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Abstract 
This paper is a preliminary report of the aspiration-
conditioned tonal split in Leng-shui-jiang (LSJ hereafter) 
Chinese. So far no consensus has been reached concerning the 
intrinsic perturbation of aspiration on the F0 of the following 
vowel. Conflicting data come from both the same language 
and different languages. In order to shed light on this issue, F0 
and Closing quotient (Qx hereafter) are calculated in syllables 
after aspirated and unaspirated obstruents from six speakers 
(three male, three female) in LSJ dialect. The results turn out 
that F0 is significantly lower after the aspirated obstruents in 
two out of the three tone groups. The relatively lower Qx 
found in the syllables with aspirated initials is a possible 
explanation for the lower pitch. 
Index Terms: aspiration-conditioned tonal split, LSJ Chinese, 
subglottal air pressure, vocal fold tension 

1. Introduction 
The intrinsic perturbation of aspiration on F0 of the following 
vowel has been under debate for many years. Conflicting 
results have been reported concerning the effect of voiceless 
aspirated obstruents. One group of scholars found that 
aspiration will raise the F0 of the following vowel as in 
Korean [8]; Thai [2]; Danish [6]; Cantonese [13] and 
Taiwanese [9]. However, the opposite results came from either 
the same language such as Thai [3] or other languages such as 
Hindi [7] and Mandarin [12]. Scholars like Hombert and 
Ladefoged [5] reached the conclusion that there is no direct 
correlation between aspiration and the onset F0 of the 
following vowel. All these contradictory data seem to suggest 
that the strategies people use to modulate the subglottal air 
pressure and laryngeal activities during the production of a 
syllable with aspirated obstruents vary across languages, and 
even across speakers in a single language. 

This paper is a preliminary report of F0 difference after 
aspirated obstruent and unaspirated obstruent in LSJ Chinese. 
LSJ dialect is a tone language in Xiang group spoken in 
Southern China. It contrasts seven tones in phonological 
description, two level and five rising pitches (t-test result is 
considered in the phonological description). Etymologically 
there are four tonal categories in Middle Chinese, Ping �, 
Shang �, Qu �, and Ru �. Code with number plus letter 
like 1a, 2c is used to represent the tone in this study. Number 
1-4 refers to the historical tonal categories Ping�, Shang�, 
Qu�, and Ru�; letter a, b and c refers to the type of initial -
voiceless unaspirated, breathy voiced and voiceless aspirated 
initial respectively. In auditory transcription, 1a is a middle 
level tone [33]; 2a is a low level tone [22]; 3a is a high rising 

tone [35]. 1c, 2c, and 3c which begin with aspirated obstruent 
are deviations from 1a, 2a and 3a respectively (which are 
highlighted in red in Table 1). 1c is a low rising tone [23]; 2c 
is also a low level tone [22]; 3c is a middle rising tone [24]. 
This study concerns F0 difference after unaspirated and 
aspirated initial (1a vs. 1c, 2a vs. 2c, 3a vs. 3c) in three out of 
the four tonal groups, Ping�, Shang�, and Qu�. 

Quantitative methods are used to test if this F0 difference 
is significant in all tones across the six speakers. T-test result 
turns out that F0 after aspirated obstruent is significantly lower 
than after unaspirated (fricatives are not within the range of 
this study) in two out of the three tonal groups. In order to 
explore the cause for depressed F0 after aspirated obstruent, 
closing quotient in aspirated and unaspirated syllable is 
measured with the Laryngograph microprocessor. It seems that 
smaller closing quotient is correlated to lower F0 in aspirated 
syllable. But more research is needed to evaluate the function 
of closing quotient in F0 control mechanism. 

2. Experiment 
Two experiments - acoustic experiment (Experiment 1) and 
electroglottograph (EGG hereafter) experiment (Experiment 2) 
were conducted to elicit F0 and Qx of vowels after voiceless 
aspirated and voiceless unaspirated obstruent. 

2.1. Corpus elicitation 

In this study syllables with both CV and C1VC2 structure were 
used to obtain F0 and Qx values. C1 is composed of plosives 
/p p�/, /t t�/ /k k�/, and affricates /� ��/, /� ��/ and /� ��/; V 
contains /i y � � æ � a/; C2 refers to the alveolar nasal /n/. 
Syllables with contrast in type of initial are arranged in three 
tone groups, group 1 (1a, 1b & 1c), group 2 (2a & 2c), group 3 
(3a & 3c). Vowel context is kept constant in the same tone 
group to eliminate the intrinsic vowel perturbation. 

Table 1. A demonstration of the words used.

Tone Word Transcription Gloss 
1a �� [t�n 33] east 
1c �� [t��n ��] to lead to 
1b 	� [t ��n ��] equal 
2a 
� [t�n ��] to understand
2c �� [t��n ��] a bucket 
3a �� [t�n 35] to move 
3c � [t��n ��] to hurt 
Totally 307 words (158 with plosive initials and 149 with 

affricate initials) were recorded from six speakers (three male, 
three female) in Experiment 1. 
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The speakers were instructed to read out these words in the 
following frame sentence: 

	
��� �� ��� �� ������������ ��]. 
This   is  a               word. 
Speakers were reminded to place equal emphasis on test 

word in carrier sentence to control possible intonation’s effect. 
88 words (all minimal pairs of three tonal groups) were 

selected to elicit EGG signals. Two speakers (one male, one 
female) out of the six participated in this experiment. Totally 
2018 speech samples were made (307�6�88�2�2018). 

In Experiment 1, the recording was made through Praat 
4.6.06 at the sampling frequency 44100 Hz. In Experiment 2, 
Laryngograph VoiceSuite (by the Laryngograph®) was used 
to record F0 as well as Qx information simultaneously. First, a 
band with two electrodes sticking to it was tied to the neck of 
the speaker. A tie-clip microphone was clipped to the collar of 
the speaker. The speaker was instructed to read out the words 
in citation form. 

2.2. Measurement 

Measurement of F0 was made at the 13 sampling points 0%, 
5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% 
and 100 % of syllables across the six speakers. A one-tailed t-
test is used to see if there is a significant difference between 
F0 after the aspirated and unaspirated initial over time in each 
tonal group (1a vs. 1c, 2a vs. 2c, 3a vs. 3c). 

As the intrinsic perturbation of aspiration on F0 is most 
obvious in the first few cycles, F0 of the first ten cycles were 
measured as well. Due to Praat’s poor performance of 
extracting F0 at the very beginning of one syllable, the 
measurement was made by hand by expanding the waveform 
and measuring the duration of the first ten cycles (F0 is 
reversely proportional to the duration of one cycle). In order to 
make sure the errors caused by hand are within control, two 
measurements of the same recording were made separately. It 
turned out that deviation between the two measurements is 
within 6 Hz (mean 2.23 Hz, SD 2.86 Hz). 

EGG outputs are composed of speech waveform and 
larynx waveform in Laryngograph VoiceSuite. F0 as well as 
Qx was calculated along the larynx waveform at the sampling 
points 0%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 
and 100 %.The starting point was set as the first obvious pulse 
in the larynx waveform and the ending point was the last one. 
Thus only the phonation part was included in the analysis. 

Qx refers to the percentage ratio of estimated phase of 
vocal folds contact to the total period for each vocal fold cycle 
based on the larynx waveform. In Laryngograph VoiceSuite 
the time width of the closure waveform at 70% of the peak to 
peak value of the larynx waveform is used. Closing quotient is 
an indicator of the glottal abduction [13]. 

3. Results 

3.1. Fundamental frequency 

F0 values measured at the first 10 pulses and the 13 sampling 
points over time are averaged within both gender group. In 
Figure 1 and 2, mean F0 of the first ten pulses were plotted as 
a function of the number of cycles in the left column (a); 
average F0 of 13 sampling points were plotted as a function of 
the absolute time in the right column (b). In both columns, the 
vertical axis represents scale of F0 (its unit is Hz). F0 after 
unaspirated obstruent is represented by blue bar in the left 
column and blue solid line in the right; F0 curve after 
aspirated obstruent is shown as red bar and line. 

As can be seen in Figure 1 and 2, difference in F0 after 
aspirated (1c, 2c, 3c) and unaspirated obstruent (1a, 2a, 3a) are 
quite consistent in both gender groups. The most obvious 
distinction is found in tone group 3, between 3a and 3c; F0 
curve of 2a almost overlaps with 2c except in the first one or 
two sampling points; F0 of 1c is notably lower than 1a before 
c. 80% of the time course. 

(a) The first 10 cycles   (b) The whole time course
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Figure 1. Mean F0 of the first ten cycles (the left column 
(a)) and the whole time course (the right column (b)) in 
three tone groups from three male speakers.

(a) The first 10 cycles   (b) The whole time course
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Figure 2. Mean F0 of the first ten cycles (the left column 
(a)) and the whole time course (the right column (b)) in 
three tone groups from three female speakers. 
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It is interesting to note that F0 of 1a, 2a and 3a are already 
different from each other since the first few cycles while 1c, 2c, 
and 3c are relatively similar in the first few cycles if we put F0 
curves of three tone groups in a single graph. Standard 
deviation of F0 between 1a, 2a and 3a is much larger than that 
of 1c, 2c and 3c (c. 50 for the unaspirated tones and c. 30 for 
aspirated tones for the first four cycles). It seems that the 
linguistic target of 1a, 2a and 3a has been realized since the 
very beginning of the syllable but the realization of the 
linguistic target of 1c, 2c and 3c is delayed and aspiration’s 
intrinsic perturbation lasts for a longer time. If so, it is 
understandable why there is no significant difference between 
2a and 2c since 2a is too adjacent to the intrinsic F0 of 2c. 

After F0 was measured, t-test is adopted to see if there is a 
significant difference between F0 after aspirated and 
unaspirated obstruent. It turns out that for all speakers: 3c is 
significantly lower than 3a throughout the syllable; 1c is 
significantly lower than 1a for most part of the duration. There 
is no systematically significant difference between 2a and 2c. 
F0 and t-test result from one female speaker (ZLY) was 
reported in Table 2. “1a-1c” in the fifth column refers to the t-
test result of F0 difference between 1a and 1c. Where the p-
value is larger than 0.05, an “NSD” (non significant difference) 
is plotted. Data of the other five speakers were not provided 
here due to the limited space. 

Table 2 Mean F0 values (in Hz) with plosive initial 
and t-test result from one female speaker, ZLY. 

Point 1a 1c 1b 1a-1c 2a 2c 2a-2c 3a 3c 3a-3c

0 237.4 197.5 165.0 p<0.0005 182.2 185.8 NSD 342.1 223.6 p<0.0005

5 235.0 195.5 163.8 p<0.0005 180.0 181.2 NSD 347.8 223.4 p<0.0005

10 232.5 193.5 159.3 p<0.0005 177.7 177.0 NSD 354.3 222.7 p<0.0005

20 228.3 191.7 148.2 p<0.0005 172.9 170.6 NSD 368.1 226.8 p<0.0005

30 225.6 193.7 140.8 p<0.0005 168.7 166.5 NSD 381.2 240.9 p<0.0005

40 224.4 198.6 139.8 p<0.0005 165.3 164.2 NSD 393.0 263.0 p<0.0005

50 224.2 204.7 144.6 p<0.0005 162.9 162.9 NSD 403.8 289.0 p<0.0005

60 224.9 210.7 153.9 p<0.005 161.5 162.0 NSD 415.2 316.6 p<0.0005

70 226.4 216.5 165.8 p<0.01 160.8 161.4 NSD 428.0 345.6 p<0.0005

80 228.6 222.1 178.6 p<0.05 160.8 161.2 NSD 442.2 375.8 p<0.0005

90 231.0 227.3 189.6 NSD 161.3 161.8 NSD 455.1 402.7 p<0.0005

95 231.7 229.0 192.8 NSD 161.8 162.4 NSD 459.2 410.8 p<0.0005

100 231.8 229.1 193.5 NSD 162.6 163.1 NSD 459.8 411.2 p<0.0005

3.2. Closing quotient 

F0 as well as Qx was measured with Laryngograph VoiceSuite 
in speech samples of two speakers. Mean Qx values along the 
11 sampling points (0%, 10%, 20%... 100 %) were shown in 
Table 3. Generally speaking, Qx values of 1c, 2c and 3c are 
relatively lower than 1a, 2a and 3a; the difference is especially 
apparent in the first half of the whole syllable. If we set 40% 
as the criteria for ‘normal’ Qx in vocal fold vibration and 
change the background color of each box in which Qx value is 
no less than 40% to yellow, it is easy to see that Qx of 
unaspirated syllables (1a and 3a) generally reaches 40% since 
10% of the duration while it takes much longer time for Qx of 
aspirated syllables (1c and 3c) to reach this value. (Admittedly, 
we do not know if 40% is the ‘normal’ value of closing 
quotient in the steady portion of a syllable; such an option is 

made here just to clarify the difference in Qx between 
aspirated and unaspirated syllables). Since the contact phase of 
syllables with aspirated obstruent is shorter than the 
unaspirated obstruent, which indicates a more abducted glottis, 
it is reasonable to expect a lower F0 after aspirated obstruent. 

It is also noteworthy that Qx in 2a, unlike 1a and 3a tends 
to take a longer time to reach 40% - it never reaches 40% in 
the male speaker and does not reach it until the fifth sampling 
point in the female speaker. Assuming that Qx is one of the F0 
controlling factors, this observation that Qx of 2a shows a 
different behavior from 1a and 3a seems to provide a possible 
explanation for the lack of significant difference in F0 between 
2a and 2c. But more data are needed to testify this hypothesis. 

Table 3. Qx values (in %) in three tonal groups from one 
male speaker pcx (a) and one female speaker zly (b). 

(a) 
pcx 0 10 20 30 40 50 60 70 80 90 100

1a 33.1 43.1 45.1 44.6 44.5 43.8 43 42 39.1 31.9 23.5

1c 24.6 32.2 37.4 40.3 41.8 41.8 42 41.7 39 31.3 22.7

2a 28.7 38.5 38.5 38.8 38.1 36.8 34.6 32.1 31.8 32.1 25.8

2c 24.8 31.9 37 37.8 37.7 36.7 35.1 33.9 32.8 32.5 23.5

3a 29.6 43.8 45.7 46.5 46.1 45.7 44.7 41.2 36.9 32.4 23.3

3c 20.2 30.9 39.8 42.4 42.6 43.9 44.2 44.8 39.2 36.8 28.8

(b) 
zly 0 10 20 30 40 50 60 70 80 90 100

1a 30.1 40.5 40.9 40.9 39.8 38.9 38.4 37.6 35.3 31 21.9

1c 32.8 36.5 38.9 39.4 39.1 39.1 38.1 37 34.7 31.2 24.7

2a 31.2 36.7 37.3 39.3 41.8 41.4 41.1 42.5 41.5 39.6 30.6

2c 38.1 33.3 34.3 36.6 36.7 38.7 39.6 41 40.8 39.2 31.7

3a 34.2 47.4 48.1 48.6 47.9 47.4 45.3 41.4 39 34.4 33.8

3c 25.1 40.9 45.8 46.7 46.6 45.6 44.7 41.8 39.7 37.1 29.6
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Figure 3. Variation of Qx against F0 in three tone groups 
(male speaker, PCX). 

Simultaneously recorded F0 by VoiceSuite was measured 
at the same sampling points as Qx. F0 and Qx at the same 
sampling points were plotted against each other in Figure 3. 
The first and last sampling point (0% and 100%) were not 
included in it as F0 and Qx measured in VoiceSuite tend to be 
inaccurate at the beginning and end of a syllable. 

In order to figure out the independence between F0 and 
Qx, correlation coefficient r was calculated, by calculating 
covariance between F0 and Qx and divided by the product of 
standard deviation of the two. ‘n” refers to the number of 
tokens for each parameter. Result of r suggests that there is a 
correlation between F0 and Qx. But questions remain to be 
studied like why r value varies in different tones and speakers. 

4. Discussion 
Much has been written about the combined respiratory-
laryngeal control of F0 (Titze, 1994 for example). Increased 
subglottal air pressure raises F0 if the laryngeal activities are 
kept constant; if the same air pressure is maintained, more 
cricothyroid and thyroarytenoid activities will raise F0 as well. 

However, less is known about the realization of this 
coordinated respiratory-laryngeal control during the syllables 
with aspirated and unaspirated contrast. Ohala [11] suggested 
that the decreased subglottal air pressure immediately after the 

release of the aspirated stops would result in a lower pitch. 
However, the lowest subglottal air pressure just after the 
release of oral closure is predictable because the vocal folds 
have not been drawn together for phonation at that moment. 
After the vocal folds were adducted to the position for 
vibration, the subglottal air pressure will rise definitely since 
the air resistance has increased. According to our data, the 
lower F0 after the aspirated obstruents lasts for more than 
three cycles in two of the three tone groups. It is doubtful if 
the drop of subglottal air pressure just before the phonation 
could explain the low pitch for such a long duration. 

Lower Qx values from EGG signals show that the vocal 
folds are more abducted after the aspirated obstruents in LSJ 
dialect. The low Qx value is most obvious at the beginning but 
the difference is maintained until the first half of the syllable. 
Suppose that the aerodynamic input is the same or slightly 
lower in aspirated syllables, with the more abducted vocal 
folds, it is reasonable to infer a significantly lower pitch. The 
result of correlation coefficient r also suggests that there a 
good correlation between F0 and Qx. 

Although relatively higher F0 in aspirated syllables were 
observed in Cantonese [13] and Taiwanese [9], if we take a 
look at the dialects in China in which the intrinsic perturbation 
from aspiration has been reanalyzed as different tones, 
aspiration always result in a lower pitch [1]. Yet much remains 
to be discussed as how Qx functions in the realization of 
higher or lower F0 after aspirated obstruent in these languages. 
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