repeated at least
three times (there were ten words that were only recorded
once). A total of 559 tokens were recorded. Of these, 436
tokens were unchecked syllables. 162 of these had nasal
codas; the remaining 274 tokens had no coda.

The annotation process was eased using Praat [14]. The
annotation included a segment tier, on which the syllable
rhyme was marked. The decision to focus on syllable rhymes
follows since tone is associated to rhymes. Rhyme boundaries
were determined manually. The initial boundary was set by
looking for the point at which the nucleus vowel formants
became apparent. The end of the rhyme was determined by the
absence of voicing. Boundaries were then adjusted to the
nearest zero-crossing sample.

Each token was inspected by the first author and
categorized as creaky or non-creaky based on aural and visual
inspection of the waveform. The latter process involved
looking for irregularly spaced voicing pulses. This
classification was used to determine parameters in FO analysis,
as later explained.

3. Analysis

3.1. FO contour analysis

FO values were estimated using an autocorrelation method
[15] implemented in [14] every 10 ms. This algorithm has
several parameters from which ‘Pitch Floor’ (minimum FO
threshold) and ‘Voicing Threshold’ are important for this
analysis. For non-creaky tones, they were set at their defaults
(75 Hz and 0.45, respectively), but for creaky tones (i.e., those
tones that were manually identified as creaky), these
parameters were lowered to 40 Hz and 0.2 as a way to
minimize errors on the voiced/unvoiced classification
performed by the algorithm. A slightly higher duration
threshold for exclusion of tokens (50 ms, instead of 40 ms)
was used for creaky tokens to accommodate the lowered
frequency of those tokens. FO contours generated in this
fashion were visually and aurally inspected and corrections
were manually made when octave jump errors were found.

Each token was time normalized (normT) before fitting a
smoothing cubic spline ANOVA model as implemented in [16]
and used in [17] and [18].

In our model, FO is explained by the factors Tone (after
reclassification) and normT, and their interaction. Smoothing
parameters were selected by a generalized cross-validation
method using the default parameter values (e.g o =1.4).

A coefficient of determination R*= .722 was found for the
unchecked tone model. To evaluate the fitted model, FO values

were predicted every 2 percentage points of the normalized
time and were plotted along with 95% Bayesian confidence
intervals as shown in Fig. 1. Overlapping between confidence
intervals corresponds to regions where no evidence of
significant difference between tones was found. Results in Fig.
1 can be used to describe the tone system of Du'an Zhuang,
but it is not sufficient to classify the tones. Details of these
results will be discussed in Section 4.1
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Figure 1: FO contour for unchecked tones along with 95%
confidence intervals. Non-significant differences between
contours correspond to overlapping regions.

3.2. Creakiness analysis

This section will discuss a composite method used to
measure creakiness in detail. Creakiness was estimated every
10 ms using the method described in [19] and [20]. This
algorithm determines the odds of a frame being creaky based
on a combination of acoustic features, although the authors
note that the output should not be taken as a strict probability.
Information theoretic methodology was applied to assess how
well a set of acoustic features correlated with actual creakiness
judgments of recordings from various databases. Their model
outperformed other recent models in its ability to correctly
identify instances of creakiness [19].

The acoustic features considered included the difference
between the first two harmonics H2-H1, FO contour, residual
peak prominence (RPP), as well as a group of features used by
[21], including power peak parameters, inter-pulse similarity
(IPS), and intra-frame periodicity. RPP refers to prominence
of local minima of the residual signal after applying an LPC
filter to the signal; IPS is the maximum of the cross-
correlation between two adjacent audio frames in the vicinity
of a peak candidate in the signal. Three further measures
(normalized signal energy, number of zero-crossings, and
variance in the very short-term power contour) were also
included to minimize false positives. Annotated recordings
from a number of databases were used to train an artificial
neural feedforward network consisting of a single hidden layer
of neurons as implemented in [22], yielding an output, which
is treated as a probability of creakiness. The annotated
recordings included examples from four languages that do not
use creakiness contrastively: American English, Swedish,
Finnish, and Japanese. Drugman et al. [20] determined the
creakiness of the samples manually (via aural and visual
inspection of the waveform).

There are a few advantages of employing this creakiness
algorithm over previous methods. For example, the creakiness
algorithm used here uses multiple acoustic measures in a
composite way to assess, in a single quantitative manner,
whether an audio frame is creaky or not. The weighting of



each acoustic measure is based on the training of the neural
network [22]. Previous non-composite methods examine
acoustic measures such as H2-H1, H2-Al or RPP,
independently [12, 33, 34]. One could observe the disparate
acoustic correlates in this way to determine whether a token is
creaky or not, but this work is rather painstaking and prone to
errors. While it is valid to apply a particular acoustic measure
that is already known to correlate with creakiness in a
particular language, exploratory studies on languages where
the status of creakiness is unknown should consider all
acoustic measures.

The method used here has the additional advantage that it
does not require any vowel normalization in order to correct
for differences in H2-H1. As such, we believe that the
composite method in [20] can readily be extended to less
studied languages for further investigation of creakiness; due
to the nature of the data collection, these languages do not
usually result in a balanced, controlled data set. However, not
all acoustic features associated with creakiness are perceptual
cues, and so the results here do not necessarily imply that
creakiness is contrastive.

After normalizing the duration of each Du'an Zhuang
token, the differences in creakiness profiles of each tone were
investigated in the same fashion as was done with FO contours.
Fig. 2 illustrates the creakiness contours for each unchecked
tone with their corresponding 95% Bayesian confidence
intervals. For creakiness, the coefficient of determination was
R?= 273 for the unchecked tone model.
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Figure 2: Creakiness probability contour for unchecked
tones and their corresponding 95% confidence intervals.

4. Discussion

Four distinct categories of FO profile in unchecked
syllables are exemplified in Fig. 1. These categories are a
rising-falling contour (exemplified by tone 1), a lower falling
contour (tones 2 and 4), a higher falling contour (tones 3 and
6), and a mid-level contour (tone 5). Notably, tones 2 and 4 as
well as tones 3 and 6 have very similar FO contours. The
following discussion will focus on tones 2, 3, 4 and 6 since
these tones exemplify the interplay between FO and phonation.

Tone 4 differs from tone 2 only in that tone 4 falls earlier;
while tone 3 and tone 6 have nearly identical falling FO
profiles, tone 3 is on average 5-10 Hz higher throughout.
These similarities in FO profile highlight pairs of tones in
which phonation may be contrastive. One member of each pair
(namely, tone 4 and tone 6) has significant creakiness, as is
seen in Fig. 2. This analysis is consistent with the FO-lowering
effect, seen in both creaky tones relative to their non-creaky
counterpart. FO-lowering is a common feature of creaky
phonation [25, 26]. The fact that the FO profiles are not

identical suggests that the contrasts between tones 2 and 4 and
between tones 3 and 6 may involve FO and creakiness playing
a role together.

Another interesting aspect is in the timing of FO contours.
Rose, and Seidle [27] found that creaky phonation correlates
with an earlier fall in FO in Thai-Phake. The same correlation
is seen in Du'an Zhuang when comparing tones 2 and 4, for
example, as shown in Fig. 3.
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Figure 3: Overlaid temporal contours of FO (dashed line)
and creakiness (solid line) for tone 2 (top panel), tone 4
(middle panel) and tone 6.

Both tones begin and end at similar FO, however while the
creaky tone 4 has an initial drop in FO, tone 2 FO is flat over
the first half of the vowel, only dropping over the latter half of
the vowel. In addition to FO, tones 4 and 6 exhibit notable
differences in the timing of the creakiness peak. While tone 4
has a peak at the midpoint, tone 6 has a creakiness peak at
around 70% of the vowel duration. The early creakiness peak
in tone 4 corresponds to an earlier fall in FO. Therefore,
location of creakiness peak and timing in the falling FO
contours appear to be correlated with each other. The degree
to which creakiness, F0, and their relative timing are involved
in tone category discrimination is another interesting direction
for future research (cf. Andruski [11] who did such a
perception study in Green Mong).

While the tonal system described by [1] for Wuming
Zhuang has six contrastive tones in unchecked syllables based
only on distinct FO profiles, acoustic analysis for one Du'an
Zhuang speaker suggests only four distinct FO profiles, with
an additional phonation contrast overlaid, resulting in 6
contrastive tone categories, as shown in Table 2. While the
same number of contrastive tones (six) is found in each
dialect, Du'an Zhuang differs from the description of Wuming
Zhuang in that FO alone does not fully capture the six-way
tonal contrast in Du'an Zhuang; phonation plays a significant
role in this contrast in Du'an Zhuang. The results here suggest
that creakiness may also be present but overlooked in Wuming
Zhuang, a possibility that can be verified in future work.



Table 2. Comparison of Chao Tones for Wuming and
Proposed Chao Tones for Du’an Zhuang

Tone WUMING DU’AN ZHUANG

ZHUANG Our Pitch Phonation
ASIN[1] Proposal

1 24 453 rising falling modal

2 31 31 modal lower falling modal

3 55 51 modal falling modal

4 42 31 creaky lower falling creaky

5 35 33 mid level modal

6 33 51 creaky falling creaky

5. Conclusions

The tonal system of Du'an Zhuang involves four distinct
FO contours in unchecked syllables, two of which are further
divided by phonation differences. The two falling tones, [51]
and [31], have creaky and modal counterparts, resulting in six
distinct tonal categories. While the standard dialect, Wuming
Zhuang also has six distinct tones, those tones reportedly are
distinguished based only on FO contours, with no mention of
phonation playing a contrastive role.

This acoustic study highlights the fact that tonal contrast
may not be entirely fulfilled by a single acoustic dimension; in
the case of one Du'an Zhuang speaker, it appears that
creakiness plays an important role, in addition to FO. While
these roles have been established here based on a production
study of one speaker, it remains to be shown whether and to
what extent speakers of Du'an Zhuang use creakiness and/or
FO as cues in identifying tones in general. Additionally, future
research on the perception side would complement the current
results from the production side. This new research could also
address whether speakers use timing information to establish
tonal categories as well, as it was noted that the location of
maximum creakiness correlated with timing of falls in FO.
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