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Although it is widely acknowledged that different speech processes may
interact with each other, the way that nasalization affects phonation
remains poorly understood. This paper explores the relationship between
nasalization and phonation, by analyzing the phonetic cues of the tense/lax
distinction both in nasalization and non-nasalization in the Bai language.
The data for discussion is from two Bai dialects, Chengbei and Jinhua,
which have a tense/lax distinction in both nasalized and non-nasalized syl-
lables. Three phonation parameters - fundamental frequency (F0), open
quotient (OQ), and speed quotient (SQ) - are extracted from EGG signals
for analysis. It is found that the influence of nasalization on phonation
varies with the tone contours. As for the level tones, the role of phonation
manner in tone distinction is not evident in nasalization in that tense tones
can be distinguished from lax tones only by pitch. However, in non-
nasalization, phonation manner plays an indispensable role in tone distinc-
tion, in that the contrast between tense and lax tones are reflected not only
on FO but also on OQ and SQ. Moreover, non-nasalized tense tones are
more likely to be accompanied by non-modal phonation that is character-
ized by a significantly higher SQ. In terms of articulatory explanation, high
SQ in non-modal phonation is the result of the vibration of tightened vocal
folds, and the tension of vocal folds is caused by raising the soft palate in
non-nasalization. As for the falling tones, the role of phonation manner in
tone distinction is more salient in nasalization than in non-nasalization in
Chengbei Bai, but it is not attested in Jinhua Bai. This study shows that the
interaction between nasalization and phonation in Bai can be revealed in
the analysis of phonation parameters, i.e. F0, OQ, and SQ.
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1. Literature review

1.1 Research into phonation in Bai

The tense/lax distinction of syllables in the Bai language was noticed early and
used to be treated as the feature of vowels as in the Yi language. Xu & Zhao (1984)
hold a similar view, claiming that the tense feature in Bai is associated with vowels.
Besides, they also argue that such distinction in Bai is related to tones, in that vow-
els are tenser when bearing certain tones, i.e. /42/, /21/, or /44/ in most dialects.
Therefore, for convenience, the tense feature is combined with the pitch as tone
category in the phonological description. In Chao (1980[1930])’s devise, for all
tone-letters, a simplified pitch contour is attached to the left of a vertical reference
line, while in Xu & Zhao, the contour of lax tones is usually marked on the left,
and that of tense tones on the right (e.g. 1 indicates a lax level tone, while [ indi-
cates a tense level tone). Later studies all follow Xu & Zhao, considering tense/lax
distinction as the feature of tone categories in Bai. In Dai & Zhao’s (2009) descrip-
tion of Zhaozhuang Bai, tones /42/ and /21/ are tenser and accompanied by a
glottal stop. In the reference grammar of Kangfu Bai (Zhao 2010), tone /42/, /21/,
and /44/ are regarded as tense tones. The tense/lax difference is proposed as a
phonological property in Bai, but what is its phonetic basis?

Maddieson & Ladefoged (1985) investigated the nature of tense/lax tones in
descriptions of four languages: Hani, Yi, Jingpo, and Wa. Acoustic and aerody-
namic properties of the vowels were examined in these languages. It is found that
the prime distinction between tense and lax contrasts is the phonation type, and
other characteristics are subordinate. In the 1990s, the studies of phonation types
received further attention in China. Scholars, from Voice Laboratory of Chinese
Academy of Social Sciences, conducted a series of studies on phonation types
in different ethnic languages in China by applying experimental phonetics or
acoustic approaches. Their research covers various phonation types, providing a
whole picture of phonation types in languages of China (Bao & Lii 1992; Li 1992;
Kong 1996).

At the same time, much research in experimental phonetics studied the nature
of the tense and lax contrasts in Bai. Li Shaoni and Edmondson (a.k.a. 3 {43 Ai
Jiérui) investigated the tense tones of Bai by different instruments, such as minia-
ture laryngoscopes. They claimed that instead of pitch, it is voice quality, such
as creakiness, that contributes to the tonal contrasts in Jianchuan Bai (Li & Ai
1990; Li 1992; Edmondson & Li 1994; Edmondson et al. 2000; Edmondson et al.
2001). Benner (2009) applied Esling (2005)’s model of the vocal tract in her study
and demonstrated that syllabic utterances of the Bai infants (by the end of the
first year) are mostly constricted or dynamic, which reflects the use of the laryn-
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geal voice quality in Bai. Through analyzing voice waves and broad-band spectro-
grams, Yang & Gao (2016) also observed the phonation type existing in the Bai
tonal system. Tone *1b of Proto-Bai has developed into a low falling tone in some
dialects but into a rising tone in still others. If it is a falling tone, it has a creaky
phonation; if it is a rising tone, it is accompanied by a glottal stop.

Based on studies of Hani, Miao, Yi, Zaiwa, and Jingpo, Kong (2001) proposed
a phonation-based theoretical framework of the phonetics. In this framework, the
production of sound mainly consists of two parts. One part is phonation: the air-
flow exits the lungs, and goes through the vocal cords, making the vocal cords
vibrate to produce the voice. Another part is articulation: the voice resonates with
different resonance cavities and forms diverse sounds. The production of tone
belongs to phonation, and tone is further decomposed into Tiaoshi (# ) ‘tem-
poral tone’ and Tiaosheng (#%F) ‘phonation tone’ The temporal tone represents
the speed of the vocal folds vibrating in the temporal domain, which can be mea-
sured by the fundamental frequency (F0) value and FO contour, while the phona-
tion tone represents the manner of the vocal folds vibrating, which have attracted
various methods of phonation research (Kong 2001:23-52).

In Kong’s (2001) framework, further studies have been done on the tense fea-
ture and phonation types of Bai (Wang 2015; Li & Wang 2016; Li 2017; Liu et al.
2019). These studies suggest that the distinction between tense and lax in Bai is
the contrast of phonation types sometimes, and phonation manner plays a role in
distinguishing tones in most cases. In addition, the distinctive phonetic features
of tense and lax are found to vary both with respect to individuals and different
tones.

1.2 Phonation and nasalization

Matisoft (1975) has brought up a concept called rhinoglottophilia, which refers
to an affinity between the feature of nasality and the articulatory involvement
of the glottis. Rhinoglottophilia is confirmed when vowels become nasalized in
the environment of “laryngeals” in a variety of genetically unrelated languages.
The close relationship between the lowering of the velum and the articulation
of laryngeal sounds is supported by both synchronic and diachronic evidence in
Matisoff (1975). Moreover, the articulatory settings of rhinoglottophilia have been
comprehensively investigated in Ohala (1971; 1972). Therefore, it is possible that
laryngeals induce nasalization. Once nasalized, the phonetic attributes of vow-
els will be changed accordingly. Fant (1960: 148-161) reviewed the research on
acoustic characteristics of nasalization and pointed out that amplitude of the first
formant is reduced in nasalization due to an increase in its bandwidth and the
rise in the first formant frequency. By analyzing the properties of nasalized and
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non-nasalized vowel /a/, Singhal & Das (2013) confirmed the significant differ-
ence between the waveforms of nasalized and non-nasalized vowels, and they fur-
ther concluded that in terms of pitch period, nasalized /a/ has a cyclical nature
and steeper/taller peaks which can be attributed to the combination of oral and
nasal resonances. It can be seen that, on the one hand, nasalization is relatively
independent in the process of speech production, but on the other hand, nasal-
ization is not absolutely independent because it can be induced by other speech
processes and is accompanied by a change in phonetic features.

Furthermore, Garellek etal. (2016) examined the breathy voice quality of
nasal consonants and vowels. It demonstrated that nasal consonants are often
breathier than laterals, as are vowels following nasals when compared to vowels
following oral consonants. Breathy is known as a typical phonation type, thus the
research of Garellek et al. (2016) also suggested that phonation is indeed influ-
enced by nasalization.

Both the distinction of tense/lax and that of nasalized and non-nasalized vow-
els exist in some Bai dialects. For this reason, two of these Bai dialects will be stud-
ied in this paper to explore whether nasalization affects the phonation process,
and - if so - how.

2. Introduction of two Bai dialects

Most Bai dialects in Dali City have no nasal endings or nasalized vowels, e.g.
Meiba Bai (Li 2017), Longfeng Bai (Gong et al. 2018); but some Bai dialects out
of Dali City do have nasalized vowels, e.g. Jinhua Bai (Xu & Zhao 1984), Kangfu
Bai (Zhao 2010), and Chengbei Bai.

This study is primarily based on the data from a series of field investigation
of Chengbei Bai by the authors from 2016 to 2017, supplemented by Jinhua Bai
material collected by Wang (2015). The phonological system of Jinhua Bai is
described in Wang (2015), and that of Chengbei Bai is introduced as follows.

Chengbei Bai has twenty-two initials and thirty-nine finals. Fourteen finals
are nasalized. It has seven tones, transcribed as T1 to T7 shown in Table 1. Three
of seven tones — T2, T6, and T7 — are marked as tense tones. The tone value is
designated in accordance with the five-tone scale devised by Chao (1980[1930]).
It records the relative height of dissimilar tones in Chengbei Bai.
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Table 1. The tonal system of Chengbei Bai

Tone name” Tone quality Tone value Example

T1 Lax 33 kaul ‘bronze’
T2 Tense 42 pe2 ‘white’

T3 Lax 31 pe3 il

T4 Lax 55 kou4 ‘hook, .4’
T5 Lax 35 pE5 ‘crack
T6 Tense 44 kou6 ‘save’

T7 Tense 21 pe7 ‘ﬂatadj’

* Tone names used by Xu & Zhao (1984) in accord with the order of tones in the Bai pronunciation
of Chinese tone categories “Yin R, Yang [, ShangJ:, Qu 2, and Ru A\

3. Research methods

3.1 Speakers and recording samples

3.1.1 Chengbei Bai

This study records the EGG signals of eight Bai speakers of Chengbei Village,
Xiangyun County, Yunnan Province. Table 2 shows the basic information of eight
speakers, including four males and four females. The letter before number pre-
sents gender with M for male, and F for female.

Table 2. The speakers of Chengbei Bai

Name No. Age Name No. Age
YM F1 16  YZC M1 28
YQ F2 20 YLK M2 37
DHY F3 50 YLZ M3 42
YXZ F4 53 YYZ M4 48

All the samples consist of initial stop consonants (very few syllables with zero ini-
tials), as shown in Table 3. In the following discussion, tone value combined with
“T” (which means “tone”) is used to present tones, e.g. T33 indicates lax T1 in
Table 1.

“Tense” and “lax” are a pair of relative and interdependent concepts. When
the tense tones are analyzed in Bai, the lax tones are also required to be studied for
comparison. Therefore, six tones out of seven in Chengbei Bai will be discussed
in this study. Three of them are tense tones, which are T44, T42, and T21, and
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their corresponding lax tones are T33, T31. In terms of falling tones, T31 is laxer
than both T21 and T42, so it is compared to two tense tones respectively then.

Table 3. Recording samples

T33 T44 T21 T31 T42
kou>3 ‘thick’ tou** ‘acquire’ paz1 ‘hoof’ pa3 ! ‘CAITY pildren. pa42 ‘milk’
non-
. tou’ ‘wait’ ky** ‘horn’ ta’! ‘peach’ ta’! ‘steal ta*? ‘trample’
nasalized
pu33 ‘full p£44 ‘hundred”  kou?! ‘sell kou’! ‘give’ keu42classiﬁerbir d
3% ‘watch’ k5™ ‘lean against’ k! ‘fat ka®! ‘dare’ ka2 ‘gap’
. p§33 ‘plank’ p544 ‘lake’ pém ‘basin’ ta’! flatland’ pé42 ‘leopard’
nasalized
Wit far 3% freeze’ ta’! ‘spoken p§3 Lpp tat? ‘repay’
words’

3.1.2 Jinhua Bai

Wang (2015) collected the data from four Bai speakers of Jinhua Village,
Jianchuan County, including two males and two females.

Table 4. The speakers of Jinhua Bai

Name No. Age Name No. Age
YSN F1 65 YZH M1 55
YFK F2 78  YFES M2 37

Jinhua Bai has eight tones, and four of them are tense tones. Accordingly, there
are four tense/lax pairs to be examined, i.e. T54-T55, T44-T33, T21-T31, and
T42-T31." The recording samples that meet the needs of this paper in Wang
(2015) is shown in Table 5.

1. We follow here Wang (2015) who transcribes the tense tone T55 in Xu & Zhao (1984) as
T54.

2. Due to some uncontrollable factors in the recording process, the recording effects of indi-
vidual syllables in different speakers are different. As for T44 and T21, the signals of ta44 and
pa21 are more stable in males, while that of ka44 and ma21 are more stable in females. The rel-
atively stable signals are selected for analysis for different gender speakers.
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Table 5. Recording samples

Tone Tone quality  Nasalized Non-nasalized

T44  Tense ka* ‘hurt by rocks in shoes’ ta* ‘build a bridg o/ ka4 fish scale’
T33  Lax ka3 ‘reduce’ pa3 3 “foam’

T54  Tense tsh5>4 ‘pungent’ ta>* ko> ‘eldest brother’

T55  Lax "6°° ‘chaff’ ta> ta” ‘uncle’

T21  Tense ma?! fur/pa’! ‘hoof’ ta?! ‘peach’

T31 Lax ka! Tolly . 4 ough’ ta®! ‘steal

T42  Tense ka2 ‘beat’ ka*? ‘price’

3.2 Sample recordings

A number of research methods are applied in studying phonation, and each has
its own advantages and disadvantages (Kong 2001:23-52). This paper investigates
the phonation relying on Electroglottography (EGG) signals, as reliable parame-
ters to describe the movements of vocal folds can be obtained without any intru-
sion (Kong 2001).

Cooledit 2.0 is used to record sounds on the left channel and the
Electroglottograph Model 7050A is used to record EGG signals on the right chan-
nel. Two signals entered the computer through the mixer (XENYX 302 USB) and
sound card (SBX). The sample rate was set at 22050Hz.

VoiceLab, implemented in Matlab, written by Phonetic Laboratory of Depart-
ment of Chinese language and literature, Peking University, was applied to extract
the FO, OQ, and SQ. A typical EGG signal is shown in Figure 1.
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Vocal fold contact area
A o

|
N

o

50 100 150 200 250 300 350 400 450 500 550

Time

Figure 1. EGG signal

Phase A spans a period of the vibration of vocal folds. Phase B is the closed phase.
Phase C is the open phase. Phase D is the closing phase. Phase E is the opening



A preliminary study on nasalization and phonation 123

phase. Three parameters — fundamental frequency (F0), open quotient (OQ), and
speed quotient (SQ) - are defined as follows (Kong, 2001).

FO (Hz) =1/Period (A) (s)
OQ = Open phase (C) / period (A) x 100%
SQ = Opening phase (E) / Closing phase (D) x 100%

3.3 Extraction of parameters

According to the definition of FO, OQ, and SQ, the key to extracting these parame-
ters is to find the closing point (the left boundary point of phase B), the opening
point (the right boundary point of phase B), and the maximum value of the EGG
pulse. The Voicelab provides us with two methods to extract parameters: differ-
ential method and criterion method. Previous studies show that phonation man-
ner plays a role in tone distinction in Bai (Wang 2015; Li & Wang 2016; Li 2017;
Liu et al. 2019). Because the differential method is only suitable for the analysis of
tones without special phonation features, only the criterion method is feasible in
this study to extract the FO, OQ, and SQ. The criterion 25% is used in the extrac-
tion of all data.

Additionally, the parameters extracted in this study were time-normalized,
that is, the FO, OQ, and SQ of all samples are composed of 20 points of data
respectively. After the time-normalization, the first two data points and the last
two points of each syllable were deleted, in that only the signals in the middle part
are stable and reflect the phonetic features of the syllables. Ultimately, for each
parameter, 16 stable data points were analyzed, which ensures the accuracy of this
study.

4. The data of Chengbei Bai

Before the data analysis, the f-test is applied to examine whether there is a sig-
nificant difference between tense and lax tones in terms of each parameter. The
defined significance level is 0.05. There is a significant difference between tense
and lax tones, when p <0.05, otherwise, there is no significant difference. If the
parameter shows a significant difference between tense and lax tones, its data
points will be drawn in line charts to present overall trends.

In most situations, for the same parameter, the lines of two tones in a tense/
lax pair have the same trend; for example, Figure 2a shows two roughly parallel
pitch lines of nasalized T44 and T33 of F1 (No. of speakers). The lines are distinc-
tive in most cases, but sometimes they may be very similar, such as lines shown
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in Figure 2b. Based on Figure 2b, the pitch of T21 and T31 seems very similar,
but the t-test result is significant, i.e. p-value<0.05. In such cases, the pitch of
tense and lax tones are considered to be different, whereas it is unclear whether
such a subtle difference may affect the perception of tones. There are very few
cases where parameters between tense and lax tones are obviously distinct, but
they have opposite trends as shown in Figure 2c. Further research is required
to explore the reasons for uncommon cases. However, the cases, as shown in
Figure 2b or 2c, just account for a very small percentage of the total.

4.1 Phonation pattern

Based on the result of the t-test and visual observation, a “+-" is entered when the
parameters have no significant difference, a “+” is entered when the value of tense
tone is greater than that of lax tone, and a “~” is entered when the value of tense
tone is smaller. Tables 6 and 7 show the comparison results of tense and lax tones

in each parameter for all speakers.

Table 6. Comparison results of tense and lax tones (nasalized)

T21/T31 T42/T31 T44/T33
Nasalized FO 0oQ SQ FO 0oQ SQ Fo oQ SQ
F1 16 + - +- + + - + + +
F2 20 - - +- + - - + - -
F3 50 - - + + - + + - -
F4 53 + - +- + - + + +- +-
M1 28 - - + + - - + + +-
M2 37 += + +- + - + + + +=
M3 42 - +— - + - + + + -
M4 48 - - + + - - + - -

The two tables above show that the realization of the distinction between tense
and lax tones varies across individuals. The contrast between tense and lax tones
is only reflected on one parameter for some speakers, while it is reflected on
more than one parameter for others. To be specific, when nasalized, the distinc-
tion between T44 and T33 of F4 is only reflected on F0, and that between T21
and T31 of M2 is only reflected on OQ. Except for these two cases, the contrast
between tense and lax tones is not only reflected on FO but also on OQ or SQ.
When non-nasalized, except for when the distinction between tense/lax tones is
only reflected on FO found in T21-T31 of F1, T44-T33 of F3, and T21-T31 of



A preliminary study on nasalization and phonation 125

FO (nasalized, No.F1)

250 T44

210 133

230

220

210

200

190

FO (nasalized, No.F1)

240 T21
230 — T31

220
210
200

190

170

160

0Q (nasalized, No.F3)

70 T42

65 T31

60
55
50
45

40

35

c.
Figure 2. Examples of line charts’

3. The data points for all syllables are 16. That the maximum value of the horizontal axis of
Figures A and C is 15 rather than 16 is caused by the representation method of line charts in
EXCEL, not due to a lack of data points.
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Table 7. Comparison results of tense and lax tones (non-nasalized)

T21/T31 T42/T31 T44/T33

Non-nasalized FO oQ SQ Fo 0oQ SQ FO 0oQ SQ
F1 16 + +- +— + + +- + -

F2 20 + - +- + - +- + +

F3 50 - - +- + - + + -

F4 53 - - + + - - + +- +-
M1 28 - +- +- + - - + -

M2 37 - + +- + - + + +-

M3 42 - - +— + - + + -

M4 48 - - + + + +- + + +=

M1, all the other tense/lax tone pairs are distinguished by more than one para-
meter. In total, there are three pairs of tense/lax tones for every speaker in nasal-
ization or non-nasalization, thus, forty-eight sets of parameters between tense/lax
tones is compared and examined. In 10% (5/48) of cases, the distinction between
tense and lax tones is only reflected on FO, while in the other 90% of cases the
tense and lax tones do not only have contrast in FO but also in phonation manner
(0Q and SQ).

Regardless of the number of repetitions, as long as a set of the numerical rela-
tionship of three parameters illustrated by the labels “+/—/+-" occurs and differs
from others, it is treated as an independent phonation pattern (Kong 2001:289).
Tables 8 and 9 show all the phonation patterns appearing in Chengbei Bai.

Table 8. Phonation patterns of Chengbei Bai (T21-T31)

Phonation pattern Frequency

No. FO oQ SQ Non-nasalized Nasalized
Al + +- +- 1

A2 - +- 1 2

A3 - - +- 2 1

A4 - - + 2 3

A5 - += +- 1

A6 - + +- 1

A7 +- + +- 1

A8 - + - 1
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Table 9. Phonation patterns of Chengbei Bai (T42-T31, T44-T33)

Phonation pattern Frequency
T42-T31 T44-T33

No. FO oQ SQ Non-nasalized Nasalized Non-nasalized  Nasalized
B1 + + - 1 1
B2 + - - 2 3 3
B3 + - + 3 4 4
B4 + + 1 1
B5 + += += 1 1
B6 + + += 2 1 2
B7 + - +-
B8 + += + 1

From Tables 8 and 9, a large variation in phonation is observed among different
speakers of Chengbei Bai, because there are no dominant phonation patterns.

T21-T31: In nasalized syllables, there occur five different phonation patterns,
and three of them (A2, A3, and A4) occur in non-nasalized syllables
as well. The most frequent pattern is A4 that indicates a lower FO,
a lower OQ, and a higher SQ of tense tones, occurring three times
in total. In non-nasalized syllables, there occur six different phona-
tion patterns, and two of them (A3 and A4) are relatively frequent,
each of them occurring two times. The similarity between A3 and
A4 is that FO and OQ of tense tones are lower, but SQ is not lower
than the lax tones. In short, the distribution of phonation patterns of
T21-T31 bears no salient difference between nasalization and non-
nasalization. By comparison, patterns A2, A3, and A4 are more fre-
quent than the other patterns, and their similarity lies in a lower OQ
and a high SQ of tense tones.

T42-T31: In nasalized syllables, there are only three phonation patterns. B2
occurs three times, B3 occurs four times, and B1 occurs once. In non-
nasalized syllables, there are four phonation patterns. As in the case of
nasalization, B2 and B3 are most frequent. B2 occurs two times and
B3 occurs three times. B2 and B3 are the same in a higher FO and
lower OQ of the tense tone but differ in SQ (B2 indicates that the
tense tone has a lower SQ, but B3 indicates a higher SQ.). To put it
simply, both in nasalization and non-nasalization, the most frequent
phonation patterns in T42-T31 are B2 and B3, which suggests that FO
of tense tones is higher, OQ is lower, but SQ is higher or lower.
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T44-T33: In nasalized syllables, there are five phonation patterns in total. B2,
which means that FO of the tense tones is higher, but OQ and SQ
are lower, occurs three times. B6, which means that both FO and OQ
of the tense tones are higher, but SQ is similar to that of the lax
tones, occurs twice. In non-nasalized syllables, there are five different
phonation patterns as well, but the most frequent pattern is neither
B2 nor B6 but B3, occurring four times. B3 denotes that FO and SQ of
the tense tone is higher, but OQ is lower. In brief, the distribution of
phonation patterns differs between nasalized and non-nasalized syl-
lables. Specifically, SQ of the tense tone, i.e. T44, is higher in non-
nasalized syllables, while it is lower in nasalized syllables. A higher
SQ suggests a faster speed of closing vocal folds, accordingly the vocal
folds are easily closed but hard to open. In other words, the vocal folds
are tenser in this case than in a normal state. On the contrary, a lower
SQ implies that the vocal folds are easy to open but hard to be closed,
i.e. they are lax.

On the whole, the distinction between tense and lax tones in Chengbei Bai is
mainly reflected on FO and OQ. T21 has a lower FO and OQ than T31, while T42
and T44 have a higher F0 and lower OQ than T31 and T33. Moreover, by com-
paring the phonation patterns, differences between nasalized and non-nasalized
syllables were observed: (1) the distribution of phonation patterns of T42-T31 in
nasalization is concentrated in B2 and B3, which is not attested in other tense/
lax tones and non-nasalized T42-T31; and (2) in terms of T44-T33, the distribu-
tion of phonation patterns between nasalization and non-nasalization is different.
The difference is mainly reflected on the tense tone’s SQ, which is higher in non-
nasalized tense syllables, but lower in nasalized syllables.

4.2 The strategy of tone distinction

In addition to phonation pattern, the relationship between phonation and nasal-
ization can be examined from the perspective of the strategy of tone distinction.
The strategy of tone distinction is also analyzed based on F0, OQ, and SQ, but it is
concerned with whether the parameter is significantly different or not, regardless
of specific numerical relationship that is essential in the analysis of the phonation
pattern. The assumption behind this concept is that once a parameter of two tones
is significantly different, it is believed to be effective in the distinction of these
two tones. For example, in the analysis of parameters of a speaker, if FO and OQ
between tones A and B are significantly different, while the SQ is similar, then a
preliminary judgment is that this speaker applies the strategy of distinguishing FO
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and OQ of tone A from that of tone B to differentiate these two tones.* The strate-
gies of tone distinction employed in Chengbei Bai are summarized in Tables 10
and 11.

Table 10. The strategies of tone distinction in Chengbei Bai (nasalized)

Frequency
Strategies T21-T31 T42-T31 T44-T33
E FO 1
F 0Q 1
B F0+OQ 3 2
C  F0+SQ 1
A F0+OQ+SQ 3 8 5

Table 11. The strategies of tone distinction in Chengbei Bai (non-nasalized)

Frequency
Strategies T21-T31 T42-T31 T44-T33
E FO 2 1
B F0+OQ 4 3 1
C  F0+SQ 1
A FO+OQ+SQ 2 5 5

Based on Tables 10 and 11, there are five strategies of tone distinction occurring
in Chengbei Bai, i.e. A. FO+OQ+SQ (28); B. F0+OQ (13); E. F0 (4); C. FO+SQ
(2); E.OQ (1) The number in the parentheses following each strategy is their fre-
quency. The distribution of the strategy of tone distinction is discussed in detail
as below.

T42-T31: In nasalized syllables, all speakers employ strategy A to distinguish
T42 from T31. In non-nasalized syllables, to differentiate between
T42 and T31, five speakers (62.5%) apply strategy A, and another
three (37.5%) apply strategy B.

4. Whether this assumption is supported by perception experiments is open to further discus-
sion.

5. The numbering here is not continuous, in that some strategies occur in Jinhua Bai but not
in Chengbei Bai.
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T44-T33: The distribution of the strategy of tone distinction in nasalization is
very similar to that in non-nasalization. In either case, five speakers
(62.5%) take strategy A to distinguish T44 from T33. Furthermore,
few speakers take strategy B, E, or C.

T21-T31: In nasalized syllables, to distinguish T21 from T31, three speakers
(37.5%) apply the strategy A, and another three speakers apply strat-
egy B. One speaker uses the strategy C, and another speaker takes
strategy F. In non-nasalized syllables, four speakers (50%) take strat-
egy B. Two speakers take strategy A, and two speakers take strategy E.

In summary, five different strategies are employed to distinguish tense tones from
lax tones in Chengbei Bai. Among them, strategy A and B are most frequently
used, especially strategy A that occurs twenty-eight times (58%), while strategy
E, C, and F are less frequent. In terms of the strategy of tone distinction, there
are two aspects of differences between nasalized and non-nasalized syllables.
First, there is only one strategy used in distinguishing nasalized T42 and T31,
while it is not the case in non-nasalization. That is, the distinction between tense
and lax tones is reflected along three parameters (FO, OQ, and SQ) when nasal-
ized. Second, the least frequent strategies are strategy E(F0) and F(OQ), which
are employed differently in nasalization and non-nasalization for distinguishing
T21-T31. In non-nasalization, T21-T31 are distinguished by strategy E twice but
never by the strategy F; on the contrary, in nasalization, T21-T31 are distin-
guished by strategy F once, but never by the strategy E. Based on the analysis of
phonation pattern and strategy of tone distinction above, we shall further discuss
the relationship between nasalization and phonation in the next section.

4.3 Nasalization and phonation

Through the analysis of the phonation pattern and the strategy of tone distinction,
it is found that the phonetic basis of the distinction between tense and lax tones
is different depending upon nasalization or non-nasalization. First, the distribu-
tion of phonation patterns of T44-T33 is distinct between in nasalized and non-
nasalized syllables. SQ of T44 is lower than T33 when nasalized, while higher
than T33 when non-nasalized. Second, the distribution of phonation patterns of
nasalized T42-T31 is concentrated in pattern B2 and B3, and there is only one
strategy of tone distinction (strategy A) corresponding to these two patterns. It
means that both pitch (F0) and phonation manner are essential for the distinc-
tion of nasalized T42 and T31. Thirdly, there are two strategies that only one
parameter is involved in tone distinction, i.e. strategy E (F0) and F (OQ). Nasal-
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ized T21-T31 can be distinguished by strategy F but not E, while non-nasalized
T21-T31 can be distinguished by strategy E but not F.

These differences demonstrate that the effects of phonation in tone distinc-
tion is influenced by nasalization, and the way of influencing depends on the tone
contour. First, the influence of nasalization on tenseness of the vocal folds is real-
ized by movement on the soft palate.

In modal phonation, there is a negative correlation between OQ and F0, and
a negative correlation between SQ and FO. In nasalized syllables of Chengbei Bai,
the FO of tense T44 is higher than that of lax tone T33, while the OQ and SQ of
T44 are lower. That FO is negatively correlated with both OQ and SQ represents
a modal phonation of the vocal cords. However, in non-nasalized syllables, FO is
negatively correlated with OQ but positively correlated with SQ, which indicates
a non-modal phonation of tense T44. As mentioned before (§3.2), SQ = Opening
phase (E) / Closing phase (D) x 100%. Thus, a higher SQ implies that more time is
required to open the vocal folds, i.e. vocal folds are hard to open but easily closed.
Why is there such an increased tension of the vocal cords during non-nasalized?

It is assumed that the effect of nasalization on phonation is realized by lifting
or lowering the soft palate.® In Armstrong (1997)’s review, the well-known dentist
Dr. Hudson Marken has pointed out that the function of the soft palate in phona-
tion is modulating the tension of the vocal cords and the extent of resonance.
The soft palate is directly jointed with the larynx, and the vocal folds are located
within the larynx. When the soft palate is lifted or stretched, a pulling force will
be applied to the back of the larynx. This pulling force combined with the move-
ments of relative muscles can lead to a “high-tension state” of the vocal apparatus.
The soft palate should be lifted in singing to get more resonance but cannot be
lifted too much to make the vocal folds stiff and accordingly produce an unpleas-
ant sound (Wu 2013). It seems that the higher the soft palate is raised, the tenser
the vocal cords.

Lowering the soft palate allows part of the airstream to escape through the
nose, leading to the nasalized timbre, and also relax the vocal folds. Conversely,
in non-nasalization, the soft palate is lifted, and the vocal folds will be tightened.
Both the research of phonation in singing and in nasalization confirms a positive
correlation between the raising of the soft palate and the tension of the vocal folds.

6. Currently, the investigation concerning the effect of the movements of the soft palate on
phonation is only found in the research of singing. The soft palate plays a very important role
in singing. Some scholars believe that the position of the soft palate can be arbitrary in singing,
but a majority of singing theories insist that the soft palate should be lifted to produce a more
pleasant sound (Wu 2013).
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The higher the soft palate is raised, the tenser the vocal cords. The different states
of the soft palate are corresponding to different tension of vocal folds.

Table 12. The relationship between movement of soft palate and tension of vocal folds

Improperly singing  Singing Non-nasalization = Nasalization
Soft palate over raised fully raised  raised lowered
Tension of vocal folds  stiff tense slightly tense lax

It is worth noting that the relationship between the soft palate and vocal cords
illustrated in Table 12 is only found in level tones T44-T33, not in falling tones
T21-T31 and T42-T31. It suggests that tone contours matter in the way that
nasalization interacts with phonation. In the production of level tones, the fre-
quency of vocal folds is relatively stable (that is why it is marked as a level tone.),
accordingly there will be no significant change in its phonation manner. There-
fore, the correlation between FO and OQ or SQ can be compared with that repre-
sented in modal phonation or a certain type of non-modal phonation. However,
the falling tone is not the case. In a falling tone, the frequency keeps falling (as
indicated by its name). Along with a change in frequency, the phonation man-
ner may also change, e.g. the end of falling tones is often accompanied by creaky
voice. It suggests that the phonation parameters of falling tones (F0, OQ, and SQ)
may be the result of more than one phonation type. Therefore, the correlation
among them is not directly comparable to that represented in modal phonation
or a certain type of non-modal phonation. A conclusion will be reached that the
analysis of the correlation between different phonation parameters is only applic-
able to the level tones, e.g. T44-T33 in Chengbei Bai.

Furthermore, for falling tones, the effect of phonation manner in tone distinc-
tion is more obvious under nasalization.

As for T42-T31, the distribution of both the phonation pattern and the strat-
egy of tone distinction implies that the distinction of T42 and T31 are reflected on
three parameters (F0, OQ, and SQ) in nasalization, that is to say, phonation man-
ner (OQ and SQ) plays an indispensable role in tone distinction, while such con-
centrated distribution is not found in non-nasalization. In other words, the effect
of phonation manner is more obvious in the distinction of nasalized T42-T31.

In addition, in Chengbei Bai there are two strategies that distinguish between
tense and lax tones with only one phonation parameter, i.e. strategy E (F0) and
F (OQ). In nasalization, strategy F instead of strategy E is used to distinguish
T21 from T31, which means that nasalized T21-T31 can be distinguished by
only phonation manner (OQ), but cannot be by F0 alone. Conversely, in non-
nasalized T21-T31, strategy E can be employed in tone distinction. It demon-
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strated that the effect of phonation manner is more obvious in the distinction of
nasalized T21-T31. Combined with the evidence of T42-T31, we assume that for
falling tones, the effect of phonation manner in tone distinction is more obvious
in nasalized syllables.

To conclude, in Chengbei Bai, nasalization has an effect on phonation, but
this effect varies with the types of tone contours. As for the level tones, the soft
palate is raised higher in non-nasalization than in nasalization, thus the vocal
folds of non-nasalized tones are tenser, and more likely to produce non-modal
phonation, while for falling tones, the effect of phonation manner in tone distinc-
tion is more obvious in nasalized syllables.”

5. The data of Jinhua Bai

The method of extracting and analyzing data from Jinhua Bai is the same as that
for Chengbei Bai. This section is a brief description of the relationship between
phonation and nasalization in Jinhua Bai. The distribution of phonation patterns
is summarized in Tables 13 and 14.

Table 13. Phonation patterns of Jinhua Bai (T44-T33, T54-T55)

Phonation pattern Frequency
T44-T33 T54-T55

No. FO 0oQ SQ Non-nasalized  Nasalized Non-nasalized Nasalized
Al + - + 2 2 1
A2 + - - 1
A3 + - +-— 1 1 1
A4 + +- - 1
A5 - - - 1
A6 +- - + 1 1
A7 +-— - +- 1
A8 +-— - - 1
Bl - - + 1

7. It can be deduced from this conclusion that if the existing nasalization were to disappear in
a language, the role of phonation manner in tone distinction would be more likely to remain
in level tones. And this deduction seems to be supported by the data of Wuding Yi, in which
the role of phonation manner in distinguishing tones is only reserved in level tones (Wang &
Kong 2009). However, further studies are needed to support such preservation due to the loss
of nasalization.
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Table 14. Phonation patterns of Jinhua Bai (T21-T31, T41-T31)

Phonation pattern Frequency
T21-T31 T42-T31

No. FO 0oQ SQ Non-nasalized  Nasalized Non-nasalized  Nasalized
Bl - - + 1 1
B2 - += +- 1 1
B3 - + +- 1
B4 +- +-— + 1
B5 - - +- 1
Al + - + 1 1
A2 + - - 1 1 1
A3 + - +- 1 2
A6 += - + 1

Since the variation of phonation is salient even in four speakers, no significant dif-
ference of phonation pattern is found between nasalized and non-nasalized sylla-
bles according to Tables 13 and 14.

As for the strategy of tone distinction, there are seven strategies applied in Jin-
hua Bai, i.e. A (FO+OQ+SQ); B (FO+0Q); C (F0+SQ); D (0Q+SQ); E (F0); F
(0Q); G (SQ). The distribution of different strategies in nasalization and non-
nasalization is shown in Tables 15 and 16.

Table 15. Strategies of tone distinction in Jinhua Bai (nasalized)

Frequency
Strategies T21-T31  T42-T31 T44-T33 T55-T54
E Fo 1
G SQ 1
B F0+OQ 2 1 1
A FO0+OQ+SQ 2 2 3 3

Table 16. Strategies of tone distinction in Jinhua Bai (non-nasalized)

Frequency
Strategies T21-T31 T42-T31 T44-T33 T55-T54
F  0Q 1
D 0Q+SQ 1 1 1
E Fo 1
C F0+SQ 1
B F0+OQ 1 1 1
A FO0+OQ+SQ 2 2 1 2
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Based on Tables 15 and 16, for T21-31 and T41-T31, there is no obvious dif-
ference in the strategy of tone distinction between nasalization and non-
nasalization. To be specific, in either nasalization or non-nasalization of T21-T31
and T42-T31, strategy A is applied four times in total, strategy B twice, and strat-
egy E once. Moreover, in either case, tones can be distinguished solely by phona-
tion manner, which is marked by the use of strategy without F0. Strategy G (SQ)
is employed in nasalization and strategy D (OQ+SQ) in non-nasalization.

As for the level tones, i.e. T44-T33 and T54-T55, differences were found
between nasalized and non-nasalized cases. It was observed in Table 15 that the
distribution of strategy of tone distinction is concentrated in strategies A and B.
The shared distinctive parameters in these two strategies are FO and OQ; that is to
say, FO and OQ are two basic features for tone distinction in nasalization. In non-
nasalization, the distribution of strategy of tone distinction is relatively scattered,
in that there occur five different strategies in total. Among the five strategies, three
of them includes the FO parameter (A, B, and C), and two of them excludes the FO
parameter (D and F). Strategy D and F, which indicate that tense and lax tones are
distinguished only by phonation manner, occurred a total of three times, account-
ing for 37.5%. In short, as for the distinction of level tones in Jinhua Bai, FO may
not contribute to the distinction of tones in non-nasalization, but this would not
happen under nasalization, i.e. FO is obligatory in distinguishing nasalized level
tones. In other words, tense tones can be distinguished from lax tones by OQ and
SQ, characterizing phonation manner, in non-nasalization, while it is not feasible
in nasalization. This suggests that the effect of phonation manner is more salient
in distinguishing non-nasalized tones.

The analysis results of Jinhua Bai further support findings in Chengbei Bai
with regard to the level tones. Both of them demonstrate that the vocal folds are
lax when the soft palate is lowered in nasalization, whereas they are tense when
the soft palate is raised in non-nasalization. Tense vocal folds are more likely to
produce non-modal phonation, which strengthens the effect of phonation man-
ner in tone distinction.

It is worth noting that a difference in nasalization vs. non-nasalization is not
seen in analyzing the strategies of distinguishing level tones in Chengbei Bai, but
is observed in Jinhua Bai. It could be possible that such inconsistency reflects a
variation of phonation in different dialects. Strategy D (OQ+SQ), which can high-
light a difference between nasalized and non-nasalized syllables, is not employed
in Chengbei Bai, but is found in Jinhua Bai.
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6. Conclusion

The speech production mechanism as a whole involves four main components:
airstream process, phonation process, oro-nasal process, and articulatory process
(Ladefoged & Johnson 2011:5). Different processes are relatively independent but
also interact with each other in most cases. Matisoft (1975) pointed out that there
exists a natural connection between nasalization and the articulation of laryn-
geal sounds, which he has dubbed rhinoglottophilia, while this study, by analyzing
the tense and lax contrasts in the Bai language, reveals how nasalization influ-
ences phonation. Regarding the whole phonological system, nasalization will not
undermine the existing contrasts between tense and lax tones, but in part, fine-
tune the way that tense tones are distinguished from lax tones, and such fine-
tuning possibly varies among individuals.

As far as level tones are concerned, whether in Chengbei or Jinhua Bai,
the role of phonation manner in tone distinction is not evident in nasalization
because tense tones can be distinguished from lax tones only by pitch. However,
in non-nasalization, phonation manner plays an indispensable role in tone dis-
tinction, in the sense that the contrast between tense and lax tones are reflected
not only on FO0 but also on OQ and SQ. Moreover, non-nasalized tense tones are
more likely to be accompanied by non-modal phonation that is characterized by a
higher SQ. In terms of articulatory explanation, high SQ in non-modal phonation
is the result of vibration of the tightened vocal folds, and tension of vocal folds is
caused by raising the soft palate in non-nasalization. As for the falling tones, the
role of phonation manner in tone distinction is more salient in nasalization than
in non-nasalization in Chengbei Bai, but it is not attested in Jinhua Bai.

Based on intra-comparison, nasalization is a weakened form of the nasal end-
ings *-n and *-y in proto-Bai (Wang 2012:65), and the role of phonation man-
ner in tone distinction is stimulated by the devoicing of voiced obstruents (stops,
affricates, and fricatives) and the loss of the non-nasal endings. Both nasalization
and phonation can be distinctive features in languages, but in Bai, they are being
gradually replaced by other phonetic features. It is known that the substitution of
some inherited phonemes by innovative features will result in the reorganization
of the phonological system, but such a process cannot be directly observed until it
has been completed. However, the extraction and analysis of the phonation para-
meters, i.e. FO, OQ, and SQ in this study, can uncover the underlying phonation
variations that have not yet been reflected in the phonology.
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