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93, 2nd line from bottom, "aspeakers" should read "speakers",

100, 9th line from bottom, "Pike (148:12-13)" should read
"Pike (1948:12-13)".,
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154, line 11, "(c; before a falling tone" should read
"(c) after a falling tone™.

154, 8th line from bottom, "the falling tone" should read
"the drop tone'",

156, line 5, column 5, " == /i/ " should read " -- /./ ",

255, line 7, "Edinburg: BEdinburg" should read "Edinburgh: Edinburgh"
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ABSTRACT

This study presents a description of Vietnamese tones in
the three major dialects - Northern, Central and Southern - in
their various aspects and at different levels of analysis.

Acoustic phonetic materials were gathered from voice record-
ings of 34 informants, analyzed instrumentally and measured. The data
obtained were treated statistically and normalized to yield typical
values for the parameters of Fo, Intensity, Duration and Laryngeal-
ization,which serve to characterize all Vietnamese tones. The re=
sults established six non-stopped tones (level, falling, rising,
drop, curve and broken) and two stopped tones (stopped rising and
stopped drop) for Northern Vietnamese, which in this respect also
represents Modern Standard Vietnamese. The Central and Southern dia-
lects have only five non-stopped tones and two stopped tones, since
there are no differences in the phonetic realizations of the standard
curve and broken tones in these dialects. Four £ypes of Fo contour
(level, falling, rising and concave) and three levels of average Fo
(high, mid and low) were established. Useful data on intensity, dur-
ation and laryngealization occurring on different tones were also
obtained.

Analysis of the variation of tone parameters in their rela-

tionships with segmental and suprasegmental environments points to



the complex interaction of various factors in the production of tone.
The phonetic nature of Vietnamese tones can thus be understood to
have acoustic properties related to the laryngeal mechanisms for the
production of voice, with Fo contour, relative Fo level and voice

quality as the basis for differentiating the tones

Perceptual tests on cross-dialect tone recognition with natural
and synthetic tones, involving 84 Northern, Central and Southern Viet-
namese subjects, showed that natural tones of the three dialects in
meaningful contexts were readily identified by all subjects, while
isolated real speech tones and synthetic tones presented varying de-
grees of difficulty in recognition according to individual tones, dia-
lects and subjects. Analysis of tone features involved in mispercep-
tions suggested that contour features played a dominant role in tone
identification.

A model of tone perception is proposed, including conversion
processes and interpretation rules for translating the physical phonetic
parameters into phonetic features (pitch targets and degrees of lar-
yngealization) then into phonological features (contour, concave, high,
low, falling, rising, creaky, stopped). The model is supposed to re-
flect the dynamic process of tone perception in which the phonetic
properties of tones are perceived in terms of the native speakers'

phonological structures.
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CHAPTER ONE

INTRODUCTION

1.1 AIM AND SCOPE OF STUDY

This study is intended to provide a description of Vietnamese
tones in their various aspects and at different levels of analysis.

My purpose is to discover the acoustic, articulatory and
perceptual features of Vietnamese tones as produced by the speakers
of the three major dialects (Northern, Central and Southern Vietnam-
ese, henceforward NV, CV and SV, to be defined in 1.4 below) and as
perceived both within dialect groups and across dialect boundaries.

Vietnamese tones have been described in a number of grammars
and phonological studies. In spite of many differences, most of these
studies agree on a few major points: the number of tones, certain
auditory and acoustic characteristics that differentiate them (al-
though descriptive labels vary a great deal; see Earle 1975:42),
the association of tone with the syllable and its function at the
lexical and semantic levels.

To mention some of the better known works, impressionistic
descriptions of NV tones can be found in Thompson 1965, Nguyen Dinh
Hoa 1967, Hoang Tue and Hoang Minh 1975 and Doan Thien Thuat 1977,
of SV tones in Thompson 1959 and Henderson 1961, and of CV tones in
Emeneau 1951. Contrastive descriptions of NV and SV tones are given

1



in Jones and Huynh Sanh Thong 1957 and Nguyen Dang Liem 1970. An
impressfonistic survey of tones in six dialectal areas - Hanoi, Vinh,
Hue, Da Nang, Saigon (now Ho Chi Minh City) and Tra Vinh = can be
found in Thompson 1965.

Description®based on instrumental analysis are given in Le
Van Ly 1948, Andreev and Gordina 1957, Nguyen Ham Duohg 1962, Han
1969, Han and Kim 1972 and Earle 1975, for NV tones, and in Tran
Huong Mai 1969 for SV tones.

The only perceptual study of Vietnamese tones that | know of
is by Miller 1961 on recognition of NV tones in whispered speech. The
historical development of tone in Vietnamese has been discussed in
Haudricourt 1954, 1961 and 1972, Thompson 1969 and Matisoff 1973. A
reconstruction of Proto-Viet-Muong tones has been attempted by Thomp-
sen 1976 in a study of Proto-Viet-Muong phonology.

It appears from the above Tist that the tones of NV, regarded
as a prestige dialect closest to the standard national language, have
been studied more extensively and CV tones are the least described
of all. Moreover, with a few exceptions, most of these studies tend
to describe only standard tone forms without attempting to show how
these forms can vary in different environments, and little or no at-
tention has been paid to variation among dialects or variation

among individuals within those dialects. This study will attempt to

fill some of these gaps.

1.2 DESCRIPTIVE FRAMEWORK AND DEFINITION OF TERMS

I posit three levels of representation for tonal description.



At the physical phonetic level, tones are viewed as syllable-
specific properties of the laryngeal voice produced in the pho-
natory process, as different from the formant structures, tran-
sitions or aperiodic noise which characterize segments. These
properties can be extracted from acoustic data and described by

means of 'physical phonetic parameters,'

which in my framework
represent the normalized values, in numerical scales, of Fo (fun-
damental frequency), | (relative intensity), D (relative dUratioh)
and L (laryngealization). The first three parameters have their
usual meanings in acoustic phonetics. In my study, laryngealization
is used as a cover term for some tone-specific phonation types

which suggest ''a tendency to constriction at the laryngeal level"
(Laver 1980). This includes varying degrees of creaky voice, breathy
voice and glottal closure which occur as distinctive or redundant
features of some tones, and therefore has a wider meaning than that
used in some other works (e.g. Ladefoged 1971, 1975 and Lehiste 1970,
where laryngealization is equivalent to creaky voice.)

Within the same physical phonetic level, the phonatory pro-
cess for tone production will be referred to in terms of laryngeal.
and aerodynamic factors which underlie the articulatory gestures.

At the systematic phonetic level, tones will be described in
terms of n-ary phonetic features, namely pitch and laryngealization,
using the five levels of pitch in Chao's system (1930) and four
degrees of laryngealization as proposed in my scheme (Ch. Two). |
take this level to represent the auditory and articulatory reality
of speech sounds, usually recorded in systematic phonetic transcrip-

tions with the details and variations which trained phoneticians



can hear and observe directly without instruments.

At the phonological level, which in my view represents the
psychological reality of speech in the native speakers' system, tones
will be characterized by binary phonological features of the type
proposed in Wang 1967, with some modifications. | adopt the following
phonological features for the description of Vietnamese tones:

1

'contour,' 'concave,' ‘'high,' 'low.' 'falling,' 'rising,' 'creaky,'

and 'stopped.' The reasons for this choice will be explained in

1.5.4.3 infra.
The following example will show, briefly, how the tones will

be represented at different levels.

The SV curve tone has a concave contour, a mid level of
average Fo, and no characteristic laryngealization. The mean Fo values
in Hertz, derived from acoustic measurements at six time points, for
a group of nine SV informants and an individual female informant SFI,
are respectively

(sV group) 173 162 149 175 219 224

(SF1) 306 286 256 275 315 317

Normalization procedures proposed in Ch. Two will bring these
figures into more comparable forms with the parameter Fo Differential,
in percent, relative to the mean F (in this case 183 Hz for the SV
group and 291 Hz for Informant SF1)

(SV group) -5 -12 -18 -l 19 22

(SF1) 5 -1 -12 -5 8 8

These figures give us a better idea of the typical shape of

this tone by the group as a whole and by Informant SFl. The negative

values represent Fo levels below the mean F.



At the systematic phonetic level, either determined audi-

torily or by means of conversion processes proposed in Ch., Five,

this tone will be represented in its standard form for SV as
[214 Piteh ]
0 Laryng or more briefly [214]
and for Informant SFI as~
313 Pitch |
0 Laryng or [313]

Possible variants for this tone, depending on individual
speakers or phonetic environment, are [215], [324], etc. These de-
tails and Var;ations>concerning the onset, midpoint and endpoint
pitch targets in n-ary values are auditorily perceptible, but will
become irrelevant at the phonological level when this tone could be

represented as
(+ contour)

(+ concave)
- high

- low
+ falling
+ rising

- creaky

(. -

The choice of these features will be explained in 1.5.4.3 infra
and the way they could be derived from the phonetic representations
will be described in Ch. Five. Briefly, the features [- high, -low]
characterize the tone as having mid average pitch in contrast to a

higher tone or a lowel tone. The features [+ falling] and [+ rising]

refer respectively to the initial downward slope and the subsequent
upward slope of its pitch contour. The feature [- creaky] reflects

the lack of characteristic laryngealization. The features in parentheses



6

can be predicted by redundancy conventions. Thus this SV curve tone
can be conveniently described as a mid-concave or mid-falling-rising
tone.

The basic assumptions underlying the framework proposed are
that the three levels of representation reflect the complex nature
of tonal facts existing as acoustic, articulatory and psychological
realities and that these realities can be observed, analyzed and
shown to be inter-related within an integrated linguistic system.

The three levels will be formally described and related to

each other by various rules and processes presented in Ch. Five. As
an addition to current theory, | shall propose a model of tone per-
ception with some forms of tone interpretation rules to represent

the perceptual, as distinct from the generative, process. | have not
come across any such model, but only a few hints from Sampson 1970
that phonological rules could be made reversible to capture the deri-
vation, performed by the hearer, of underlying representations from

surface representations.

1.3 GENERAL PROCEDURE AND PLAN OF STUDY

To determine the phonetic characteristics of the tones, |
shall derive acoustic phonetic data from measurements of mingograms
and spectrograms of NV, CV and SV informants' voices and treat them
statistically to obtain physical phonetic parameters in normalized

values. | shall refer to underlying physiological mechanisms for tone

production in terms of laryngeal and aerodynamic factors that can be

related to the above data and those supplied in other studies.



The perceptual study of tone will be based on perceptual
tests involving both natural and synthetic tones, administered to
native speakers of the three major dialects.

In accordance with this procedure, my study will be organized
as follows.

In the rest of this chapter, | shall provide some background

information on Vietnamese and its dialects and some basic facts of
Vietnamese phonology.

Chapter Two deals with the acoustic aspects of Vietnamese
tones with emphasis on their variation across the major dialects,
and the way they could be related and compared through normalization
procedures.

In Chapter Three, | shall enquire into the physiological and
physical nature of tone by examining the various intrinsic factors
that exert influence on Fo variation, and referring them to the pho-
nation process.

Chapter Four presents the results of cross-dialect perceptual
tests and an analysis of various factors involved in tone perception.

In Chapter Five, | shall propose a model of tone perception

that is presumed to underlie the perceptual mechanism.

1.4 VIETNAMESE AND ITS DIALECTS

The Vietnamese language, spoken by about fifty million people,

is remarkably homogeneous in its basic structures. Although variations

exist in many respects, they are often overlooked or ignored by lin-

guists who are more interested in describing the idealized standard



forms.

Opinion differs as to the number of dialects and the degree
of variation (cf Maspero 1912, Thompson 1965, Vuong Loc 1975, Nguyen
van Tu 1976, among others). | share the view of mos t linguists in
describing Vietnamese as having three major dialects, the Northern,
Central and Southern. Each major dialect comprises several local
dialects that differ from each other in some respects, but data on
these differences are not readily available. In this study, | shall
refer to NV, CV and SV as the standard forms of those dialects rep-
resented by the better known speech of Hanoi, Hue and Ho Chi Minh
City and their surrounding areas respectively. Between them, there
is little variation in syntax, a common core of over 90% of the
basic vocabulary, and most variations occur in the realm of phono-
logy and phonetics.This enables native speakers of Vietnamese read-
ily to recognize a Northern, Central or Southern accent while en-
countering little difficulty in mutual understanding (perhaps with
the exception of some remote local dialects.)

some of the major phonological differences between NV, CV
and SV can be found in Vuong Loc 1975 and in Thompson 1965, who noted
an overall picture of gradually changing patterns from north to
south." 1t does not follow, however, that the NV and SV dialects are
farther apart because of geographical distance. There are, for ex-
ample, more phonetic similarity between NV and SV tones than between
these and the CV system.

A sketch map of Vietnam's dialectal structure is presented
in Figure 1.1 (next page). As we can see from this map, Hanoi and

Ho Chi Minh City are two important urban centres from where most
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linguistic innovations are supposed to originate and spread along
diffus%on corridors (vertical hatching) passing through a string of
coastal towns. The two transition areas (cross hatching) represent
places where one can find some mixed features of NV and CV (the re-
gion between Thanh Hoa and Vinh) and of CV and SV (the region be-
tween Hue and Da Nang). Relic areas (horizontal hatching) are located
in various CV provinces, especially in rural districts, where local
dialects have retained many elements of earlier Vietnamese in terms

of vocabulary and pronunciation.

The concurrence of various factors - common core of vocabulary,
common grammar structures, gradual changes of phonological features
between any two dialects, plus the modern tendency toward standard-
ization through the media and education - has contributed to mutual

intelligibility between dialects and greater homogeneity of the

national language.
7.5 A SKETCH OF VIETNAMESE PHONOLOGY

This very brief sketch is given with a dual purpose in mind:
to provide the reader with some basic understanding of the Vietnamese
sound system and to illustrate the more general phonological frame-

work to which subsequent descriptions of tonal phenomena could be
related.
1.5.1 The Vowel System

The vowel system is given in Table 1.1 (next page). Redundant

(predictable) features for vowels are not given in the table, as

they can all be predicted by a Redundancy Convention of the form
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A -* B which automatically assigns the redundant features to a vowel
which is always [+ syl(labic)] in Vietnamese.

(RC1) [+ syl] = [ - cons(onanta]?

+ voice

+ son (orant)

+ cont (inuant)

b B
In subsequent notations, unless otherwise required for greater

clarity, features will be given in their abbreviated forms, and

[+ syl] or [y] will stand for a vowel.

1.5.2 The System of Consonants and Glides

Some phonologists (e.g. Maspero 1912, Hoang Tue and Hoang
Minh 1975, Doan Thien Thuat 1977, Nguyen Phan Canh 1978, among others)
would recognize two separate systems of Vietnamese consonants, the
initial and the final ones, and some would even recognize the medial /w/
as a scparate class by itself.l would resolve whatever is different
between them in function of their position in the syllable structure
by a sbecial feature such as [- release] in a phonological rule,
which can aptly describe the main difference between initial and
final stops, while giving them the same descripfion in terms of pho-
nological features and including them in one and the same system.

The system is presented in Table 1.2 (next page).The abbrevi-
ations 'cor', 'asp', 'son' and 'cont' in the table stand for 'coronal,'
'aspirated,' 'sonorant' and 'continuant' respectively. Note that in

subsequent notations, [~ syl] or [C] will stand for a consonant or

a glide, and
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- cont

- son

- voiceJ
~will represent a voiceless stop, which is of direct relevance to
tonal distribution in Vietnamese.
1.5.3 The Vietnamese Syllable Structure

Writers of Vietnamese grammars and phonology have always
viewed the syllable as a phonological unit. Though the syllable has
not been given formal status in the standard generative theory, its
phonetic and phonological reality has been shown by various authors
such as Wang 1967, Kratochvil 1968, Fudge 1969, Sampson 1970, Hooper
1976, Bell and Hooper 1978, Lehiste 1978, Fujimura and Lovins 1978,
among others.

The Vietnamese syllable can be described as having the fol-
Jowing structure in a non-linear tree-diagram, in which elements in
parentheses can be zero, and the features [- seg(ment), + voice]
mark the tone. By convention, tonal features can be marked thus, or
alternatively, with [T], whenever confusion with segmental features

may arise.

SYLLABLE
i

e
(INITIAL) RHYME TONE

.

(MEDIAL)  NUCLEUS h (CODA)

[- sy1]l [- syll [+ syl1] [- syl] |- seq

+ voice
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This structure is advocated by most writers on Vietnamese
phonology, although in different formal representations. Note that
| have not used the term 'Final,' to avoid possible confusion, be-
cause in most studies of Vietnamese phonology, this term means
'final consonant,' while in most descriptions of Chinese phonology,

it is the equivalent of '

rhyme' in my diagram.

This structure implies that in a Vietnamese syllable, the
vowel nucleus and tone are the only obligatory elements. There are
a number of phonotactic constraints which will establish the fol-
Jowing.

(a) The system of initials comprises all consonants and
glides in Table 1.2 except /p/ and /j/. Initial /p/ occurs only in
a few loan words. Initial /j/ occurs only as a surface variant of
/z/ in some dialects.

(b) The medial can only be /w/. 1t cannot occur if initial

/w/ is present, and occurs after labial initials only in a few

loan words from French, e.g. /mwa/ 'me' (< Fr moi), /vwan/ 'veil'

(< Fr voile).
(c) The system of codas (final consonants and glides) comprises

only eight underlying phonemes and four allophonic variants as given

below.

m n (p) n (n

The variants can be derived by rules, e.g. final velars are

labialized after the back rounded lax vowels. Thus /ok/ "periwinkle’



-3 /ékw/, /39/ 'bee'! — /ggw/, etc.

(d) The short vowels /€/, /a/, /#/ and /3/ occur only in
closed syllables, such as /tgk/ "stopped, ' /kgm/ "dumb, ' /mék/
"hook,' and /éq/ ‘brother,' but not in */ta/ or */k;/.

(e) Final /j/ does not occur after front vowels and final /w/

does not occur after back rounded vowels. The following combinations

occur:
/iw/ /idw/ Jwil Twaw! Jwjl Jwsj/ Juj/ luaj/
/ew/ fywl [xwl  [%5/ /%) /oj/
few/ /&w/ Jaw/ /8j/ Jaj/ /2j/

This points to a regular dissimilatory pattern and the behav-

iour of central vowels (some of them are back unrounded phonetically)

as a group, before final glides.
JoE0d The Tonal fhiotem

Vietnamese is a tonal language in the sense that it has "lex-
ically significant, contrastive, but relative pitch on each syllable,"
as defined in Pige (1948:3).

Table 1.3 (next page) gives the reader a general idea of the

system and its variation across dialects. The following comments are

necessary-

1.5.4.1 Tone Names Most authors writing on Vietnamese agree
that modern standard Vietnamese has six underlying tones and two
conditioned variants that occur only in syllables with voiceless

final stops, but few have discussed the question at length and some

tend to give the vyriants very little attention in their description.

In my study, | shall use the term 'phonological tones' when referring
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TABLE 1,3 Tie Tones of VTietnamese

lumber * 1 2 3 38* A 43 5 6
. . . X J J v " ’ ~
Vietnamese llames * ngang huyén _ sac sac nang nang nei nga
(téC) (tgc)
English Labels * level falling rising  stopped drop stopped curve broxen
tone tone tone rising  tone drop tone tone
Lone tone
Phonological
Notations * /=/ /S /Y VALY AV [Sos/* S/ /~/
Phonetic
Notations *
NV [33] [21] [35] (455 ]~ [21]»*  [2lst#* [p12]  [2250%
cv [55] [42] [24] bs I [31] (31s 1> [212]>>
SV [33] [21] [35] [35s J*+ [212] [21s 1+* [zuﬁ\
A\\\\\ ‘

—_ > ~
Bxamples /naj/  /pdy/ /vdi/ /nds/  /nai/ /hat/  [naj/  /eEi/

'tuo! 'slippert'to pick ‘'to sing''harm' torain! lsea! tscared

(fruit)! (in compounds only)

® See comments in the text.
®x 3 represents the syllable-final voiceless stop which conditions the occurrence of the

~ marks the laryngealization characteristic of the tone.

L1



to the six underlying tones, 'phonetic tones' when speaking of

their phonetic realizations at surface level, which number seven or
eight according to dialects, and 'stopped tones' or 'stopped variants'
interchangeably for the conditioned variants occurring at surface level
only. In phonological and phonetic notations, this conditioning fac-
tor is included by marking the variants with a small s, as there is
reason to believe (and | shall try to show later) that this factor
underlies both the occurrence of the variant forms and their recogni-
tion as such by the hearer.

The Vietnamese names do not include special reference for
these stopped variants, although the word 'nhap' ('entering') is some-
times used. | prefer to qualify them by the conditioning factor men-
tioned above. The English names are taken from Han 1969 and preferred
to other labels for a number of reasons: they are short and suggestive
of the basic contours of each tone; they reflect the fact that across
dialects the tones tend to retain their basic contours while varying
in relative pitch. This fact in turn may be reflecting a typological
characteristic of Vietnamese tones as having primacy of contour over

relative pitch. This is another proposition I shall examine later.

1.5.4.2 Number of Tones and Tone Numbering The number of

tones in NV and SV presents no problem, as all authors agree that NV
has six phonological tones and two stopped variants, while SV has
one less because the curve and broken tones have historically merged.
The picture is more complex with CV tones.Although the standard
dialect in Hue and most of the CV area has five tones (Maspero 1912,
Thompson 1965), there are reparts of a six-tone system at Vinh

(Emeneau 1951) and also a four-tone system (Duong Thanh Binh 1971).



It appears, from my recorded data and personal contacts with CV
speakers, that the six-tone system only occurs at some places in
the "transitional area' between CV and NV (see map on Figure 1.1).
The four-tone system occurs only in some local CV dialects in
rural districts. It is therefore adequate to describe standard CV
as having five tones, as in SV, i.e. without the broken tone. This
is supported by the acoustic data and auditory impressions | got
from informants coming from various CV provinces.

For the phonological notations, different systems of number-
ing have been used. Therefore, | have decided against such a system,
because it may cause confusion for the readers who have been used
to another system. lInstead, | have settled for the diacritic signs
used in the official Vietnamese orthography, with the exception that
a macron is used for the level tone which is left unmarked in usual

spelling. This will favour the reader who knows some Vietnamese, and

| hope others will get familiarized with them easily.

Though | am not going to use it, the numbering system which
underlies the presentation order in my description deserves some
explanation. This order is chosen for various reasons: one of them
is relative stability and another is relative frequency of occurrence.
The first three tones, the level tone /-/, the falling tone /~/ and
the rising tone /“/, practically retain their basic contours across
dialects and account for a total of nearly 70% of occurrences in
the basic vocabulary and nearly 80% of occurrences in speech. The
tone numbered 6, the broken tone /~/, occurs almost exclusively in
NV and have merged with the curve tone /’/ in CV and SV. Moreover,

the curve and broken tones, taken together, account for only 15%
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of occurrences in the basic vocabulary and about 10% in speech

(see Table 1.4, next page)-

1.5.4.3 Tone Features As noted in 1.2 (p L-5), beside the

physical phonetic parameters in numerical scales, | have chosen two
systems of features to represent Vietnamese tones at two other levels.
The phonetic features of 'Pitch' and 'Laryngealization' represent
tones at the systematic phonetic level, where details concerning
pitch levels at onset, midpoint and endpoint, and several degrees of
jaryngealization are necessary to distinguish between variants of
the same phonological tones. These features correspond to the notation
system proposed in Chao 1930, with five levels of pitch and one, two
or three pitch targets depending on whether the tone is level, with
unidirectional or bidirectional contour. To mark laryngealization,
the diacritic signs [~] (creaky voice) and [..] (breathy voice),
after Ladefoged 1971 and Laver 1980, are also used under the pitch
number or Chao's tone letters. The standard phonetic tones of NV, CV
and SV can be thus represented in short phonetic notations as in
Table 1.3 above (p 17). The values given were first obtained impres-
sionistically, then readjusted (in a few cases only) when they could
be derived from acoustic data according to conversion formulae pro-
posed in Ch. Five (section 5.2).

At the phonological level, the features 'contour,' 'concave,'
'high,' 'low,' 'falling,' ‘rising,' 'creaky' and 'stopped' are
adopted. The reasons for this choice can be summarized as follows.

(a) Vietnamese tones in all dialects display great similar-

ities in pitch contour while differing in relative average pitch,

and only one level tone occurs in each dialect system. This can be



Studiss: Zmeneau 1351 * sy own 1978 *F
() 7 : . (e)iTy 1)o7 (a) g7
Tone (a3, n I (o) n & o n % @ \n 5 e n 7
Level /=/ 418 VANA 363 36,3 2327 30,9 1341 28,5 3350 30.%
Falling /./ 358 17.5 228 22,9 1998 21.% 1442 22,3 2179 20,0
Rising /*%/ 543 26,73 120 18.0 2400 26,2 1335 28.5 3283 30.1
(/%s/) | (215) (10.5) (20) (3.0) (520) (5.5) (565) (2.8) (542) (5.0)
Drop /./ 333 16,3 144, Lo 954 0.5 04 CNA 964 8.9
(/.s/) | (128) (6.2) (33) (3.8) (331) (4.1) (253) (3.9) (423) (3.9)
Curve /7/ 214 10.5 53 5.3 637 7.0 722 11.2 1106 0.2
Broken /7 93 485 27 2.7 322 3.5

* Adapted from Emeneau 1351 (p 31 £f). (a) is based on the basic vocadbulary (homonyms countzd separately)
3
/

is based on "very colloquial conversations between a cook and various stallkeepers at markst.'

s
t
g

** 1y own study is based on informal conversations over a wide range of topics by groups of universi
A me . v \ - - . . - )
students and staff. They involved (c) 7 N7, (d) 4 CV and (e) 9 SV speakers. The tones counted are phono-

logical tones, with figurss for the stopped variants in parentheses.

¥4
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inferred from the phonetic notations in Table 1.3 (p 17) and will
be shown in detail in the acoustic data presented in Ch. Two. This
suggests that contour is a prominent feature in the Vietnamese tone
system as a whole, and the unitary contour features are more appro-
priate than other systems. To take an example, the rising tone /7/
has the standard form [35] in NV and SV and [24] in CV, but their
stopped variants can be [45] and [34], and there are other possible
variants such as [25] or [14]. This shows that the feature [+ rising]
underlies all these forms while the average pitch feature may vary
between high and mid. A sequence-of-levels representation (as pro-
posed in Leben 1978 for African tones or in Yip 1980 for Chinese
tones, among others) would fail to capture this underlying feature
in the Vietnamese system. The question remains open whether tones
are of different types requiring different analyses.

(b) In this framework, 'contour' means 'not level' and
"falling' and 'rising' are self-explanatory. | have substituted
tconcave' for 'convex' in Wang's system, for the reason that no con-
yex tones occur in Vietnamese, and therefore 'convex' cannot serve
to distinguish between the unidirectional and bidirectional tones in
Vietnamese, where 'concave' can.

(c) The features 'high' and 'low' will establish three levels
of average pitch for the phonological tone system. | have substituted
"low' for both 'mid' and 'central' in Wang's system because there is
no need for more than three pitch levels at this level of represen-
tation in Vietnamese. The five levels of pitch targets needed for
phonetic detail at onset, midpoint and endpoint are represented at
the systematic phonetic level only. The three levels of average pitch

will be supported by acoustic data given in Ch. Two (2.3.2).
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(d) The features 'creaky' and 'stopped' are added to Wang's
system for specific reasons. 'Creaky' is the voice quality feature
corresponding to 'Laryng' at the phonetic level. It is the only feature
that differentiates the NV falling tone and drop tone. Although it
may be redundant, in a strictly distinctive feature system, with the
NV broken tone and the CV curve tone, it remains an important char-
acteristic of these tones. 'Stopped' is not strictly a tone feature,
put rather a feature of the syllable on which the stopped tonesoccur.
| use this feature to mark off the stopped variants, because, as
noted earlier in 1.5.4.1, this feature underlies both their occurrence
and their recognition as such by the hearer.

The full feature specification of standard NV, CV and SV tones
are given in Table 1.5 (next page). Note that the features in paren-
theses are redundant and can be predicted by conventions or rules
that | shall described in Ch. Five (section 5.1).

The use of the feature system described above is consistent
with the basic assumption that tone is suprasegmental in nature and
the syllable is the smallest tone-bearing unit, of which tone is a
structural constituent as described in 1.5.3. This does not rule out
the possibility that tonal phenomena can occur across syllable
boundaries, in higher level units, and a theory of tonal phonology
should make provisions for this too.

The foregoing points will be further discussed with support-
ing data at relevant parts of my study in accordance with the plan

outlined in 1.3.
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TABLE 1.5 Phonolegical Features of 1'V, CV and SV Tones

NV Level /-/
Falling /«/ <
Rising /°/ |
St ris /’s/ g
Drop /S 54
St Drop /.s/ g
Curve /?/
Broken /~/ V|

o Level /-/ 1
Falling /o/ ™~
Rising /7/ -~
St Ris /%s/ s
Drop /./ J
St Drop /.s/ s
Curve /?/ N

SV Level /-/ —
Falling /a/ ~J
Rising /*/
st Ris /%s/ s
Drop / o/ \J
St Drop /.s/ s
Curve /?/ V.

(Con= (Con- .

N . Hi

tour) cave)
+ - -
+ - +
4 - +
+ - -
+ - -
) + -
+ + +
- - +
+ - -
+ - -
+ - -
} o -
+ ~ -
+ + -
‘- = e
+ e +
+ - +
+ + -
. - -
+ + -

e o 0 s o O o eoer oo wn S0 we ooy O O g sy 009 G5 9 Y e g e

+ + - - -
- - + - -
- - + - +
+ + - + -
. + - - +
4 + + - -
- + + + -
- + . o w
- - + o -
- - + - +
+ + - - -
+ + - - +
- + + + -
+ + - - -
. - + - -
- - + - +
+ + + - -
+ + - - +
- + + o -

* Features in parentheses are redundant and predictable by rules.




CHAPTER TWO

ACOUSTIC PHONETIC PROPERTIES OF VIETNAMESE TONES

9.0 INTRODUCTION

As noted in Ch. One, there have been a number of acoustic
phonetic descriptions of Vietnamese tones. The earlier studies by

Le Van Ly 1948, Andreev and Gordina 1957 and Nguyen Ham Duong 1962,

based on kymograph or intonograph tracings, established the typical
Fo contours of NV tones, regarded by the authors as representative
of modern standard Vietnamese. Later studies by Han 1969, Han and
Kim 1972, based on sound spectrograms, and by Earle 1975, using com-
puterized pitch extractors, gave essentially similar results for NV
tones. In these works, the authors mainly presented the Fo data and
some data on duration,but no data on intensity. They mentioned lar-
yngealization, or glottalization, as characterizing some tones but
offered no detailed description.

The study of SV tones by Tran Huong Mai 1969 was partly
based on pitch meter tracings, but no statistical data were provided.
The author described SV tone contours in various stress and inton-

ation patterns primarily from auditory study of recorded voices and

Visual inspection of the Fo tracings. To my knowledge, there has

been no acoustic phonetic study of CV tones.

25
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This chapter will deal with the physical phonetic aspects
of Vietnamese tones based on acoustical data. The body of
data gathered from a wide range of NV, CV and SV informants
will provide a basis for determining the main characteristics of
NV, CV and SV tones as produced by native speakers, and the range
of regional and individual variations.

The results will be presented and discussed in two parts.
In the first part, they are given in the form of arithmetical mean
values of fundamental frequency, relative intensity, relative dur-
ation and characteristic degrees of laryngealization. Mean values
are supposed to represent the average, typical parameters of the
tones for the group of informants concerned, but they do not always
convey linguistically significant information. As noted by Lade-
foged (1975:255), ‘''generally speaking, the phonetic characteristics
of a sound cannot be determined by measuring the absolute values
of the physical phenomena involved.' For example, the SV and CV level
tones have the following mean Fo values in Hertz at six measure-
ment points, for the respective groups of informants:

(sv) 191 191 192 191 189 184 Hz

(cV) 184 182 185 187 188 186 Hz

Both tones can be described as having a level Fo contour,
but the Fo values convey the false impression that the SV level
tone has higher average pitch than the CV level tone. On the con-
trary, | shall demonstrate that, in terms of relative pitch within
their own systems, the SV level tone is a mid tone and the CV level
tone is a high tone.

That is why in the second part,‘the mean values will be

converted into relative scales (percentage or decimal), by means
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of normalization procedures. This normalization, which in practice
eliminates the non-linguistic characteristics of the tones, will
yield results in the form of physical phonetic parameters in nor-
malized values. These will be linguistically more relevant and
more useful for comparing tones in different dialects and between
speakers. For example, the above-mentioned level tone Fo values,
converted into FD(F) - Fo Differential, in percent, relative to a
mean F for each group of informants - will have the following
values at six timepoints:

(sV) L L L 4 3 1 FD(F) percent

(cv) 12 10 12 14 14 13 .

This gives a better idea of the relative pitch of the level
tone in each system. 0 being the mean F, the SV values indicate a
pitch Tevel slightly above the average, and CV values indicate a
higher level still. Tones with negative FD(E) values would be auto-
matically understood to belong to the low pitch range.

On the basis of the results in both mean values and nor-
malized values, | shall determine the main characteristics of NV,
CV and SV tones, their similarities and differences in various
parameters, and discuss some implications for further linguistic

analysis.

2.1 PROCEDURES

2.1.1 Informants

This study was based on the recorded voices of over forty

native speakers of NV, CV and SV. For technical reasons, some of
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the recordings were not good enough for instrumental analysis,
though they were useful for auditory study. Therefore, only thirty-
four (11 NV, 12 CV and 11 SV informants) were used in the data
analysis. They include 14 female and 20 male informants, coded F
and M. Their birth places are indicated on the map in Figure 2.1
(next page), which would give a fair idea of how regional dialects
were represented. The number in the codenames increases in the
southward direction within each sex group and each dialect.

of these informants, about two-thirds were university
students aged between 18 and 30, the remaining being post-graduates
and other staff of older age. Most of them were living away from
where they had been born and had been exposed to other dialects
to some extent. As a whole, their speech could then be characterized
as educated and representative of the standard NV, CV and SV dia-
lects, although traces of their local dialects were still present.

| took care to leave out those whose accent,
judging by my ears, was not typical of their own dialects, either
because of strong influences from others, or because of strong
idiosyncratic or local features. | also decided to include a pro-
portionately larger number of CV speakers in view of the fact that
cV speech is thought to be more varied, less standardized and less

well known than the other varieties.

2.1.2 Word Lists

| felt that there was no need to replicate the studies by
Han 1969, which dealt almost exclusively with the single-vowel
syllable types, and by Earle 1975, which dealt with a larger range

of syllables involving all types of consonants and vowels. After
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a pilot study of samples from informants available in Canberra had
shown that the smaller samples gave essentially the same results
without the greater variance occurring in larger samples, | decided
that a cross-dialect study could include a smaller number of syl-
lables with similar phonetic realizations in all three dialects.

The analysis in this chapter is based on two word-lists,
given in Table 2.1 and Table 2.2 (next page). The first list con-
tains five isolated syllables to be utterred in succession in the
order given in the list, all with the vowel /a/ preceded by five
different alveolar consonants (and for the stopped tones, followed
by the velar /k/). A1l except a few occur as words or morphemes in
Vietnamese, but their succession as in List A is not meaningful.
The second list consists of the syllable /ta/ occurring with all
non-stopped tones (and /tak/ for the stopped tones), repeated three
times and preceded by a carrier frame which would make the utterances
meaningful and more natural. The choice of these syllables, based
on the fact that they represent some of the most neutral sounds
that vary little across dialects, was intended to provide data
typical of the average standard forms of tone in natural NV, CV and
sV speech. Other word-lists were also given to informants to read;

they will be described in relevant chapters.

2.1.3 Recordings

Voice recordings were made at different stages of my study
and in somewhat different conditions, although the same procedures
were followed. Of the thirty-four recordings retained for instru-
mental analysis, fifteen were made at the Phonetics Laboratory of

the Department of Linguistics, The Faculties, of the Australian



TABLE 2.1 WORD LIST A

Tone Syllables

Level /~/ /ta t"2 43 na sa/

Falling /./ /o t™ @ nd osd/

Rising /*/ /4 v ad od sd/

Drop /./ / ta th§ da na sa /

Curve /?/ /th v Ao sl

Broken /~/ /& % a& na s&/

Stopped Rising /’s/ / tde tP4c adx ndx sdk /

Stopped Drop /.s/ - / tak th§k dak nak sak /

TABLE 2.2 WORD LIST B

Tone ’ Frame Syllables

Level /-/ / & &m ta ta ta /
! we brothers !

Falling /./ / basj cw th th td /
'declining evening'

Rising /%/ / bén haj td t4 4/
'sell two dozens'

Drop /+/ / nég ba tg ta ta /
'welghing three quintals'

Curve /?/ / 78 mo ta ta tad/
'easy to describe?

Broken /~/ / mula t%"m ta ta ta /

o ~ 'raining cats and dogs'

Stopped Rising /“s/ / ban gwian tdk tédk ték /
'original copy'

Stopped Drop /.s/ / 28y pw tak tak tak /

'resemble strikingly!

Note The utterances, as enclosed between slanted strokes, were

read in the order given above.
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National University in Canberra, ten were made at a language
laboratory of the Foreign lLanguages Institute in Hanoi, and the
rest were made during my field trip to other parts of Vietnam. A
UHER 4000 Reporter IC Recorder was used with reel-to-reel BASF
tapes. Tape speed was set at 9.5 cm per second and volume control
was set at Automatic. When the recordings were played back for
study, | found no evidence that the amplitude had been clipped off.

Informants were first given instructions and the word lists
to peruse then asked to read List A with some care (lower speed)
and List B in a more natural way (faster speed). The idea was to
havé a corpus of syllables that represent the average standard

tone forms in natural speech.

2.1.4 Instrumental Analysis

After a preliminary selection to eliminate poor recordings
and achieve a fair balance of dialectal and individual represen-
tation for the study, the recorded materials were analyzed ins-
trumentally. An F-J Fundamental Frequency Meter, an F-J Intensity
Meter, a Sony 8-Channel Mixer and an Elema-Schoénander Mingograf
were used to analyze the output from the tape recorder and mingograms
were obtained for a total of about 2000 syllablés. The mingograms
comprised Fo curves, intensity curves and duplex oscillograms of
the oral waveforms. For the Fo analysis with the Fundamental Fre-
quency Meter, the high-pass filter was set at 70 Hz and 120 Hz,
and the low-pass filter at 200 Hz and 300 Hz, respectively for
the male and female informants. For intensity recordings, volume
control at the Mixer, set for each informant, ensured that peak

intensities of most syllables varied between 5 and 10 dB, after
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the Mingograf controls had been calibrated with the Intensity
Meter. | chose the full frequency range channel and linear display
on the Intensity Meter. The calibration was the same for all in-
formants so that results were comparable.

The mingograms were supplemented by about 300 narrow-band'
and wide-band spectrograms made from a Voiceprint Spectrograph
over a number of syllables typical of each informant for checking
and comparison in case of unclear tracings from the Mingograf.

The spectrograms were made in linear bar display, with high speed

and high shaping settings.

2.1.5 Measurements

The problem of analyzing the output from the Mingograf and
the Spectrograph involves several decisions on what to measure
and how to quantify and interpret the data. As previous studies
mentjoned in 2.0 have concurred in defining relative pitch, pitch
contour and laryngealization as distinctive features for Vietnamese
tones, | decided first to look at fundamental frequency as a major

parameter of tone, then to make measurements of intensity and dur-

ation of a number of syllables with different tones, then to look
at laryngealization.

2.1.5.1 Fo Measurements A preliminary visual examination

of mingograms and spectrograms coupled with data from Han 1969 and
carle 1975 showed that the characteristic contour of any Vietnamese
tones could be determined by measuring a certain number of points
(three in those studies) on the Fo curves on the mingograms or a

particular harmonic on a narrow-band spectrogram. For the purpose
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of this study, | decided that Fo curves on the mingograms were to
be the primary objects of measurements, supplemented by spectrograms
only in cases of unclear traces.

A selection of 8 syllables for each tone and each informant
(five from List A and three from List B for each tone), was considered
appropriate to represent the average standard forms. Therefore the
number of syllables involved in characterizing Fo for each tone was
72 for NV and SV (nine informants for each dialect) and 96 for CV
(twelve informants).

| also decided that a three-point measurement was not enough
to represent some fine phonetic details characteristic of some tones
(e.g. the lowest frequencies of the NV and CV curve tones usually
occur at about two-thirds of the duration, while those of the SV
curve tone and the NV broken tone usually occur at about one-third
of the duration.) A ten-point measurement would yield graphic rep-
resentationﬁcloaﬂy resembling real curves, but because of the amount
of data to be measured by hand was too large for me to handle, |
adopted a six-point measurement as a practicable.compromise. The
timepoints designated as Pl, P2, P3, P4, P5 and P6 for non-stopped
tones were defined respectively as occurring at onset, 10% (after-
onset), 37% (midpoint 1), 63% (midpoint 2), 90% (before-endpoint)
and endpoint. The timepoints defined for stopped tones, Pl, P2, P3
and P4, occurred respectively at onset, 37% (midpoint 1), 63% (mid-
point 2) and endpoint. The duration of stopped tones was found to
be only between one-half and two-thirds of the average duration
of other tones and the inclusion of measurements at 10% after

onset and before endpoint would not yield any more significant
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data than had been obtained from four measurement points. Thus for
each of the syllables measured, six Fo values were obtained for non-
stopped tones and four Fo values for stopped tones.

The onset at Pl was taken to be the beginning of voicing in
syllables except those with voiced consonant initials, in which case
Pl coincided with the vowel onset as different from the consonant
onset. Voiced consmant initials were excluded from the phonetic do-
main of tone for reasons discussed in Howie 1976, Sauvain 1977 and
Rose 1981. The vowel onset at Pl, in such cases, was determined f?om
the characteristic dip of Fo during the obstruent /d/ (Lea 1973:61)
or any appreciable discontinuity in either the Fo curve or the cor-
responding waveform and intensity curve. The endpoint was defined
as the syllable end, whether it was the last voicing point of a
vowel, a glide, a voiced consonant (which in Vietnamese can only be
a nasal in this position) or the last measurable point of the lar-
yngealized portion of the syllable. It appeared in the Fo curves
under study (and also for syllables ending in glides and nasals
not included in this chapter) that the characteristic Fo curve of
each tone extends primarily over the vowel nucleus and sonorant
ending of all syllables. When in doubt, both endpoint and onset
were determined by comparing the Fo curve with the corresponding
waveform , intensity curve or spectrogram. The intermediate points
were measured at the defined timepoints when the curve was smooth,
but when it was irregular, the nearest turning poeint, peak or Tow
point was measured instead. When there were Fo perturbatiolsdue
to various reasons (usually breafhy voice, creaky voice or con-

sonantal release), the nearest stable point was measured, or if the
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perturbation was of considerable duration, a point was taken by
interpolation between two stable points. Examples of those points
can be found in Figures 2.2, 2.3, 2.4 and 2.5 (pp 40 to 43).

2.1.5.2 Intensity and Duration Measurements Most studies

of Vietnamese tones noted in 2.0 barely mentioned duration as char-
acteristic of some tones (the stopped tones, the NV creaky drop
tone) and to my knowledge no data on intensity arc availablé. My
data on intensity and duration were extracted from the same syl-
lables, /ta/ for non-stopped tones and /tak/ for stopped tones, so
as to eliminate variations that might have been associated with
possible differences in the intrinsic intensity and duration of
various types of vowels and consonants. Intensity was measured
from four syllables for each tone and each informant, at four time-
points, de;ignated by 11, 12, 13 and |4, corresponding to after-
onset, midpoint 1, midpoint 2 and before-endpoint of the Fo measure-
ments. There was no need to measure intensity at onset and endpoint
because in the type of syllable chosen, beginning with a voiceless
/t/ and ending in /a/ or /K/,it was found to be zero or near zero
at those points.

Duration was measured in centiseconds and the determination
of onset and endpoint was made in the same way as for Fo and inten-
sity.

2.1.5.3 Statistical Treatment The Fo, intensity and duration

values obtained from measurements described in the previous subsec-
tions were treated statistically by taking the arithmetic means of
all tokens of a tone sample for each informant and for informants

of the same dialect group, and standard deviations were calculated.
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The standard deviation is a measure of dispersion of the statis-
tical data, while the arithmetic mean, the conventional 'average',
is a measure of central tendency (MacDonald 1977).

The statistical formula for calculating the mean is

UE

iy

—

1
X = —
oy

where x is the mean,
Xioenon x, are tokens in the set of data, and
n is the number of tokens in the sample.

The standard deviation is calculated by taking the square

root of the sample variance Sz, which is defined statistically as

—

.j':_./

52

. (x., - ;)2
n-1 . i

]

The value n-1 is used instead of n in the variance formula
pecause the variance is taken as an estimate from the sample and
not as the exact variance of the population. The standard devia-
tion is normally represented by the symbol § in statistical formulae,
but it will be abbreviated as SD in my Tables.

2.1.5.4 Laryngealization All previous studies of NV tones

mentioned laryngealization as a feature of the drop tone and the
proken tone, under a variety of terms such as laryngealized, glot-
talized, constricted, creaky, glottal stricture, etc. Breathy voice
was also mentioned as an optional feature of the curve tone. In one
of the later acoustic studies, Earle 1975 used the term 'laryngeal
effect' to cover creaky voice, breathy voice and glottal closure

occurring in NV tones, but gave no quantified data.
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As there has been no tested method of quantifying laryn-
gealization, as | defined in Ch. One (1.2), | decided to combine
auditory study with observation of perturbations on spectrograms,

Fo curves and waveforms (such as irregular striae on wide-band

and blurred harmonics on narrow-band spectrograms, or sudden drops
or jumps on Fo curves or any irregular forms of the waves, i.e.
anything that suggests the presence of irregular voicing.) The
presence of creaky voice and breathy voice in any portion of a tone
was noted when it occurred fairly regularly for a particular tone
over the sample of syllables by the whole group of informants for
NV, CV or SV (dialectal characteristic) or by a particular informant
(individual characteristic). Duration of the laryngealized parts
was measured roughly on spectrograms of the same syllables /ta/

and /tak/ used in the intensity and duration measurements, so that
possible variations associated with different types of consonants
or vowels were not involved.

ITlustrative mingograms and spectrograms of syllables with
NV tones by Informant NF3 are given in Figures 2.2 to 2.5 (following
pages) in which some measurement points and laryngealized parts

are indicated.

2.2 FRESULTS

The results are given in tabular forms in the following

pages, in the order Fo, intensity, duration and laryngealization.
Tables 2.3 to 2.5 present the mean Fo and standard deviations

of NV, CV and SV tones respectively at six timepoints (four timepoints
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for stopped tones); the values are in Hertz and reounded to the
nearest unit. Details of mean Fo values of each tone for each in-
formant can be found in the Appendix to this chapter, together

with more illustrative mingograms and spectrograms for various tones
in the three dialects.

Tables 2.6 to 2.8 present the mean intensity values and
standard deviations of NV, CV and SV tones respectively at four time
points; the values are in dB and given with one decimal place.

Table 2.9 presents the mean duration values in centiseconds
and standard deviations of NV, CV and SV tones together. Figures
were rounded to the nearest centiseconds ; a maximum and a mimimum
value from the 32 tokens in each tone sample are also included
in the table for comparison.

The results of investigation into the occurrence of breathy
voice and creaky voice are summarized in Table 2.10 in which four
degrees of laryngealization are posited for categorization at the
auditory level, namely

0 regular voicing, no noticeable change in voice quality;

1 breathy voice or slight laryngealization, usually as-

sociated with low tones by speakers having low Fo ranges,
as free variant of O or alternative realization of 2;

2 creaky voice or heévy laryngealization;

3 glottal closure, usually an alternative realization of 2.

Following the above tables, graphic representations of the
results are given in Figures 2.6 to 2.9.

Figure 2.6 plots the mean values of NV, CV and SV tones in

their respective systems, on the same Fo scale, as functions of
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TADLE 2.3 llean Fo in lerlz and Standard Deviations of IV Tones

Dinepeints (Four Tinepoints for Stopped Toneg) *

Tone n Pl P2 P3 P pP5 P46

Level /-/ 2 212 212 212 210 207 202
g
D)

b
Bl 5o

55

53 159 155
3 A 43
Risinzs /*%/ 70 195 104, 197 217 246 257
2 51, 51 5. 5/ 56
Ste Rise // 1 72 221, 2372 250 265

Drov /./ 72 169 106 150 165 162 163
/7 o (5 43 s 47
Ste Drop /es/ | 72 102 174 ) 147 153

45 43 AL %3
Curve /°/ TR 176 170 157 10 155 166
25 a8 L2 37 3 35
Srolen 72 202 106 167 211 2Ly 245

™

% Tor cach tone, nean Fo values on firct line, SD on second line.
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TABDLE 2.4 liean To in Ilerts and Standord Deviations of OV Tones

; Six Timepoinbs (IFour Iinepoints for Stopped Tones ) *
e et e e e .
Tone n Pl P2 P3 P/ P5 P6
Lovel /~/ o6 184 102 155 10 149 156
550 50 0 50 | 50| 52| s5ome
Folling /v/ 96 AL w1 | 162 | 159 | 156
40 45 47 16 45 LA,
Rigine /*/ 96 150 159 150 162 | 17 | 181
43 37 37 37 4 50
Ste Ris. /%s/| o6 163 159 | 160 179
42 39 39 46
Drop /./ 26 163 155 153 149 143 149
42 /0 33 39 39 40
Ste Drop /.o/| 96 169 | 161 | 155 150
43 50 39 39
Curve /?/ o6 166 163 156 140 153 156
45 /3 41 42 46 48 |

* Data from tuwelve CT informants: CFl, CF2, C¥3, CF4, Gil, G2,

Cl3, G4, G5, G, C.7 and CLS.

"* Tor cach bone, mean Fo values on first line, SD on second line.
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TABLE 2,5 liean Fo in Hertz and Stondard Deviations of SV Tones

at Six Timepoints (Four Timepoints for Stopped Toneg)®
p I .

Tone P2 P/ P5 P6
Level /~/ 191 191 189 185
60 60 61 GLk
Falling /o/ 161 151 149 149
52 50 51 5/,
Risinrg /%/ 192 22/, 250 255
60 - 68 20 84,
Ste Ris. /“s/ 208 256
66 86
Drop /./ 157 150 162 166
52 51 55 56
Ste Drop /./ 159 160
52 52
Curve /?/ 162 175 219 22/,
56 54 66 71

* Data from nine SV informants: SF1l, SF2, SF3, SF

315 and Si6.

i1, Si2, 4,

® For each tone, nean Fo values on first line, SD on second line,
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TABLE 2.6 Mean Intensity in dB and Standard Deviations of NV

Tones on Same Syllables at Four Timepoints#®

Tone n I1 SD I2 sb | I3 SD I4 SD
Level /—/ 32 [7.1 643 5.4, 2.0

2.1 1.1 1.6 1Bk
Falling /</ 32 |5.1 besd 3.5 1.1

2.1 1.5 1.7 0.2
Rising /*%/ 32 |55 Lob 544 1.6

1.5 1.3 2.5 1.1
St. Ris. /’s/ 32 | 5.6 5.0 o5 1.5

2.0 1.6 2.1 1.3
Drop /./ ' 32 | 4.5 4ol 2.3 0.8

1.3 1.5 1.0 0.2
St. Drop /.s/ 32 | 5.0 Lol 3.6 1.0

2.1 1.8 1.6 0.05
Curve /°/ 32 | 4.l 362 2.5 14

1.5 1.2 1.2 0.5
Broken /~/ 32 | 5.2 2, /o8 Lol

1.9 0.9 2.3 0.5

®* Data from 8 NV informants: NF1, NF2, NF5, NM1, NM3, M4, MM5 and
WM6. The syllables were /ta/ and /tak/ for sonorant-ending and

stopped tones respectively.

®* For each tone, mean intensity values on first line, SD on

second line.
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TABLE 2.7 llcan Intensity in dB and Standard Deviations of CV

Tones on Same Syllables at Four Timepoints™

........................................... e e e e e e e
Tone n 11 5D 12 SD 13 SD I, 8D
Lovel /-/ 32 | 8.0 762 5.5 247

2.5 1.1 1.8 Le3*
Falling /o/ 32 1 8. (45 4ol 1.9
2.7 1.9 1.6 0.6
Rising /°/ 32 1549 5.0 501 2.3
245 " 1.2 1.2
Ste Ris. /’s/ 32 1543 | 469 ANE 1.6
2.6 | 21 1.8 0.5
Drop /./ 32 1 6.5 Lol 3.1 1.7
3.] 1.5 1.9 0.9
Ste Drop /.3/ 32 1 66 5.3 o8 L4
| 3.0 1.5 1.3 0.5
Curve /?/ 32 7.3 5.8 3.2 L./,
| 2.7 | 2.2 | 1.6 | 0.7
Lo e e e e et e S O SRS SU e e y

* Data from O CV informonts: Crfl, Cr2, CF4, Clil, Cli4, Ch5, Ci7 and
Clid. The syllables were /ta/ and /tak/ for sonorant—ending and

stopped tones respectively.

¥t Tor each tone, mean intensity values on first line, 3D on

sceond lince
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TABLE 2,8 liean Intensity in dB and Standard Deviations of SV

Tones on Same Syllables alt Four Timepointg*

Tone n 11 S I SD I3 SD 14 SD

Level. /-/ 32 | 49 5.8 ol 2¢3
2.0 1o/ 1.3 1,70k
2. 1.2

1.3 0.9 .3 0.6
) /69 ) 2.5

Lot 1.3 2.2 243
2| 42 5.8 540 2./,

2.3 2.0 1.5 1.7
362 2.9 | 2,0 1.2

Falling //

o
N
W
)

A
(S8
°

[o

Rising /)

O
DN

Ste Rise. /s

jSV)
o]

Drop /./

JS
e

| 1.3 | 1.1 0.8 0.4
Ste Drop /us/ | 32 | 3.0 EX; | 2. 1.2
1.2 | 1.2 0.3 oA
Curve /?/ S22 | 3.6 25 3.0 2.0
1.5 0.9 1.0 1.7
N i I N D I _

¥ Data from & 57 informantse SF1, S, Si%, 311, i3, Si4, Si5 and
36, The srllables were /to/ and tall/ for sonorant-ending and

- T e e EICTN R
stopred tones respectively.

Wt

For cach tonc, mean intensity values on first line, SD on

sccond linc,




-TABLE 2.

e

#* Dnax and Doin

9\

of 1V, GV and SV Tones on Same Syllables®

o)

Dialect & Tone

WV Lovel /-/

Falling /./
Rising /’/

St. Rising /“s/
Drop /./

St. Drop /ea/
Curve /?/
Brolien /~/

Level /~/
Falling /+/
Rising /*/

St. Rizing /%s/
Drop /o/

St. Drop /.s/
Curve /?/

Lavel /=/
Falling /4/
Rising /7/
Sto Risinz /“s/
Drop /./

Ste Drop /.3/
Curve /?/
Data from cane

data in Tables

each tone sample.

50

Iecan Duration in Centiceconds and Standard Deviations

n D SD Dmax Dmin *ﬁ
32 25 6 3 12
32 25 6 38 12
32 25 5 33 14
32 15 3 22 10
52 20 A 30 1/,
32 15 3 22 8
32 26 6 40 16
32 25 4 32 1/
32 26 5 40 16
32 28 5 40 16
32 26 5 20 19
32 16 3 26 10
32 28 7 50 5
32 17 3 26 10
32 24 5 40 15
32 30 3 50 16
32 29 6 Ly 18
32 20 6 40 1
252 18 A 28 12
a2 26 5 40 18
32 17 4 21, 10
32 30 6 L2 20
A b A »

syllables and some informants ao
2.6 to 2.5 (previous pages).

arce the longest and shortest

s

toke

Lor intensity

found in
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TABLE 2.10 Laryngealization in iV, GV and SV Tones *

e e e e e e e e e e R 3 g e SR
Dialcct & Tone Degree  |Duration| Timing

(2) (b) (c)

&)

W Level /=/, Rising /?/, Sbe Rising 0
/’s/ & Sto Drop /es/ |
Falling /</ 0 (
Drop /./ 2 (
Curve /?/ 0 (
Broken /~/ o2

OV Level /-/, Falling /a/, St Rising}; 0
/’s/ & S, Drop /ea/ '
Rising /°/ 0 (1)
Drop /W/ L0 (1,2) () (B)
Curve /?°/ i (1) Lobs i

SV Level /-/, Rising /%/, 3t. Rising } 0
/’s/ & 3t. Drop /.a/

Falling /</ 0 (1) (i
Drop /o/ 0 (1,2)] (i
Curve /°/ 0 (1) (i

* Baged on anditory and acoustic studiecs on same syllables and same
informants as for intensity data in Tables 2.6 to 2.8 (previous
pPases)

(a) Oerepnlor voicing; libreathy voice; 2:creaky voice; 3:glottal
closurc. ( Yindicates alternative occurrences with gome speakers
and in somne contexts only.

(b) Tmber indicobes nean durabtion of laryngealized part in centi-
scconds; (i) indicabtes irresuler durations.

(¢) Laryngculiiation can usually occur at the middle 1l or end &
of

D the syllable.
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mean duration.
Figures 2.7 (a,b), 2.8 (a,b) and 2.9 (a,b) present syn-
chronized graphs of the mean Fo values and mean intensity values

of each tone of the three dialects, as functions of mean duration.

2.3 DISCUSSION OF RESULTS

In the following discussion, | shall make general obser-
vations on the acoustic characteristics of Vietnamese tones in the
three major dialects as can be inferred from the data. Then | shall
discuss particular points concerning the parameters Fo, relative

intensity, duration and laryngealization.

2.3.1 Acoustic Characteristics of NV, CV and SV Tones

The following description of the three dialect systems
can be made from inspection of the quantified data presented in the
tables and figures in the preceding section. Before formal normal-
ization procedures are introduced in the next section, let us assume
that the labels 'level,' 'falling,' 'rising' and 'concave' in Fo
contour can be impressionistically determined from the presence of
appreciable changes in Fo between onset and endpéint; similarly,

' and 'concave' in intensity con-

the labels 'sustained,' 'falling,
tour will be used depending on whether there are any appreciable
differences between the peak intensity (usually between 1/10 and
1/3 of duration) and the third measurement point (at 2/3 of dur-
ration) when intensity generally starts to decay in all tones.

(a) NV Tones

NV Level Tone /-/ Average Fo level: mid; level Fo contour
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slightly falling toward the end; falling intensity contour; long dur-
ation; no laryngealization.

NV Falling Tone /~/ Average Fo level: low; falling Fo con-

tour; falling intensity contour; long duration; no characteristic
laryngealization, but sometimes breathy voice with speakers having
low Fo ranges.

NV Rising Tone /“/ Average Fo level: high; rising Fo con-

tour, fairly level for about 1/3 of duration then starting to rise
and reaching top Fo range toward the end; sustained intensity con-
tour, fairly level between 1/10 and 2/3 of duration, then starting
to decay well before peak Fo is reached; long duration; no charac-
teristic laryngealization.

NV Stopped Rising Tone /%/ Average Fo level : higher than

the non-stopped rising tone; Fo onset starts higher and rises sharper
within a shorter duration of about 3/5 of the non-stopped tone; sus-
tained intensity contour; no laryngealization.

NV Drop Tone /./ Average Fo level: low; falling Fo contour

starting and ending a little higher than the falling tone; falling
intensity contour; slightly shorter duration (4/5 of falling tone);
characteristic heavy laryngealization (creaky voice for about 1/4
of duration at the end, alternatively glottal stop).

NV Stopped Drop Tone /.s/ Similar to the non-stopped drop

tone, except for shorter duration (3/4 of drop tone, 3/5 of longer
tones) and no laryngcalization.

NV Curve Tone /’/ Average Fo level: low; concave Fo con-

tour, starting low and falling to lowest Fo range at about 2/3

of duration, then rising toward the end (this rise varies according



61

to speakers and phonetic environments); falling intensity contour:
long duration; no characteristic laryngealization, but often breathy
voice with speakers having low Fo ranges.

NV Broken Tone /~/ Average Fo level: mid to high; concave

Fo contour, starting from mid Fo range, falling sharply to lowest
Fo at about 1/3 of duration, then rising sharply again, reaching
near top Fo range; concave intensity contour with drop correspond-
ing to drop in Fo; long duration; characteristic mid-syllable lar-
yngealization (creaky voice often heard as glottal stop).

(b) CV Tones

CV Level Tone /-/ Average Fo level: high (highest of CV

tones); level Fo contour with a tendency to rise a little toward
the end; falling intensity contour; long duration; no laryngeal-
jzation.

CV Falling Tone /~/ Average Fo level: mid; falling Fo con-

tour, starting above the mid Fo range and ending at low Fo level
but not reaching the bottom range; falling intensity contour; long
duration; no laryngealization.

CV Rising Tone /7/ Average Fo level: mid; rising Fo con-

tour, from a low level, with initial fall, then rising to high Fo
but not reaching top range; sustained intensity contour; long dur-
ration; no characteristic laryngealization, but sometimes breathy
voice in mid-syllable with speakers having low Fo ranges.

CV Stopped Rising Tone /’s/ Similar to the non-stopped

rising tone but starting at higher Fo level and with short duration

®

(about 3/5 of the rising tone).

CV Drop Tone /./ Average Fo level: low; falling Fo contour,
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starting below the mid Fo range, reaching lowest Fo at about 2/3
of duration then levelling out till the end; falling intensity con-
tour; long duration; no characteristic laryngealization (except
for some speakers who either have breathy voice or slighttly creaky
voice toward the end).

CV Stopped Drop Tone /.s/ Falling Fo similar to the first

2/3 of drop tone, but starting a little higher; falling intensity
contour; short duration (2/3 of drop tone); no laryngealization.

cV Curve Tone /’/ Average Fo level: mid; concave Fo con-

tour, with first 2/3 nearly coinciding with drop tone, last 1/3
rising (slope varies with speakers); falling intensity contour;
slightly shorter duration (6/7 of drop tone); characteristic lar-
yngealization (creaky voice ending or glottal stop).

(c) SV Tones

SV Level Tone /-/ Average Fo level: mid; level Fo contour

slightly falling toward the end; falling intensity contour; long
duration; no laryngealization.

SV Falling Tone /~/ Average Fo level: low; falling Fo

contour; falling intensity contour; long duration; no character-
istic laryngealization, but sometimes breathy voice with speakers
having low Fo ranges.

SV Rising Tone /// Average Fo level: high; rising Fo con-

tour, starting at about the same Fo as the level tone, and reaching
top Fo range at the end; sustained intensity contour; long duration;

no laryngealization.

SV Stopped Rising Tone /’s/ Similar to the non-stopped

rising tone in many respects, only the Fo onset is higher and the
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duration shorter (3/5 of rising tone).

sV Drop Tone /./ Average Fo level: low; concave contour,

starting at low Fo, reaching lowest Fo at about 1/3 of duration,
then rising gently back to onset level; falling intensity contour;
long duration; no characteristic laryngealization, but sometimes
breathy voice with speakers having low Fo ranges, except for a
local dialect (the Da Nang region) where creaky voice ending is
often heard.

SV Stopped Drop Tone /.s/ Similar to the drop tone in

many respects, but Fo onset a little higher, the rising end negli-
gible, and shorter duration (3/5 of the drop tone).

SV Curve Tone /’/ Average Fo level: mid; concave Fo con-

tour, starting at low level, reaching lowest Fo at about 1/3 of
duration, then rising sharply but ndt reaching same height as the
rising tone; sustained intensity contour, slightly concave; long
duration; no characteristic laryngealization, but sometimes breathy
voice with speakers having low Fo ranges.

From the foregoing description of individual tones, one
can make the most general observations about the three dialect
systems as follows.

Although the CV and SV systems differ from NV in the num-
ber of tones, there are more phonetic similarities between NV and
SV tones than between these and the CV tones. Apart from intensity
and duration which display no appreciable differences between the
three dialects, the NV and SV systems have five phonetic tones
which are similar in both Fo contour and average Fo level, namely

the level tone, the falling tone, the rising tone, the stopped
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rising tone and the stopped drop tone. And they both differ from
the CV tones in the use of Fo ranges: their tones reach more extreme
Fo levels than their CV counterparts. These aspects will be discus-

sed in more detail in the following subsections.

2.3.2 Fo Contour and Fo Level

Concerning these parameters, the following comments are
relevant.

(a) The above description establishes four types of Fo con-
tours in all three dialects : level, falling, rising and concave.
As there is only one level tone in each dialect, it appears that
Fo contour is the dominant feature in the Vietnamese tone system.
This is further supported by the fact that all tones, with one ex-
ception, retain the samekcontour type across the theee dialects
and vary only in Fo level or laryngealization.

The level tone is mid-level in NV and SV, and high-level
in CV;

The falling tone is low-falling in NV and SV, mid-falling
in CV;

The rising and stonped rising tones are high-rising in
NV and SV, mid-rising in CV;

The stopped drop tone is low-falling in all dialects;

The curve and broken tones are concave in all three
dialects;

The exception is the drop tone, which is low-falling with
laryngealized ending in NV, low-falling in CV and low-concave in

SV.

These results accord with my auditory impressions and
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support the choice of contour features | presented in Ch. One
(1.5.4.3).

(b) Average Fo levels can be determined more precisely by
taking the arithmetic means of the Fo values at six timepoints of
each tone (four timepoints for the stopped tones) from Tables 2.3
to 2.5 (pp 44-L46). They are given in Table 2.11 (next page).

It appears from this table that three clear different Fo
levels - high, mid and low - can be established for CV and SV
tones, which also accords well with my auditory impressions. There
is some ambiguity concerning the NV system: one could choose be-
tween three levels as in CV and SV, or only two levels (high, low)
as there is, relatively, no great distance between the average Fo
of the high and mid levels. Furthermore, from auditory impressions,
| would classify the NV broken tone as high, probably because it
has high ending Fo and the mid-syllable drop is often heard as a
glottal stop and not low Fo. Indeed, if we leave out the low Fo
value (169 Hz) at P3 which lies within the laryngealized part, the
mean value for the other five timepoints of the broken tone is
219 Hz, just about the same as for the NV rising tone (218 Hz). |
shall propose some conversion formulae (Ch. Five) which can overcome
this problem and establish three average Fo levels for NV, with
the level tone classified as 'mid' and the broken tone as 'high'.

In any case, the data in all three dialects support the
choice of the phonological features 'high' and 'low' to represent
three levels [+ highl, [= high, - Tow] and [+ Tow]. As pointed out
the three levels of average pitch in phonological features

before,

should not be confused with the five levels of pitch in Chao's
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TABLE 2,11 Average Fo in Hz and Average Level of NV, CV and SV
Tones (Data from Tables 2,3, 2.4 and 2.5)

Level /-/
Falling /</
Rising /*/
St Ris /’s/
Drop /./
St Drop /.s/
Curve /?/
Broken /~/
Range of Avor,
Fo for each |
level |
High
Mid

Low

NV
Aver. Fo| Level
209 {id
166 Lo W
218 High
202 High
174 Low
170 Low
160 Low
211 1id
218-242
209211
160174,

cv
Aver. Fo | Level
185 High
175 Mid
171 Mid
170 Mid
153 Low
158 Low
157 Low
185
170175
153-153

SV
Aver, Fo| Level
189 Mid
155 Low
219 High
223 High
158 Low
161 Low
183 Mid
,,,,,,,,,, | I
219-223
183-189
155-161

e e e e e e b e -
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system which | also use to record details of onset, midpoint and
endpoint pitch targets for each tone, e.g. [35], [214] in systematic
phonetic representations.

Concerning the stopped tones, the data show that, notwith-
standing differences in detail at onset and endpoint, they have
similar Fo contour and average Fo level of the corresponding non-
stopped tones, as well as similar intensity contour. | shall,
in Ch. Three (3.1.2), show that the differences in duration and
other phonetic details may be intrinsically conditioned by the

presence of the final voiceless stop, and therefore predictable.

2.3.3 Fo Ranges

The physiologically caused intrinsic differences in Fo ranges
between male and female speakers are well known, but one may sus-
pect that other factors are involved in determining the actual Fo
ranges used by speakers within the possible limits.

The absolute and mean Fo ranges of individual NV, CV and
sV informants are presented in Table 2.12 and Figures 2.10 to
2.12 (following pages). The figures in Table 2.12 are calculated
according to two similar formulae for the absolute range R and the

mean range R :

R Fmax - Fmin

R

i

Fmax - Fmin

where the range R was calculated from the highest absolute value
Fmax and the lowest absolute value Fmin, and the mean range R was
calculated from the highest mean value Fmax and the lowest mean

value Emin, for each individual informant. The largest and smallest
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absolute and mean ranges by individual informants of the three

dialects are as follows.

NV cv sV

Largest R 230 Hz (NF4) 130 Hz (CMI) 240 Hz (SF3)
Largest R 167 Hz (NF2) 73 Hz (CM7) 173 Hz (SF5)
Smallest R 125 Hz (NML) 60 Hz (four) 85 Hz (SML, SM6)
smallest R 94 Hz (NM4) 32 Hz (CM5) 59 Hz (SM2)

The mean Fo ranges and standard deviations of the three

groups of informants are

n R SD
NV 9 131 24
cv 12 54 13
SV 9 115 45

Results of t-tests show that there is no significant dif-
ference between the mean ranges of the NV and SV groups, but signi-
ficant differencesat 0.01 level between those of the CV group and
each of the other groups. (The t-test formula is given on p. 87.)

The data suggest that the smaller Fo ranges used by CV
speakers are not due to individual characteristics but rather to
the characteristics of the CV tone system itself, probably the fact
that CV has no high rising but only mid rising tones, and the
highest Fo reached by its high level and mid rising tones cannot

be so high as those reached by the NV and SV high rising tones.

2.3.4 Intensity
The general impression one gets from the intensity curves

plotted in Figures 2.7 (a,b), 2.8 (a,b) and 2.9 (a,b), on pages
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53-58, is that intensity covaries with Fo to a certain degree only.
Most intensity curves have falling slopes in tones with level or
falling Fo contours, while some have a more sustained or slightly
rising slope in the middle of a rising tone, but start to decay
before Fo reaches its peak toward the end. There seems to be little
difference. between dialects and individuals. This is borne out in
Table 2.13 (next page) where the correlation coefficient r between
intensity and Fo values at four timepoints A, B, C and D (repre-
senting 11, 12, 13 and 14 for intensity and the corresponding P2,
P3, P4 and P5 for Fo) was calculated for each timepoint from the
data by six different informants from the three dialects. Most of
the values of r vary between .27 and .69, that is they show a
fair degree of correlation between the two sets of data. The ex-
ceptions are a fairly high correlation (.75) at timepoint D for
informant SF5 and no correlation (.03) at the same timepoint for
Informant SM4

This suggests that in this ‘respect Vietnamese may be dif-
ferent from some other tone languages such as Mandarin Chinese for
which Kratochvil 1968 has established intensity as an important
characteristic of tone, or the Ningpo Chinese dialects for which
Rose 1981 has shown that intensity ''varies independently of Fo"

and 'varies reqularly as a characteristic of a given lexical tone."

However, | shall show below that there is a possibility
that in some cases, intensity contour may become a major cue for
identifying the NV broken tone.

Furthermore, it has been shown that intensity may vary

with different vowels (Lehiste 1970) and | have observed that it

1
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usually rises slightly toward the end of syllables with a sonorant
final consonant. Figure 2.13 (next page) illustrates some of the

above mentioned points.

2.3.5 Duration

There is considerable difference in absolute values for the
duration of individual syllables by different informants, but the
mean values shbw that in each dialect, the stopped tones are all
shorter than the average non-stopped tones by about 1/3. The two
-crealy-ending tones in NV and CV are shorter by about 1/5 and
1/7 respectively than the other non-stopped tones. | shall deal
with the phenomenon in more detail later, in 2.4.3.4 infra, after

normalization makes interdialect comparison more meaningful.

2.3.6 Laryngealization

Some useful observations can be made about the occurrence
of laryngealization in the three dialects as summarized in Table
2.10 (p 51).

(a) Besides occurring as a regular feature on the NV drop
and broken tones and the CV curve tone, creaky voice also occurs
on a local variant of the SV drop tone in the Da Nang region (the
northernmost part of the SV dialect area) and of the drop tone
with some CV informants from the Vinh region (the northernmost
part of the CV dialect area), albeit with a lesser degree of lar-
yngealization, so far as | can judge from my ears. In the latter
case, CV speakers from the region might tend to emphasize the
rising end of the curve tone to make it more distinct from the drop

tone, or to confuse the two tones together and have one tone less
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in their system. This might be one of the causes for tone changes
across Vietnamese dialects.

(b) Creaky voice is not always realized in the same way:
it varies greatly in duration between informants and is sometimes
replaéed by glottal closure, which is the reason why many authors
described it as a glottal stop. When it occurs in the middle of
the broken tone, the syllable is sometimes heard as two, as reported
in Vu Ba Hung 1978, by foreign listeners.

It is interesting to see how the same auditory effect could
be produced in different ways by examining some of the mingograms
and spectrograms of the NV broken tone on the same syllable /tal/
by three different informahts, NF3, NM3 and NM4 (Figure 2.1k, next
page). These speakers' tone system does not show any noticeable
deviations from standard NV and their creaky tones produce similar
auditory impressions. However, the voiceprints of the same syl-
lables, which are typical of each informant, present marked differ-
ences:

NF3 /t3/ : heavy laryngealization, sharp drop in Fo and in
intensity at middle;

NM3 /ta/ : no laryngealization, sharp drop in Fo and slight
drop in intensity at middle;

NML /t3/ : no laryngealization, no sharp drop in Fo but only
sharp drop in intensity at middle. For comparison, the mingogram of
the syllable with rising tone /ta/ by the same informant NM4 is

included alongside /ta/: it is clear that the Fo curves of the two

tones by this informant are similar, only the intensity contours

differ sharply.
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(c) Breathy voice, which occurs irreqgularly in all three
dialects, is usually associated with low tones and particularly
with speakers having lower Fo ranges and can manifest itself in
different degrees. A spectrogram of a syllable with typical breathy
voice by Informant NM4 (whose NV falling tone and curve tone are
regularly breathy almost through their lengths) is shown on the
upper right corner of Figure 2.15 (next page) beside a syllable
with the/characteristic creaky voice ending by Informant CF3. Both
syllables bear the same tone /’/ with different shapes in the two
dialects. The lower part of Figure 2.15 shows three successive
occurrences of the stopped rising tone on three syllables by the
same Informant CF3, who usually has slightly creaky voice in the
middle of her rising tones on some syllables. These are interesting
things about the syllables in the figure. The first syllable /thék/
shows slight laryngealization for some duration in its middle; the
auditory effect of this is very slight creaky voice that can be
heard, but which would not be noticed in speech because it would
not be expected there. The two other syllables are quite clear on
hearing, but the middle syllable /dak/ displays some very short
perturbations in the middle which are not ordinarily audible but
might ~ be a potential cause for the development of laryngealization

in certain circumstances.
9.4 PHYSICAL PHONETIC PARAMETERS OF VIETNAMESE TONES

The discussion of results of direct measurements of the

acoustic data in absolute or mean values has provided us with a
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fair idea of the characteristics of NV, CV and SV tones in their
respective systems. However, the values given in these results
also represent some vardiations in non-linguistic parameters such as
Fo range differences between speakers or groups of speakers, differ-
ences in their speech tempo or the level of their voices, etc,
which make the data not directly comparable.

The normalization procedures proposed below serve a double
purpose. First, they will make any two or more sets of data from
different speakers or groups of speakers directly comparable by
practically eliminating non-linguistic variables and presenting
the normalized values in easily interpretable percentage or deci-
mal scales, as exemplified in 2.0. Second, they will provide these
normalized values as input for the conversion processes described

later in Ch. Five, as part of a proposed model of tone perception.

2.4.1 Normalization Procedures
As proposed earlier, the four sets of parameters needed
to describe Vietnamese tones adequately at the physical phonetic

level ate fundamental frequency Fo, intensity I, duration D and

laryngealization L. Laryngealization has been described in 2.3.6
above and needs no normalization. The other data concerning Fo,
| and D can usually be normalized in percentage or decimal scales.

2.4.1.1 Fo Differential in Percent A usual procedure for

normalization of Fo data is a percentage scale based on the average
range, as that used by Earle 1975 for NV tones. It is adequate for
a fairly homogeneous tone system. However, when looking at the

Fo data for the three Vietnamese dialects, one is struck by the



fact that the CV informant group
range than the other two groups,

scale based on the average range
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made use of a much smaller Fo
as noted earlier. A percentage

would exaggerate the Fo slopes of

CV tones as compared with the NV and SV systems ( @s | shall show
when discussing the }esults of normalization in 2.4.3 below.)

Therefore, for comparison of Fo in different situation, | devised
a method of normalization involving the concept of Fo Differential

or FD, expressed in the following formulae

where Fi is any individual Fo value,
A and B are any two timepoints at which Fi occurs,
E is the mean Fo of a sample, used as a reference level,
and ltg stands for integer, i.e. the FD will be expressed
in integer digits, any decimals being automatically cut off.
The FD values can be positive or negative and represent the
differential percentage (higher or lower, rise or fall) between
two individual Fo values or between an Fo value and the mean F.
Formula (N1) calculates the FD between point A and point
B from the Fo va]ues of those points, Fi(A) and Fi(B), and gives
the differential percentage in relation to point A. A positive
value means that Fi at point B is higher than at point A, and a

negative value means that F. at point B is lower than at point A.

This formula can be used to calculate the FD between two points on
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the same Fo curve, e.g. the onset and endpoint of the same tone.
The resulting FD, say -12, indicates a fall of 12% in Fo between
these two points. Or it can be used to calculate the FD between
two comparable points on different Fo curves, e.g. the onsets of
two tones on the same syllables. The resulting FD, say 8, indicates
that there is a difference of 8% in Fo onset between the two tones,
in relation to the lower onset.

Formula (N2) calculates the FD between any individual Fi
and the mean F for any informant or group of informants. The mean
F is the arithmetical mean of all Fo values of a sample (of p time-
points x s syllables x t tones x n speakers). The mean F used for
calculating the Fo parameters in FD(F) percent of NV, CV and SV
tones presented in Table 2.15 infra, obtained from the total sample
for each dialect, were respectively 193 Hz, 164 Hz and 183 Hz for
the three groups of NV, CV and SV informants. Thus if a tone has
an FD(F) of -6 at its onset and -15 at its endpoint, for example,
it can be inferred from the negative values that it is a low and
falling tone, irrespective of the actual Fo values.

These are some examples of calculations.

(a) The differences between mean Fo onset and endpoint values

for the falling tone are respectively:

174 = 156 = 18 Hz for the CV group of informants, and

166 - 149

17 Hz for the SV group.
If we apply formula (N1), in which O stands for onset and

E for endpoint
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we shall have, for the CV falling tone

156 - 174
FD(0,E) = ltg(--=-===-~ x 100) = -10%
174
and for the SV falling tone
149 - 166
FD(0,E) = ltg(-===-~~-- x 100) = -10%
166

Thus, in spite of differences in absolute values, the CV and
SV falling tones can be said to have the same rate of fall, -10%
between onset -and endpoint Fo. This would mean that, heard out of
context, they would be both identified as a falling tone of the same
phonetic shape.

(b) If we apply formula (N2) to calculate the FD relative

to the mean F

in which F is 164 Hz for the CV group and 183 Hz for the SV group
of informants, we shall have the following values for the same CV

falling tone

- 174 - 164

FD(F) at onset = ltg(--------- x 100) = +6%

164

- 156 - 164

FD(F) at endpoint = Itg(-=-------- x 100) = -4%

164
and for the SV falling tone

- 166 - 183

FD(F) at onset = ltg(=~=====-- x 100) = -9%
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FD(F) at endpoint = ltg(--==-==-~ x 100) = -18%

Thus, although these two falling tones have the same slope
and no great differences in mean Fo values, the FD(F) values clearly
establish that the CV falling tone is mid-falling (having an onset
6% above and an endpoint -4% below the mean F), and that the SV fal-
ling tone is low-falling (both onset and endpoint are well below
the mean F, viz. -9% and -18%). This would mean that, heard in tonal
context in their own systems, the CV and SV falling tones would be
rated differently in their average pitch levels. This property of
the FD(E) to suggest both the Fo contour and the Fo level relative
to the mean F makes it a useful tool for inter-dialect and inter-
speaker comparisons and also for modelling the perceptual process,
as | suggested earlier. That is why | have adopted it in preference
to other possible normalization procedures.

Note that for convenient reference, the FD(E), called Fo
Differential relative to the mean F for any informant or group of
informants, will be always written in this form, whereas the Fo
Differential between two points A and B can be indifferently referred
to as FD(A,B) or 'the FD between A and B in relation to A' (with A
being the basis for percentage calculation). Note.also that the
- sign is mandatory, while the + sign is usually omitted.

The reiative advantage of this method over the percentage-
of-range scale will be apparent in comparing the Fo values obtained
from different informants who may have different pitch levels and
voice ranges dQe to their sex or age, or local dia{ect, or the

conditions of recording at different times. Any differences can thus
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be expressed in percentage instead of absolute values,and the
point of reference, the mean fundamental frequency, is not a
fixed value but a movable one calculable from any particular set
of variables from any population sample.

2.4.1.2 Decimal Scale for Intensity and Duration For the

| and D parameters, | propose to use a decimal scale for representing
the relative intensity contour and the relative duration of each
tone in each dialect system. This scale is chosen for two reasons:
like the percentage scale, it is relatively easy to convert actual
values to a decimal scale by simple mathematical formulae; second,
it is probable that differences of at least one-tenth or more in
relative intensity or duration are auditorily detectable or statis-
tically significant. Table 2.14 (next page) presents some levels
of significance obtained from t-tests between the means of some
intensity and duration data. The results reported in this table
suggest, for instance, that for some CV tones, intensity differences
of 0.8 db (less than 10% of the mean peak intensity in the sample)
are not significant at the 0.5 level of confidence, but differences
of 0.9 dB (about 11% of the mean peak intensity) are significant
at that level. Similarly, differences of two centiseconds in the
mean duration are not statistically significant at the 0.5 level of
confidence, but those of four or five centiseconds are found to be
highly significant, i.e. at the 0.1 or 0.2 level.

To convert actual values to the decimal scale, for both

intensity and duration, the fotlowing normalization formulae were

applied:
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TABLE 2.14 Levels of Significance Obtaired from t-Tests

On Some Intensity and Duration Data®

Data Tested rnl n2xl | %2 | SL | S2| % p **!Conclusion }
I2 & I3 of

/- 321 321 603 504] Lol| L1ob| 2.21| <0.05| significant
I2 & T1 of

SV /~/ 32| 32| 5.8| 4.9| Lo4| 2.0] 2.05]<0.05 "

I1 & Iz of

cv /~/ 321 32| 8.0| 7e2| 2o5| Lol| 1e63| 20405| not signif.

I1 of CV // &
I1 of GV /?/ 32| 32| 8.4 7.3| 2.7 2.7| 2.10| <0.05| significant

e ] I U S P Lo ] e —
D oruv /-/

&V /S 8 1¢ |2 20 | 6 A 46 | <0.,01| significant

'S or cv /-/

{& cv // 3 | g8 1 26| 2815 5 1,571 20.05| not signif.

;5 of CV /./ |

%C cv /2/ & S 3 : 28 24 1 7 5 2,58 <0.02| significant

iﬁ of SV /-/ | ; ; |

|

x

o8 301028 8 6 1 0.52] ¥0.05! not signif.

* Data from Tables 2.6 to 2.9.
R Mo gtatistical formula for the two-tailed t-test is

|71 - 2ol

t o= emmemed oD EEL
==3 =5

CEANEE L

Ny =2 ‘In] no

where %] and xo are the means of sample 1 and sample 2 respectively
1L a2 1 J s

n1 and no are the number of tokers in those samples,

Sy and S, are the respective standard deviations, and

the probability p reported for a critical value of t in each

1

the level at which therc is 95% (p<0.05) or 994 (pc0.01)

B T SO R
cect Indicates

probability that the differences between two sets of data are statis-

tically significant, il.e. not due to chancee
4

3
B
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Ii x 10
| = ltg(-=z---= + 0.9) (N3)
Imax
Di x 10
D= Itg(-=-=---- + 0.9) (N4)
Dmax
where li and Di are any | and D values to be normalized,

Imax and Dmax are the highest mean values in the samples

in question (i.e. Tmax is the highest mean intensity for
all tones in a sample at a particular timepoint , and Dmax is
the longest mean duration for any tone in the sample.)

As in the case with Fo, | and D are expressed in integer
digits, and to ensure that the decimal scale of 1 to 10 corresponds
to the range of 0.01 - 0.1 for 1, up to 0.91 - 1.0 for 10, a cor-
recting factor of 0.9 is added in the formula. Thus the mean value
at 12 for the intensity of the NV level tone,has a normalized value
of

ltg(====---- +0.9) = 1tg(9.7) = 9

and the mean duration value for the SV stopped drop tone has a nor-

malized value of

ltg(-====-- +0.9) = Itg(6.5) = 6

Note that all those percent and decimal scales can be con:s
ceived as open-ended scales useful for the description of extreme

values of individual occurrences of some tones in comparison with

the standard forms.
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2.4.2 Physical Phonetic Parameters of NV, CV
and SV Tones in Normalized Values

The normalization formulae and the four degrees of laryngeal-
ization proposed earlier are useful tools for determining tone para-
meters in different dialects in a uniform way. They are given in
Table 2.15 (next page).

Graphic representations of these parameters are given in
Figures 2.16 and 2.17 (following pages).

In Figure 2.16 the tones are represented in a percent-of-
average-range scale for Fo and a decimal scale for duration. The
percentage scale, as used in Earle 1975, involves the determination
of the average range R for the three groups of NV, CV and SV speakers
and the conversion of Fo values to percent-of-average-range values
by the formulae

R = Fmax - Fmin (N5)

where R is the average range,

Fmax and Fmin are the highest and lowest mean values in

the sample, Fr the Fo value in percent o% range and Fi the

actual value to be converted.

Figure 2.17 represents the tones in their FD(F) percent
values and mean duration in decimal scale. Note that while the
percent-of-average range correctly represents the relative Fo con-
fours and pitch levels within a dialect, it distorts the slopes of

Fo contours of CV tones in comparison with the other dialects. The
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TABLE 2,15 Physical Phonetic Parameters (Fo, L, I & D in Normalized

0 1t e o e S e

Di{ll. 8[:

Talues) of MV, CV and SV Tones *

Tone

Y
/)
/’/
/’s/
/o
/es/
/'

* Calculated from data in Tables 2.3 to 2.10.

}

Yo in FD(F) Percent [Laryng. IntonsiﬁyM“‘Durationg

PL P2 P3| PL|P5 [ P6 a b oo |TLI2T31I4 =
9l 9 9l 8| 7, 4lo 10 9 8 3/ 10
~71 9| =10| <15| =17! =19| 0 & 7 5 20 10
2 ol 2| 12| 270 33lo0 g 7 8 3| 10
Y| 200 29| 38 0 g 77 3 6
21 =31 6| =L -16|-15(2 2 B|7 6 4 2 8

=50 =9 =13| =17 ! 0 77 5 2

-G =11 =18| =26| =19 -13] O 7 5 4 2| 10
LU 1] =12 9] 261 ola2 2 u|¢ 4 7 20 10

e M__....___,_._‘...,_,.,_.,; ~~~~~ RS RPUSI AP - v---w_.-«' e e e b st o e e e 2 o e S e 2 o iy T B s s
120 10f 12| WA AL 1310 10 9 7 4] 10
610 4 1] -1 ~3§ ~,| 0 10 8 5 10
-3 ~6| =8| -1| 71 10]o0 7 6 6 3/ 10
0 =3 1 9 0 7T 6 6 2 6
o -3, =61 -9 -9| -910 8 6 4 2 10
31 =1 b -3 0 g 7 5 2 6

1 o =4l =9| =6| =4| 2 2 E|9 L2

________________________ SRS SRS NSRN SN SRS S
LUoal 4l 4l 3l 1lo 910 7 4| 10
-9 | =121 =14| -17| -18| -18| o 6 7 5 21 10
6 4 91 22| 36| 39{0 & 9 8 5 10
ol 13| 24| 39 0 310 9 5 6
-9| <14 -19| -18| -11| -9| 0 6 5 4 2| 10
-7 =13 <15 =12 0 77 5 2 6
5| =12] -18| -4| 19| 22| o0 J 75 6 4| 10

In the Laryngealization parameter, (a) indicates degree, (b) dura-

tion (same scale as for whole tone), and (c) timing. Intensity and

duration values are in decimal scales. For more detall see 2.4eLl.
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FD(F) scale preserves the basic shapes of Fo contours in the
three dialects but brings the Fo levels into more comparable per-
spectives.

Figure 2.18 (next page) presents the normalized intensity

contours plotted against normalized duration.

2.4.3 Discussion of the Normalized Parameters

2.4.3.1 Fo in FD(E) Percent The FD(F) values, as given

in Table 2.15 and plotted in Figure 2.17 above, give a correct
representation of the main characteristics of the NV, CV and SV tones
individually and within their systems, as discussed in 2.3.1 and
2.3.2 supra. In addition to the example | gave in 2.4.1 concerning
the falling tone, the study of the typical onset, midpoint and end-
point FD(E) values of any tone in Table 2.15 would enable us to
determine its characteristic Fo contour and Fo level in a rough
manner. The NV and SV non-stopped and stopped rising tones have all
positive values with very high endpoints (up to between 33% and
39%) are clearly high-rising, while their CV counterparts, having
negative values in the first half and positive values in the latter
half, are clearly mid-rising.

The highest and lowest FD(F) values in the three dialects
(NV : +38, -26; CV : +1h4, -9; SV : +39, -19) also reflect the
typiga]]y narrower Fo range used by CV speakers as observed in

2.3.3.

2.4.3.2 Variation in Fo Contour and Slope The normal-

ization formulae allow us to compare not only the tones in differ-
ent dialects, but also those between individual aspeakers with-dif-

ferent voice ranges. Examples of variation in Fo contour and slope
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between various informants are summarized in Table 2.16 (next page)
in which the Fo Differentials were calculated according to formula
(N1), i.e. FD(0,E) stands for the FD between onset and endpoint,
FD(O,M1) for the FD between onset and midpoint 1, etc.

Most of the variations occur as differences in the slopes
of falling or rising contours, but in some cases they involve dif-
ferences in contour as well. They may be characteristic »f local
subdialects or individual informants. In particular, the CV rising
tone can be said to have two variants: one with a basically rising
contour (8 informants) with only a slight fall at the beginning, not
unlike the NV and SV rising tone; and one with a steeper fall and
reaching fairly low Fo at midpoint 1. They may be local variants
in many parts of the CV area.

2.4.3.3 Intensity The normalized values corroborate the
earlier observations in 2.3.4 and permit us to compare the inten-
sity curves of NV, CV and SV tones and describe them in unambiguous
terms.

Let us take a difference of one decimal unit or less to
mean 'sustained' and that of two decimal units or more to mean
a fall or rise in intensity contour between the peak value (usually
at 11 or 12) and 13 (14 being always low in all tones), as presented
in the Intensity columnsof Table 2.15 (p 90). We can establish the
intensity contours of all the tones as in Table 2.17, on page 97.
Let us calculate the average intensity values in decima) units of
each tone (the sum of 11, 12, 13, |4 divided by four), also from
Table 2.15. The results suggest that three levels can be posited:

high (average of 7.5 to 8.0 decimal units), mid (average of 6.2
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cv ‘ +1/, Clig

-5 +20 | CT4

ST 420 32

512
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-1 +6
=1/ +23
=25 (0,3)
-1L +3
~15 +84
=21 +81
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Liidpoint il or li2.
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TABLE 2.17 Intensity Contour of NV, CV and SV Tones

Tone NV cv SV
Level /~/ Falling (10-8) | Falling (10~7) Falling (10-7) *
Falling /o/ Falling (8-5) Falling (10-5) Falling (7-5)
Rising /*/ Sustained (8-8)| Sustained (7-6) | Sustained (9-8)
St Ris /’s/ Sustained (8-~7)| Sustained (7-6) | Sustained (10-9)
Drop /./ Falling (7-4) Falling (8-4) Falling (é-4)
St Drop /.s/ Falling (7-5) Falling (8-5) Falling (7-5)
Curve /?/ Falling (7-4) Falling (9-4) Sustained (7-6)
Broken /~/ Concave (8=4=7)

0 o e G2 S e S s s (e D G 1 e B e $552 GD H  c Co s G  ap S TD yn T conn t  m feme H Co e  y S c TD  cng e (B G P e G €2 S G2 O s e

* Figures in parentheses indicate changes in normalized values of
intensity (decimal units) between peak intensity and I3 (about 2/3

of duration when I starts to decay in all tones).

TABLE 2.18 Average Intensity Level of NV, GV and SV Tones

03 o G O o TR o 0350 o 57 e+ U SR T G, T O € g T s G e e S ) G G U G G s ST S o e G . O e s O o G D e e CRR CH  A GBen o s S o S U G s Tt S G O D

Tone NV cv SV
Level /-/ High (7.5) High (7.5) High (7:5)
Falling /</ Low (5.5) Mid  (6.5) Low  (5.0)
Rising /*/ Mid  (6.5) Low (5.5) | High (7.5)
St Ris /’s/ Mid  (6.2) Low (5.2) High (£.0)
Drop /./ Low (4.7) Low (5.0) Low (4eR)
St Drop /.s/ Low (5.2) Low (5.5) Low (5.2)
Curve /°/ Low (4.5) Low (5.5) Low (5.5)
Broken /~/ Low (5.2)

* Figures in parentheses indicate average intensity levels in nor-
malized values : high (7.5-8.0); mid (6.2-6.5); low (4e2-5.5).
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to 6.5 decimal units) and low (average of 4.2 to 5.5 decimal
units). Table 2.18 (p 97) gives the intensity levels of all tones.

The following observations can be made from Tables 2.17
and 2.18:

(a) There is great similarity in intensity contour between
the same tones across dialects, the only exception being the SV
curve tone (see Table 2.17). Thereis less similarity in intensity
levels (only four out of seven common tones have the same levels;
see Table 2.18) This strengthens the idea that tone contour, pri-
marily manifested in Fo and secondarily in intensity, is the dom-
inant and unifying feature in the Vietnamese tone system across
dialects.

(b) The normalized values and comparisons in the above-
mentioned tables corroborate the notion of partial correlation be-
tween intensity and Fo, as noted in 2.3.4, especially during the
first two thirds of duration. Level, falling and low concave tones
tend to have falling intensity contours. Rising tones , and the SV
mid-concave tone with high rising end, tend to have sustained in-
tensity contours. Only the NV broken tone has a .clear concave in-
ténsity contour. This suggests that intensity is not an independent
variable, and with the exception of the NV broken tone, is not
]ikejy to play an independent role in tone recognition.

2.4,3.4 Duration Normalized values for duration establish
a class of short tones in all dialects: the stopped tones. These
have a normalized duration of 6 decimal units, while the long,

non-stopped tones have the normalized duration of 10. The two

creaky-ending tones, the NV drop tone and the CV curve tone, have
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normalized duration of 8 and 9 respectively. This regularity
suggests that duration is not an independent variable in Vietnamese
tones, because it is always associated with the presence or absence
of voiceless final stops or creaky endings, therefore fully predict-
able regarding its relative value in similar contexts. Duration

and intensity are therefore excluded from phonological feature

specification of the tones on similar grounds.

2.5 CONCLUSION

In this chapter, | have presented the results of an acousr

tically based study of Vietnamese tones in the three major dialects
and have indicated some possible subdialectal and individual vari-
ations. Normalization procedures have also been proposed and applied
for the comparison of data. They will be useful for further research
into more variations in local subdialects. Four sets of parameters,
Fo, laryngealization, intensity and duration, are used for describing
tonal characteristics in their varying forms across dialects. They
are flexible and comprehensive enough, | feel, to be used in des-
cribing the wider variations of tone in connected speech. The data
establish four types of contour (level, falling, rising and con-
cave), three levéls of average Fo.(high, mid and low), and four
degrees of laryngealization as features characterizing Vietnamese

tones at the physical phonetic level in all dialects.

The tone systems of the three major dialects display both
similarities and differences in terms of the above-mentioned para-

meters and features. The most important similarity seems to be Fo
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contour, since all but one of the tones have basically similar
contours across dialects, while varying in redative Fo level or
laryngealization. The remaining one, the drop tone, displays dif-
ference in Fo contour in one dialect only, SV, as laryngealization
marks its variation between the other two dialects.

The above observations, together with the fact that Viet-
namese has only one phonetic level tone, suggest the following
conclusions:

(a) Fo contour is the most important and the most basic
feature in the Vietnamese tone system. This implies that it may be
the most important cue for tone recognition within a dialect and
across dialects. This point will be dealt with in more detail in
Ch. Four.

(b) Vietnamese can thus be characterized as belonging to
a type of '"'contour tone language with register overlap'' as defined
by Pike (148:12-13). More precisely, on the basis of the essential
phonetic properties described in this chapter, systematic phonetic
and phonological descriptions of Vietnamese tones should include
features of pitch contour, relative pitch level and laryngealization
(or voice quality).

Furthermore, the variations of Fo and duration in different
environments are interesting aspects which deserve further examin--
ation if we are to understand the relationships between them and

the nature of tone production in Vietnamese.
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TABLE A,L lean o in Hertz and Standard Deviations of NV Level

Tone /~/ at Six Timepoints

Informant n Pl P2 P3 P/ P5 P6
1FL 8 2/5 246 243 240 233 226
12 12 5 9 10 o
e 8 P92 200 289 286 283 23
7 7 8 6 5
1IR3 8 251 257 206 262 254 246
17 15 11 18 20 21
1F/, 8 239 242 241 238 235 232
20 17 13 16 20 8
11 g 138 136 139 137 130 127
12 10 9 7 7 5
o) 156 157 160 161 162 166
22 19 17 19 22 21
143 g 243 243 244 241 239 229
13 4 4 5 7 9
%A g 134 129 129 125 129 121
13 3 2 0 7 A
1Mi6 g 214, - 208 205 203 198 197
13 6 7 /, 6 9

s

* TFor each informant, mean Fo values on first line, SD on second

line.
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TABLE A.2 leaon Fo in Hertz and Standard Deviations of NV Falling

Tone /o/ at Six Timepoints

i T O o e €55 SR s e e 5 e S g S s 7 i S99 oy s s S 90 s e s Gt ST B s (s S (5 e G 2 S s s SHEL s s s 0 S s G o s s e P G g s o T e O G G|

Informant n Pl P2 P3 P/ P5 P6
RPN o 211 207 206 197 194, 192
7 yA 6 g 6 6
HER 15 229 227 218 212 211 209
13 11 12 12 8 9
"3 8 226 226 220 209 205 198
15 11 7 7 / §
IRpvA 3 211 209 201 192 13 178
32 29 20 12 9 10
1Tl 5 125 121 116 108 104 99
6 6 6 / 5 7
12 & 124 121 122 115 107 106
10 9 9 12 18 15
1113 3 136 56 183 178 174, 167
8 3 & 6 9 7
1144 8 114, 106 106 101 96 92
6 3 3 3 3 4
116 8 178 17 170 163 158 157
10 7 5 5 5 6

* For each irformant, mean Fo values on first line, SD on secand

lines
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Tone /°/ at Six Timepoints

104

liean T'o in Hertz and Standard Deviations of NV Rising

o €2 s 9 i o s s . i 95 % o o i i G5 e e o S s O i i S R o 8 G KO e o e i PO 5 s WO i ) (9 A DD i G o L i e S o G e e S O G £ D (D e

Informant n Pl P2 P3 Pl P5 P6
NFL & 221 221 229 259 298 298
9 6 5 12 9 11
TF2 o 275 267 269 236 307 321
19 15 3 11 27 35
NE'3 8 236 234 240 261 307 314
18 17 17 17 25 22
HEZ 3 232 226 228 246 269 296
19 15 13 15 22 40
ML 3 130 123 124 149 179 199
13 7 7 3 15 217
miz 13 143 139 141 159 191 217
21 20 17 15 13 17
1113 3 227 222 221 241 264, 214
17 10 6 9 19 29
RISVA 3 127 124 127 149 177 171
16 6 6 11 8 16
1116 3 195 192 196 209 21 231
12 6 5 8 13 11

For each informont, mean To

lince

values on first line, SD on second
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TaBlid n./4 Hean Fo in lertz and Standard Deviations
-y % 1 e e 2 .
of IV Stopped Rising Tone /“s/ at Four

Timepoints

Informant n PL P2 P3 P

1F3 8 240 2517 24 329
2 19 12 7
RIVA 8 251 265 290 31/
25 21 17 20
L & 137 149 165 182
11 9 11 17
112 5 157 172 191 211
22 17 10 19
113 8 258 269 261 291
22 12 6 7
1R/, 8 147 155 177 184
16 11 12 13
116 8 225 236 245 261

19 11 6 3

* For each informant, mean Fo values on first line,

3D on second line.
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[ADIS A5 liean To in Hertz and Stendard Deviations of 1V Drop

Tone /o/ ab Six Tinepoints

Informant n =1, P2

T [
12 i
TN o
L3 3

L ‘
I1i2 ;
113 o

1l &

1
2
N

* For ench inlormant,

linc.

rican o

values

2L
9

229

on first

215 206 202
3 A L*
211 202 208
15 26 2/
214, 213 214,

161 181 137
21 13 27
111 107 108

11/, 106 100
) 5 10

162 171 18
i 16 17

111 100 100

line, 35D on second



TABLE A.6 liean Fo in Hertz and Standard Deviations

of NV Stopped Drop Tone /.s/ at Four

Timepoints
Informant n Pl
IFL 8 216

8
NF2 8 234
13
3 g 224
12
1IF4, ) 203
12
1L 3 123
5
Iz 3 131
16
M3 8 200
15
4 8 116
10
16 g 192
14

e e e D 1o e e, AR T o s S e v e T e s o 5 T s 8 0% S ot sy S 1 T s ey i . s e 0 i s O e G e s > o D

* Tor cach informant, mean Fo

SD on second line.

P2 P3
209 201
3 5
216 206
20 13
221 212
8

200 189
10 11
118 113
b b
124, 119
11 11
192 187
12 7
111 107
7 7
182 176
8 7

P4

-+ cmon oe e ermem

197
A
199
11
205
11
176
10
101

109
179
11

Vs

166

values on first line,

107



TABLE A.7

Ilean Fo in Hertz and Standard Deviations of NV Curve

Tone /?/ at Six Timepoints

108

s e B0 32 S 30 ST o G S e 60 T S s o ey D Gy S i 5 s S92 1 T i O s 55 . s 0 S s S i PO g S B SR s G 9 O oy iy S i s S S i 1 P s s

Informant n Pl P2 P3 P/ P5 P6
HEL 5 215 214, 201 179 187 20'7
10 9 7 6 7 17 %
MER 3 226 223 207 18 193 202
21 16 11 10 14 19
1TE3 & 225 217 199 176 214 219
17 13 ) 2 12 L1
14, 8 204 197 12 157 156 162
29 26 2L 21 1/ 18
L & 124 L19 108 3 118 134,
5 5 6 4 11 20
Uiz o 121 117 106 oL 101 114
9 6 5 6 A 12
113 S 15/, 176 163 146 157 166
22 17 9 A 11 14
i G 117 105 o7 20 11/, 122
13 5 5 5 16 20
1116 g 174 167 152 144, 158 169
12 9 5 7 7 &

line.

For each informant, mesn Fo values on first line, SD on second
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TABLE 4,0 lleon Fo in lHertz and Standard Deviations of IV Broken

Tone /7 ot Six Timepoints

Informant n P1 P2 P3 P/ P5 P6
NI & 232 2217 195 251 284 26
14 10 15 14 10 2%
k2 & 206 27 2,8 282 315 322
31 31 43 33 18 22
HE3 oS 237 232 184 253 303 307
20 21 20 9 10 9
NE4 I8 233 227 166 240 265 2677
g 21 16 9 16 18
Gil & 132 130 107 134 169 176
1z 11 18 13 4 11
iz ; 1.39 155 110 152 16 199
14 13 19 7 3 9
Mi3 5 227 226 192 252 2680 272
21 1/ 7 18 23 20
i O 132 129 127 146 178 162
20 13 6 11 17 13
16 v 8 199 183 173 192 214 212
22 17 13 16 13 23

* For each informant, mean Fo values on first line, SD on second

line.,
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TABLE A.Q lican Fo in Hertz and Stondard Deviations of CV Level

Tone /-/ at Six Timepoints

ot e 0 S B o s 4 ) i s e S S e i+ WA 558 5 it o e O o G e i 1 O e 4 B S s, W S W s g o s S 9 T T s e g S ) D oy s S 5

Informant n Pl P2 P3
Crl 3 267 254, 25/,
3 11 10

Cr2 18 267 271 276
i 9 : 6

CF3 & 254, 248 249
13 7 7
CIL/ 5 219 212 216
19 12 12
Clil 3 175 175 186
11 3 5
Cliz 5 12 142 146
13 11 11
Cii3 8 124 121 127
10 6 3
Cli4 8 146 150 15/,
4 0 3
Cli5 5 135 136 141
6 4 6
CLi6 3 129 128 127
5 4

Cii7 & 169 166 170
7 6 6
CLis 5 176 179 179
10 9 10

o o s v G (o s e Qo OO s G e e 55

251 250 251

9 7 10
226 231 227
8 9 7
193 203 211
5 11 29
147 149 145
& 7 )
139 137 130
g 5 8
157 157 157
5 6 8
137 132 131
4 4, 6
129 129 129
va 5
166 162 165
5 A 5

]_j.l’le °

For cach informant, mcan Fo values on first line, 5D on second
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TABLE A.10 llean Fo in Hertz and Standard Deviations of CV Falling

Tone /o/ at Six Timepoints

Informant n Pl P2 P3 P/ P5 P6
CTl ® 251 241 237 23/, 229 222
g 17 15 12 9 12%
CI2 & 252 P52 249 242 234 227
11 0 6 7 6 5
CF3 8 239 235 22/, 219 217 214,
11 10 13 12 11 12
Cil 8 202 199 19/, 189 184, 182
7 A 5 6 7
Chl 8 181 120 179 172 170 172
7 5 A A 3 12
Chiz 8 12/, 123 120 116 113 111
6 6 5 6 6 4
Cli3 S 12/, 121 122 121 120 115
5 /i 4 2 A 6
Clis, 8 144 142 139 136 134, 130
5 A 3 4 3 6
Cli5 8 131 126 122 117 116 116
11 10 6 6 7 7
Cli6 8 117 114, 112 107 106 101
7 5 4 4 3 3
Cii7 3 150 156 152 147 14, 124,
7 6 5 / 4 )
CLg 8 167 166 161 154, 147 142
11 10 9 9 9 10

* For each infornant, mean Fo values on first line, SD on second

line.



TABLE A,11

Tone /’/ alb Sixz Timepoints

lican Fo in Hertz and Standard Deviabions of GV Rising

112

o 8 19 T i T o T O oy B e i S0 88 M G S St s 5 18 5% s BT B O 70 U o o G St S U O 1 s i 2 s s s D O s U e s o D o a0

Informant n P]
CF1 3 210
9
CI2 S 218
4
CF3 3 239
12
G4 8 177
12
CLL 8 157
22
Gliz o 124
7
Gri3 8 117
7
Cli4 8 124
G5 5 121
6
CLi6 3 113
7
CLi7 & 167
12
C1i8 3 131

169

151
19
121

114

161
6

209
12

159

122
21
124,
4
102

127
b
124

117
6
162

142
6

136

143
11
127

163
15

146

119

For cach informant, mean Fo

line.

values on first line, SD on second



TABLE A.12 Mean Fo in Hertz and Standard Deviations

of CV Stopped Rising Tone /“s/ at Four

Timepoints
Informant n PL P2 P3 P4
Crl g 211 202 200 204
12 7 6 9*
CF2 8 222 221 237 264
9 7 12 23
CF3 8 234 227 235 253
14 10 7 2
CF4, 8 186 166 169 208
1/ 15 10 11
Gl S 162 141 151 168
S 16 12 14
Gtz 8 132 138 147 157
12 11 7 6
Cli3 8 112 113 121 116
7 5 3 6
Cliz S 136 132 136 140
10 6 6 5
CLi5 & 127 124 127 132
10 6 2 4
CL6 S 114 119 129 10
5 5 8 15
GLi7 8 176 173 186 197
11 7 5 7
Clig 8 143 1/9 161 171
13 10 12 17
* For cach informant, mean Fo values on first line,

SD on second line.

113
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TABLE i.13 liean Fo in Hertz and Standard Deviations of CV Drop

Tone /./ ot Six Timepoints

Informant

o e € S R 1 iy ot s it 7 O s e

Ccr3

CF/,

CHl

Cliz

Ci3

Cli4

CLib

Cli6

CLi7

CLg

n Pl P2
& 222 208
12 6
3 225 221
10 7
S 228 221
7 8
8 130 181
12 9
) 171 167
10 6
3 122 119
5
3 119 116
7
8 137 132
12 10
8 120 117
3 5
& 120 116
10 6
o 154, 149
5 2
8 157 156
10 3

o O oS oo 05 e 0 U s o o G0t O D oS0 e e o) 5 o

119

116

¥ For each informant, mean Fo values on first line, SD on second

lince



TABLE A.1/ 1lean Fo in Hertz and Standard Deviations
of CV Stopped Drop Tone /.s/ at Four

Timepoints
Informant n Pl P2 P3 P/
CFl g 226 208 204 197
13 7 5%
CF2 3 239 231 224, 220
g 7 7
CI3 g 232 221 216 212
3] 5 5
CF/ 8 192 178 171 166
10 2 3 A
CHL 8 176 166 156 148
7 6 7 4
G2 3 124, 121 118 112
7 3 2 7
Cli3 8 125 122 118 102
7 2 4 4
Cl14, 8 142 127 131 127
6 2 2 5
CL15 5 131 124 120 119
9 7 A 3
Cli6 ) 121 114 108 103
6 3 4 7
Crl'7 g 159 151 144 151
8 9
CL1s 8 168 161 151 146
12 6 6

For each informant, mean Fo values on first line,

SD on second line,
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TABLE A.15 liean Fo in Illertz and Standard Deviations of CV Curve

Tone /?/ at Six Timepoints

InCovmant n Pl P2 P3 P/ P5 P6

T T ~ 3 o -

Sl 0 210 2173 201 193 196 1299
12 ) g / 7 ¢ &

e 5 2% 232 2/ 207 017 216
1 / 10 1o 26

Clr3 S 2.0 D36 20 22 23] 236

Q
=
i
]
N
—J
— )
O W
o
e
(G
=
N
>~ B
§_J
e
o
—J
oo
— Ut
L
e}
O

Gli3 8 117 112 110 9

\D
)4
1
52 S {
D
oN D
i._!
O
(G

Cli4 13 141 139 132 122 126 129

Q5 8 12, 123 121 115 117 119

7 5 4 5 3 3

ClLib6 8 116 113 109 104 101 101

CLi7 g 159 154 147 139 147 156
ot 8 165 159 147 137 126 124

o dor ecchy dadoriant, co Jo o vadinon on Dirat line, S0 on second

line.



TABLE A.16

Informant

117

lean Fo in Hertz and Standard Deviations of SV Level

Tone /=/ at Six Timepoints

n

Pl

P2

P/;.

P6

5210 18 ey, R 1 o e T PV R e s rn o 5 g i P s gy S s o o bt s T 0% e s e s S GRS Wt Sy G T it G G b OO s S O gy 970 e s 6 g O

i

n

(07}
&
he)

SE3

n
=
1

SR

S1/

315

316

(3
]

Cco

c
&)

o3
©

@
8

294,
b

124,

142

204,
/,
207
2l

For each informant, mean Fo values on first line, SD on second

line,

293
A

292

5

216

208

7
134
126

141

119

294,

R37
11

111
10




118

TABLE A.17 liean Fo in Hertz and Standard Deviations of SV Falling

Tone /./ at Six Timepoints

129 s 57 s D e o et e S DU 5 G e s P e O 0159 98

5550 o 0 o S5 can P S s T s s o o g S 0 o e D G o o Bt S s G 600 0 O O o 650 g vt v 0 0 P o 559 6550 gy e O 0w O s e e o O 07O o e

SI1

line °

(o
<

204,
8
170

119

107

179

194,

161

108

191

157

106

102

111

93
b

156
4
104,
99

107

92

For each informant, mean Fo values on first

line, SD on second



119

TABIE A.18 liean Fo in Hertz and Standard Deviations of SV Rising

Tone /’/ at Six Timepoints

0 e 552 o s S S s i 5 () ) % O 50y S i S i S S B o e e

349

164
154
189

10
162

@ s o P > o T B o e s B S . i e i €559 e G5 s Gy G5

336
34

366
32
247
20
164

Informant n Pl P2 P3 P4
SFL 8 304, 296 302 326
20 13 9 11

SI2 S 187 184, 201 245
28 19 25 29

SE3 8 235 233 251 286
19 15 16 22

SFS 5 263 259 266 296
13 12 9 1/

QL 8 214 216 226 242
11 9 9 9

SR 8 142 142 146 156
4 4 4 6

Si4 8 120 121 128 144,
A 10 4

15 8 153 149 159 175
21 15 17 17

S16 3 129 130 136 149
11 8 6 6

* For each informant, mean Fo values on first

line,

line, SD on second
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TABLE A.19 llean Fo in Herltz and Standard Deviations
of SV Stopped Rising Tone /’s/ at Tour

Timepoints

Informant n Pl P2 P3 P/
Sl 3 328 327 356 391
22 9 13 1%
SE2 8 194 215 244, 297
25 10 13 13
53 8 239 251 277 321
24 2L 18 18
Sk 8 267 271 295 363
10 7 7 14
S 8 226 234 244, 2517
11 7 10 15
312 & 145 146 154, 16/
6 4 5 5
314 8 127 131 151 169
5 5 2 8
35 8 160 167 129 191
21 17 18 8
Si6 3 130 132 143 157
15 11 13 10

* For each informant, mean Fo values on first line,

SD on second line.
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TABLE A.20 liean Fo in Hertz and Standard Deviations of SV Drop

Tone /./ at Six Timepoints

D o S o o 9 6 ) o, 0 ) e o o e S (53 B G S ) 520 v e s PP s i o S G O T o D i S G 55 5 G0 D G D o 6 S 5 oty (5 R T i e S O D e

Informant n Pl P2 P3 P4
SFL 8 281 25/, 2572 259
9 5 12 6

SI2 3 154, 142 133 1477
15 7 6 4

SE3 3 199 169 174, 182
3 7 A 4

S5 g 220 202 194, 200
16 7 6 9

SO 8 184, 171 156 144,
1/ 14 11 4

12 8 120 114 109 108
7 5 2 6

314 & 108 107 104 103
6 6 5 3

a5 8 132 125 118 116
& 6 6 5

16 8 102 100 97 96
5 3 2 3

P5

> s T OB s 0 s 0 oo OO0 G20

269
8
170

268
9 3
169
3
204,
11
235
12
163
10
121
11
104,

0 s s D7 v s e 6 s s T P e S i P g e e P S s e et e S 4 ) s P oy i S O s s 1 P o e e s P O . e DO D e, 8 e e 2 e s O

For each infornant, moun Fo values o

line,

n first line, SD

on second
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TABLE A.21 liean Fo in Hertz and Standard Deviations
of SV Stopped Drop Tone /.s/ at Four

Timepoints

5 00 T s s e v D g S 95 s e e e B D s e 70 D . e o i S e 8 S o o s G N Ty D D N (s e e

Informant n Pl P2 P3 P4
SF1 3 277 264 256 254
16 7 5 ¥
512 8 165 147 152 167
22 5 5 12
513 8 207 192 185 196
| g 6 6 8
SF5 g 221 206 199 221
13 7 5 12
UL 8 187 180 169 166
14, 1/, 16 11
3i2 3 127 119 116 11l
7 3 A 2
31 8 112 106 106 111
g 5 4 4
15 8 132 124 120 121
9 A 5 7
16 8 104 102 99 9
9 6 2 6

¥ For each informant, mean Fo values on first line,

SD on second line.
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TABLE A.22 'con fo in llertz and Standard Deviations of SV Curve

Yone /?/ ab Six Timepoints

o e 9 s s P s s S o 898 8 W P i 2 B R o 1 s S g s G . T i S e s i it T i i P .t S s s PO (L L g e e s wme S S g T 0008 e

Informant n Pl P2 F3 P4 P5 Pé
el ¢ 07 287 256 276 315 317
1/ 26 7 7 12 14"
352 * 3 40 130 15 241 26
12 12 7 17 16 22
573 8 202 187 172 223 294 317
1/ 9 é 5 1] 27
3% 3 231 211 195 215 200 210
10 17 5 6 16 2/
a1l 8 18 177 152 191 214 210
/ 7 /, 10 1/, 0
312 o 51150 111 127 149 150
7 5 3 3 6 5
34, 8 111 104 100 122 149 156
& 4 5 5 7
as 8 137 120 122 42 17t 167
14 10 7 1l i 16
95 8 106 101 96 112 136 144
9 4 /, 6 7 11

®* For each informant, mean Fo values on first line, SD on second

line °
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CHAPTER THREE

Fo VARIATION AND THE PHONATION PROCESS

The description of acoustic phonetic properties of Vietnamese

tones in Ch. Two has shown that in spite of their primary importance,
Fo paraheters alone cannot properly characterize all tonal differences
in the Vietnamese system. Subdialectal and individual variations fur-
ther suggest that the relationships between Fo, intensity, duration
and laryngealization may be quite complex and further investigations
are needed to understand their nature. In this chapter, | shall ex-
amine some more data concerning aspects of those relationships and
offer some speculations on the possible causes of the observed tonal

and related phenomena in terms of their physiological and physical

nature.

3.1. SOME MEANINGFUL RELATIONSHIPS

3.1.1. Fo and Initial Consonants

It has been widely agreed that there is correlation between
Fo on the vowel and the state of voicing of preceding consonants.
As summarized in Lehiste (1970:71), "high fundamental frequencies
occurred after a voiceless consonant and considerably lower fundamental

frequencies occurred after a voiced consonant.' This fact has been

133
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attested in various languages such as English (House and Fairbanks
1953, Lehiste and Peterson 196f, among others), French (Fischer-
Jérgensen 1972), Swedish (Lofqvist 1975), Yoruba (Hombert 1976), etc.
However, there are conflicting data regarding the effect of aspir-
ated versus unaspirated voiceless stops on the Fo onset of a follow-
ing vowel. Some studies show that voiceless aspirated stops give

rise to a higher Fo onset, as in Korean (Han 1967, Kim 1968), Thai
(Ewan 1976), Danish (Jeel 1975). Others show no difference in Fo
onset, as in Danish (Fischer-Jdrgensen 1968), French and English

(Hombert and Ladefoged 1977). And others still show the opposite

pattern, i.e. higher Fo onset after voiceless unaspirated stops, as

in Korean (Kagaya 1974), Thai (Gandour 1974, Erickson 1975) and Hindi
(kagaya and Hirose 1975).

Another interesting fact was observed by Lea (1973:61-62)
following a study of English word pairs with contrasting stress pat-
terns; he noted that '"falling or rising Fo contours at vowel onset
do not simply mark either stress or state of voicing, but are func-
tions of a complex combination of stress and phonetic context,' or
more precise]y, "a rising Fo contour at vowel onset may indicate
either that the vowel is word-initial or preceded by a voiced con-
sonant, or that the syllable is stressed (with either a voiced or
unvofced prevocalic consonant."

Also interesting are some observations made in Hombert
’(1978:83) from Yoruba data that ''the perturbation caused by a voiced
consonant on a following high tone or by a voiceless consonant on
a following low tone is greater than the effect of these two series

of consonants on a mid tone,' and his remark that ""there may be a
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tendency in tone languages (which does not exist in non-tonal lan-
guages) to minimize the intrinsic effect of prevocalic consonants
actively - probably in order to render the different tones maxi-
mally perceptually distinct."

My data, given in Tables 3.1 and 3.2 (next pages), tend to
support the above-mentioned observations. Table 3.1 gives the mean
Fo onset values and standard deviations in Hertz of the same vowel
/a/ after different consonants. Levels of significance obtained
from two-tailed t-tests on the means show that there is significant
difference between Fo onsets after voiceless and voiced consonants
as two separate classes, although the voiceless /t/ sometimes
gives rise to Fo onsets closer to those of /d/ than of /th/.

Table 3.2 gives the mean Fo values at various timepoints for

two tones, level and falling, on syllables with voiceless and

voiced initial consonants, by four female informants. Figure 3.1 (p 138),
where the data from Table 3.2 are plotted, serves to illustrate

the notions of Fo loci and pitch targets which | propose as ab-

stract constructs to account for those facts.

Leaving aside, for the time being, the physiological
causes that might determine them, let us define Fo loci as an
imaginary Fo range for certain classes of sounds and pitch target
as an ideal pitch level for certain tones or intonation. | use the
term 'Fo loci' to mean that the Fo levels toward which different
segment types t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>