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INTRODUCTION

This volume contains six studles by researchers in Australia on the
suprasegmental systems of various mainland Aslan languages - one on a
non-Mandarin variety of Chinese; one on Vietnamese dialects; two on
dialects of Thal; and two on Burmese.

Three of the contributions contain extenslive new acoustic data: on
Burmese, on the three majJor dialects of Vietnamese, and on a Wu dialect
of Chinese. The authors have not made the usual, incorrect assumption
that 'tone' systems in this area have fundamental frequency, perceived
as pltch and contour, as the only parameter in thelr realisation.
Rather, they have also consldered such other parameters as duration,
intensity, vowel quality, and voilce quality. The 'tones' are regarded
as a system, each member of which has a complex of parameters involved
in 1ts production. While fundamental frequency 1s a very prominent
characteristic, other characteristics may be just as much a part of
the realisation of the 'tone'.

It is very often the case that one or more 'tones' in languages of
this area have marked volce-quality features: some degree of creaky
phonation or breathy phonation. One of the Burmese 'tones' 1s creaky;
In dlalects of Vietnamese, up to two 'tones' have creaky phonation,
and one may have breathy phonation. Many further instances could be
cited; 1n Bangkok Thal there 1s some creakiness in the high tone, for
example.

The 1mportance of phonation in the suprasegmental systems of this
area 1s recognised in the title of thils book; Tonation. Of course,
this 1is not to imply that other characteristics can or should be
l1gnored; rather, they should be measured. Even such features as
nasalisation may be consistent 'tonatlon' parameters, as 1n one tone
of Southern Thai. Moreover, 1n many Austro-Asiatic languages, pho-
nation 1s regarded as the main feature in a register system.

vi
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Two of the articles here are looking at the diachronic development
of 'tonatlon' systems: one within Southern Thal, and the other in
Burmese. Dilller's paper looks at the process of tonal split and sub-
sequent inciplent tonal merger, in a case which also shows the effects
of a natlonal standard language on one of its dialects. This is a
particularly interesting case, as the change was triggered by changes
i1n segmental phonology: 1n thils case, syllable-final consonants -
and 1s thus parallel to many simillar changes, postulated on the basis
of reconstruction, in Sino-Tibetan, Austro-Thal, and elsewhere. My
paper consliders acoustic data as a basis for the analysis of synchronic
'tonation' in Burmese; and suggests that 1ts development 1s not uncon-
nected with the history of contact and assimilation with speakers of
Mon, an Austro-Asiatic language with a register system.

The paper by U Thein Tun 1s unusually thorough in 1ts investigation
of duration and vowel quality as 'tonation' parameters in Burmese, and
also provides extensive fundamental frequency data. In his study, Vii
Thanh Phuchg presents a survey of Vietnamese dlalect suprasegmentals,
clarifying and highlighting thelr differences in a way which separate
studles of each dialect would not. Rose's contribution 1s pains-
takingly excellent 1n 1ts fundamental frequency, intensity, and
duration measurements of a Wu dialect. 1In this dlalect, some speakers
have a highly unusual type of volcing 1n some tones, but those data
have been left for a future study.

All three acoustic investigations recognise the importance of
phonation; however it 1s difficult to measure 1n purely acoustic
terms. To get a clearer picture, 1t would be necessary to observe
the articulation involved - in particular, the larynx. Current and
future studles by the same authors will doubtless clarify the articu-
latory questions; 1n addition, some psychoacoustic studiles to elucidate
auditory data are now 1n progress.

The final paper by the Gandours quantifies the relative lexical
frequency of occurrence of the tones 1n standard Thal; very little
statistical work on this kind has been done previously, and the present
findings may have dilachronic as well as synchronic implications.

Some of the references 1in the articles in this volume appear in
small periodicals which are important in the Southeast Asian field,
but not yet well-known otherwise. For example, Linguistics of zhe
Tibezo-Burman Area, now edited by Graham Thurgood at Fresno, California,
has been appearing since 1974, and 1s now up to volume 6; this is
abbreviated LTBA. Another is Mantaro Hashimoto's Computational
Analyses of Asian and African Languages or CAAAL, a monograph series
appearing since 1975 under the aegils of the Japan National
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Inter-University Research Institute on Aslian and African Languages
and Cultures, which also publishes Monumenta Senindica, a series of
longer monographs. CAAAL now has 18 numbers, and MS is up to eight.

David Bradley

i ‘mv D, u.hlur Papers in Southeast Asian Linguistics No. 8: Tonation.
iii + 167 pages. Pacific Linguistics, The Australian National University, 1982. DOI:10.15144/PL-A62.cover
ok P Lingaistics andior the author(s). Online edition licensed 2015 CC BY-SA 4.0, with permission of PL. A sealang.net/CRCL initiative.




ACOUSTIC CHARACTERISTICS OF THE SHANGHAI-ZHENHAI
SYLLABLE TYPES

Philip John Rose

0. INTRODUCTION

Thls paper presents a quantified description of the maln acoustic
characteristics of the six contrasting syllable-types 1n the Shanghail-
Zhenhal varlety of Chinese (Sh-Zh).1 Zhenhal 1s a rural county north-
east of the municipality of Ningpo in Zhejlang province, and Sh-Zh can
be described as a common type of Zhenhal dialect which exhibits to a
greater or lesser extent lexlical and phonological influence from the
neighbouring prestigious dialect of Shanghai.2

Sh-Zh belongs to the Wu dlalect group of Chinese, and has typical
Wu phonology. This includes complex tone sandhil, restriction of
syllable-final consonants to [n] and [?], and respective tripartite
and bipartite division, according to manner, of syllable-initial
occlusives and fricatives (Yuan 1960:59; Chao 1967).

The acoustic parameters investigated in this study were fundamental
frequency (Fo), duration, and oral amplitude (Ao). Fundamental fre-
quency 1s the acoustic correlate of the rate of vibration of the vocal
cords, and 1s usually assumed to correspond to the perceptual dimension
of pitch. Duration, the time dimension of the acoustic signal, corre-
sponds to perceived length, and 1s determined physiologically by the
relative timing of articulatory events. Oral amplitude refers to the
integrated time-varying sound pressure transduced at a distance from
the speaker's lips. It 1s important to realise that the oral amplitude
thus measured 1s a function of three factors which vary in an essen-
tially independent manner, and which are consequently difficult to
isolate. The first of these, the time-varying amplitude of the glottal
source, occurs extrinsically as the result of articulatory gestures
which affect the sub-glottal pressure (Ps), such as differing




2 PHILIP JOHN ROSE

respliratory effort or adjustments in the open quotient of the glottal
cycle (Zemlin 1968:198-204). Thus, other things being equal, a change
in PS will be reflected by a change in Ao.

The second factor, the transfer function of the supralaryngeal vocal
tract, modifies the amplitude of the glottal source by attenuating the
transfer of energy at certaln frequencles and passing maximum energy
at others (Lieberman 1977:31-36). The transfer function is determined
by the shape of the supralaryngeal vocal tract, changes in which - as
for example when different vowels are articulated - will then differ-
entially modify the amplitude of the glottal source. Thus, other
things belng equal, a change in the supralaryngeal vocal tract shape
willl be reflected by a change in Ao. This 1s the reason for intrinsic
vowel amplitude (Lehiste and Peterson 1959:429).

In addition to the above two factors, changes in Ao will occur as
the result of the interaction of harmonic and formant frequenciles
(House 1959). Thus, if Ps and transfer function are held constant,
changes in Fo wlll be reflected 1n changes 1n Ao.

From the articulatory polnt of view, then, the oral amplitude 1is of
prosodic interest only in so far as 1t reflects those amplitude features
which the speaker 1s extrinsically controlling, that 1s, the time-vary-
ing amplitude of the glottal source. It 1s therefore necessary to
ensure that fluctuations 1n Ao due to intrinsic vowel amplitude and
the interaction of harmonic and formant frequencies are kept to a
minimum. I have done this by 1) selecting examples spoken with as
near steady state supralaryngeal confilgurations as possible, mono-
phthongality being adjudged by reference to formant trajectories on
wlde band spectrograms, and 2) analysing about equal numbers of open
and close vowels 1n each particular sample. Although it would have
been possible to apply a correction factor to the oral amplitude to
eliminate the effects of the interaction between formant and harmonic
frequencles, I have not done so, because the actual Fo range used by
the informant in this study was too narrow to have caused appreciable
changes 1in Ao. The oral amplitude data presented below can therefore
be taken to glve a reasonable approximation of the time-varying ampli-
tude of the glottal source.

Amplitude 1s usually assumed to correlate with perceived loudness.
In the perception of speech, however, there 1s evidence that listeners
base loudness Judgements on features more directly related to the Pg
and glottal source amplitude than the oral amplitude (Ladefoged 1967:
35-41).
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1. PREVIOUS STUDIES

There have been very few acoustical studies on Wu tones, and there
are, to my knowledge, none which pay attention to all three parameters
of Fo, Ao, and duration.

Liu (1925) analysed the F, and duration of two Jiangyin tones
kymographically, and there are also some kymographlc records of varilous
Ningpo utterances in Tchen (1938). Sokolov (1965) presented data on
the Fo and duration of Shanghal citation monosyllables, and the Fo and
duration of some Shanghal monosyllablic and polysyllablc utterances
have been investigated by Zee and Maddieson (1979). A comparison of
thelr results with those presented below can give an 1dea of the degree
of similarity in Fo shapes between Shanghal and Sh-Zh/Zhenhai dialect.

The nearest site to Zhenhal for which descriptions of citation tone
pitch values are avallable is Ningpo town. Ningpo town was one of the
sites visited by Y.R. Chao in 1927 when collecting material for his
ploneering monograph on the Wu dialects (Chao 1928). Chao's pitch
descriptions compare visually very well with the FO data obtained in
this study.

The pitch of the citation tones of Ningpo town has also been recorded
in a recent description (Shi 1979) with the five-point system devised
by Chao (1930). The pitch values given, however, do not agree well
with those in Chao (1928) or the present study, and the transcriptions
must, therefore, be treated with caution.

2. SYLLABLE-TYPES

In Shanghai-Zhenhal, any citation monosyllable or monosyllabic
word belongs unambiguously to one of six contrasting types. Below are
listed examples of these six syllable-types, together with their main
auditory characteristics.

1. The pitch of type 1 syllables falls from high in the speaker's
pitch-range to low, with a short initial level component. (In terms
of Chao's (1930) five-point pitch scale, 1its value would be 42 or 442.)
The fall often starts higher, and sounds more abrupt, in syllables with
nasal codas. The first half of the F‘inal3 seems the loudest, and the
length of the Final 1s shorter than average for the syllable types.
Voice quality 1s normal, and there 1is a gradual offset to volcing.
Examples are:

[51]5: 'poem'; [t1] : 'shop'; [?1®Y] : 'to pick', e.g. 'the nose’;

[teln] : 'needle’.

2. Syllables of type 2 have a concave pitch contour, starting in



4 PHILIP JOHN ROSE

mid pitch-range, falling, and then rising Just into the upper third of
the pitch-range, where volcing is terminated by a glottal-stop. The
pitch shape would be best transcribed by 324 in the Chao notation:
this adequately expresses the relative onset and offset helights, and
concave shape, but implies too low a dip 1n pitch. Other possibilities
could therefore be 334 or 434,

Loudness 1s concentrated at the beginning and end of the Final, with
the end usually the loudest. Length 1s above average, and the voice
often has a somewhat tense quality. Some examples are:

[(tei?] : 'chicken'; [s1?] : 'water';
[ka?] : 'piver’; [tén?] : 'to wait’;
[teln?] : 'well (of water)'’.

3. Type 3 syllables have striking auditory characteristics, result-
ing primarily from the. combination of a convex pitch contour which
starts in the low part of the pitch-range - 232 or 242 -~ with loudness
energetically concentrated on the first half of the syllable. In
addition, volce quality over approximately the first third of the Filnal
1s whispery [_]. There 1s gradual offset to voilcing. Syllables of
type 3 have average length. Examples are:

(nged : 'south’; [(mg] : 'busy';
[m30] : 'door’; [gzln]l : 'town’;
(z1] : 'to be'; (gx] 1 'sweet'.

4, Syllables of type U4 have a concave pitch contour, starting in
the low pltch-range, falling to the bottom of the range and then rising
again to mid pitch-range, where voicing i1s optionally terminated in a
glottal-stop. The pitch shape would be best transcribed by 213 or 214.
Loudness 1s concentrated at both beginning and end of the Final, but
the end sounds considerably louder, with a typical burst-like quality.
Type U4 syllables are the longest, and have whispery volce over the
first half to two-thirds of their length.

(z1] : 'word'; (gi?] : 'ground’;

[Q;ln] : 'mear’; [mgg] : 'dream’

5. Syllables of type 5 give an auditory impression of very short,
high level pitch, which ends 1n a glottal-stop - 5. There 1is a single
burst of loudness, and volce quality sounds somewhat tense. Type 5
syllables sound the shortest of the six types. Examples are:

[+e?] : 'law’; [tt2] : 'target';

(tej¥?] : 'foot'; [tghy3?2] : 'to eat’.

6. Syllables of type 6 have a pitch contour which rises abruptly

from low in the speaker's pitch-range to upper mid, where it ends in
a glottal-stop - gﬂ or 23. There 1s a single burst of loudness. They
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seem slightly longer than type U4 syllables, but group together
perceptually with them against types 1 to 4 as short vs. long syllables.
Voice quality 1s whispery over the first part of the Final. Examples
are:

[y22] : 'buddha'; [dzyd?] : 'office’;

[dz£?2] : 'etraight’; [pyd?2] : 'jade’.

3. SYLLABLE STRUCTURE

The only relevant detalls of segmental structure to be mentioned
concern the syllable-initlal consonants - the 'Initlals' - and certain
co-occurrence restrictions.

Obstruent 1nitlals are divided into two groups on the basis of theilr
co-occurrence with the syllable-types: aspirated and fortls unaspirated
voiceless obstruents, 1.e. [ph p f] etc. - occur only with syllable-
types 1, 2, and 5. The sounds transcribed above with IPA voiced
symbols plus the volceless diacritic, i.e. [¢, y, ¢, ¢zl etc., occur
only with syllable-types 3, 4, and 6. This second group corresponds
to what 1s conventionally termed the 'breathy volced' Initials in the
Wu dilalects. For Sh-Zh, and the Zhenhal dialect, at least, this 1s a
misnomer, since the sounds are volceless, and the occlusives have a
volceless whispered release which 1s auditorily clearly distinguishable
from normal aspiration. I retaln the label 'lenes' to describe this
group, together with the appropriate IPA transcription, on the basils
of thelr auditory quality vis a vis the decidedly fortis articulation
of the volceless unaspirated series with syllable-types 1, 2 and 5.

There are very few syllables of type 1, 2 or 5 with sonorant
Initials in the lexicon, and syllables of type 5 and 6 cannot occur
with a syllable-final nasal.

4. PROCEDURE (GENERAL)

The syllables to be analysed were selected from a recording of a
l1ist of some 300 Chinese characters made by a young male native speaker.
The l1list was recorded at one sitting 1n the phonetics laboratory of the
University of Manchester's Department of Lingulstics. I used a Ferro-
graph reel-to-reel tape recorder and Ampex 611 professional 1.5 ml
acetate tape, and recorded at a speed of 7% ips. The recording level
was set manually. There was no amblent noilse, and the recordings are
of high quality.

The informant was 25 years old at the time of recording (1973). He
was born 1n 1948 in Shanghal, the youngest son of Zhenhal-speaking
parents who came from Qingshulpu, a small town 1n Zhenhal county.
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His family left Shanghal one year after hils birth for Hong Kong, where
he was brought up and educated. He went to England in 1968 for further
education. He speaks fluent English, almost fluent Cantonese, and
Standard Chinese with a Sh-Zh accent.

The informant's speech - especlally the phonetic values of syllable-
type contours, tone sandhil rules and general morphophonemic shapes
which have been described in Rose (1974) - 1s representative of a
rather conservatlive Zhenhal speech form, from which the younger genera-
tion of Zhenhail speakers in China already constitutes (in, for example,
loss of many nasalised phonemes) a considerable departure.

As far as the composition of the list was concerned, all six types
of syllable were represented, and occurred randomly. I selected
examples of syllables to be analysed from the list 1n the following
way. The original corpus was first divided into six groups correspond-
ing to the six syllable-types. From each group all syllables were
excluded with either aspirated initial consonant, e.g. [tsha, phl], or
complex vowel finals, e.g. [wei, 1ju, ja, jd]. This was to eliminate
from the sample any statistical nolse coused by the possible influence
of aspiration (Hombert 1978) and changing vowel quality (p.2) on the
acoustic parameters investigated. Next, each of the six syllable-type
groups was further classifled, where possible, according to the absence
or presence of a sonorant Initial, and the absence or presence of a
syllable-final velar nasal. This was because previous studies (Howle
1976; Sauvain 1977; Fok 1974; Kratochvil 1971, 1977) have either
demonstrated or mentioned that such factors can substantially effect
the Fo, Ao, and duration of syllable-types in Chinese.

Thils process ylelded 15 sub-groups from the original six groups.
Each sub-group was then further sifted, 1f numbers permitted, to ensure
a reasonable balance of open and close vowels. This was to minimise
the effect of vowel 'height' on Ao (p.2) and F o (Lehiste 1970:68-71).
Table 1, on p.7 below, glives the number of examples analysed in each
sub-group. In Table 1, note that examples of csv(q) sequences in
syllable-types 1, 2 and 5 are lexically rare and did not occur in the
corpus. The single example of CSVq in syllable-type U4 was not measured.
In the text below, I have used the following slightly redundant, but
phonologically relevant transcriptions to designate subgroups within a
particular syllable-type:

l. V 1s re-written as U 1n syllables of type 1, 2 and 5

2 V 1s re-written as L in syllables of type 3, 4 and 6

3. a final q indicates syllable-types 5 and 6

4 the diacritics ' " and ¥ are used to represent the pitch shapes

on syllable-types 1, 3 and 2/4 respectively.
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Thus Cﬁq stands for any type 4 syllable with syllable-final velar nasal
and obstruent Initial, e.g. [gg3n] : 'heavy', and Cqu stands for any
type 6 syllable with sonorant Initial, e.g. [m$?] : 'ink’'.

5. PROCEDURE (MENSURAL) AND INSTRUMENTATION

Each example was segmented, and the duration of the Final (DF),
sonorant Initial (where present) and point of onset of the velar nasal
(where present) ascertalned by reference to wide-band spectrograms,
and the wave form in high speed (200 cms/sec) oscillograms.

The offset of the Final was adjudged to occur at the point where
the glottal pulse traln showed an obvious discontinulty in the regu-
larity of increase of period. In adjudging this point of phonation
offset, at most a discrepancy of one glottal pulse, or about 1.0 - 0.8
csec was 1involved.

Segment boundaries between sonorant Initial consonants and vowels
in CSV(q) syllables - Painter (1979:19) calls them "fault transitions"
because they have the appearance of geological faults - are character-
i1stically sharp and unambiguous with respect to location. There was,
therefore, no difficulty in determining the point of onset of the Final
in these cases.

TABLE 1
NUMBER OF EXAMPLES ANALYSED IN EACH SUBGROUP
(C = unaspirated obstruent; = sonorant;
V = monophthongal vowel; n = gyllable final
velar nasal; - = phonotactically excluded.)
SYLLABLE TYPE SEGMENTAL SPECIFICATION
cv CVn cVv C_Vn
s s

1 14 14
2 12 5
3 14 11 9 6
] 11 8 18
5 153 - - =
6 13 - 7 -

In syllables without sonorant Initilal consonants, the point of onset
of Final duration was equivalent to phonation onset. In such cases,
1t was often necessary to i1gnore the first obvious glottal pulse,
because 1t would have had insufficlent amplitude to be audible. This
was the approach adopted by Lisker and Abramson (1969:416) in their
well-known study of volce onset time.

The point of onset of the velar nasal consonant was defined as the
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first glottal pulse after the discontinuity in overall intensity distri-
butlon expected with nasals had occurred on the wide-band spectrogram.
In the vast majority of cases, thils point could be ascertalned with the
precision of one glottal pulse, (less than 1 csec).

In addition to the measurement of duration of Final, in syllables
of type 2, 4, and 6 - that is, in syllables with a final rise 1in pitch
contour - the duration from Final onset to Fo peak (DP) was also
measured, using synchronised wide and narrow-band spectrograms.

Ao and Fo values were measured at various intervals of DP and DF,
depending on the particular syllable-type: the exact points at which
measurements were made were chosen to provide an optimal sampling of
the curves 1nvolved, and can be read from the tables of results below.
Generally, in syllables of type 1 and 3, Ao and Fo were samples at 10%
intervals of Final duration, i.e. 0%, 10%, 20%...100%2DF. In type 5
syllables, sampling polnts were at 20%DF intervals, i.e. 0%, 20%, 40%,
...100%DF. The Ao of syllables of type 2 and 4 was sampled at 10% DF
points, as well as 5%, 15%, 85%, and 95%DF, and the F, of type 2 and ]
syllables was sampled at 10% intervals of duration to FO peak. In type
6 syllables, the amplitude was sampled at 20%DF intervals, and at 90%DF,
and the Fo at 20%DP intervals. In addition, in syllables of type 2, 4,
and 6, the F, at 100%DF was measured.

In syllables with sonorant Initlals, Fo was measured at onset and
mid-point of sonorant duration, and Ao was measured at onset, mid-point,
and three-quarters of sonorant duration.

In the tables of results below, Fo values are given in Hertz, to the
nearest Hz, Ao values are given 1n decibels, to the nearest 0.1 dB,
and duration values are given in centiseconds, to the nearest milli-
second.

Onset and offset values of Fo are normally not resolved adequately
by pitch extraction devices or narrow band spectrograms (Fant 1968:188,
189; Hombert 1976), and so I measured Fo at these points direct from
the wave form in high speed oscillograms. Otherwilse, measurements of
Fo were calculated from the arithmetical mean of the Fo measurements
as derived from the first 3 harmonics in narrow-band spectrograms with
expanded frequency scale (1" : 200 Hz). All spectrograms used in this
study were made on the model 7049 A Kay Sonagraph 80/85 -8000 Hz Spectrum
Analyser of the Cambridge University Department of Linguistics. This
model has a narrow-band-pass filter of 45 Hz, and a wide-band-pass
filter of 300 Hz. The high shaping pre-emphasis circuilts were not used,
all spectrography being done at the Flat 'F1l-1' setting.

In order to determine the accuracy of thls spectrographic measurement
technique, I compared 96Fb measurements taken at various %DF points in
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12 of the syllables egamined with the FO values for the same %DF points
extracted by computer . The 96 spectrographically derived measurements
had an arithmetical mean value of 2.1 Hz less than those of the com-
puter, with a standard deviation of 2.5 Hz. This means that - assuming
the computerised 'pltch' detection to be accurate - the actual Fo value
of a particular spectrographically derived Fo measurement 1s equal to
the spectrographically derived measurement plus 2.1 Hz, plus or minus
4.2 Hz at the 90% confidence level. Thus the spectrographic method
used 1s tolerably accurate - more accurate, in fact, than has been
previously surmised possible in measuring Fo from narrow-band spectro-
grams7. I considered the .value of 2.1 Hz too small to require adjust-
ment to the actual value. I did not estimate the accuracy cf Fo
measurements made direct from the wave form: assuming constant and
accurate running and playback speeds for the tape recorder and mingo-
graph, these measurements should be more accurate than those made from
the spectrograms.

The Ao measurements quoted in this study were made using the F-J
Electronics Intensity Meter and Elema Schoenander Mingograph 34 of the
Department of Linguistics, School of General Studles, at the Australian
National University.

The F-J Intensity Meter employs full-wave, linear rectification. It
has two channels: one provides a 500 Hz high-pass filtered output;
the other registers amplitude over the full frequency range (50 - 15,000
Hz). The response of its full frequency range channel is given as +
0.2 dB. In addition, integration time can be set 1ndependently for
each channel at 2.5, 5, 10, 20, or 40 msec, and an optional linear or
quasl logarithmic display 1s independently available on both channels.
I chose the linear display and 20 msec smoothing time : the linear
scale permlits the most accurate registration at high amplitude levels,
1.e. for vowels, and 20 msec 1s the integration time suggested by
Lehiste (1970:124) on the basis of the relatively long time constant
reported by Miller (1948) and Small, Brandt and Cox (1962) for auditory
perception of loudness Judgements.

It 1s important to note that, for this investigation, the intensity
meter channel was chosen which registered amplitude over the full
frequency range. Use of the high-pass filter would have complicated
the relationship between the glottal and measured oral amplitude by
Introducing an additional variable, which 1s difficult to control for,
of differential resolution of between-sample differences in spectral
characteristics. The flat Ao values obtalned in this study may be
profitably compared with the corresponding high-pass filtered values
given in Rose (1979) for an almost identical corpus.
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Using a speclally prepared callibration tape, which consisted of a
1000 Hz sine wave signal, the level of which was increased in 2 dB steps
through 30 dB, I found that the intensity meter and the mingograph were
very accurate indeed. For 14 measurements of the level of the cali-
bration tone at each of the 2 dB steps from 30 db to 4 dB inclusive,
the mean discrepancy was -0.33 dB, with a standard deviation of 0.25 dB.
This means the actual Ao value for a given Ao measurement 1s equlvalent
to the meter measurement minus 0.33 dB, + 0.4 dB at the 90% confidence
level. The amplitude measurements were consequently left unadjusted.

6. RESULTS

Arithmetical mean values for duration, and fundamental frequency
and amplitude as functions of the duration of the Flnal and/or duration
to fundamental frequency peak in the 14 sub-groups examined are given
in Tables 2 to 15. Standard deviations are given 1n brackets. Thus
from Table 4, it can be seen that the mean value for the duration of
the Final (DF) 1n type 2 c’ syllables 1s 32 csec, with a standard
deviation of 3 csec, whereas the mean value for duration to the
fundamental frequency peak (DP) 1s 29.3 csec, with a standard deviation
of 2.9 csec. It can also be seen that at 60% of the duration to the
fundamental frequency peak (60%DP), or (29.3 csec x 0.6=) 17.6 csec
from the onset of the Final, the mean Fo for CU syllables 1s 135 Hgz,
with a standard deviation of 6 Hz. Also, at 60% of the duration of
the Final (60%DF), or (32 csec x 0.6 = 19.2 csec from the onset of
the Final, the mean Ao value for ct syllables 1s 22.7 dB, with a
standard deviation of 2.8 dB.

The results are also plotted graphically in Figures 1 to 14. 1In
these figures, the Ao and Fo shapes are shown synchronised, 1in order to
facllitate accurate comparison between the two parameters at any point
in time. Fo shapes for all syllable-types are compared 1in Figure 15,
and Ao shapes for all syllable-types are compared in Figure 16. In
none of these figures has the duration parameter been normalised. Note
that the mean Ao values 1n dB have been replotted agalnst a linear
scale. If almost equal differences in loudness are derived by the
perceptual mechanism from logarithmilically equal intervals of amplitude
(Ladefoged 1972:83), plotting the dB values logarithmically can easily
give an erroneous visual impression of the way the amplitude may be
percelved. Note also that the onset of the Flnal 1s shown to occur
in all cases at csec 0, irrespective of whether the syllable has a
sonorant Initial preceding the Final or not.
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7. DISCUSSION

In the discussion of the results below, I shall first make some
general observatlions on the contributlions of the three acoustic para-
meters of Fo, Ao, and duration to contrasts between syllable-types.
Next, I shall mentlion, for each of the acoustlic parameters in turn,
some sallent polnts of the relationship between thelr shapes and values
in each syllable-type, indicating some of the phonological implications
which arlise therefrom. I shall then briefly comment on some of the
more important 1mplications of the observed correlations between FO
and Ao, and between Fo and duration. Finally, I shall describe the
effects on Fo, Ao and duration of the syllable-final velar nasal, and
syllable-initial sonorant.

It 1s clear from the results of thilis ilnvestigation that each
syllable-type 1s characterised acoustically 1n all three parameters of
B3
equally well in any of the three parameters, with the exception of
duration in CUgq and CLq syllables.

In order to demonstrate the relative contributlons of the i1ndividual

Ao, and duration. Indeed, each syllable-type can be defined

acoustlc parameters to a particular contrast between syllable-types,
I shall examine the contrast between types 2 and 4 as realised on cl
and cl syllables.

It 1s necessary first to break down the Ao and Fo shapes 1into the
traditional dimensions of Reglster and Contour, deflned, however, 1n
the following way. Reglster can be understood as a kind of overall
level (in the sense implied by Zee (1978)), and defined as the value
for a particular Ao or Fo shape corresponding to the arithmetical mean
of the Ao or Fo values at the %DF or %DP points. This absolute mean
value can then be relativised by expressing it as a percentage of total
relevant Fo or Ao range. For example, the mean FO value of cU syllables
is

1U3+138+136+13M+13M+13u+%z?+137+1ﬂl+146+153+140= 139 Hz,

and the mean Fo value of cL syllables 1s 116 Hz. The total mean Fo
range 1n CV(q) syllables 1is 169 Hz (CUq, at 0%DF) minus 105 Hz (Cﬁ,
at 30%DP) = 64 Hz. The F_ register value for cl syllables is then
139 - 105 Hz x 100 = 53%,
T

and for ClL syllables
116 - 105 Hz x 100 = 17%.
116 =105

Therefore, Cl and CU syllables are separated by a 36% difference in
register, which 1s very highly significant (p < .001; t=8.16, df=21).



TABLE 2
MEAN AND STANDARD DEVIATION VALUES FOR FUNDAMENTAL FREQUENCY (Hz), AMPLITUDE (dB),
AND DURATION (csec) IN 14 SHANGHAI-ZHENHAT CITATION MONOSYLLABLES OF TYPE 1,
WITH MONOPHTHONGAL VOWEL FINAL, AND UNASPIRATED OBSTRUENT INITIAL (Cl).

Percentage of duration

of Final (DF) 0 10 20 30 4o 50 60 70 80 90 100
Fundamental frequency 160 165 162 159 156 151 146 139 132 121 110
(10 6 7 7 8 7 7 7 7 9)
Amplitude 17.9 22.1 22.4 22.6 22.5 22.4 22.3 21.5 20.5 18.6 14.9
(2.3 2.7 2.8 2.5 2.3 2.4 2.3 2.0 2.2 159 .5
Duration of Final = 25.7 (2.8)
TABLE 3
MEAN AND STANDARD DEVIATION VALUES FOR FUNDAMENTAL FREQUENCY (Hz), AMPLITUDE (dB),
AND DURATION (csec) IN 14 SHANGHAI-ZHENHAI CITATION MONOSYLLABLES OF TYPE 1,
WITH UNASPIRATED OBSTRUENT INITIAL, AND SYLLABLE-FINAL VELAR NASAL (Cﬁq).
Percentage of duration
of Final (DF) 0 10 20 30 4o 45 50 60 70 80 90 100
Fundamental frequency 177 181 176 172 168 161 153 145 136 126 116
(10 9 8 8 8 9 10 9 9 8 7)
Amplitude 19.8 25.3 24,6 23.5 23.0 22.6 22.7 22.3 21.1 19.8 17.2 13.8
(3.4 2.5 1=Y, 1.4 1.3 1.5 1.3 1.1 1.2 1.3 1.2 1.0)
Duration of Final = 22.2 (3.2); onset of nasal consonant occurs at csec 9.2 (1.5), i.e. 41% DF.
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TABLE 4
MEAN AND STANDARD DEVIATION VALUES FOR FUNDAMENTAL FREQUENCY (Hz), AMPLITUDE (dB), AND
DURATION (csec) IN 12 SHANGHAI-ZHENHAI CITATION MONOSYLLABLES OF TYPE 2, WITH
MONOPHTHONGAL VOWEL-AND-GLOTTAL-STOP FINAL, AND UNASPIRATED OBSTRUENT INITIAL (cCU).

Percentage of duration
to fundamental 0 10 20 30 4o 50 60 70 80 90 100
frequency peak (DP)

Fundamental frequency 143 138 136 134 134 134 135 137 141 146 153
(9 6 6 6 6 6 6 7 8 8 9)

Percentage of duration

of Final (DF) 0 5 10 15 20 30 Lo 50 60 70 80 85 90 95 100
Amplitude 18.6 22.7 23.4 23.4 23.1 22.8 22.3 22.2 22.7 23.4 24.4 24,5 23.8 22.9 18.9
(2.5 2.8 2.9 3.0 3.0 2.8 2.7 2.8 2.8 2.6 2.8 3 3.2 3.7 2.9)

Duration of Final = 32 (3); duration to fundamental frequency peak = 29.3 (2.9);
fundamental frequency at 100% DF = 140 (7).

TABLE 5
MEAN AND STANDARD DEVIATION VALUES FOR FUNDAMENTAL FREQUENCY (Hz), AMPLITUDE (dB),
AND DURATION (csec) IN S SHANGHAI-ZHENHAI CITATION MONOSYLLABLES OF TYPE 2, WITH
UNASPIRATED OBSTRUENT INITIAL, AND SYLLABLE-FINAL VELAR NASAL AND GLOTTAL-STOP (CUp).

Percentage of duration
to fundamental 0 10 20 30 4o 50 60 70 80 90 100
frequency peak (DP)

Fundamental frequency 142 138 135 134 135 136 139 142 147 154 159
(4 4 5 4 3 4 5 6 7 6 6)
Percentage of duration
of Final (DF) 0 5 10 15 20 30 Lo 50 60 70 80 85 90 95 100
Amplitude 20.6 244 23.7 23.3 23.1 21.7 21.1 20.9 21.4 21.9 22.4 22.6 22.1 21.3 17.8
(2.7 3.1 3.4 35 3.3 3.2 2.6 2.6 3.0 2.9 2.8 2.4 2.4 1.9 2.5)

Duration of Final = 33.8 (2.7), duration to fundamental frequency peak = 31.8 (3.4); fundamental frequency at 100% DF
= 145 (7) onset of nasal consonant occurs at csec 12.3 (2.5), 1.e. 36% DF, or 39% DP.
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TABLE 6

MEAN AND STANDARD DEVIATION VALUES FOR FUNDAMENTAL FREQUENCY (Hz), AMPLITUDE (dB)
AND DURATION (csec) IN 14 SHANGHAI-ZHENHAI CITATION MONOSYLLABLES OF TYPE 3, WITH
MONOPHTHONGAL VOWEL FINAL, AND OBSTRUENT INITIAL (Cf).

Percentage of duration

of Final (DF) 0 10 20 30 4o 50 60 70 80 90 100
Fundamental frequency 122 117 125 133 140 143 143 140 134 125 110
(8 7 8 7 6 6 6 6 6 8 9)
Amplitude 15.9 19.3 21.1 22.7 23.6 3.7 3.6 23.3 22.0 9.7 14.9
(2.8 3.3 2.8 2.4 2.7 2.4 2a5 2.3 2.2 2.1 1.9)
Duration of Final = 29.6 (3.6)
TABLE 7
MEAN AND STANDARD DEVIATION VALUES FOR FUNDAMENTAL FREQUENCY (Hz), AMPLITUDE (dB),
AND DURATION (csec) IN 11 SHANGHAI-ZHENHAI CITATION MONOSYLLABLES OF TYPE 3,
WITH SYLLABLE-FINAL VELAR NASAL, AND OBSTRUENT INITIAL (CLO).
Percentage of duration
of Final (DF) 0 10 20 30 Lo 50 60 70 80 90 100
Fundamental frequency 125 119 123 135 144 152 153 151 144 133 118
(9 8 7 7 6 7 8 8 9 7 6)
Amplitude 16.8 20.0 22.1 23.7 24.8 24.6 24,4 23.3 22.2 20.1 155 0
(2.6 4.0 3.3 2.6 283 2.3 2.4 2.3 2.3 2.2 1.7)
Duration of Final = 26.3 (2.5); onset of nasal consonant occurs at csec 10.8 (1.8), i.e. 41% DF.
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TABLE §

MEAN AND STANDARD DEVIATION VALUES FOR FUNDAMENTAL FREQUENCY (Hz), AMPLITUDE (dB),
AND DURATION (csec) IN 9 SHANGHAI-ZHENHAI CITATION MONOSYLLABLES OF TYPE 3,
WITH MONOPHTHONGAL VOWEL FINAL, AND SONORANT INITIAL (Cst).

Percentage of duration

of Final (DF) 0 10 20 30 4o 50 60 70 80 90 100
Fundamental frequency 115 118 124 131 138 144 145 143 137 128 119
(4 4 4 5 5 6 6 6 6 6 7)
Amplitude 16.5 19.5 21.3 23.0 24,1 24.8 24.9 25.0 23.5 21.1 15.3
(2.7 2.4 1.9 A\ 3 1.5 1.5 1.3 1.7 2.1 2.2 2.8)
Duration of Final = 30.1 (3); duration of sonorant Initial = 8.8 (2.3); fundamental frequency at
sonorant onset = 120 (9), fundamental frequency at sonorant mid-point = 108 (4); amplitude at
sonorant onset = 10.3 (0.8); amplitude at sonorant mid-point = 14.4 (1.3); amplitude at 3/4 of
sonorant duration = 15.1 (1.5).
TABLE 9
MEAN AND STANDARD DEVIATION VALUES FOR FUNDAMENTAL FREQUENCY (Hz), AMPLITUDE (dB),
AND DURATION (csec) IN 6 SHANGHAI-ZHENHAI CITATION MONOSYLLABLES OF TYPE 3,
WITH SYLLABLE-FINAL VELAR NASAL, AND SONORANT INITIAL (CSLQ).
Percentage of duration
of Final (DF) 0 10 20 30 4o 50 60 70 80 90 100
Fundamental frequency 117 121 128 136 144 151 156 154 147 135 115
(4 5 5 5 5 7 11 12 12 11 9
Amplitude 18.5 21.9 23.1 24,1 24,7 24.0 23.6 23.0 22.0 20.3 14,7
(3.1 3.2 3.4 2.9 2.9 2049 2.9 2.8 3.2 3.4 1.6)
Duration of Final = 27.5 (2); duration of sonorant Initial = 8.6 (2.4); onset of nasal consonant
occurs at csec 10.9 (1.7), i.e. 40% DF, fundamental frequency at sonorant onset = 121 (6);
fundamental frequency at sonorant mid-point = 115 (4); amplitude at sonorant onset = 9.3 (3);

amplitude at sonorant mid-point =

15.8 (3.8); amplitude at 3/4 of sonorant duration= 17 (3.6).
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TABLE 10
MEAN AND STANDARD DEVIATION VALUES FOR FUNDAMENTAL FREQUENCY (Hz), AMPLITUDE (dB),
AND DURATION (csec) IN 11 SHANGHAI-ZHENHAI CITATION MONOSYLLABLES OF TYPE 4, WITH
OBSTRUENT INITIAL, MONOPHTHONGAL VOWEL FINAL, AND OPTIONAL SYLLABLE-FINAL GLOTTAL-STOP (CL).

Percentage of duration
to fundamental 0 10 20 30 4o 50 60 70 80 90 100

frequency peak (DP)

Fundamental frequency 119 108 106 105 106 108 112 116 124 132 141
(7 6 7 7 8 8 8 8 7 7 8)
Percentage of duration
of Final (DF) 0 5) 10 15 20 30 4o 50 60 70 80 85 90 95 100
Amplitude 14.4 16.5 15.9 15.4 15.2 15.0 15.3 16.2 17.3 18.6 20.0 20.5 20.7 20.2 16.4

(2.1 2.6 2.7 2.7 2.6 2.6 2.6 2.9 3.0 3.0 3.1 3,0 2.6 2.6 2.1)

Duration of Final = 36.3 (4.2); duration to fundamental frequency peak = 33.8 (4) fundamental
frequency at 100%DF = 121 (6).

TABLE 11
MEAN AND STANDARD DEVIATION VALUES FOR FUNDAMENTAL FREQUENCY (Hz), AMPLITUDE (dB),
AND DURATION (csec) IN 8 SHANGHAI-ZHENHAI CITATION MONOSYLLABLES OF TYPE 4, WITH
OBSTRUENT INITIAL, AND SYLLABLE-FINAL VELAR NASAL AND OPTIONAL GLOTTAL-STOP (Clg).

Percentage of duration
to fundamental 0 10 20 30 4o 50 60 70 80 90 100
frequency peak (DP)

Fundamental frequency 126 109 102 100 101 103 107 113 123 132 146
(5 6 5 4 4 4 5 5 6 5 5)
Percentage of duration 0 5 10 15 20 30 4o 50 60 70 80 85 90 95 100
of Final (DF)
Amplitude 16.7 19.1 17.4 16.9 16.6 16.2 16.0 16.7 17.7 18.7 19.9 20.1 20.1 19.4 15.9
(2.8 4,2 3.6 3.2 2.9 2.4 2.6 2.4 2.2 2.3 2.5 2.6 2.4 2.7 2.3)
Duration of Final = 36.3 (4.1), duration to fundamental frequency peak = 34.5 (3.5); fundamental
frequency at 100%DF = 128 (9); onset of nasal consonant occurs at csec 13.4 (3.1), i.e. 37%DF, or 39%DP.
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TABLE 12
MEAN AND STANDARD DEVIATION VALUES FOR FUNDAMENTAL FREQUENCY (Hz), AMPLITUDE (dB),
AND DURATION (csec) IN 18 SHANGHAI-ZHENHAI CITATION MONOSYLLABLES OF TYPE 4,
WITH MONOPHTHONGAL VOWEL-AND-GLOTTAL-STOP FINAL, AND SONORANT INITIAL (CSL).

Percentage of duration
to fundamental 0 10 20 30 4o 50 60 70 80 90 1Cc0
frequency peak (DP)

Fundamental frequency 110 107 106 106 107 109 112 117 124 131 140
(6 6 6 6 6 6 5 6 7 7 8)

Percentage of duration

of Final (DF) 0 5) 10 15 20 30 4o 50 60 70 80 85 90 95 100
Amplitude 16.2 17.0 17.2 17.2 17.2 16.8 16.9 17.5 18.2 19.5 20.8 21.4 21.6 21.4 18.0
(2.0 2.2 2.2 2.1 2.4 2.7 2.7 2.9 2.9 3.1 3.0 3.0 2.9 3.1 2.6)
Duration of Final = 36.9 (3.2); duration to fundamental frequency peak = 34.6 (3.1); duration of
sonorant Initial = 9.2 (2.8); fundamental frequency at 100%DF = 124 (9); fundamental frequency at
sonorant onset = 114 (5); fundamental frequency at sonorant mid-point = 110 (5), amplitude at
sonorant onset 11.3 (2.4); amplitude at sonorant mid-point = 14.5 (2.7); amplitude at 3/4 of
sonorant duration = 15.0 (2.3).

TABLE 13
MEAN AND STANDARD DEVIATION VALUES FOR FUNAMENTAL FREQUENCY (Hz), AMPLITUDE (dB),
AND DURATION (csec) IN 13 SHANGHAI-ZHENHAI CITATION MONOSYLLABLES OF TYPE 5,
WITH UNASPIRATED OBSTRUENT INITIAL, AND SYLLABLE-FINAL GLOTTAL-STOP (CUq).

Percentage of duration

of Final (DF) 0 10 20 30 4o 50 60 70 80 90 100
Fundamental frequency 169 167 168 166 160 127
(12 10 11 9 8 11)
Amplitude 20.4 25.8 25.8 25.8 25.1 20
(2.3 2.1 2.5 2.6 2.7 2)

Duration of Final = 9.1 (2.4)
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TABLE 14
MEAN AND STANDARD DEVIATION VALUES FOR FUNDAMENTAL FREQUENCY (Hz), AMPLITUDE (dB),
AND DURATION (csec) IN 13 SHANGHAI-ZHENHAI CITATION MONOSYLLABLES OF TYPE 6,
WITH OBSTRUENT INITIAL, AND SYLLABLE-FINAL GLOTTAL-STOP (CLq).

Percentage of duration
to fundamental 0 10 20 30 4o 50 60 70 80 90 100
frequency peak (DP)

Fundamental frequency 121 116 119 131 145 148
(9 7 8 10 9 8)

Percentage of duration

of Final (DF) 0 5 10 15 20 30 4o 50 60 70 80 85 90 95 100
Amplitude 16.2 18.2 19.7 22.2 23.7 22.8 19.2
(1.9 2.4 2.4 2.5 1.5 1.4 2.1)

Duration of Final = 10.5 (1.5); duration to fundamental frequency peak = 9.2 (1l.4),
fundamental frequency at 100% DF = 123 (16)

TABLE 15
MEAN AND STANDARD DEVIATION VALUES FOR FUNDAMENTAL FREQUENCY (Hz), AMPLITUDE (dB),
AND DURATION (csec) IN 7 SHANGHAI-ZHENHAI CITATION MONOSYLLABLES OF TYPE 6,
WITH SONORANT INITIAL, AND SYLLABLE-FINAL GLOTTAL-STOP (CSLq).

Percentage of duration
to fundamental 0 10 20 30 Lo 50 60 70 80 90 100
frequency peak (DP)

Fundamental frequency 110 113 118 126 135 147
(2 3 5 6 2 3)

Percentage of duration

of Final (DF) 0 5) 10 15 20 30 4o 50 60 70 80 85 90 95 100
Amplitude 18.0 20.0 21.8 23.7 24. 4 22.9 19.3
(2.0 1.9 1.4 1.5 1.9 1.9 2.2)

Duration of Final = 13.2 (3.6); duration to fundamental frequency peak = 10.8 (3.2); duration of sonorant
Initial = 9.4 (1.8); fundamental frequency at 100%DF = 117 (7); fundamental frequency at sonorant onset
= 114 (5); fundamental frequency at sonorant mid-point = 108 (3); amplitude at sonorant onset = 11.6
(1.5); amplitude at sonorant mid-point = 15.6 (1.7) amplitude at 3/4 of sonorant duration = 16.5 (1.9).
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ACOUSTIC CHARACTERISTICS OF THE SHANGHAI-ZHENHAI SYLLABLE TYPES

FIGURE 1

Synchronised Fundamental Frequency and Relative Amplitude
Values for 14 Shanghai-Zhenhai Citation Monosyllables of

Type 1, with Monophthongal Vowel Final
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FIGURE 2

Synchronised Fundamental Frequency and Relative Amplitude

Values for 14 Shanghai-Zhenhai Citation Monosyllables of

Type 1, with Unaspirated Obstruent Initial, and Syllable-

Final Velar Nasal (CUn). 'N' Indicates Point of Onset of
Velar Nasal
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FIGURE 3
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FIGURE 4

Synchronised Fundamental Frequency and Relative Amplitude Values

for 5 Shanghai-Zhenhai Citation Monosyllables of Type 2, with

Unaspirated Obstruent Initial, and Syllable-Final Velar Nasal

and Glottal-Stop (Cln). 'N' Indicates Point of Onset of Velar
Nasal.
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FIGURE 5

Synchonised Fundamental Frequency and Relative Amplitude

Values for 14 Shanghai-Zhenhai Citation Monosyllables of

Type 3, with Monophthongal Vowel Final, and Obstruent
Initial (CL).
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FIGURE 6

Synchronised Fundamental Frequency and Relative Amplitude
Values for 11 Shanghai-Zhenhai Citation Monosyllables of
Type 3, with Obstruent Initial, and Syllable-Final Velar
Nasal (Cf.r)). 'N' Indicates Point of Onset of Velar Nasal.
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FIGURE 7

Synchronised Fundamental Frequency and Relative Amplitude
Values for 9 Shanghai-Zhenhai Citation Monosyllables of
Type 3, with Monophthongal Vowel Final, and Sonorant Initial
(CSL). The Point of Onset of the Vowel Final is Located

at csec O.
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FIGURE &

Synchronised Fundamental Frequency and Relative Amplitude

Values for 6 Shanghai-Zhenhai Citation Monosyllables of

Type 3, with Syllable-Final Velar Nasal, and Sonorant

Initial (C_Ln). 'N' Indicates Point of Onset of Velar

Nasal. Th& Point of Onset of the Vowel Final is Located
at csec O.
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FIGURE 9

Synchronised Fundamental Frequency and Relative Amplitude
Values for 11 Shanghai-Zhenhai Citation Monosyllables of
Type 4, with Obstruent Initial, and Monophthongal Vowel
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FIGURE 10

Synchronised Fundamental Frequency and Relative Amplitude

Values for 8 Shanghai-Zhenhai Citation Monosyllables of

Type 4, with Obstruent Initial, and Syllable-Final Velar

Nasal and Optional Glottal-Stop (ctq). 'N' Indicates Point
of Onset of Velar Nasal.
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FIGURE 11

Synchronised Fundamental Frequency and Relative Amplitude

Values for 18 Shanghai-Zhenhai Citation Monosyllables of

Type 4, with Sonorant Initial, and Monophthongal Vowel

Final with Optional Glottal-Stop (C_L). The Point of Onset
of Vowel Final is Locatdd at csec O.
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FIGURE 12

Synchronised Fundamental Frequency and Relative Amplitude

Values for 13 Shanghai-Zhenhai Citation Monosyllables of

Type 5, with Unaspirated Obstruent Initial, and Syllable-
Final Glottal-Stop (CUq).
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FIGURE 13

Synchronised Fundamental Frequency and Relative Amplitude

Values for 13 Shanghai-Zhenhai Citation Monosyllables of

Type 6, with Unaspirated Obstruent Initial, and Syllable-
Final Glottal-Stop (CLq).
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FIGURE 14

Synchronised Fundamental Frequency and Relative Amplitude

Values for 7 Shanghai-Zhenhai Citation Monosyllables of

Type 6, with Sonorant Initial, and Syllable-Final Glottal-

Stop (C_Lq). The Point of Onset of Vowel Final is Located
s at csec O.
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FIGURE 15
Fundamental Frequency Values Compared for

(A) Cv(q),
Cvq,

Eé’% C.L(a) / c4ln syliables.
...... = C(S)Vq Syllables;
—_—-—= csﬁn Syllables.
Onset of Final is shown at csec O.
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FIGURE 16
Relative Amplitude Values Compared for
(A) CV(q), (B) CVn, and (C) C.L(q) / csﬁn Syllables;

...... = C(s)Va Syllables; —-—-— = csﬁn Syllables.
Onset of Final is shown at csec O.
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Contour may be defined as the curve obtained by expressing each
%DF or %DP point measurement of Ao or Fo as a percentage of the mean
Ao or Fo range of the syllable-type 1in question. Plotting contour
values 1in this way factors out the parameter of duration and the
dimension of register. For example, the mean Fo range in Cﬁ syllables
is 153 Hz (100%DP) minus 134Hz (30, 40 50%DP) = 19Hz. The mean B
onset value (143Hz) will have, therefore, a contour value of

143 - 134 Hz x 100 = 47%.

19
The Fo contours of CU and CL syllables are compared in Figure 17. It
can be seen that both types share similar onset and offset contour
values (at approximately mid-range). Their peaks occur, and lowest
points are reached, at very nearly the same %DF points (about 93%DP
and 27%DP respectively). However, the cl, contour falls quicker and
starts to rise earlier than the CU contour, so that differences of
13% and 15% of FO range separate them at 9%DF and 65%DF respectively.
Analysls of the contour values for these two types excluding values at
100%DF (Table 16 below) shows that there is no reason at the 5% level
to reject the hypothesis that they come from the same populations,
whereas the difference 1n register between the two types 1s highly
significant (p.11).

TABLE 16
REGRESSION ANALYSIS OF cU AND cl Fy CONTOURS
Sums of Squares of Mean Variance
Source Residuals (3 degree af Squares Ratio
polynamial)
Combined regression, CU, CL 731.18 18 40.62
Sum of regressions, Cb, cL 148.58 14 10.61 g
2.83
Difference, combined regression - y 30.01
sum of regressions :

(F = 3.11 for U4/14 df at 5% level)
It can be seen, therefsre, that within the parameter of Fo’ the con-
trast between CU and CL syllables demonstrably resides in the dimension
of Fo register.

As far as the Ao parameter 1s concerned, the difference in Ao register
between syllable-types 2 and 4 is greater than for Fo. ct syllables
have an Ao register value of 72%, compared with 24% for ol syllables.
There 1s therefore an Ao reglster difference between cl. and CU syllables
of U8% (cf. 36% for F, register).

The difference in Ao contour between CU and cL syllables is shown
in Figure 18. It can be seen once agaln that there 1s greater contrast-
iveness 1n the Ao parameter than in the Fo parameter: the Ao contours

are obviously more contrastive than their corresponding Fo contours.
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The main difference between the Ao contours of the two types lies in
the relatively greater concentration of Ao in the first half of ct
syllables: note that, in cl syllables, the first peak 1is only 19% of
dB range down on the second peak, compared to a difference of 47% of
range in cL syllables. 1In ct syllables, too, Ao falls, and starts to
rise, earlier than in cU syllables: a characteristic which, it can be
noted, parallels the FO contours of these syllables (Figure 17).

The contrast in Ao shapes between ct ana c@ syllables 1is therefore
a function of both register and contour differences.

cl syllables also differ from cl syllables in the parameter of
duration. The difference, whether between DF values (4.3 csec), or
between DP values (4.5 csec), is shown by t-test to be highly signifi-
cant (DF: .02 > p > .01; t= 2.7, df = 21; DP: .01 > p; t = 2.97, df =
21).

To summarise, the above analysis has established that cU and cL
syllables contrast acoustically in all three parameters of FO, Ao, and
duration. With Ao and Fo’ it 1is the register differences which appear
most important, although Ao contours are also contrastive.

FIGURE 17
Comparison of Fo Contours in CU (—) and ¢l (—-—-=) Syllables
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FIGURE 1§
Comparison of Ao Contours in ct (——) and cl (—-—-— ) Syllables
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8. FUNDAMENTAL FREQUENCY

The general F, shapes for the individual syllable-types (Figure 15)
require little comment. Apart from the CUq syllables, which sounded to
me higher, with respect to cl syllables, than their mean Fo shapes
appear to warrant, the Fo data confirm the auditory impressions. The
abrupt fall in Fo at the end of types 2, 4, 5, and 6 is inaudible as
such: it is one of the acoustic correlates of the syllable-final glottal
stop in these syllables (cf.the abrupt fall in Fo reported for [?] also
in Shanghai dialect (Zee and Maddieson 1979).

It can be noted that, although Chao's (1930) notation is of course
intended as a method of transcribing pitch, the FO shapes can be
expressed in terms of the five-point scale, without perhaps too much
distortion: CU: 51 (522); cl: 334 (4342 3242); cf: 232; cL: 213,

CUg: 5; CLg: 23 (242?).

There are several phonological rules in Sh-Zh, and Zhenhai dialect,

which divide the syllable-types into two natural classes of 1, 2, and
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5 on the one hand and 3, U4, and 6 on the other. (These two natural
classes also correspond to the categorles of Yin and Yang 1n traditional
Chinese phonology). This kind of situation has been previously handled
with undefined pitch features like [+H1] (Wang 1967) or [Upper] (Yip
1980). It 1s not, however, immedlately apparent how the necessary
feature can be defined, given the Fo shapes in Figure 15. In what
sense 1s the pitch of 1, 2, and 5 syllables [+"Hi"]? [+"Hi"] type 1
syllables certalnly have a high pitch at onset, but fall to a low pitch;
the mean peak Fo value for [+"H1i"] type 2 CU syllables is only 5 Hz
higher than the mean Fo peak in [-"Hi"] type 6 CLq syllables; only 12
Hz separates the F_ peaks of [+"Hi"] cl and [-"H1i"] cl types.

If we wished to define thils feature acoustically with reference to
Fo, two possibllities suggest themselves. The first uses FO onset
values; the second invokes the concept of register as defined on p.1l1l.

Syllable types 3, 4 and 6 have almost 1dentical Fo onset values -
in CL(q) syllables, for example, 122, 119 and 122 Hz respectively -
and any types wilth Fo onset value above, say, U40% of total Fo range
can be defined as [+H1], or Yin. (Note that U40% of total Fo range 1s
131 Hz in CV(q) syllables, and 132 Hz in CVn syllables.) However,
syllable types, 1, 2, and 5 do not onset at the same Fo value, and 1n
CVn syllables, in fact, the Fo onset value for [+H1] type 2 (clq) is
nearer to the [-Hi] values than the other [+Hi] syllable cUn.

Using the register approach, however, gives an lnteresting and
Intultively satisfying result. The Fo reglister values of the syllable-
types 1n the present data are as follows:

86%:CUq; 69%:Cln, 64%:Cl; 53%:cU; 52%:Cln; 46%:c Lo, 44%:cla,
41%:c_L, 382:cl; 39%:cLq, 31%:C_Lq; 19%:CLy, 17%:cL, 16%:c_L.

These values 1ndicate a demarcation - 1n acoustic terms at least - at
50% of total Fo range: [+H1]/Yin syllables in the Ninpo dialects have
Fo register values of 50% and above; [-H1]/Yang syllables have Fo
reglster values of below 50%.

9. DURATION

A constant duration hierarchy obtains for the Finals (i1.e. DF
measurements) of the syllable-types, viz 4 > 2 > 3 > 1 > 5 > 6.
T-tests show that types 5 and 6 are different at the 10% level (t =
1.76, df = 24), as are also CV types 2 and 3 (t = 1.71, d4df = 24).
Other types are different at least the 5% level, with the exception of
cUn and CLp, which do not differ significantly.

Note that, 1f DP values are taken to constitute the relevant duration
measure in syllable-types 3, U4, and 6, a durational contrast between
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types 2 and 3 no longer obtains for cl vs Cﬁ, whereas the DP value of
Cﬁq syllables stlll remains significantly different from the DF value
of cfn syllables (p < .005; t = 3.39, df = 14).

If desired, the durational relationships can be quantified by
expressing the duration of 1ndividual syllable-types as percentages of
the largest duration value, i.e. of type 4. For C(s)v(q) syllables,
this gives the following results (the largest duration (DF) value,
36.9 csec, occurs on Csﬁ syllables):‘ X

25%:CUq; 28%:CLq, 36%:CSLq; 70%:CU; 80%:CL; 82%:Csﬁ;

87%:cl; 98%:cl, 100%:081.

For C(S)Vq syllables, the values are as follows (the largest duration
(DF) value 1s 36.3 csec):

61%:CUn; 72%:Cln; 76%:Csﬁ0; 93%:cUn, 100%:cl.

These relativised percentage values fall into two groups. Values
less than 40% of reference duration define one specification of another
important phonological feature in Sh-Zh, i.e. [-Long], or the tra-
ditional Ru category; values of above 40% of reference duration define
the opposite specification of the feature.

10. AMPLITUDE

The amplitude shapes for all the examples are shown in Figure 16.

As with the Fo shapes, each syllable-type occuples a definite
position in a hierarchy of Ao register values, viz. 5> 2 > 3 > 1 > 6 >
4, For C(S)V(q) syllables, the Ao register values are: 83%:CUq;
72%:CU; 64%:c b, 57%:ch; 55%:cU; 61%:C_La, 52%:CLq;v36%:Csﬁ, 25%:cL.
For C(S)Vq syllables, the register values are 70%:CUn; 70%:Csiq;
67%:cfn; 65%:cbn; 35%:Cln. Note, however, that the feature [+H1]
cannot be defined in Ao reglster terms, as was possible with the Fo
register. This 1s because type 3 syllables, which are [-H1], have
higher Ao register values than type 1 syllables which are [+Hi].

In Rose (1979:23), where high-passed amplitude was measured, 1t was
clailmed that Ao register was sufficlent to provide an additional
definition for the [+Long] feature, since syllable-types 5 and 6 had
very high Ao register values, separated from the other types by about
40%. With flat amplitude registration, however, 1t is clear that
[+Long] cannot be defined in terms of Ao register, since types 5 and 6 no
longer group together. Moreover, the register value of the [-Long] type
5 syllables 1s only about 10% higher than the [+Long] type 2 syllables.

Within the dimension of Ao contour, there 1s a contrast between
peripherally (cU, ci, C(S)Lq) versus centra%ly (cv, C(s)t’ CUq)
located amplitude. Ao contours of CU and CU could in addition be



40 PHILIP JOHN ROSE

described as contrasting with C(s)ﬁ and C(s)L in the presence vs.
absence of an initial Ao peak.

11. INTERPARAMETRIC CORRELATIONS - F° AND Ao

The type of positive correlation between Fo and Ao registers reported
in Zee (1978) for Taiwanese non-Rusheng tones 1s not as strong in Sh-Zh.
For example, although the Sh-Zh syllable-types with the highest and
lowest Fo register values (types 5 and U4 respectively) also have the
highest and lowest Ao register values, type 1 syllables have Fo
registers higher, but Ao registers lower, than type 3 syllables.

Of much greater significance than register correlation 1s, however,
the generally strong similarity in contour between Ao and Fo shapes.
This degree of similarity seems to be lacking in other available data
on FO and Ao 1n tone languages, at least as far as tones with rising
F_ are concerned (Sauvain 1977; Phuong 1981; Zee 1978; Li 1971). For
example, of the 9 clear examples of tones with rising Fo contours in
North, Central, and Southern Vietnamese, (Phuong 1981), there is only
one - North Vietnamese tone 6 - which shows a clear increase in Ao
corresponding to an increase 1in Fo. Even in this case, however, the
increase is only about 2 dB, and the Ao contour starts to decay well
before peak Fo 1s reached. These facts indicate that tone languages
differ considerably with respect to the relative contribution of sub-
glottal pressure to production of Fo, and that it is clearly premature
to assume (Catford 1977:110; Ohala 1978) that F_ is universally
primarily controlled by vocal cord tension (cf. Hombert 1977:18; Zee
1977:117). (It can in fact be shown by applying a version of the
technique outlined in Monson's (1978) 'Indirect assessment of the
contribution of sub-glottal air pressure and vocal cord tension to
changes of fundamental frequency in English' that vocal cord tension
plays only a secondary role in the control of FO in some syllable
types in Sh-Zh and Zhenhai dialect (Rose 1982).)

Not only are there clear differences between languages in the control
of Fo, however. The present data show that the mode of control of Fo
can differ, even within a single language. This can be demonstrated
by examining linear changes in absolute mean FO and Ao over time 1in
different syllable-types. For example, in Cl. syllables, in the 8.8
csec between csec 23.7 and csec 32.5, the Fo rises from 116 Hz to 138
Hz. Corresponding to this rise of 22 Hz, the Ao rises 2.6 dB, from
18.1 dB at csec 23.7 to 20.7 dB at csec 32.5.

In CLq syllables, the 22 Hz rise in By from 116 Hz to 138 Hz takes
5 csec (from csec 1.5 to csec 6.5), and corresponds to an increase in
Ao, from 17.6 to 22.5 dB, of 4.9 dB.
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In cfi syllables, the 22 Hz rise in Fo from 116 Hz to 138 Hz takes
9.5 csec (from csec 1.5 to csec 11), and corresponds to an increase 1in
Ao, from 17.6 to 23.4 dB, of 5.8 dB.

These results can be compared with the corresponding data from types
3, 4, and 6 with sonorant Initial consonants: 1in Cgi syllables, a
22 Hz rise in Fo from 115 Hz to 137 Hz takes 10.3 csec (from csec
23 to csec 33.3), and corresponds to an increase in Ao, from 18.4 to
21.6 dB, of 3.2 dB. 1In CSLq syllables, a 22 Hz rise in Fo from 115 Hz
to 137 Hz takes 9.3 csec (from csec 0 to csec 9.3), and corresponds to
an increase in Ao, from 18 to 24 4B, of 6 dB.

In Csﬁ syllables, a 22 Hz rise in Fo from 115 Hz to 137 Hz takes
11.5 csec (from csec 0 to csec 11.5), and corresponds to an increase in
Ao, from 16.5 to 23.9 dB, of 7.4 dB.

The linear rates of change of Fo and Ao with respect to time derived
from the above data are given in Table 17 below.

TABLE 17
COMPARISON BETWEEN LINEAR RATES OF CHANGE OF F_ AND Ao
WITH RESPECT TO TIME IN SYLLABLES OF TYPE 3, 4? AND 6.
Type AFo/At (Hz/csec) AdB/At (dB/csec)
et 2.1 0.3
N S
ct 2.5 0.3
¢ b 1.9 0.6
3 3
cL 2.3 0.6
CsLla 2.4 0.6
CLq 4.4 1.0

It can be seen from Table 17 that, with the exception of CLq
syllables, the rate of change of Fo with respect to time 1s about the
same (% = 2.3 Hz/csec) for types 3, 4, and 6. However, there is a
clear difference between type 4 syllables on the one hand, and types
3 and 6 on the other, in the rate of change of Ao with respect to
time: 1in types 3 and 6 it is twice the value of that in type 4, i.e.
0.6 dB/csec vs 0.3 dB/csec. (Note that the AFO/At value of 4.4 Hz/csec
for CLq syllables is (2.4/4.4 =) 0.5 times greater than for Cqu
syllables. If the AdB/At value of 1 for CLq syllables is adjusted by
this amount, the value of 0.5 dB/csec 1is obtained which is almost the
same as the value of 0.6 for CLq and type 3 syllables).

It seems, therefore, that since the rate of change of Fo with res-
pect to time 1s nearly constant for all the examples, the differences

in rates of change of Ao with respect to time between type U4 syllables
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on the one hand and types 6 and 3 on the other must reflect a difference
in the amount of sub-glottal pressure being used by the speaker in
these types. Why should this be?

The observed differences probably reflect the differential sensi-
tivity of phonation registers to changes in sub-glottal pressure
(Lieberman 1977:89, 90), and the physiological incompatability between
the phonatory setting for whispery voice and the use of vocal cord
tension to increase Fo.

In type 4 syllables, the 22 Hz rise in Fo examined occurs on the
latter part of the syllable (from about 60 to 90%DF), where phonation
is normal. Over this particular part of the syllable, vocal cord
tension contributes slightly more to the increase of FO than sub-
glottal pressure (Rose 1982).

In syllables of type 3 and 6, however, the 22 Hz rise in Fo occurs
near the onset of the syllable, where the vocal cords are adjJusted to
produce whispery voice (p.4-5). It is clear that increasing the Fo by
increasing vocal cord tension 1s incompatible with the phonatory set-
ting for whispery voice, which involves "...somewhat relaxed vocal
cords..." (Catford 1977:101). Hence the obligatory initial rise in Fo
on syllable-types 3 and 6 can only be achieved by means of sub-glottal
pressure increases. The degree of sub-glottal pressure increase needs
to be greater than in type U4 syllables because the contribution of vocal
cord tension is excluded, and because, presumably, the vocal cords when
set-up for whisper are less sensitive to sub-glottal pressure changes
than when in normal phonatory mode.

It 1s also likely that, in accordance with the Motor Theory of
Speech Perception, the auditory impression of 'energetically concen-
trated loudness' noted for type 3 syllables above (p.4) is referable -
via the acoustic cue of Ao - to the abruptly increased sub-glottal
pressure over the first half of these syllables.

From the above discussion, it can be seen that the production of
syllable-types 1n Sh-Zh involves deliberate and considerably differen-
tiated control over sub-glottal pressure. This has interesting impli-
cations for diachronic Chinese tonology, since it provides a tonal
feature other than Fo/pitch, i.e. sub-glottal pressure, which character-
ises syllable-types 3 and 6 against type 4. From Middle Chinese, voiced
occlusives developed differently into the modern dialects, depending on
the syllable-type. Thus in Cantonese and Mandarin, aspirated reflexes
of Middle Chinese voiced occlusives are found in syllable-types cognate
with Sh-Zh syllable-type 3, (and in some cases syllable-type 6), but
unaspirated reflexes are found in syllable-types cognate with Sh-Zh
syllable-type 4. It is therefore possible that the differential
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development of the voiced occlusives reflects a syllable-type contrast
in Middle Chinese similar to that in modern Sh-Zh, especially since
aspiration has been found to correlate in some languages with increased
sub-glottal pressure.

12. INTERPARAMETRIC CORRELATIONS - F_  AND DURATION

In recent studies, an intrinsic correlation between syllable duration
and Fo contour has been posited. Ohala (1978:31) notes that speakers
appear to be able to produce falling Fo contours faster than rising
ones, which explains why tones with rising Fo have a longer duration
than tones with falling FO. Also, correlations have been reported
between duration and Fo register, and duration and FO range: 1in syl-
lables with falling Fo’ duration decreases with Fo register, whereas
in syllables with rising Fo, duration depends on the range of FO
covered - the smaller the range, the shorter the duration (Hombert
1977:15).

To what extent do these correlations hold for the Sh-Zh data? The
duration (DF) hierarchy in C(S)V(q) syllables, repeated here from p.38,
is 4 <2 < 3 <1< 6 < 5. The duration contrast between the [+Long]
(4,2,3,1) and [-Long] (5,6) syllables is, of course, extrinsically
controlled by the speaker.

The durational relationship between types 4 and 2 appears to be an
example of a positive correlation between duration and Fo range, and
is therefore a plausible extension of the previously noted correlation
for syllables with rising Fo : syllables of type 4 and type 2 both have
the same concave Fo contour, but the mean Fo range in type U4 syllables
is almost twice that of type 2 syllables, viz. 36 vs. 19 Hz respect-
ively.

There is nothing exceptional about the difference in duration
between type 1 and types 4 and 2 : if syllables with falling Fo con-
tours are intrinsically shorter than those with rising contours, then
they are bound to be shorter than those with falling-rising contours.
The same reasoning applies to the duration contrast between type 1
and type 3 syllables.

There remain, however, two cases which do not exhibit the expected
durational relations. Type 3 syllables, with rising-falling Fo con-
tours, are shorter than types 2 and 4, which have falling-rising con-
tours, and type 6 syllables, with rising Fo contours, are shorter than
type 1 syllables, which have falling contours.

Now a convex FO contour, like that of Sh-Zh type 3 syllables, 1s
very rare in Chinese dialects: of the 3433 Fo shapes investigated in
a survey of Chinese dialect tones, only 80 were found to have such a



4y PHILIP JOHN ROSE

contour (Cheng 1973:103). In current terminology, then, the FO con-
tour of Sh-Zh type 3 syllables would be considered, as for example in
Wang (1967), highly marked and (in some unspecified way) 'complex'.

However, if the type 3 syllable Fo contour is more complex than the
concave contours in types 2 and 4, we should surely expect it to have
a longer duration, applying the inference from relative duration to
relative complexity of articulation implied in Ohala (1973:15). (Note
that in Cheng's (1973) survey, 352 of the 3433 FO shapes were concave).

Clearly, in this case, the idea of relative duration of an Fo con-
tour as an indicator of complexity is incompatible with the idea of
complexity of an Fo contour being reflected in its frequency of occur-
rence/markedness. I think this incompatibility can be resolved by
recalling (p.42) that the mode of control of FO in type 3 syllables
(with convex contour) differs from that in type 4 (with concave con-
tour). In type 3 syllables, the participation of vocal cord tension
in the control of FO is ruled out by the phonatory setting for whispery
voice, so that sub-glottal pressure has to be used. If it is possible
that a convex Fo contour can be produced quicker by a burst of sub-
glottal pressure (akin to the effect of the push-in-the-chest technique
described in Ladefoged (1967)) than by changes in vocal cord tension,
the shorter duration of type 3 syllables relative to types 4 and 2
would be explained.

The question of mode of FO control 1s also of relevance to the
problem of the durational relationship between types 6 and 1. Normally,
we would expect type 1 syllables, with falling Fo contours, to be
shorter than type 6 syllables, with rising FO contours. Therefore, the
fact that type 1 syllables have a much greater duration than type 6
syllables requires comment.

It will be recalled that type 6 syllables are [-Long], whereas type
1 syllables are [+Long] (p.39). Since this phonological feature is
primarily manifested by extrinsically controlled relative duration,
type 6 syllables must be kept shorter than type 1 syllables. This,
however, only explains half of the problem, because putative intrinsic
relationships, like the correlation between Fo contour and duration,
should not by definition be phonologically suspendible. There must,
therefore, be an additional factor present which enables the rising
Fo required for type 6 syllables to be produced quicker than the
falling Fo required for type 1 syllables. In the light of the results
reported above, this factor seems once again to be the mode of Fo
control in type 6 syllables. As in type 3 syllables, a more abrupt
increase in FO is achieved by a burst of sub-glottal pressure, rather
than increased vocal cord tension.



ACOUSTIC CHARACTERISTICS OF THE SHANGHAI-ZHENHAI SYLLABLE TYPES 45

To summarise, in order to explain differences in duration between
the Sh-Zh [+Long] syllables as intrinsically correlated with their FO
characteristics, it 1s necessary to consider, in addition to the
factors of Fo range and contour, their mode of Fo control. The mode
of Fo control must also be considered in accounting for the absence of
an expected correlation between Fo contour and duration in types 1 and
6.

13. EFFECT OF SYLLABLE-FINAL VELAR NASAL

All syllable-types capable phonotactically of showing the final velar
nasal, i.e. types 1, 2, 3, and 4, were analysed. The results are shown
graphically in Figures 2 (CUn), 4 (cUn), 6 (cln), 8 (Csﬁq) and 10 (Cﬁq),
where 'N' marks the onset of the velar nasal. Many interesting and
perhaps unexpected correlations exist between the final nasal and all
prosodic parameters. Note, for example, that the presence of a syl-
lable-final nasal appears to correlate with a significantly higher FO
at syllable onset 1in type 1 syllables. I shall restrict my comments
here, however, to correlations between syllable-final nasal and Ao,
and between duration and point of onset of nasal consonant.

14. FINAL NASAL AND F

The effect of a final nasal on Ao can be seen from a comparison
between the Ao shapes on C(S)V and C(S)Vq syllables in Figure 16.

Probably the most obvious effect is the slightly lower Ao values,
relative to CV syllables, which are found on that part of the Ao shape
corresponding to the nasal consonant. In Cﬁq syllables, for example,
the Ao rise over the nasal is 1.7 dB compared to 2.3 dB in ct syl-
lables, and in Ciq syllables the Ao rise is 4.1 dB, compared to values
of 5.7 dB and 4.8 dB in cL and Csi syllables respectively. Because of
their relatively large, acoustically absorbent surface area, the nasal
passages have a high damping factor, and therefore an intrinsic differ-
ence in amplitude between nasal and non-nasal sounds 1is to be expected
(Ohala 1975:292).

A drop in Ao caused by a syllable-final nasal has been noted for
very different Chinese dialects, namely Yangzhou (Sauvain 1977:203),
Cantonese (Fok 1974:23, see also Figures 2, 3, pp.139, 140), and Peking
dialect (Kratochvil 1977:29). Unfortunately, the type of amplitude
involved - 1.e. whether flat or pre-emphasised - 1is usually not made
clear, and the differences not quantified. This 1s a regrettable
omission, because a drop in Ao can have perceptual significance : in
casual Peking dialect speech, where nasal codas are often dropped, the
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morphophonemic presence of the nasal is still signalled by a mid-
syllable drop in Ao, and also, interestingly, in Sy (Kratochvil 1971).
Moreover, a syllable-final nasal can be synthesised merely by abruptly
decreasing Ao in mid-syllable (Kratochvil 1977). Now, it is clear that
the flat Ao differences between some CV and CVnp syllables in the second
half of their duration are unlikely to be above the difference limen

for the perception of amplitude8

, whereas the pre-emphasised amplitudes
of Sh-Zh CV and CVn syllables show much greater contrastivity (Rose
1979). This invites the speculation that the perceptual mechanism
involves some kind of high-pass filtering in order to be able to detect
amplitude drops qua cues for final nasals.

A second characteristic of syllables with final nasals 1s the higher
Ao values (relative to CV syllables), registered just after the onset
of the Final. For example, the Ao value of Cﬁo syllables at 10%DF is
25.3 dB, 3.2 dB up on the corresponding Ao value of 22.1 dB for cl
syllables. 1In type 2 syllables the difference is 1.7 dB, and in type
4 syllables, 2.6 dB. For CUn syllables, at least, this difference in
Ao seems to reflect extrinsic control, possibly in order to maximise
contrastivity in Ao between the first and second halves of the syllable,
and thus enhance the function of Ao as a perceptual cue for nasals
(Rose 1982). Note also in this connection that, in the absence of
compensatory adjJustments in vocal cord tension, we should expect to
find an increase in Fo concomitant with such a deliberate increase in
Ao. This 1s, of course, exactly what 1s observed in the higher Fo on
clUn (and CLn) syllables (p.33).

Finally, note that most of the drop in Ao in syllables with final
nasals occurs on the vowel prior to the onset of the nasal consonant.
This is probably an indication both of early anticipatory nasalisation
of the short vowel preceding the [n], and (later) of narrowing of the
vocal tract caused by movement of the back of the tongue towards
velaric occusion.

15. NASAL ONSET POINT AND DURATION

Examination of the measurements for the onset of the nasal consonant
shows that the value N/DF in Cﬁn and Cﬁn syllables, and N/DP in cUn and
Cﬁn syllables is a constant 40%. The speaker appears, therefore, to
be timing the onset of the nasal consonant with reference to the dura-
tion characteristics of the syllable in which it occurs, so that velaric
occlusion is effected at 1/3rd of the relevant duration (DF in Cﬁn,
and CUQ syllables; DP in Cﬁo and Cﬁn syllables). This means, of course,
that the proportions of short vowel (1/3rd) and velar nasal 2/3rd) are
maintained constant within the syllable-type while their absolute
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duration values will differ. For example in qu syllables the short
vowel and [n] have mean durations of 9.2 csec and 13 csec respectively,
compared to 13.4 csec and 22.9 csec in Cﬁq syllables. It is also
interesting to note that it is the duration to Fo peak in Cﬁn and Cﬁn
syllables, rather than the duration of the Final - or duration to Ao
peak - which appears to be the relevant measure for the timing of this
articulatory pattern.

16. EFFECT OF INITIAL SONORANT

A comparison of the Fo shapes of syllables having a sonorant
Initial in Figure 16(C) with those in Figure 16(A) and (B) having
obstruent Initials, gives a clear i1llustration of the different effect
on Fo onset value and contour caused by the sonority feature. In
syllables of type 3, 4, and 6 with (voiceless 'lenes') obstruents,
there 1s an initial drop 1in FO after Final onset. The size of the
drop in Fo, and the duration of this consonantally induced perturbation
depends upon the syllable-type. In types 3 and 6, the drop is 6 Hz
and the effect lasts from 1 to 3 csecs; in type 4 syllables, the drop
is much greater: 14 Hz (Cﬁ) and 26 Hz (Ciq), and the perturbation
lasts longer too - approximately 12 csec.

The initial drop in F0 after voiceless obstruents in syllable-types
3, 4, and 6 contrasts markedly with the flat F‘o onset contour on
syllables with a sonorant Initial. In these syllables, the Fo at Final
onset 1s already at a low value, similar to the value of the FO
inflexion point 1in syllables with non-sonorant Initials.

Comparisons like the one above allow us to separate those acoustic
features which are characteristic of a syllable-type from those which
are attributable to other independently variable features, like
differences in the nature of the Initial consonant. Thus the initial
fall in Fo observable 1in CL(%) syllables appears to be due to articu-
latory and/or aerodynamic features connected with the Initial consonant,
and is not a direct characteristic of the Fo contour of type U4 syl-
lables.

Although the duration of the voiced part of the syllable is considef—
ably increased by the addition of a sonorant Initial, the duration of
the Final remains unaffected, i.e. it retains the same absolute and
relative duration values as Finals in syllables without sonorant
Initials. For example, the DF value of 29.6 csec in type 3 syllables
without sonorant Initials (CL) does not differ significantly from that
of 30.1 csec in type 3 syllables with sonorant Initials (Csﬁ); Ci M.
the DF values 1in Ciq and Ciq syllables of 26.3 and 27.5 csec respectively
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and in CL and Csi syllables of 36.3 and 36.9 csec respectively. Type
6 syllables, for some as yet obscure reason, are an exception: the
2.4, csec difference in Final duration between CLq and Cqu syllables
is significant at the 5% level (.05 > p > .02; t = 2.23, d4df = 18).

The results given above agree with those reported for Yangzhou
(Sauvain 1977) and MSC (Howie 1974), and hence provide additional
evidence that duration, Fo, (and also Ao) characteristics of Initial
sonorants can in most cases be excluded from tonetic domain in Chinese.

17. SUMMARY

In the above investigation, I have attempted to give some idea of
the complexity in the physical reality underlying citation syllable-
type contrasts in a Chinese dialect. I have also tried to illustrate
the potential of, and necessity for, a polydimensional approach to
tonal investigation contra the prevalent monodimensional stance which
ignores from the outset all parameters except Fo/pitch variation
(Kratochvil 1977:22). I have used acoustic data to demonstrate that
Sh-Zh syllable-types are characterised in at least the three acoustic
parameters of Fo, Ao, and duration, and that the physiological mech-
anisms which produce the acoustic effects are differentially controlled,
depending on the syllable-type. I have illustrated some proposals
for quantifying the relative contributions of each parameter, including
definitions of register and contour dimensions within the Fo and Ao
parameters, and have also shown how the data might be used in defining
the phonological features [Hi] and [Long] in Sh-Zh.
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NOTES

1. An earlier version of this paper - Rose (1979) - was circulated
at the 12th International Conference on Sino-Tibetan Languages and
Linguistics in Paris. The present paper differs from the earlier ver-
sion mainly in the larger number of examples analysed per sample and
in the measurement of flat, as opposed to high-passed amplitude. I
am grateful to Paul Kratochvil for criticisms and suggestions.

The data quoted are from my own field work on the dialects of the
Ningpo area (Ningpo town, Cixi, Zhenhai, Dinghai, Fenghua, and
Xiangshan) carried-out over the past seven years with native speakers
in Hong Kong, Taiwan, Shanghal, and Manchester. More extensive data
on Zhenhai dialect are contained in Rose (1982).

2. For some detaills of the past and present soclolinguistic situation
in the Shanghai area, see Sherard (1972:3,5) and Hu (1978). Phonologi-
cal interaction between the Shanghal and Zhenhai dialects is complex.
For the purposes of this paper it is sufficient to note that Shanghai
dialect influence 1s restricted to segmentals. Sh-Zh speakers normally

retain characteristic Zhenhal suprasegmental sounds and rules, which
are very different from those of Shanghai dialect.

3. 'Initial' and 'Final', when written with capitals, are the conven-
tional translations of the traditional Chinese phonological terms for
the immediate segmental constituents of the syllable. 1Initial refers
to the syllable-initial consonant, and Final to the rest of the syl-
lable. Thus in the syllables [ti] and [dzy3n], t and dz are Initials,
and i and y3n are Finals.

4. Loudness, pitch and length have not been transcribed.

49
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5. For typographical convenience, the symbol [,] has been chosen to
represent the Sh-Zh unrounded non-retroflex apical vowel.

6. The 'pitch' detection algorithm I used is a software equivalent of
the hardware method presented in Dubrowski et al. (1975), which is a
modified autocorrelation method using clipping. My thanks to Geoff
Bristow, Department of Engineering, Cambridge University, and Francis
Nolan, Department of Linguistics, Cambridge University, for their help
in making the program available and running it for me.

7. Cf. Cheng (1972:289) "...this degree of accuracy [+ 4 Hz] is more
than one can ask for when measuring from a narrow band spectrogram..."

8. It is very doubtful whether the difference limen in overall dB
level for this kind of natural speech within this range of fundamental
frequencies and levels is smaller than 1 dB. At levels of 60 or 70 dB
above threshold, the Just noticable difference (JND) for normal
listeners 1is less than 0.5 dB for a typical psychophysical stimulus
tone of 1000 Hz, but for a synthetic vowel at an obviously much lower

Fo’ the JND is apparently + 1 dB (Lehiste 1970:115, 116).
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PHONETIC PROPERTIES OF VIETNAMESE TONES ACROSS DIALECTS

Vi Thanh Phuong

0. INTRODUCTION!

Although Vietnamese tones have been extensively studied 1n quite a
few works, the more detalled phonetic descriptions based on instrumental
analysis have all concentrated on Northern Vietnamese (henceforward NV),
e.g. L& Vin Ly (1948), Andreev and Gordina (1957), Nguyén Him Duchg
(1962), Han (1969), Han and Kim (1972) and Earle (1975), while Central
Vietnamese and Southern Vietnamese (henceforward CV and SV) have had
fewer and malnly 1impressionistic descriptions, with the exception of
Tran Huong Mal (1969) which was only partially based on instrumental
records. Milne 1s an attempt to provide a more comprehensive description
of Vietnamese tones by presenting data from all three major dialects 1in
thelr various aspects.

1. AN OVERVIEW OF VIETNAMESE TONES

The official spelling recognises six tones in Vietnamese, which
represent what can be termed the underlying phonological tones of
standard literary Vietnamese and also of NV, which 1s regarded as a
prestige dialect. Table 1 summarises the system 1n three dlalects.
The English labels, taken from Han (1969) and preferred to others
because they are short and suggestive of the basic contours of each
tone, and the phonological notations, taken from official spelling
diacritics with the addition of the macron for the level tone, will
be used throughout this work. The phonetic notations, a modified
version of Chao's (1930), was first based on auditory impressions and
later readjusted in some cases by taking pitch values calculated from
the data through various normalisation and conversion procedures
described elsewhere (Vi Thanh Phuong 1981).
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Number
Vietnamese Names

English Labels*

Phonological
Notations*

Phonetic
Notations*
NV

cv
SV

Examples

* See comments in the text.

1

ngang

level
tone

/-1

[33]
[55]
[33]
/haj/
"two '

2

huyén

falling
tone

/</

[21]

[42]

[21]
/haj/
'glipper’

TABLE 1
THE TONES OF VIETNAMESE

[35]
[24]
[35]
/haj/

'to pick
(fruit)'

3B
e
(tac)

stopped
rising tone

/'5/**

[455]**
[3U4s]**
[35s]**

/hat/

'to sing'

drop
tone

/./

[%}]**
[31]
[212]

/haj/

"harm'

4B

ndng
(t3c)

stopped
drop tone

/.s/**

[21s]**
[31s]**
[21s]**
/hat/

'grain’

curve
tone

[212]
[iifj**
[214]

nga

broken
tone

[325]**

/th/\\\\/hEJ/

'sea’

(in compounds only)

** g5 represents the syllable-final volceless stop which conditions the occurrence of the tone.

marks the laryngeallsation characteristic of the tone.

'scared’

96

ONOAHd HNVHL NA
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2. PROCEDURES
2.1. INFORMANTS

Thls study was based on the recorded voices of thirty-four native
speakers of Vietnamese (11 NV, 12 CV and 11 SV), whose home towns are
indicated on Map 1 (p.58). They included 14 females and 20 males,
respectively represented by F and M and numbered in increasing order in
the southward direction within each sex group and each dialect. Being
mostly university students or staff, they spoke an educated and stan-
dardised variety of thelr respective dilalects.

2.2. WORD LISTS

In order to pinpolint dialectal variations of tones 1in similar
phonetic environments, I declided on a restricted number of syllables 1in
two word lists. One consisted of five syllables

stal 1tas 1das tnal Isal
occurring with all the six tones (five in CV and SV), and

/tak/ /tPak/ /dak/ /nak/ /sak/
occurring with the two stopped tones.

The other consisted of the syllables /ta/ (for non-stopped tones),
and /tak/ (for stopped tones), each repeated three times after a frame
sentence.

The idea was to minimise possible perturbations caused by consonants
and vowels of various types which might differ phonetically in the
three dialects. Comparison with data from Han (1969) and Earle (1975),
which 1ncluded a greater variety of syllables, showed that the tone
shapes obtalned from my materlial were essentlially the same as theirs.

2.3. INSTRUMENTS

Recordings were made at various times in Canberra, Sydney, Hanoi,
Hue and Ho Chi Minh City through a UHER 4000 Report IC Recorder with
reel-to-reel BASF tapes. Mingograms were made through the use of an
F-J Fundamental Frequency Meter, an F-J Intensity Meter, a Sony
8-Channel Mixer and an Elema-Schonander Mingograf, and spectrograms
were made from a Volceprint Spectrograph, at the Phonetics Laboratory
of the Department of Lingulstics, The Faculties, Australian National
University.

2.4. MEASUREMENTS

After I decided to look at four parameters that appeared to
characterise Vietnamese tones, namely Fo, 1lntensity, duration and
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DISTRIBUTION OF INFORMANTS'

V0 THANH PHUONG

MAP 1
NATIVE PLACES IN VIET NAM
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laryngealisation, measurements were made manually from mingograms,
supplemented by spectrograms only in cases of unclear traces.

Fo values were measured at six timepoints for non-stopped tones
designated P1l, P2, P3, P4, P5, and P6, corresponding respectively to
vowel onset, 10% (after onset), 37% (midpoint 1), 63% (midpoint 2),
90% (before endpoint) and endpoint. For the stopped tones, Pl, P2, P3
and P4 were defined as onset, midpoint 1, midpoint 2 and endpoint,
because with theilr much shorter duration, values at 10% after onset
and before endpoint would not alter thelr Fo contours. For syllables
beginning with volced consonants, vowel onsets started later as the Fo
values for consonant onsets were ignored, because they could cause
deviations from the typical Fo contours of the tones.

Intensity was measured at four timepoints, I1l, I2, I3 and I4,
corresponding to P2, P3, P4 and P5 of the Fo measurements, and on the
same syllables /ta/ and /tak/ for the various tones.

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

As I know of no tested method of measuring laryngealisation, I
studied the tones auditorilly, noted the occurrence of breathy volilce,
creaky volce and glottal closure in various tones, and referred back
to places 1n mingograms and spectrograms where they were supposed to

occur and measured their rough duration 1n centiseconds.

3. RESULTS

The Fo, intenslty and duration values obtained from measurements
described above were treated statistically by calculating the arith-
metical means and standard deviations. They are given in tabular forms
in the followlng pages. Tables 2 to 4 present the Fo data, Tables 5
to 7 the intensity data, Table 8 the duration data and Table 9 the
laryngealisation data.
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TABLE 2

MEAN Fo IN HERTZ AND STANDARD DEVIATIONS OF NV TONES
AT SIX TIMEPOINTS (FOUR TIMEPOINTS FOR STOPPED TONES)*

Tone n Pl P2 P3 P4 P5 P6
Level /-/ 72 212 212 212 210 207 202
55 56 55 55 54 53
Falling /./ 72 178 175 171 163 159 155
45 46 45 43 4y 43
Rising /°/ 72 198 194 197 217 2u6 257
52 51 51 51 54 56
St. Ris. /'s/ 72 221 232 250 268
61 59 57 60
Drop /./ 72 189 186 180 165 162 163
47 47 45 43 4y u7
St. Drop /.s/ 72 182 174 167 158
45 43 4 43
Curve /°/ 72 176 170 157 140 155 166
45 U6 42 37 38 38
Broken /~/ 72 202 196 169 211 2Ly 245
55 54 47 55 55 58

*Data from nine NV informants: NF1, NF2, NF3, NF4, NM1l, NM2,
NM3, NM4 and NM6.
For each tone, mean Fo values on first line, SD on second line.
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TABLE 3

MEAN Fo IN HERTZ AND STANDARD DEVIATIONS OF CV TONES
AT SIX TIMEPOINTS (FOUR TIMEPOINTS FOR STOPPED TONES)*

Tone n Pl P2 P3 P4 PS5 P6
Level /-/ 96 184 182 185 187 188 186
53 50 50 50 52 52
Falling /./ 96 174 171 167 162 159 156
49 48 47 46 45 4y
Rising /'/ 96 158 153 150 162 177 181
43 39 37 3\t 47 52
St. Ris. /’'s/ 96 163 159 166 179
42 39 39 46
Drop /./ 96 163 158 153 148 148 149
42 40 38 39 39 4o
St. Drop /.s/ 96 169 161 155 150
43 39 39 39
Curve /?/ 96 166 163 156 148 153 156
45 43 41 42 46 48

*

Data from twelve CV informants: CFl, CF2, CF3, CF4, CM1l, CM2,
CM3, CM4, CM5, CM6, CM7 and CMS8.

For each tone, mean Fo values on first line, SD on second line.
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TABLE 4

MEAN Fo IN HERTZ AND STANDARD DEVIATIONS OF SV TONES
AT SIX TIMEPOINTS (FOUR TIMEPOINTS FOR STOPPED TONES)*

Tone n Pl P2 P3 P4 P5 P6
Level /-/ 72 191 191 192 191 189 185
61 60 61 60 61 61
Falling /./ 72 166 161 155 151 149 149
52 52 51 50 51 54
Rising /°’/ 72 194 192 201 224 250 255
63 60 61 68 80 84
St. Ris. /’s/ 72 201 208 228 256
67 66 71 86
Drop /./ 72 166 157 148 150 162 166
57 52 49 51 55 56
St. Drop /.s/ 72 170 159 155 160
56 52 4g 52
Curve /°/ 72 173 162 149 175 219 224
61 56 48 54 66 71

*
Data from nine SV informants: SF1, SF2, SF3, SF5, SM1l, SM2,
SM4, SM5, and SM6.

For each tone, mean Fo values on first line, SD on second line.
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TABLE 5

MEAN INTENSITY IN dB AND STANDARD DEVIATIONS OF
NV TONES ON SAME SYLLABLES AT FOUR TIMEPOINTS*

Tone n Il SD I2 SD I3 SD I4 SD
Level /-/ 32 ¥ AL 6.3 5.4 2.0

248 il . 1.6 1.8
Falling /./ 32 54l 4.5 3:5 1.1

2.1 1§55 1.7 0.2
Rising /°/ 32 | 5.5 4.6 5.4 1.6

5 1:3 255 i) 7l
St. Ris. /’'s/ 32 5.6 5.0 4.5 1.5

2.0 1.6 23! I, S
Drop /./ 32 4.5 4.1 2.3 0.8

1.3 155 10 0.2
St. Drop /.s/ 32 50 4.y 3.6 1.0

2.1 1.8 1.6 0.05
Curve /?/ 32 4.4 3.2 205 1.4

155 1.2 1.2 0.5
Broken /~/ 32 5.2 2.4 4.8 1.4

1.9 0.9 2.3 0.5

*Data from 8 NV informants: NFl, NF2, NF5, NM1l, NM3, NM4, NM5
and NM6. 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 6

MEAN INTENSITY IN dB AND STANDARD DEVIATIONS OF
CV TONES ON SAME SYLLABLES AT FOUR TIMEPOINTS*

Tone n Il SD I2 SD I3 SD 14 SD
Level /-/ 32 8.0 7.2 5.5 2.7

2.5 il € i 1.8 o3
Falling /./ 32 8.4 6.5 4.1 1.9

2.7 1.8 1.6 0.6
Rising /’/ 32 | 5.9 5.0 5.1 2.3

2.8 1.8 1.8 il 12
St. Ris. /’'s/ | 32 | 5.3 h.9 4,6 1.6

2.6 241 1.8 0+'5
Drop /./ 32 6.5 4.7 3.1 1.7

3=1 155 1.9 0.9
St. Drop /.s/ 32 6.6 5.3 3.8 1.4

3.2 1:5 1.3 0.8
Curve /°/ 32 7.3 5.8 3.2 1.4

2 ool 2.2 1.6 0.7

*Data from 8 CV informants: CFl, CF2, CF4, CM1l, CM4, CM5, CMT
and CM8. The syllables were /ta/ and /tak/ for sonorant-
ending and stopped tones respectively.

For each tone, mean intensity values on first 1line, SD on second
line.
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MEAN INTENSITY IN dB AND STANDARD DEVIATIONS OF

TABLE 7

SV TONES ON SAME SYLLABLES AT FOUR TIMEPOINTS*

Tone n I1 SD I2 SD I3 SD I4 SD
Level /-/ 32 4.9 5.8 4.1 2.

2.0 1.4 1.3 1.
Falling /./ 32 3.5 3.8 2.4 1.

1,5 0.9 0.8 0.
Rising / '/ 32 | 4.4 4.9 4,2 2.

1.8 53 2.2 2.
St. Ris. /’s/ | 32 | 4.2 5.8 5.0 2.

2.3 2.0 e o
Drop /./ 32 | 3.2 2.9 2.0 1.

1.3 U oL 0.8 0.
St. Drop /.s/ | 32 | 3.9 3.7 2.7 T

1F 82 1482 0.3 0.
Curve /’/ 32 3.6 255 3.0 2%

155 0.9 1110 i

*
Data from 8 SV informants:

and SM6.

SF1, SF4, SF5, SM1l, SM3, SM4, SM5
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.

65



VO THANH PHUONG

TABLE §

MEAN DURATION IN CENTISECONDS AND STANDARD DEVIATIONS
OF NV, CV AND SV TONES ON SAME SYLLABLES*

Dialect & Tone n D SD Dmax Dmin**
NV Level /-/ 36 25 6 36 12
Falling /./ 32 25 6 38 12
Rising /°’/ 32 25 5 38 14
St. Rising /’s/ 32 15 3 22 10
Drop /./ 32 20 y 30 14
St. Drop /.s/ 32 15 3 22 8
Curve /’/ 32 26 6 4o 16
Broken /~/ 32 25 4 32 14
CV Level /-/ 32 26 5 4o 16
Falling /./ 32 28 5 4o 16
Rising / '/ 32 26 5 4o 18
St. Rising /’s/ 32 16 3 26 10
Drop /./ 32 28 7 50 18
St. Drop /.s/ 32 17 3 26 10
Curve /*/ 32 24 5 4o 15
SV Level /-/ 32 30 8 50 16
Falling /./ 32 29 6 4y 18
Rising /'/ 32 28 6 40 15
St. Rising /’s/ 32 18 4 28 12
Drop /./ 32 28 5 4o 18
St. Drop /.s/ 32 17 4 24 10
Curve /*/ 32 30 6 42 20

*Data from same syllables and same informants as for intensity
data in Tables 5 to 7.

*%
Dmax and Dmin are the longest and shortest tokens found in each

tone sample.
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TABLE 9

LARYNGEALISATION IN NV, CV AND SV TONES*

67

Dialect and Tone Degree Duration Timing
(a) (b) (c)
NV Level /-/. Rising /'/, St. Rising
/’s/ and St. Drop /.s/ 0
Falling /./ 0 (1) (1) (E)
Drop /./ 2 (3) 4.5 E
Curve /°/ 0 (1) (1) (M,E)
Broken /~/ 2 (3) 3.7 M
CV Level /-/, Falling /./, St. Rising
/’s/ and St. Drop /.s/ 0
Rising /°/ 0 (1) (1) (M)
Drop /./ 0 (1,2) (1) (E)
Curve /?°/ 2 (1) 4.6 E
SV Level /-/, Rising /’/, St. Rising
/'s/ and St. Drop /.s/ 0
Falling /./ 0 (1) (1) (E)
Drop /./ 0 (1,2) (1) (E)
Curve /°/ 0 (1) (1) (M)

*
Based on auditory and acoustic studies on same syllables and same

(a)

(b)

(e)

informants as for intensity data in Tables 5 to 7.

O:regular volicing; l:breathy voice;

2:creaky volce;

3:glottal

closure. () indicates alternative occurrences with some speakers

and 1n some contexts only.

Number indicates mean duration of laryngealised part in
centiseconds; (1) indicates irregular durations.

Laryngealisation may occur at the middle (M) or end (E) of the

syllable.
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4. DISCUSSION
4.1. PHYSICAL PHONETIC PARAMETERS IN NORMALISED VALUES

To understand and evaluate the common characteristics of Vietnamese
tones and thelr variations across dialects, 1t 1s necessary to make
the data comparable by using the same sets of parameters in describing
them. However, the absolute and mean values given for those parameters
as the results of direct measurements do not always make meaningful
generallsations possible, because of the wide range of variations in
non-linguilstic parameters such as different Fo ranges between male and
female speakers, differences in speech tempo or the power of their
volces, etc. Therefore some normalisation procedures are proposed
below to bring the data presented in 3. into directly conparable forms.

For comparison of Fo data, I devised a method of normalisation
involving the notion of Fo Differential in function of the mean F, or
FD(F), expressed 1n percent in the following formula:

F1 - F

FD(F) = Itg ( x 100)

where F1 1s any individual Fo value, F is the mean Fo of a sample, used
as a reference level, and Itg stands for integer, 1.e. the FD willl be
expressed 1n integer digits, any decimals belng automatically dropped
off.

The 1ntensity and duration data were normallised according to two
similar formulae:

I = mp (RAEd0Y 6.9)
Imax

D = Itg 20X10, g.9)
Dmax

where I1 and D1 are any individual intensity and duration values to be
normalised,

Tmax and D max are the highest mean values of I and D in the samples
1n question, and 0.9 1s a correcting factor.

These formulae will give normalised values for I and D in decimal
scales where only integers are retailned.

The application of the foregoing formulae glves results in Table 10
and 1s 1llustrated in Figures 1, 2 and 3. Table 10 gives the normal-
i1sed values for the physical phonetic parameters of NV, CV and SV tones
in thelr standard forms. Figure 1 gives dlagrams of these tones 1in
actual mean Fo plotted agalnst mean duration, for comparison with
Figure 2 where Fo in FD(F) percent of the same tones were plotted
against normalised duration, and Figure 3 presents normalised intensity
plotted against normalised duration.
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TABLE 10

PHYSICAL PHONETIC PARAMETERS (Fo, L, I § D
IN NORMALISED VALUES) OF NV, CV AND SV TONES*

Di;lect & Fo in FD(F) Percent Laryng.** Intensity Duration
. P1|P2 (P3 |P4 |P5 |P6 2y Mibe=Tc I1 I2 I3 14

NV /-/ 9] 9 9| 8| 7| 4 |o (o) MR LR (s 10
// -7| -9(-10(-15|-17|-19 |0 SRt NoF %2 10
/%7 2 0 21 12| 27| 33 |O 8 7 8 3 10
/’'s/ |[14] 20| 29| 38 0 (& T e 6
/./ -2| -3| -6|-14|-16(-15 [2 2 E T O 8
/.s/ |-5| -9(-13]|-17 0 T ARG e 2 6
/°/ -8]-11(-18|-26|-19(-13 |0 7 5 4 2 10
R 4 1|-12 9| 26| 26 |2 2 M 8 4 7 2 10

cv /-/ 12| 10| 12| 14 14| 13 |o 10 9 7 4 10
// 6 4 1( -1 -3 -4 |o 10 8 5 3 10
/"7 -3| -6| -8] -1| 7| 10 |0 Tl NG T IS 10
/’s/ of -3 1 9 0 7 6 6 2 6
/./ of -3| -6| -9| -9 -9 |o SR 6 Bl 2 10
/.s/ 3] -1| -5 -8 0 8 7 ) 2 6
/°/ 1 O -4 -9| -6| -4 (2 2 E 9 7 ] 2 9

sv /-/ Li 4| 4| 4 31 1 |0 9' - 10 10
// -9|-12 (-14(-17|-18 |-18 |0 6 7 5 2 10
/'/ 6| 4| 9| 22] 36| 39 |0 B 19 o IBFYRIS 10
/"s/ 9| 13| 24| 39 0 A AL O LG 6
/./ -9 (-14 (-19 |-18 |-11| -9 |0 6 5 4 2 10
/.s/ -7 {-13 [-15 |-12 0 7 7 5 2 6
7%/ -5|-12|-18| -4 | 19| 22 |o TSy i, L 10

*
Calculated from data in Tables 2 to 9.

**In the Laryngealisation parameter,
(a) indicates degree,
(b) duration (same scale as for whole tone), and
(c) timing.
Intensity and duration values are 1n decimal scales.
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4.2. COMMON CHARACTERISTICS AND DIFFERENCES

A number of observations can be made about the similarities and dif-
ferences between NV, CV and SV tones from the data thus processed.

First, one can see that across dialects, all but one of the tones
have basically similar Fo contours (level, falling, rising or concave),
while varying in relative Fo level (high, mid or low) and in the pres-
ence or absence of laryngealisation, and the remalning one, the drop
tone, displays difference in Fo contour in one dialect only, namely SV,
as laryngealisation marks the contrast between the other two dialects.
This suggests the primacy of Fo contour over other parameters as a
major feature for differentiating tones 1n the Vietnamese system, and
this fact 1s borne out 1n the analysis of tone perception by native
speakers, as I reported elsewhere (1979, 1981). Together with the
fact that Vietnamese has only one level tone out of the seven or eight
phonetic tones 1n each dilalect, Vlietnamese can be typologically
classified as a "contour tone language with register overlap" as
defined by Pike (1948). This 1s further supported by analysis of sub-
dialectal and individual variations, which showed that Fo contour is
mainly characterised by the general direction of the Fo change, while
great differences could occur 1n Fo slopes and Fo ranges. For example,
the mean Fo differential between onset and endpoint of the NV rising
tone 1s only 18% with Informant NM6 and as great as 53% with Informant
NM1l. It 1s also interestling to note that beslde the expected difference
In Fo ranges between male and female speakers, the use of Fo ranges
differs markedly between CV and the other two dialects (see Figures 1
and 2).

Second, intensity shows no great differences between dialects, and
correlation coefficients calculated for Fo and intensity values at the
same timepoints indicate a failr degree of correlation. Duration 1s not
significantly different between sonorant-ending tones, except for the
creaky-ending NV drop tone and CV curve tone, which are significantly
shorter by 20% and 10% respectively, and for the stopped tones where
duration 1is 40% shorter in all three dialects. I take this to mean that
duration 1s not an 1ndependent factor 1n tone production but 1s con-
ditioned by the presence of laryngealisation or the voiceless final stop
at syllable endings, which cause the shortening. Both intensity and
duration may thus be characterised as independent parameters at the
physical phonetic level only, and would become redundant at higher
levels of analyslis.



FIGURE 1
Mean Fo of NV, CV and SV Tones Plotted Against Mean Duration

(Data from 9 NV, 12 CV and 9 SV Informants)
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FIGURE 3

Normalised Mean Intensity of NV, CV and SV Tones Plotted
Against Normalised Duration (Data from Table 10)
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Third, laryngealisation or creaky volce, a characteristic of the NV
drop tone and broken tone, and of the CV curve tone, 1s not a regular
feature of any SV tone. While breathy volce and glottal closure may
occur with some tones 1n all three dlalects, they are not a regular
characteristic of any, and can best be regarded as alternatives in free
varliation for some standard forms. It 1s interesting to note that
what 1s auditorily perceived as creaky volce may be realised differently
in acoustic terms. For example, three NV informants display marked
differences in the broken tone: NF3: heavy laryngealisation, sharp drop
in Fo and in intensity at middle; NM3: no laryngeallisation, sharp drop
in Fo and slight drop in intensity at middle; and NMi4: no laryngealisa-
tion, no sharp drop 1n Fo but only sharp drop in intensity at middle.
For Informant NM4 it appears that the Fo curves of the rising and broken
tones are similar; only the intensity contours differ sharply.

This fact 1s of potential relevance for both the historical evolution
and the physiological production of tone 1n Vietnamese: 1t might
explain how creaky voice developed in different tones in NV and CV,
and why creaky voice and glottal closure occur alternatively 1n some
tones. This was the point I made earlier (1980) and discussed in more
detail in my thesis (1981).

5. CONCLUSION

The results of my investigations into the physical phonetic proper-
ties of Vietnamese tones in the three major dialects have shown that
NV, CV and SV tones display both similarities and differences and can
be characterised by four parameters: Fo, intensity, duration and
laryngealisation.

Fo contours appear to be the most 1mportant factor that unites the
same phonological tones in the three dlalects, below the surface dif-
ferences which concern mainly relative Fo level, and presence or
absence of laryngeallsatlion in some tones. Thils suggests that Viet-
namese can be classifled as a "contour tone language with register
overlap" (Pike 1948).

Intensity and duration are found to be phonetic parameters
characterising some tones but not 1ndependently; they are probably
~ conditioned respectively by Fo and segmental environment or laryngeal-
isation.

Apart from breathy voice and glottal closure which occur irregularly
as free varlatlons, laryngealisation or creaky volce 1s a distinctive
feature of some NV and CV tones. Its auditory quality may be the
effect of different acoustic realisations and this fact might have
implications for historical tone evolution in Vietnamese.
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NOTES

1. This 1s an abridged version of a chapter from my thesls on
Vietnamese tones. I am gratefully indebted to my successive
supervisors, Dr David Bradley (now at the University of Melbourne),
Dr Tim Shopen and Mr Phil Rose, of the Department of Linguilstics,
The Facultles, Australian National University, for their valuable

advice 1n my research.
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SOME ACOUSTIC PROPERTIES OF TONES IN BURMESE

U Thein Tun

1. PHONOLOGICAL TONES

On the basis of Trubetzkoy's definitions of phoneme, phonological
unit, phonological contrast, and his rules 2 and 3 for the differen-
tlation of phonemes and variants (Trubetzkoy 1968:7, 1969:48-49), the
following phonological tones can be assigned to the phoneme 1nventory

of Burmese phonology.

Four tones:

Tone I /ted/ 'lotus’, 'to take a long time'
Tone II /tea/ 'to hear'
Tone III /tea/ 'to fall down'

Tone IV /tca?/ 'to be stringent’, 'to be tight’

The Burmese phonological tones, however, are classified differently
by various writers. Taylor (1920) and Firth (1933) classify the
Burmese tones into three. Firth (1936) and McDavid (1945) suggest
that there are five tones in Burmese. Cornyn (1944), Burling (1967),
Stewart (1955) and Becker (1964) agree in classifying the Burmese tones
into four.

If the CVC phonological syllable pattern 1s recognised, as 1n
present-day written Burmese and old epigraphic Burmese, 1t 1s true
that /tca?/ (written tgap), (Tone IV in the above example) could be
treated as belonging to the CVC pattern, and thus there would be only
three tones 1n Burmese. In present-day spoken Burmese, however, the
final stops of the written CVC pattern are replaced by a final stop,
which 1s a glottal stop 1n 1solation. If the CVC pattern 1s regarded
as one phonological syllable pattern, then this characteristic will be
the sole representation of the final C of the CVC pattern. Therefore
i1t 1s more acceptable to analyse the Burmese phonological syllable
pattern as V and CV and to treat the final stop as a tonal feature.

T7
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Firth (1936) and McDavid (1945) classify the Burmese tones into five
because they treat the neutral vowel [e] as a separate tone. The
neutral vowel [a] appears as a non-final neutral syllable in words
consisting of two or more syllables, but never 1ia rionosyllabic words.
Burmese 1s basically a monosyllabic language and any non-monosyllabic
word in Burmese with a neutral vowel [a] 1s either a borrowing or a
lexical compound or the result of a derivational process. Therefore,
in thils analyslis, the Burmese phonological tones are classified into
four. [Note that Tones I, II and II in this analysis are generally
described as even or level tone, heavy or breathy tone and creaky tone
respectively 1n the literature. The cardinal order and symbols of the
tones in this analysis are somewhat different from Okell (1969) but
same as Cornyn (1944) and Cornyn and Roop (1968).]

2. EXPERIMENT 1

There are altogether fifty vocalic nucleil in Burmese apart from the
neutral vowel [a].

Basic non-nasalised nasalised
symbol |Tone Tone Tone Tone Tone Tone Tone Tone
I II  |III v I II III Iv
| 1. Sz ksl . 0 s F Lo, Rt X
o 80 &89, & ho. & Ja1. ei® Ja2. & lisf @iy & Lok
e 15. ¢ |16. & [17. & [18. €7 X
al 19. ai? |20. & [21. &1 [22. 47 | x
a 23. 4 |2u. & |25. 5 |26. a7 |27. & |28. & |29. } X
> 30. $ |32. 4 |32. & {33. au? f3u. & |35. & f36. au | x
° 37. 6 38. 8 [39. & |b0. ou? |B1. Su |42, Su |43. Su | X
u yu, § [u5. & |u6. U |47. oF |u8. & |u9. & |[s0. ¥ X

([ei], [au) and [ou] can be regarded as the different realisations of
/e/, /5/, and /o/ in the environment of nasalisation or a final stop
and [&1] could be the allophone of /ai/ in the nasalised environment.)
All these fifty vocalic nuclel of two male native speakers and two
female native speakers were recorded in [hVd4d] (/hVd4d/) frame for the
monophthongal nuclei and in {hvvnd4] (/hVd4/) and [hvv?dé] (/hV?dé/)
frames for the diphthongal nuclei. The initial consonant [h] was
chosen 1n the frames because 1t 1s the weakest consonant to bring
forth any co-articulation effect on the following vowel; the medial
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[d]) was chosen to make the segmentation easy; and the final [4] was
chosen to make the utterances natural for the Burmese speakers as this
1s a frequent vowel.

Some of the utterances 1n these frames are nonsense words whether
the last syllable [dd] 1s eliminated or not. These nonsense words
however have to be tolerated because the purpose of the experiment 1s
to analyse the phonetic qualities of the vocalic nuclel of the utter-
ances and they are not foreign for the Burmese speakers to pronounce.
The established writing system enables the subjJects to pronounce them
easlly and naturally whether they are meaningful or not.

Every speaker uttered every sound twlce and both utterances were
recorded. All the recorded sounds were processed with a Frokjaer-
Jensen intensity and fundamental frequency meters, using the linear
iIntensity output and the duplex osclllogram and fundamental frequency
output. The outputs were displayed by a mingograph. The necessary
precautions were observed both 1in recording and processing. When the
fundamental frequency of every utterance was measured, a slight differ-
ence between the first and the second utterances of the same sound
sometimes occurred. In such a case the average value of the two was
taken.

Of the three outputs observed on the mingograph (1.e. intensity
display trace, duplex osclllogram trace and the fundamental frequency
trace), the intensity display trace of the tones does not show any
consistency or any common factor by which the contrastive features of
the tones can be distinguished. It 1s tempting to say that in the null
context that these fifty utterances are in, the intensities of the tones
do not behave regularly as they do 1n sentences. The duplex oscillogram
trace also enables us only to distinguish the vowel segments from the
adjacent consonants along the fundamental frequency trace. Therefore,
of the three parameters, only the fundamental frequency trace of the
tones 1s dealt with in this present analysis.

The fundamental frequency as shown 1n the mingograms of all the
four subjects, rises gradually from Tone I to Tone IV. The fundamental
frequency for Tone I starts at a relatively level range and tends to go
down slightly; the fundamental frequency for Tone II starts at a rela-
tively level range, goes up, and then falls down relatively low; the
fundamental frequency for Tone III starts at a relatively high range,
usually higher than or as high as the peak of Tone II, and falls down
relatively low; the fundamental frequency for Tone IV starts at a high
range, frequently higher or as high as the peak of Tone II and falls
low, but not as low as Tone III because 1t stops very suddenly before
i1t can drop lower. The general contrastive features of the four phono-
logical tones offered by the analysls of thelr fundamental frequency
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can be described as:

i level, low

II high, rising, falling

III high, falling

IV high, falling, abrupt end.

For the detalled contrastive characteristics of the tones, 1n terms
of thelr fundamental frequencies, there 1s no special polnt to be
observed for Tones I and II because Tone I simply starts at a level
range and falls slightly 1n the end and Tone II starts at a level range,
goes up and falls down to the level range. However there are some
detalled contrastive features to be observed for Tones III and IV in
comparison with Tone II.

The fundamental frequency of all the utterances 1n Tone III by the
two female speakers starts with a high range, higher than the peak of
Tone II with one exceptlon. For the one exception also, the starting
range 1s the same as the peak of Tone II. The fundamental frequency of
the utterances of the first male subJect 1n Tone IIT starts with a
relatively high range, usually as high as the peak of Tone II. Of the
fourteen utterances of the first male subject in Tone III, the funda-
mental frequency for nine he starts with the high range equal to the
peak of Tone II, the fundamental frequency for three starts with the
high range higher than the peak of Tone II; and the fundamental fre-
quency for the remalning two starts at a range slightly lower than the
peak of Tone II. The fundamental frequency for all the utterances in
Tone III by the second male subject starts at the high range, higher
than the peak of Tone II.

For the two female subjects, the commencing high range of Tone IV is
generally elther higher than or as high as the peak of Tone III. How-
ever, 1In one case for one female subject and 1n three cases for the
other, the commencing range of Tone IV 1s either equal to or slightly
lower than the peak of Tone III. Of the eight utterances in Tone IV
of one male subject, four are equal to and four are slightly lower than
the peak of Tone III; of the elight utterances 1n Tone IV of the other
male subject, three are equal to and five are slightly lower than the
peak of Tone III.

The following table summarises the average fundamental frequenciles
of the four tones for the four subjects, out of thelr 200 utterances
i.e. 50 each (14 in Tone I, II and III and eight in IV) among the four
subjJects 1.e. out of 56 utterances in each of the first three tones and
32 utterances in Tone IV.
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TABLE 1

Tone Subject Initial Middle Final
(High) (Peak) (Low)

HZ HZ HZ

oL 1st female 226 - 174
2nd female 230 - 176

1st male 122 - 106

2nd male 135 - 105

II 1st female 237 255 191
2nd female 241 254 213

1st male 144 165 142

2nd male 146 152 137

oLl 1st female 302 - 190
2nd female 300 - 160

1st male 166 - 117

2nd male 184 = 92

v 1st female 297 - 204
2nd female 294 - 175

1st male 159 - 122

2nd male 172 - 110

The following table summarises the average fundamental frequenciles

of the four tones for two females and two males.

TABLE 2
Tone Initial Middle Final
HZ HZ HZ

F M F M F M
I 228 123 - - 175 105
II 239 145 254 158 202 144
III 301 175 - - 165 104
v 295 165 - - 190 116
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This table can be visuallsed more clearly on the graph.

TABLE 3
FEMALE MALE
HZ
300 B
& -~
= ]
200 EaSEn 11
. 1v B
= 1 111 &
111 v B =
11 =
I [~ L I~ -
100

In these graphic descriptions of the tones, there 1s very little
distinction between Tone III and Tone IV. This kind of distinction 1is
to be made clear 1n the next experiment and analysis where the factor
of duration of the tones 1s taken into account.

3. EXPERIMENT 2

The alm of this experiment 1s to find out the further acoustic
qualities of the tones 1n terms of length. The author's original
intention was to put the aforesald fifty vocalic nuclel in one frame
which can occur both in null context 1.e. by 1tself as a meaningful
syllable; and 1n phrase or sentence context. As the most sultable
syllable pattern for this purpose, the writer originally chose [tv(v)]
(/tv/) frame. The initial consonant [t] was chosen to make the segmen-
tation easy. All the fifty vocalic nuclel can fit meaningfully into
this frame. The author made up fifty sentences with these fifty vocalic
nuclei in [tv(v)] frame. As a tentative effort, four male native
speakers were asked to utter these fifty nuclei in [tv(v)] frame, both
I1n null context and sentence context. Thelr utterances were recorded
and processed with the Kay sound spectrograph. It was found that the
correct analysis was almost impossible i1f these fifty vocalilc nuclel
are put in CV frame. The following major defects presented problems.

1. /V/ of /tV/ can be followed by any consonant which 1s the
initial consonant of the next CV syllable and the following consonant
can affect the F2 off-glide frequency value of the vocalic nucleus.

2. When /V/ of /tV/ 1s followed by a voilced stop which 1s the
initial consonant of the next CV syllable 1n a close Jjuncture, the
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following voiced stop becomes continuant in the form of a fricative.

For instance, /t{/ means 'earth-worm' and /kd%/ 1s a classifier for
animals and insects. When /t{/ and /ké%/ are combined in close Juncture,
/k/ becomes voilced according to the volcing rule and it becomes [tfga%].
However the process of the change from /k/ does not stop at [g]. That
[g] which 1is the phonetic realisation of /k/ often becomes voiced and

is shown on the sonogram as voiced velar fricative [y]. In such a case
it 1s very difficult to segment the preceding [V] from [y] which shows
the characteristics of a resonant and continuant like a vowel. Such a
problem occurs especially when [a] is followed by a voiced bilabial

and [1] 1s followed by a voiced velar consonant, and more so when the
[tv(v)] frame 1is followed by a vowel. For the problem of voiced stops
changing to fricatives and continuants, one might 1like to choose the
consonant which does not become voiced, for the initial C of the next

CV syllable which follows [tv(v)]. This 1s impossible because to get
the right length of the /V/ of /tV/, the next syllable should immedi-
ately follow 1it, and when one CV immediately follows, two syllables are
combined in close Jjuncture where the volcing rule always takes place

on the following C.

3. Phonologically, a meaningful vowel or a syllable which is
grammatically a free form can occur by 1tself in null context. People
do say and understand these individual monosyllables which occur by
themselves. However, these monosyllables are generally followed by a
particle. If 1t 1s a noun 1t 1s usually followed by a classifier or a
particle and if 1t 1s a verb it 1s usually followed by a particle,
elther stative, imperative or polite and so on. As people are so accus-
tomed to adding particles to monosyllables, they unconsciously find it
awkward to articulate one individual syllable by 1itself. Hence they
elther repeat 1t or put a strong stress on 1t when they have to articu-
late one individual syllable. That kind of stress 1s especlally strong
when they pronounce it consclously before the microphone in the studio.
That 1s why the vocalic nuclel in null context of these subjJects are
extremely and unnaturally long, and hence the writer was not happy to
use the sonagrams they produced, as rellable data. The following sona-
gram 1s an example of 1it.
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FIGURE 1
Sonagram of /tiII/ Repeated Twice.

/t/ followed by /i/ in Tone II.

The average length for /i/ in Tone I1
is only 21 Cs, whereas 1t 1s 30.8 Cs
in thils sonagram.

i

i

For these reasons, the writer had to eventually use the frames from
Experiment 1. These frames /hVd4/, /hVdd/ and /hv?dd/ ([hvdd], [hvvndd],
[hvv?dé]) do not create either null context or sentence context. The
last CV syllable [dd] in these frames has 1ts grammatical function some-
times as a demonstrative particle (that or this) and sometimes as a
nominaliser. For instance, in [hddd] ([hvdd] with [4]), [hé] means
there, [d4] means that, and hence [hd] and [d4] are two separate words
forming a phrase. In [haundd] (/hVd4/ with /dﬂ/), [hdﬁn] (/hay/) means
'"to bark', [dd] functions as a nominaliser, and hence [hafund4] means
'barking’, forming a separate word as a noun. In thls way these three
frames form elther word or phrase context which lies between the two
extremes - null context with one syllable where the nucleus length 1s
extremely long, and sentence context where the nucleus length 1s
extremely abrupt. Moreover, in these three frames, the nuclel are
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consistently followed by the same consonant i.e. [d] and hence there is
no disturbance of different co-articulation effect on the F2 offglide
value. Therefore in this experiment as well, the writer used, with
satisfaction and assurance, the same three frames from Experiment 1.
The same procedure of utterance, recording and averaging between
the first and second utterances, was also used in this experiment.
However, in this experiment, to get the accurate average measurements
of formant frequencies and lengths, ten more male native speakers were
added to the original number of two (first and second male subjects,
subJects 1 and 2) and thus the number of subjects was raised to twelve,
and no female voice was used. This time all these recorded utterances
(1,200 utterances altogether; 50 nuclei each uttered twice by every
subject) of the twelve male subjects were processed with the Kay sound
spectrograph. The analysis was made on 1,200 sonagrams produced from
these 1,200 utterances.

4. TABLES SHOWING THE AVERAGE LENGTHS OF THE TONES

The following tables summarise the average component durations of
the four phonological tones among the twelve male subjects. For mono-
phthongal vowels, transitions toward and away from the steady state are
given as onglide and offglide; for diphthongal vowels, first and second
steady states, and transition between the two are shown, as well as
onglide and offglide transitions if any.

TABLE 4
Basic Tonal Symbol onglide |Steady State (ss) |[Offglide | Total
Symbol Cs Cs Cs Cs
/i/ I /17 4.8 9.0 5.0 18.8
1T /t/ 4.y 11.8 155 21.7
III /Y/ 3.9 8.9 3er2 16.0
v g 2.0 4.3 2.8 9.1
/el I /4 8 9.6 5 19.4
IT /&/ Gyg L 12.0 Si2 22.9
III /&/ 3.6 9.1 4.1 16.8

SS1 Trans SS2
v [ei’lre?s | o I, 6.0 58 0 g6
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TABLE 4 (cont.)

Basic Tonal Symbol Oonglide |Steady State (SS) |0ffglide |Total
Symbol Cs Cs Cs Cs

/e/ I /& 4.5 11.5 4.5 20.5
II /&/ 6.6 11.4 4.5 22.5

III /%/ 4.1 8.5 4.8 17.4

v /e/ 1.7 7.6 06 10.9

SS1 Trans SS2

Jais { Iv ra1ls 0 Bher- ol - B 0 15.0
/a/ 1 /4/ 5.1 11.0 5.9 22.0
11 /4/ 6.8 12.3 5.4 24.5

III /3/ 5.0 10.0 5.0 20.0

v /al/ 1.9 6.8 2.0 10.7

/>/ I /3 5.6 10.6 5.6 21.8
1T /5/ 5.6 12.4 5.2 23.4

III /5/ 3.8 7.9 5.5 17.2

IV [au?]/a?/ 0.5 6.0 6.0 3.0 0 15.5

/o/ I /8/ 5.7 10.6 5.0 21.3
11 /8/ 6.6 11.6 5.9 24.1

III /&/ y, 8.7 4.0 17.4

IV [ou?dse?/| o W2 6,7 «3:3 b 14.6

/u/ I /47 5.0 9.8 4.7 19.5
II /6/ 5.1 12.4 4.7 22.2

IIT /u/ 3.9 7.4 3.6 14.9
e/ 2.2 4.8 2.7 9.7

/7/ T N | 3.4 8.1 2.8 14.3
11 [f) 3 8. 4,2 16.3

IIT [F] 6.3 213 10.8

/5/ [ ] B 6.4 3.4 13.4
T8 3. 8.0 4.1 16.0

11T [§)] 2.73 6.53 2.73 12.0




SOME ACOUSTIC PROPERTIES OF TONES IN BURMESE

87

TABLE 4 (cont.)
Basic Tonal Symbol |Onglide |Steady State (SS) |Offglide |Total
Symbol Cs Cs Cs
/s I g 32 7 o 3.9 14.2
1T [8] 4.1 7.8 4.7 16.6
III (4] 8 6.1 2.4 11.3
/é/ i SS1 Trans SS2
([e1]) I [34'] 0.3 5.3 7.8 4.5 17.9
ITI [el] Or.17. 4,5 9.1 5.5 .5 20.3
III (&) 0 4.3 6.5 4.1 14.9
/& T par] 0 5.4 10.1 5.0 0 20.5
ITI [a%] 0 6. 10.6 5.7 0 22.3
IFT &) b, 7.2 4.y 0 16.3
/3/
([au]) I [&u] 0.9 6.3 6 5.7 18.9
II  [a&u] 0 7.%, s 5.6 .6 20.5
III [au] 0.3 5. 6. 3. 16.0
18/
([oul) I [du] 0 4.8 5.6 5.2 0.6 16.2
ITI [Ju] 0 6.13 5.13  8.43 1.12 20.8
III [ou] 0.5 4.4 5.5 4.1 0.3 14.8
4.1. TOTAL LENGTHS OF THE TONES

The analysls of the overall lengths of the tones shows that the

total length 1s a very consistent contrastive factor of the tones.

For

all the vocalic nuclel Tone I 1s of moderate length, Tone II 1s longer

than Tone I, Tone III 1s shorter than Tone I, and Tone IV 1s so short

and abrupt that 1t 1s even shorter than Tone III.
that can be made for the general contrastive feature of the tones on

the basis of their total length is:

Tone I
II
III
Iv

moderate

long
short
abrupt

Of 600 (50 x 12) average (average of first and second utterances)

Hence the conclusion

measurements, there are only 34 exceptions that do not agree with the
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above-mentioned generalisation. The common feature of these exceptilons
1s that either Tone II 1s slightly shorter or as short as Tone I, or
Tone IV 1s slightly longer or as long as Tone III. There are some
points that can explain the cause of these 34 deviations from the stan-
dard features.

1. All the subjJects were 1nstructed to utter every sound as they
usually say 1t, but taking care to be accurate. When the subjects
were told to articulate the sounds accurately, they were so cautious
about glottis articulation and tongue and 1lip articulation (which
shape the lower formant frequencies), that they tended to give less
attention to the length factor; and this 1s more likely to happen
especlally at word and phrase level where the utterance frames are.

2. Of these 34 deviations more than half (18) are in [hvvnd4]
/hVdé/ frame, nasalised environment where the later part of nasalisation
changes to the homorganic nasal of the following [d] i.e. [hvvnd3].

In such a case, 1n the sonagram, the nasal bar 1s sometimes present all
along underneath both Fl and F2. Sometimes Fl1 and F2 overlap on the
nasal bar underneath them and 1n such a case, it must be admitted that,
the segmentation of [vv] from [n] 1is not clear cut. Therefore out of
34 deviations, 18 can be due to the inaccuracy of the segmentation.

3. It 1s a well known fact that the linguilstic factors such as
frequency, length etc. are significant only if they are compared with
each other 1n sentence context. 1In an i1solated context such as a
word or phrase consisting of only two syllables, the linguistic factor
may not be as significant as 1n sentence context.

Even 1f these three polnts fall to explain the cause of these
deviations, the number of deviations (34) 1s tolerable compared to the
overall number of 600; that 1is, the deviations from the standard
represent only 5.5% of all the utterances. Therefore, the above-
mentioned generalisation for the contrastive features of the four
phonological tones, on the basis of thelr length, can be accepted as
satisfactory.

As the table shows, these 34 exceptions do not carry any significant
welght on the average. The average total length of all the four tones
entirely agrees with the above-mentioned length contrastic features of
the tones. The average length difference of the three tones from Tone
I are summarised in the following table for basic vowel phonemes and
allophones.
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TABLE 5
Basic Symbol Tone II Tone III Tone IV
Cs Cs Cs

/i/ +2.9 -2.8 =g|¥5)
/e/ +3.5 -2.6 -5.8
/e/ +2.0 -3.1 -9.6
/a/ +2.5 -2.0 -11.3
/3/ +l.6 _u.6 _6.3
el +2.8 -3.9 -6.7
/u/ +2.7 -4.6 -9.8
(7] +2.0 3.5
(3] +2.6 -1.4
(u] +2.4 -2.9
[ei] +2.4 -3.0
[&7] +1.8 4.2
(au] +1.6 =29
[ou] +4.6 -1.4

The average

length differ-

ence of the

three tones

from Tone I, +2.53 -3.06 -8.40

for all 14

basic vocalic

nucleil

The average length of Tone I for all the 14 vocalic nuclei is 18.5 Cs.

In the previous analyses the average lengths of both monophthongs and
diphthongs in stop-final environment (Tone IV) are compared with those
of thelr oral counterparts in the other three tones. It should be of
some interest to compare the average lengths of these stop-final nuclel
with those of thelr nasalised counterparts in the other three tones.

The following tables show that the alternative comparison of tones in
terms of their lengths also follows the pattern of moderate (Tone I),
long (Tone II), short (Tone III), and abrupt (Tone IV).
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TABLE 6
Basic Symbol Tonal Symbol Total Length (Cs)
/il 1 f] 14.3
11 (1) 16.3
111 (1] 10.8
v [i%] 9.1
/a/ I (% 13.4
I (3 16.0
IIT (3] 12.0
IV [a’] 10.7
Jul I [&) 14.2
II (&) 16.6
IIT (i) 11.3
v [ 9.7
average for Tone I 13.97
monophthongs II 16.30
III 11.37
v 9.83
TABLE 7
Basic Symbol Tonal Symbol Total Lengths (Cs)
(ei] I [€i] 17.3
II [€i] 20.3
III [€i) 14.9
IV [eity 13.6
[al] I (&%) 20.5
II [&1] 22.3
III [a1] 16.3
V. fai’] 15.0
[au] I (&%) 18.9
II [&u] 20.5
IIT [ 5] 16.0
IV [au’] 15.5
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TABLE 7 (cont.)

Basic Symbol Tonal Symbol Total Lengths (Cs)
(ou] I [ou] 16.6
II (oul 20.8
III [oul 14.8
IV [ou’] 14.6
average for Tone I 18.48
diphthongs ITI 20.98
III 15.56
IV 14.68

If we add the contrastive features of the tonal fundamental frequency
found in Experiment 1 to the 1length contrastive features of the tones
found in thils experiment, we will have the following complete contrast-
ive features of the tones, fundamental frequency and duration.

Tone I level, low; moderate

II high rising, falling; long
III high falling; short
IV high falling; abrupt

The complete contrastive features of the tones can be visualilsed
more clearly 1n terms of thelr average length and average fundamental
frequency as shown in the following chart for the male speakers:

Tone 1 Tone II Tone III Tone IV
300 HZT
Fo
200 HZ 1
/\ \
100 HZ ]
>

Time Scale: 1 cm = 1 Cs



92 U THEIN TUN

5. COMPONENT DURATIONS OF THE MONOPHTHONGAL NUCLEI

As the table of average component durations of the twelve subjJects
shows, the average durations of onglides, steady states and offglides
of the four tones 1n all the monophthongal nucleil for the twelve sub-
Jects, tend to behave in conformity with the contrastive feature of the
total length of the four tones 1.e. the pattern of 'I moderate, II long,
III short and IV abrupt' as mentioned above. Out of the ten monophthongal
vocalic nucleil (seven vowel phonemes which occur in all the tones and
three nasalised variants which occur 1n the first three tones) the
onglide of /t/ and /3%/, the steady state of /&/ and /3/, and the off-
glide of /&/, /4/ and /5/, show exception in that they do not behave
in conformity with the above-mentioned pattern.

For the onglide, Tone II of /i/ is 0.4 Cs shorter than Tone I of /i/
and Tone II of /o/ 1is the same as Tone I of /o/.

For the steady state, Tone II of /e/ 1s 0.1 Cs shorter than Tone I
of /e/ and Tone III of /3/ is 0.4 Cs longer than Tone I of /3/.

For the offglide, Tone II of /e/ 1s the same as Tone I of /e/, Tone
II of /a/ is 0.5 Cs shorter than Tone I of /a/, and Tone II of /a/ is
0.4 Cs shorter than Tone I of /ao/.

Although there are only two exceptlons for onglide, two for steady
state and three for offglide, the writer would not be inclined to con-
clude that the average ongllide, steady state and offglide lengths of
the tones on all the monophthongal nuclel among the twelve subjects
generally follow that moderate-long-short-abrupt pattern of the tonal
length. There are two polnts that make the writer reluctant to draw
that conclusion:

1. The pattern of moderate-long-short-abrupt length on onglide,
steady state and offglide durations 1s not as conslistent at the 1ndi-
vidual level as the total length.

2. The pattern of contrastiveness for ongllide, steady state and
offglide on the average, 1s not remarkably significant. In other
words, that pattern of average length contrastiveness for onglide,
steady state and offglide 1s very weak. For instance, on the average,
though the Tone III onglide of /a/ is shorter than the Tone I onglide
of /a/, it 1is only 0.1 Cs shorter; the Tone II onglide of /u/ is only
0.1 Cs longer than the Tone I onglide of /u/ and so on. There are
quite a number of similar instances for the average tonal lengths of
steady state and offglide as well.

Therefore the writer has to be content with a broad generalisation
that the average durations of onglide, steady state and offglide of
the four tones on all the monophthongal nuclel for the twelve subjects
tend to behave 1n conformity with the total length contrastive pattern
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of 'moderate-long-short-abrupt'.

6. COMPONENT DURATIONS OF THE DIPHTHONGAL NUCLEI

The four two-target nucleil [e1], [all, [aul and [dul] occur only in
first three tones. On the individual level they either have very short
onglides and offglides or no onglide and offglide at all. Thelr overall
length 1s usually the total of SS1, transition and SS2. That 1s why
they show very limited duration of onglide and offglide or neither of
the two. It is clear that the following consonant [d] has limited
co-articulation effect on the diphthongal nuclel as Burmese has no VC
or CVC phonological syllable pattern. As in onglides, steady states,
and offglides of one-target nuclel, SS1, transition and SS2 lengths of
diphthongai nuclel merely tend to follow the contrastive pattern of the
total length with some exceptions and 1ittle significance.

7. CONCLUSION FROM THE TWO EXPERIMENTS

In the above discusslons, some consistent acoustic features of the
tones namely, fundamental frequency, total length, and component dur-
ations were explalned. Of these three properties, the consistency of
component duration 1s only of small significance. Only fundamental fre-
quency and total length can be regarded as consistent factors. It may
also be of interest to examine whether fundamental frequency or total
length 1s the more consistent parameter of the tones. So far as these two
experiments with the utterances of word and phrase level are concerned,
it 1s difficult to determine which of the two factors 1s more consistent.
However, a close look at the mingograms and sonagrams of the sentences
shows that total length 1s more consistent than fundamental frequency.

In the mingograms of the sentences, the fundamental frequency of Tone
IT does not rise under certain circumstances.

Though deciding the phonetic cues without any hearing experiment may
be open to criticism, 1t 1s tempting to say that total length 1s the
more 1mportant phonetic cue by which the herearers can distinguish the
phonological tones.

8. EXPERIMENT 3
8.1. SPECTRAL QUALITIES OF THE TONES ON VOCALIC NUCLEI

In the previous experiments, fundamental frequency, total length and
component durations were examlned as acoustic properties of the phono-
logical tones. In thils analysis, an attempt will be made to examine
the different spectral qualities of the vowels with different tones.
The 1,200 sonagrams obtained from experiment 2 were used again for this

analysis.
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8.2. MONOPHTHONGAL NUCLEIT

For all the monophthongal nuclei ([i, T, e, €, a, &8, 2, 0, u, GJ)
three lower formants of all the sonagrams in all the different tones
were measured at thelr steady state positions. All monophthongal
nuclel can be explalned under two categories, that 1s, non-nasalised
monophthongal nuclel and nasalised monophthongal nucleli.

8.3. NON-NASALISED MONOPHTHONGAL NUCLEIT

The F3 steady state frequency values of all monophthongal nuclei do
not show any significant or consistent rise or fall in the four differ-
ent tones. The Fl and F2 steady state frequency values of all monoph-
thongal nuclel, however, show a falrly consistent rise on the average
from Tones I to II and II to III. Graph 1 shows the average positions
of the seven monophthongal nuclel in different tones for twelve subjects.

GRAPH 1

Movements of the Seven Basic Vowels in Different
Tones Traced on their Average F1 and F2 Steady
Values Calculated among the Twelve Subjects.
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/i/ moves gradually forward and downward from Tones I to II and II
to III. 1In other words, for /i/ both Fl1 and F2 frequency values rise
gradually from Tones I to II and II to III. /i/ in Tone IV, however,
as agalnst the general tendency, 1s less peripheral than in the first
three tones; so much so that it 1s even lower than /e/ in the first
three tones.

/e/ in Tone II moves slightly forward and very noticeably downward
from Tones I to II, that i1s, both Fl and F2 frequency values rise. /e/
in Tone III moves downward very slightly from /e/ in Tone II, that is,
F1l frequency keeps rising and F2 frequency 1s more or less the same.

/e/ moves downward and slightly forward from Tone I to Tone II,
that 1s, both F1l and F2 frequency values rise. /e¢/ in Tone III moves
slightly downward from /e¢/ 1n Tone II, that 1s, F1 frequency slightly
increases. /¢/ 1n Tone IV, however, as against the general tendency,
1s less peripheral (much further back and lower and thus far more
central) than /e/ in the first three tones, that 1is, F1 frequency
significantly increases and F2 frequency significantly decreases.

/a/ in Tone II moves downward and forward from /a/ in Tone I, that
i1s, both F1 and F2 values increase. /a/ in Tone III moves horizontally
forward from /a/ in Tone II, that 1s, F2 frequency significantly
increases and Fl1 frequency 1s more or less the same. /a/ in Tone IV,
however, as agalnst the general tendency, moves upward and very slightly
forward from /a/ in Tone III, that 1s, Fl frequency decreases.

/2/ and /o/ become more fronted and lower gradually from Tones I to
II and II to III, that 1s, both F1l and F2 frequency values 1lncrease
gradually.

/u/ like /o/ and /o/ has a gradual more frontal and lower movement
from Tones I to II and II to III except for the fact that /u/ in Tone
II tends to move slightly upward from /u/ in Tone I, that is, Fl
frequency tends to decrease slightly.

From the points observed so far, it can be concluded that the non-
nasalised monophthongal nuclel have a falrly strong tendency to move
forward and downward from tones I to II, II to III, and III to IV, that
1s, both Fl and F2 values 1ncrease gradually from Tones I to II, II to
III, and III to IV. There are three cases, however, which significantly
differ from that general tendency, viz. /i/, /¢/ and /a/ 1in Tone 1IV.
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This kind of deviation from the general tendency may be due to the
influence of the final stop.

The following table summarises the average steady state frequency
of the lower three formants among the twelve subjJects, for all non-
nasalised monophthongal nucleli.

TABLE &
TABLE OF AVERAGE STEADY STATE FORMANT FREQUENCY

g;;igl Tone I Tone II Tone III Tone IV
/i/ Fl 302 328 328 470
F2 2334 2393 2419 2200
F3 3095 3106 3078 2847
/e/ F1l 372 410 4oy
F2 2278 2324 2315
F3 2880 2894 2880
/e/ F1 545 573 599 675
F2 2093 2135 2111 1994
F3 2721 2794 2761 2705
/a/ Fl 833 876 876 847
F2 1361 1411 1523 1529
F3 2515 2570 2475 2492
/>/ F1 632 639 665
F2 1014 1052 1074
F3 2527 2561 2541
/o/ F1 412 435 481
F2 836 893 919
F3 2633 2660 2640
/u/ F1 339 325 352 497
F2 812 870 896 1107
F3 2541 2574 2544 2502
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8.4. NASALISED MONOPHTHONGAL NUCLET

The three nasallsed monophthongal nuclei (/T, &, i/) occur only in
the first three tones. Each of thelr steady state positions, 1n any
of the three tones, has 1ts own wlde area of random scattering when
plotted on the graph for the twelve subjJects. In splite of these large
variations, they still keep thelr own distinctive area 1n all the three
tones 1n which they occur. This 1s possible, malnly because there are
only three nasalised monophthongal nuclel and thus there 1s a great
amount of potential range for variation.

Graphs 2, 3, and 4 show their steady state positions in Tones I, II
and III respectively, traced on their F1 and F2 frequency values, for
all the twelve subjects. Graph 5 shows the movements of thelr positions
from Tones I to II and II to III traced on thelr F1l and F2 steady state
frequencies among the twelve subjects. One noteworthy point on this
graph 1s that all nasalised monophthongal nuclel have a strong tendency
to move forward and downward gradually from Tones I to II and II to
III; that 1s, both F1 and F2 frequency values increase. The only case
which differs from this general tendency 1is /7/ in Tone III which moves
slightly backward from /T/ in Tone II though 1t shows a significant
downward movement from /T/ in Tone II. The following table summarises
thelr average steady state frequency values of the lower three formants.

TABLE 9
Tone I Tone II Tone III Tone IV
[T] F1 411 415 4uy1
F2 2209 2274 2257
F3 2821 2920 2877
[(a] F1 850 890 922
F2 1522 1558 1568
F3 2479 2471 2545
(i) F1 434 451 451
F2 929 1028 1067
F3 2620 2593 2554
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GRAPH 2

The Three Nasalised Vowels in Tone I
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The Three Nasalised Vowels in Tone I
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GRAPH 4
The Three Nasalised Vowels in Tone III
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GRAPH 5

Movements of the Three Nasalised Vowels,
in Different Tones, Traced on their Average
Fl and F2 SS Values Calculated Among

the Twelve Subjects
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8.5. DIPHTHONGAL NUCLET

One remarkable feature shown by the Burmese diphthongs on the sona-
grams 1s that they hardly have any onglide and offglide whether they
are glottalised or nasalised in any tone. If the diphthongs show
occasional onglides and offglides, thelr lengths are usually very
limited.

Another remarkable feature of the diphthongs 1s that their SS1 and
SS2 are very distinct from one another both in nasallised and final-
stop environments. In some cases the SS lengths may be extremely short,
but they still malntain thelr own distinctive positions on the formant
bars.

These two features show that unlike the monophthongal nuclei, the
vowel qualities of the diphthongs are so strong that there 1is very
little effect of the preceding or followlng consonant or glottallisation,
on them, in [hvwnd4] or [hvv’d4] (/hVd4/ or /hv?d4/) frame.

8.6. METHOD OF MEASURING

In order to trace the movements of the diphthongs from one steady
state to the other, acoustic phoneticians usually measure onset, SS1,
SS2 and offset points of the formants under investigation. As almost
all the diphthongs 1n Burmese do not have onglides and offglides, it
can be sald that thelr onset and offset values are more or less the
same as thelr SS1 and SS2 values respectively. Therefore, in order
to Investigate accurately the movements of the diphthongs, the writer
had to devise hls own method of measuring the diphthongs. Firstly the
SS1 point and the SS2 point were marked on the formant bars. Then a
point exactly halfway between the two steady states was marked on every
formant (Fl, F2 and F3) under investigation. Lastly two points, one
between the middle point and the SS1 point, and the other between the
middle polnt and the SS2 point, were marked on every formant bar. The
five points were marked as point 1, 2, 3, 4, 5, serially from SSl to
SS2 as shown 1in the following example diagram for [ei].

SS2

4 S
mid
i_—_:/’-‘

[ei]



SOME ACOUSTIC PROPERTIES OF TONES IN BURMESE 103

All the four diphthongs ([ei’], [au’], [ou’), [ai’]; and [€i], [41],
[au], [ou]) occur in both nasalised and final-stop environments. In
the nasalised environment, they occur only in the first three tones.
What follows 1is an explanation of thelir movements from one SS to the
other, traced on their average Fl and F2 frequencies measured at the

five selected points.

[€i] and [ei’]

The movements of [€i] in Tone I and Tone II are more or less the
same except that SS1 in Tone I 1s slightly lower than that in Tone II.
The movement of [€i] in Tone III 1s lower (i.e. Fl increases) than
those in Tones I and II especially at points 1, 2, 3, and 4. The
movement of [ei?] is almost the same as [€i] in Tone III. (See Graphs
6 and 7).

[41] and [ai’]
The movements of [ai] from SS1 to SS2 in the three tones and that

of [ai?] are more or less the same (see Graphs 6 and 8).

[4u] and [au’)

As with [&i] and [ai?], the movements of [au] in the three tones
are more or less the same and they are also not different from the
movement of [au?] (see Graphs 6 and 9). However it can be said that
the movement of [au] becomes slightly fronter from Tones I to II and
IT to III.

[ou] and [ou?]

The movements of [ou] in Tones I and III are more or less the same
except for the fact that Tone III has some points further front.
Points 1 and 2 of [dau] in Tone II are remarkably low and the rest are
more or less the same as those in Tones I and III. The movement of
[ou?] is very similar to that of [au] in Tone I and III except that the
SS2 point (point 5) moves slightly forward (see Graphs 6 and 10).
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GRAPH 6

Movements of Glottalised Diphthongs
(Diphthongs in Tone IV), Traced on the Average
F1 and F2 Values at the Five Selected Points
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GRAPH 7

Movements of the Nasalised Diphthong [€i] in
Different Tones, Traced on the Average
Fl1 and F2 Values at the Five Selected Points
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GRAPH &

Movements of the Nasalised Diphthong [&i] in
Different Tones, Traced on the Average
F1 and F2 Values at the Five Selected Points
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GRAPH 9

Movements of the Nasalised Diphthong [au] in
Different Tones, Traced on the Average
F1 and F2 Values at the Five Selected Points
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GRAPH 10

Movements of the Nasalised Diphthong [du] in
Different Tones, Traced on the Average
F1 and F2 Values at the Five Selected Points
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Although the non-nasalised and nasalised monophthongal nuclel gener-

ally
I to
true
than
more

show the general tendency of moving forward and downward from Tones
II, II to III and III to IV, the diphthongal nuclei do not. It 1is
that the movement of [€i] in Tone III 1s more fronted and lower
those of [€i] in Tones I and II and the movement of [&du] becomes
fronted from Tones I to II, and II to III. The movements of [a&i]

and [cu] from Tones I to II and II to III do not show any uniformity or

conslistency at all. Of the four stop-final diphthongal nuclel [au?] is

the only one whose movement 1s more fronted than that of its nasalised

counterpart [au] in the first three tones. The following tables

summarise the average frequenclies of the stop-final and nasalised

diphthongs 1n the three tones, measured at the five selected points

for the twelve subjects.

TABLE 10
ss1 TRANSITION ss2
Point 1 Point 2 Point 3 Point 4 Point 5

el -t 652 596 515 415 341
F2 1908 2039 2173 2267 2320

F3 2711 2781 2827 2883 2893

[ai’] P 903 728 625 510 382
F2 1427 1638 1829 2059 2256

F3 2376 2472 2548 2643 2729

[au?] F1 576 715 633 558 385
F2 1377 1315 1229 1166 1087

F3 2534 2531 2544 2530 2482

[ou?] Fl 576 527 491 395 349
F2 o 7 1107 1022 962 1038

F3 2577 2601 2611 2558 2531
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TABLE 11
SS1 TRANSITION SS2
Point 1 Point 2 Point 3 Point 4 Point
(5] F1 542 473 397 365 349
F2 2043 2130 2224 2315 2396
F3 2715 2798 2800 2913 2897
[(fi] F1 516 480 454 395 345
F2 1961 2056 2168 2267 2360
F3 2712 2758 2798 2851 2930
(] F1 652 583 524 461 339
F2 1904 2036 2151 2264 2383
F3 2442 2758 2898 2841 2893

TABLE 12

TABLE OF DEVIATION FROM TONE I

ssl TRANSITION ss2
Point 1 Point 2 Point 3 Point 4 Point
(] F1 -26 +7 +57 +30 -
F2 -82 -T4 -56 -48 -36
F3 -3 -40 2 -62 +33
(ei] F1 +110 +110 +127 +96 -10
F2 -139 -94 -73 -51 -13
F3 =973 -40 +98 -72 -4
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TABLE 13

Ss1 TRANSITION SS2

Point 1 Point 2 Point 3 Point 4 Point

[a5] F1 876 754 692 567 408
F2 1427 1618 1832 2033 2260

F3 2419 2518 2600 2712 2829

[ai]l F1 919 797 629 563 402
F2 1393 1605 1881 2089 2262

F3 2455 2508 2574 2670 2818

[ai] F1l 899 790 il 602 395
F2 1440 1625 1738 2050 2237

F3 2366 2507 2570 2649 2787

TABLE 14
TABLE OF DEVIATION FROM TONE I

ss1 TRANSITION sS2

Point 1 Point 2 Point 3 Point 4 Point

[a%i] F1 +43 +43 -63 -y -6
F2 -34 -13 +49 +56 +2

F3 +36 -10 -26 -42 =Ll

[di] F1 +23 +36 +19 +35 -13
F2 +13 +7 -94 +17 -23
F3 -53 -11 -30 -63 )
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TABLE 15
SS1 TRANSITION SS2
Point Point 2 Point 3 Point 4 Point S

(4] F1 833 714 675 576 428
F2 1268 1197 1110 1037 981

F3 2508 2514 2540 2534 2593

[du] F1 830 734 648 536 yuy
F2 1285 1215 1123 1008 968

F3 2557 2606 2649 2679 2692

[au] F1 826 714 619 550 421
F2 1288 1232 1143 1059 978

F3 2491 2534 2580 2603 2471

TABLE 16
TABLE OF DEVIATION FROM TONE I
ss1 TRANSITION sSs2
Point Point 2 Point 3 Point 4 Point 5

[au] F1 -3 +20 =27 -40 +16
F2 +17 +18 +13 -29 -13

F3 +49 +92 +109 +145 +99

[au] F1 = nil -56 -26 Ll
F2 +20 +35 +33 +22 -3

F3 =l +20 +40 +69 -122
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TABLE 17
ss1 TRANSITION §S2
Point 1 Point 2 Point 3 Point 4 Point
[6u] F1 556 523 471 §1y 348
F2 1034 978 929 866 823
F3 2626 2610 2611 2629 2656
[du] F1 569 507 484 421 355
F2 1064 1011 942 889 856
F3 2623 2671 2698 2698 2686
(du] m 642 569 517 438 365
F2 1090 1050 984 912 869
F3 2560 2596 2613 2656 2609
TABLE 18
TABLE OF DEVIATION FROM TONE I
ssl TRANSITION ss2
Point 1 Point 2 Point 3 Point 4 Point
[du] F1 +13 -16 +13 +7 +7
F2 +30 +33 +13 +23 +33
F3 %) +36 +60 +69 +30
[ou] F1 +86 +46 +46 +24 +17
F2 +56 +72 +55 +46 +46
F3 -66 -14 +2 +27 ~47
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9. GENERAL CONCLUSION FROM THE THREE EXPERIMENTS

Experiments 1 and 2 reveal that fundamental frequency and total
length of the tones can be regarded as remarkably consistent features.

Experiment 3 shows that all monophthongal nuclel (nasalised and non-
nasallsed) show a strong tendency to have lower and more fronted allo-
phones from Tones I to II and II to III, that i1s, Fl1 and F2 values
increase. The diphthongal nucleil, however, do not show this general
tendency, at least not as significantly as the monophthongal nuclei do.
In other words, of the fourteen vocalic nuclel (seven basic vowels,
three nasalised vowels and four diphthongs), ten (all monophthongal
nuclel, that 1s, seven basic vowels and three nasalised vowels) show
the tendency and four (all diphthongs), do not. As ten out of fourteen
vocalic nuclei (71.4%) show the tendency, it 1s Jjustified to regard
this tendency of spectral quality as another consistent parameter of
the tones.

Two other features of the tones, that 1s, fundamental frequency and
total length, seem more conslstent than the feature of spectral quality.
Within the /hVda/ test frame, the duration pattern of the tones seems
to be more consistent than the fundamental frequency. Therefore it can
be concluded that the duration pattern is the most consistent feature
and the fundamental frequency 1s the second most consistent feature of
the Burmese tones.
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REGISTER IN BURMESE

David Bradley

0. INTRODUCTION!

It has been 'traditional' in Tibeto-Burman (TB) linguistics to
describe languages 1n terms of a suprasegmental opposition of tones
which have been talked about mainly or exclusively in terms of funda-
mental frequency (or pitch). The literature on the development of
these tones refers to reconstructed characteristics of consonant seg-
ments 1n the syllable: 1nitial consonants conditioning pitch height,
and certaln 'laryngeal' final consonants often conditioning the devel-
opment of pitch contour.

To be exact, proto-voiced initials have been found to condition the
development of a lower plitch, and proto-voilceless initials may condition
the development of a higher pltch; there are also cases 1n which three
categories of initials - such as volceless asplirated, unaspirated, and
volced - may condition the development of three different relative
pltches. A final -? may condition the development of a rising contour,
and a final -h, a falling contour. These proposals are discussed
succinctly in Matisoff (1973); an example of the development of higher
versus lower tones conditioned by *¥volceless versus #*volced initials
which subsequently themselves changed 1s seen in Matisoff (1972), and
an example of a rising tone which developed in the environment of a
recently-developed final glottal stop (as well as a difference in
initial) is seen in Matisoff (1970). These two examples from Loloish
are examples of excellent comparative work which demonstrate that recent
developments 1n the suprasegmental systems of these languages have been
conditioned by segmental differences.

In Austroasiatic (AA) linguistics, the focus of descriptive and
comparative efforts has instead been on suprasegmentals of volce quality
or phonation, which have been termed register by Henderson (1952).
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These differences between breathy, 'nmormal', and creaky voicing have
been the main parameter considered 1n many descriptions, though there
are often other characteristics noted as well. The conditioning factor
in the development of the regilster oppositilion, according to the usual
reconstruction, 1is the volclng characteristic of the initilal consonant
in the syllable; 1f the initial was volced, a breathy phonation might
develop for the entire syllable; if volceless, a creaky phonation might
develop. It seems much less typical of AA languages to have more than
two contrasting suprasegmentals of register than i1t 1s of TB languages
to have more than two tones conditioned by 1initial characteristics.
Moreover, 1t 1s often the case that Austroasliatic languages with a
register contrast have only one 'marked' phonation; i.e. there are
systems with breathy versus 'normal' register, or 'normal' versus
creaky register, but it 1s less frequent to find a system with breathy
vs. creaky reglster.

It 1s interesting to note that the principal conditioning factor
adduced in many instances of tonogenesis or tone splitting in TB lan-
guages 1s identical to that for the development of register in AA
languages: voilceless versus volced initial consonants. Perhaps the
differences in description are partly due to the fact that TB and AA
lingulsts don't talk to each other enough.

As Henderson has also noted, it 1s hardly ever the case, in South-
east Asla at least, that a suprasegmental system can be described in
terms of one parameter only. Fundamental frequency or pitch 1s one
parameter only; so 1s phonation. Other parameters of suprasegmentals
whose domain is the syllable (syllable prosodies) may include duration,
Intensity, and characteristics of the segments such as vowel quality.
Gregerson (1976) suggests that the position of the tongue root may be
a major factor 1in several of these parameters including especilally
voice quality overall, and vowel quality. Other articulatory character-
i1stics 1nvolved would include larynx adjustments: railsing or lowering
as well as differences in vocal cord tension and so on; alrstream
differences (more or less subglottal pressure); pharynx shape differ-
ences, partly but not only related to the position of the tongue root;
and possibly more. The principal differences in articulation involve
the larynx, but the shape of the vocal tract above the larynx can also
contribute significantly.

There have been a couple of studies within TB which propose to
account for suprasegmental phenomena 1n terms of register; the earliest
that I know of 1s Bradley (1969), which describes the Loloish TB lan-
guage Akha 1n terms of a laryngeallsed versus 'normal' register which
crosscuts the high versus mid versus low pitch tone system; the



REGISTER IN BURMESE 119

laryngealised register occurs mainly with mid and low tones. It 1s a
true syllable prosody in that initials are unaspirated in laryngealised
register and aspirated (or slightly breathy 1if voiced) in 'normal’
reglister; there 1s also varlably a final glottal-stop 1n laryngealised
reglister syllables. The dilachronic sources of this prosidy are final
stops: ¥-p, ¥-t, or ¥-k, which had probably merged to a final glottal
stop whose characteristics spread into the preceding initial and vowel
and produced the laryngealised register. For a further description of
Akha register, see Thurgood (1980).

Another proposal of register in TB 1s Glover (1971), who accounts
for the suprasegmental systems of three related languages 1in Nepal
(Gurung, Tamang, and Thakalil) 1n terms of two crosscutting parameters:
phonation, clear versus breathy; and effort, more versus less intense.
The reglster contrast 1s related by Glover to a preliminary version of
Gregerson's (1976) advanced tongue root hypothesis; Glover reports
that vowels are sometimes higher in 'normal' than in breathy register
in Gurung; and that pitch 1s affected by both suprasegmentals, with
higher fundamental frequency in the more intense syllables, and lower
in the less intense syllables; and relatively lower fundamental
frequency overall 1n the breathy syllables. The three languages differ
somewhat 1in the exact detalls of pltch characteristics, but there 1s an
exact correspondence between them. Thls correspondence pattern has
Important implications for the reconstruction of Proto-TB suprasegmen-
tals, as the three languages are genetically quite close to Tibetan.
Shafer's argument agalnst the reconstruction of tones 1s based on the
secondary nature of Tibetan tones, but if the Gurung/Tamang/Thakalil
system shows regular correspondences to Benedlct's Tones *¥A and ¥B,
then 1t must be the case that Tibetan has lost the Proto-TB supraseg-
mental opposition relatively recently. Mazaudon (1977) discusses this
and other factors in the history of Tamang and other TB languages.

Weldert (1979) proposes to reconstruct final laryngeal segments
rather than tones for Proto-TB based on data from Kuki-Chin, Naga,
Baris (Bodo-Garo), and Jinghpaw. What he is suggesting amounts to a
claim that Tone *A was unmarked, Tone ¥B had a final glottal-stop, and
that other secondary tones that developed within these subgroups of
TB arose from finals ¥-h, ¥-s, and *-p/ ¥-t/ ¥-k. There 1s some
evidence of -? in the tone which 1s the reflex of ¥B 1in Garo, Bodo,
Lotha Naga, Mikir, Nocte, and Tangsa, especially in forms which occur
in isolation; 1n fact this could also be related to a register differ-
ence. Unfortunately for those who would like to reconstruct register
for Proto-TB, it 1s precisely the opposite phonation, breathy, which

occurs 1n the Burmese reflex of TB Tone ¥*B.
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In an extremely important paper, Egerod (1971) proposes a similar
segment-derived register origin for the tone system of Chinese;
Chinese 1s of course the other major group within Sino-Tibetan (ST),
along with TB. The even (ping) tone is reconstructeﬁ as 'normal'
register, the rising (shang) tone 1s reconstructed as creaky in
phonation, with a final *-? which, in accord with the usual TB tono-
genesls principles, had also a rising contour. Similarly the going
(qu) tone 1is postulated as having had breathy phonation, developed
from a final *-h which also conditioned a falling contour. The enter-
ing (ru) tone with final ¥-p/ *-t/ ¥-k was not opposed to the first
three in earlier stages of Chlinese when 1t was the only possibility
in stop-final syllables; the ping, shang, and qu do not occur in stop-
final syllables.

ST, and a fortiori TB, thus includes several subgroups which have,
or have been reconstructed as formerly having, register-type systems.
Sinitic, Bodic, Burmic, and Baric, all four of Shafer's major subgroups,
include such cases. Within TB, it seems certaln that one must recon-
struct two suprasegmentals, ¥A and *¥B, based on widespread correspon-
dence patterns; 1t 1s less clear what the possible realisations of the
two may have been.

1. PROSODIES IN BURMESE

Burmese has been analysed as having up to five opposed suprasegmen-
tals, reallsed as follows (data from personal observations; also Thein
Tun (1982)):

name pitch contour intensity phonation duration vowel quality
'even' low level low normal [fairly long|intermediate
'creaky' |high slight fall|very high| creaky |less long [higher,more fronted
'heavy' fairly high|sharp fall |high breathy |very long [lower,more backed
'killed' |very high [slight fall|high normal |[short (different system)
(reduced) |variable variable very low | normal |very short [[a] only

The 'reduced' possibillity occurs with the so-called 'minor syllable’'
which 1s found 1n various Southeast Aslan languages; 1t occurs only
with the vowel [a], which does not occur with the other suprasegmentals;
so 1t 1s not opposed to the others and has been excluded from most
analyses of Burmese 'tone'. For some detalls of the origins of this
syllable type 1n Burmese, see Bradley (1980).

The 'killed' type occurs only with a final stop; glottal in isolation,
and homorganic to the 1nitial consonant of the followling syllable in
close Juncture. Also, the followlng consonant 1s not voiced -
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unlike the initial of a syllable 1n close Juncture after the 'even',
'heavy', or 'creaky' types. Like the Chinese ru tone, it 1s historically
derived from syllables with a final stop; the Burmese orthography still
represents the positions of these stops, but 1n modern spoken dialects
the features of the stops have been 'shuffled' i1nto the vocalic nuclel.
As a result, the vowel system in 'killed' syllables (and in nasalised
syllables, which occur 'even', 'heavy', or 'creaky'; and likewilse
reflect final nasals, etymologically and in spelling) 1is radically
different from that of open syllables that are 'even', 'heavy', or
'creaky'. Because of the differences of Jjuncture, 1t 1s possible to
regard the 'killed' syllable type as non-contrastive: 1t 1s the only
possibility in syllables with a final stop.

Thus we are down to three 'tones'; the parameters involved in their
reallisation, as set out in the above table, would 1n fact enable us to
regard any of the six parameters as the contrastive one, 1f one had to
choose only one.

Sprigg's analysis (1964) suggests instead a two-tone analysis, high
versus low pitch, with a crosscutting register difference on the high
tone: glottal (creaky) versus non-glottal. That 1is, 'even' 1s the
low tone; 'heavy' and 'creaky' are the high tone, 'heavy' belng non-
creaky and 'creaky' belng creaky.

The Indic-derived Burmese orthography treats 'even', 'heavy', and
'creaky', as opposed to each other, and so speakers usually regard
these three as the contrasting suprasegmentals in the language. With
two oral and all nasalised vowels, 'even' 1s unmarked; 'heavy' 1s
marked by Indic visarga; and 'creaky' 1s marked by a subscript dot
which originated as a final -? in early inscriptions. With three
vowels, 'creaky' 1s represented by an Indic short vowel; 'even' and
'heavy' are represented by an Indic long vowel, and 'heavy' has the
visarga. With the remaining two oral vowels, there 1s a separate
representation for the 'even' version; the separate 'heavy' version
therefore does not require the visarga; and the 'creaky' version has
the subscript dot added to the 'heavy' version of the vowel. It 1s
interesting that the visarga, which represents a final (breathy) -h
in the Indic orthographles, 1s used to represent 'heavy' which 1s also
breathy. Similarly, the use of a dot derived from a final glottal-stop
for 'creaky' may reflect the phonation of thils suprasegmental which 1s
of course creaky.

The Burmese orthography was almost certainly devised by Mon monks,
speakers of an AA language, about 1100AD. The Indic-derived Mon
orthography uses volced and volceless 1initial consonants 1n cases
where modern spoken Mon has breathy and 'normal' register syllables,
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but whether reglister was present in Mon about 1100AD is not clear. 1In
any case the Burmese orthography could be reflecting the fact that
phonation differences were the most sallent features of the supraseg-
mentals to the Mon monks; or they could have simply been inventing
combinations using Indic orthographic resources. It seems likely at
least that the invented combinations would have some relation to the
parameters of the Burmese suprasegmentals at the time.

In fact the earliest inscriptions are somewhat inconsistent; the
use of a short vowel or of a final -? for 'creaky' was very early, but
the visarga for 'heavy' came much later, and did not become entirely
regular for quite some time. It thus seems likely that the relatively
shorter duration and creaky phonation of 'creaky' were both character-
i1stic of Burmese about 1100. The early ambigulty between 'even' and
'heavy' certalnly does not represent an absence of contrast, given the
regular correspondences between modern Burmese and closely related
languages. It 1s less certain that 'heavy' was already (or still)
breathy 1n 1100, but it certainly 1is now.

In terms of the comparative picture, Burmese 'even' corresponds to
Proto TB Tone ¥A; and 'breathy' corresponds to Proto TB Tone ¥B. For
detalls of the system of closely-related Loloish, see Bradley (1977,
1979). Those sources also include some speculations about the phonetic
parameters of the suprasegmentals at an earlier stage; in general,
phonation differences are rarely found within Loloish in Tone *1 (from
*A) nor in Tone *2 (from *B). Within the Burmese-Lolo (BL) family
(which includes Burmish and Loloish languages) a third suprasegmental
category, reconstructed as Tone ¥3, has developed; this has as its
Burmese reflex the 'creaky', and often has creaky phonation elsewhere.
Bradley (1971), relying on TB data in a preliminary version of Benedict
(1972), proposes that this Tone *3 developed from certain ¥*s- and *?-
prefixed etyma, mainly in Proto-TB Tone ¥B, via spreading of the prefix
characteristic 1nto a creaky phonation of the syllable which further
conditioned a difference in pitch as well. The development of BL Tone
*¥3 separates this family from quite closely related TB languages such
as Naxi (Bradley (1975), Hsihsia, and Tosu.

2. BURMESE AS A REGISTER LANGUAGE

There are varilous reasons for regarding register, rather than tone,
as the contrastive suprasegmental in Burmese. In terms of the ortho-
graphic and terminological tradition, 1t seems best; almost all of the
acoustic parameters involved show characteristics that fit as secondary
results of a reglster contrast, but not of a pltch-based tone system.
Changes 1n several dialects, such as Arakanese, glve even more evildence.
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Thus 1t seems that there has been a re-analysls of the Proto-BL pitch-
based tone system 1nto the modern Burmese phonatlon-based reglster sys-
tem; this may 1n part have been triggered by the development of the
creaky Proto-BL Tone ¥3, and was certalnly furthered by the assimilation
into the population of Burmese speakers of very large numbers of Mons,
speakers of an AA language with a register contrast.

The traditional orthography, as noted above, uses -h for the breathy
reglster; leaves the 'normal' reglister unmarked; and uses a dot derived
from -? or a short vowel for the creaky regilster. Thils clearly sup-
ports the register analysis, as do the linguistic terms for the cate-
gorles: 'creaky' for the creaky register, 'even' for the 'normal'
register, and 'heavy' for the breathy register. Finally, the orthog-
raphy-based order of citation of the three registers 1s hierarchically
arranged in terms of degree of vocal cord structure: most to least,
viz. 'creaky', 'even', 'heavy'.

Perhaps the most telling factor 1n favour of the register analysis
1s the fact that vowel height and position, as measured by Formant 1
and Formant 2, correlate qulte strongly with the suprasegmentals of
Burmese. It has often been stated that tones, 1.e. pltch differences,
do not have any effect on vowel quality; exceptlons are explained 1in
Thurgood (1980) as due to phonation as a concomitant parameter included
in the 'tone'. The pervaslve, systematic differences 1n vowel quality
measured by Thein Tun (1982) in the Burmese of four speakers, two male
and two female, force the concluslon that register must be 1nvolved.

Nearly all oral non-stop-final and nasalised vowels of Burmese are
highest and most backed in 'creaky', lowest and most fronted 1n 'heavy'
1.e. breathy register, and intermediate in 'even' 1.e. normal register.
This difference 1s particularly great for /a/, which 1s far more
fronted in the breathy register, but 1s significant for all except
/u/ which has a slightly lower (14Hz difference) Fl in 'even' than in
'creaky' and may thus be slightly higher.

In the Arakanese dlalect spoken 1n western Burma, the vowel quality
difference seems 1lmpressionistically to be even greater; there are
very large differences, especlally of vowel height. On the whole,
both of the 'marked' phonations, creaky and breathy, tend to condition
higher vowel allophones; while 'normal' phonation tends to condition
lower vowel allophones. Thus Arakanese differs from Burmese 1in that
breathy register, llke creaky register, seems to be 'advanced tongue
root' [+ATR], while in Burmese only the creaky register is [+ATR], and
there seems rather to be a continuum of degrees of [ATR] from creaky
[+ATR] to normal [0 ATR] to breathy [-ATR].

The extreme differences of vowel quality in Arakanese have had
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several repercussions. One 1s that the vowel corresponding to Burmese
/e/ has split and merged with /i/ 1n breathy and creaky register, and
with /e¢/ in 'normal' register; this process 1s confused by the continu-
ing contact with, and prestige of, 'standard' Burmese in Arakan.
Further, the new /i/ of Arakanese which corresponds to Burmese /e/ is
nasalised after a nasal initial, as is the original /i/ which corre-
sponds to Burmese /i/. Another example 1s that the extremely back /a/
in breathy register has fused with a preceding /w/ into a new vowel
nucleus, Arakanese /o/, which occurs almost exclusively in breathy
register, but 1n all three registers when nasalised. These kinds of
vowel differences conditioned by tone are unheard of; hence Arakanese
and Burmese seem to have the phonatlion difference as the primary one;
the secondary Arakanese developments suggest that this has been the
case for a long time.

Another parameter which supports register as the contrastive supra-
segmental 1s intensity. If the system were tonal, one might expect a
linear relationship between pltch and loudness, such that the 'creaky',
which 1s the highest in pitch, would be the loudest; the 'even', which
1s the lowest 1in plitch, would be the softest. If the system 1s a
reglister one, then the loudest would be the 'heavy' which has greater
airflow because of the nature of the phonation; the least loud would
be the 'creaky' agaln due to the phonation characteristics. In fact
the 'heavy' 1s the loudest, not the 'creaky', supporting the register
theory. However, the 'even' 1s the lowest 1n peak

Order of Intensity if Actual Intensity
reglster » intensity tone + intensity (peak) (total)
'heavy' 'creaky' 'heavy' 'heavy'
'even' 'heavy' 'creaky' 'even'
'creaky' 'even' 'even' 'creaky'

Intensity, perhaps due to the fact that inherently less effort 1s
involved in 'normal' phonation, so the two registers with 'marked'
phonation both have greater peak intensity. Of course, because of
1ts shorter duration the 'creaky' has less total intensity than the
'even'. Thein Tun (1982) does not measure intensity, as his data were
nearly all two-syllable words in 1solation and the result was unnatural
variation in intensity which he feels not to be characteristic of
natural speech. The intensitles considered here are based on my
measurements of two speakers from Mandalay, one male and one female,
using a Frokjaer-Jensen Intensity Meter and recording the output with
an Elema mingograph.

Duration is a parameter which 1s often independent of tone and/or
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reglister: there are tone languages and register languages with con-
trastive length as well. Burmese has no contrastive length; the
diphthongal nasalised vowels are somewhat longer than the monophthongal
nasalised vowels in non-stop-final syllables; and syllables with a /w/
onglide may be longer still, especially if the vowel nucleus 1s a
nasalised diphthong.

oral nasalised stop-final
i u (w)t 5] L o
(w)e ° ¢ go gt Qo
(w)e b al dao (w)eg
(w)a 3 at ao

a

In Theln Tun (1982) there are various interesting findings concerning
the vowel duratlons; the relative durations are summarised in the
parameters chart above. Overall, 'heavy' syllables are the longest,
21 centiseconds on average; 'even' syllables average 18.5 csec; and
'creaky' syllables average only 15.4 csec in duration. The stop-final
syllables, by contrast, average about 10.3 csec 1n duration; this
figure 1s raised by the fact that half of them are diphthongs, while
only four of the fourteen syllables with the three-way suprasegmental
opposition are.

Interesting comparisons can also be made between oral non-stop-final
vowels and other monophthongs: 1n 'even' syllables, for example, the
oral vowels average 20.5 csec; the three nasalised monophthongs average
Just under 14 csec; and the four stop-final monophthongs average 9.9
csec 1in duration; a factor of more than 2:1 length difference between
the extremes. Another intriguing finding i1s that the duration of
vowels 1s also related to their height: opener (lower) vowels have
longer durations, other things being equal. In summary, it seems there
are various factors involved in duration which may simply occur together
with the other parameters. It could perhaps be argued that the shorter
duration of 'creaky' relates to 1ts tighter muscle constriction in the
vocal cords; and conversely that 'heavy' 1s longer because of slacker
vocal cord constriction, so duration too could be used as evidence in
favour of register than tone in Burmese.

One might think that fundamental frequency per s8¢ is unlikely to
provide evidence for a register analysis, but even here some useful
parallels can be drawn. For example, the fact that the 'heavy' has a
sharply falling contour could be related to 1ts breathy nature; after
all, -h often conditions a falling contour. Similarly, the relative

absence of contour 1n the 'even' argues for 1its unmarked quality. The
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slight fall of the 'creaky' 1s harder to fit into this picture.

To a similar degree, relative pitch of the suprasegmentals could be
adduced 1n support of the register hypothesis. Of the three, 'creaky'
1s the highest; this 1s exactly what one would expect of a creaky
reglister. However, for most speakers, 'heavy' 1s higher than 'even';
though it may end lower. This 1s not what one would expect a priori;
the breathy register might be expected to have lower pitch. For most
speakers, 1t ends lower at least; I have found a few speakers, such as
one lady from Mandalay, whose 'heavy' was 1n fact lower in pitch even
at the beginning than her 'even' - 1n accord with the predictions
concerning piltch if register 1s contrastive.

There are often segmental differences assoclated with suprasegmentals,
such as a syllable-final glottal-stop. In Burmese, the 'creaky' some-
times 1n 1solatlion ends in a weakly-articulated glottal-stop, while
keeplng 1ts longer duration and different vowel quality from the
'killed' syllable type. This kind of segmental manifestation of a
prosody 1s however more widespread 1n languages other than Burmese.

The obvious manifestation of register, apart from all the above
parameters reflecting it, 1s 1n phonation or volce quality. I have
measured this in two ways: 1ndirectly in the acoustic output, and
directly by measuring resistance across the glottis. Narrow band
spectrograms show the phonation difference in an obvious but difficult
to quantify mode: 1rregular, striated harmonics for 'creaky', solid
harmonics for 'even', and blurry harmonics for 'heavy' types; the
difference 1s less obvious 1n wide band spectrograms.

The only really direct observation of phonation 1s by laryngoscopy,
elther via a mirror or with fiberoptics and high-speed photography.
Since this was unavallable, I instead used a Frokjaer-Jensen electro-
glottograph to measure resistance across the vocal cords, and hence
degree and area of contact between the vocal cords. The output as
displayed with a mingograph showed distinctly different characteristics
for the three suprasegmentals 1n the speech of the one male informant
I convinced to chance the electrodes; though again the differences are
difficult to quantify. In a forthcoming article I will provide details
of this and other methods such as photoglottography and FFT analysis to
describe the register phenomena of Burmese.

In summary, orthography, vowel quality, and intensity support the
analysis of Burmese as having register. Duration, contour, pitch, and
segmental factors partly support the analysls, or at least provide no
contradictions that would instead require a tonal analysis. Phonatilon
factors themselves are also present, though more difficult than some
other parameters to measure and quantify.
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3. BURMESE AND AUSTROASIATIC

In lower Burma, there are millions of Mon speakers; there are many
more who are aware of their Mon family background, but speak little or
no Mon. Further, there are certainly very many Burmans who are
descendants of Mon speakers but are unaware of it. These facts are a
consequence of the gradual conquest (or rather repeated conquests) of
the Mons by a series of Burmese kingdoms. Because of its location in
the area of several former Mon kingdoms, Burma's current capital Rangoon
is probably populated to a large extent by ex-Mons.

Therefore, 1t would hardly be surprising if there were some effect
on the development of the Burmese language from this pervasive and
long-lasting contact; especially since such important areas of Burmese
culture as Theravada Buddhism and the writing system were directly
received from the Mons.

In a short article (Bradley (1980)) I have shown several areas in
which Burmese phonology appears to have diverged from a typical TB
pattern in the direction of a more AA-like pattern. These include the
very fundamental shift from a tone to a register system discussed above;
vowel system developments to an eight vowel system lacking only /i+/
from a typical AA vowel system; adjustment of TB phonotactic patterns
towards AA ones, such as the presence, in the orthography at least, of
final palatals -c and -p; and the development by non-final syllable
reduction and other processes of non-monosyllabic words with a 'minor
syllable' in non-final position. All are rather basic changes, and in
many cases have no parallels within TB.

There are also less basic and/or less unparalleled changes, such as
the diphthongisation of various stop- and nasal-final ¥rhymes and the
addition of [ai.] to the nasalised and stop-final rhyme inventory in
Mon and other loans. Burmese has merged Proto-Bl affricates and
fricatives reconstructed as *ts, *t%; *dz, *d}; *s, *¥ and so on; this
opposition is typical of TB languages, but usually absent in non-
northern AA languages. Subsequent changes in Burmese have led to the
re-development of alveopalatal affricates and fricatives, however.
Many other phonological changes could be cited. 1In addition to these
fundamental phonological changes, there has also been substantial
lexical borrowing; first from Mon into Burmese, and lately from Burmese
into Mon.

Is it unreasonable to connect these instances of structural conver-
gence with the historical facts noted above? I think not.

The Burmese suprasegmental system lnvolves a three-way distinction
whose primary parameter is phonation, with a variety of secondary
parameters synchronically relatable to the phonation differences.
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Historically it seems more likely that pltch was the primary parameter
at an earlier stage (though Mazaudon (1977) and Weidert (1979) have
argued otherwise). Thus 1t seems that an earller tone system has
become a register system in Burmese; that 1s 1in striking contrast to
the developments in the tone systems of very closely related Burmish
languages such as Atsl and Maru, which have remained 'tonal'. It is
even more different from the further developments in several Loloilsh
BL languages such as Lisu and Lahu, in which tones have proliferated
(Bradley 1977, 1979).

In Burmese, the other parameters involved in the realisations of
the registers include fundamental frequency; this may represent a
persistence of the former primary parameter of Tones *A and ¥B. It
would be very interesting to conduct a synthetic speech experiment with
speakers of Burmese, to compare the relative welght of the parameters
involved in the suprasegmental system. The danger of such a procedure
would be the assumptibn that register, which 1s represented by a
variety of factors, 1s decomposable into those separate factors rather
than belng an overall phonatory-articulatory set. Gregerson has
suggested the position of the tongue root as the primary characteristic
of this phonatory-articulatory set, while others concentrate on the
action of the vocal cords. Agaln, the articulatory questions involved
could be observed with studles of muscle activity uslng electromyography,
or directly 1n terms of laryngoscoplic or other articulatory observations,
or Indirectly by other methods.

It 1is to be noted that the Burmese register system makes a three
way contrast between breathy, 'normal', and creaky phonation; so it 1s
dissimilar to the frequent AA two way contrast within any one language.
If one looks at AA languages more generally, one finds all three
phona;ion types; though typically comparative evidence shows that
contrastive use of register 1s a secondary phenomenon. Thus, Burmese
has not developed an AA-like two-term register system; rather, 1t has
become typologically more AA-like without completely converging.

Mon, which has a breathy versus 'normal' phonation opposition - with
of course many other parameters involved, as ably described by Shorto
and others - was the AA language i; the most intimate contact with
Burmese. The Pre-Burmese Tone ¥3 probably had creaky phonation; 1t
developed 1n Proto-Tb etyma with ¥s or ¥? prefix or suffix (Bradley
1971). Thus, both the internal factor of creaky phonation in one tone
and the contact factor of Mons, with a breathy versus 'normal' phonation
opposition, becoming speakers of Burmese would have favoured the
development of register in Burmese.

The conclusion from these facts about Burmese 1s that one should not
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assume phonological simlilarity between genetically related languages.
Rather, one should describe all the phenomena 1n a language, and see
how the system of that language functions. If it differs from the
systems of closely related languages, as Burmese does, one possible
explanation 1s areal convergence between unrelated languages 1n contact,
such as Burmese and Mon.

TB and ST lingulsts should not presuppose that the prosodic systems
of all TB or ST languages willl be tonal; nor should AA lingulsts pre-
suppose that AA languages willl tend to develop register systems. These
are general tendencles within the respective familles, and may reflect
characteristics of the prosidic systems of the respective proto-lan-
guages; but they have exceptions. For example, Vietnamese has developed
a falrly complex tonal system, along lines more typical of ST languages.
However, these developments do not mean that Vietnamese 1is not
genetically related to the rest of AA; they simply make 1t typologically
less AA-like 1n terms of 1ts prosodies. Likewlse, though Burmese has
acquired some AA-like characteristics, 1t remains genetically TB and
ST.
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NOTES

1. I am glad to acknowledge very useful comments by Gregerson and by
Benedict on a preliminary version of this paper, given at the Austro-
Asiatic Symposium, Helsingdr 1979; and later comments from Matisoff,

Haas, Diffloth, Thurgood, and Okell - which 1s not to blame them for

any errors I have made.
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A NEW HIGH TONE IN SOUTHERN THAI

Anthony Diller

0. INTRODUCTION

For some speakers of Southern Thal, lenition of final velar and
glottal stops 1s beginning to distingulsh a new class of open-syllable
high-tone items. This 'new tone' arises 1n problematic circumstances
which are discussed. Reference 1s made to more general contemporary

theories of tonal development.

1. KIHT: TONOGENESIS-IN-PROGRESS

The Thal geographical metaphor for 'isthmus' is khoo kh3ot 'con-
stricted neck'. For some Southern Thal speakers in the Kra Isthmus
region 'constriction' 1s also more literal: 1t 1s an articulatory
feature assoclated with the differentiation of a new phonological tone.
This 'Kra-Isthmus High Tone', henceforth KIHT, 1s a rather limited
case of tone development 1n progress and its evolution 1s along lines
now familiar (cf. Haudricourt 1954; Jones 1960; Matisoff 1970); yet
there are additional structural and sociolingulstic factors in the
precarious survival of the tone which merit examination. Below we
review the phonological setting for KIHT's appearance, 1ts sociolin-
gulstic 'protagonist', and some questions raised for general issues
in tonal development.l

Evidence for neolithic settlement 1n the Kra region is firm. For
the first millennium A.D. Chilnese records suggest several Indianised
trading outposts, and these are confirmed by local archaeological
evidence at Takuapa, Chalya and Kanchanadit (Wheatley 1961). When the
Kra region became substantially Tail-speaking 1s a matter of conJecture.
Local historical legends (Wyatt 1975) and other testimony make it
plausible that Tal varieties have been spoken in the area for some six
or seven hundred years. Apart from a brief Burmese invasion in 1785
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TABLE 1
TAI TONE CATEGORIES

open, open, open, closed, closed,

unmarked 2eek thoo long short
High class Al Bl Cl D1-L D1-S yin
Mid class A2 B2 c2 D2-L D2-S yin
Low class A3 B3 C3 D3-L D3-S yang

ping qu shang ru ru

historical sources mention 1little population discruption; there also
has been less contact with non-Tal speakers than would be the case
further south.

2. KRA ISTHMUS TONAL SYSTEMS

The Southern Thal dlalect group extends from somewhat north of the
Kra Isthmus proper (perhaps from Bang Saphan Yai, 11°17'N, where iso-
glosses converge) to south of 7°N. Tone systems in the Kra area have
been described in surveys by Jones (1965) and Brown (1965). These
surveys were concerned with wider i1ssues of comparative Tal reconstruc-
tion, and it 1s not strange that they gave no specific attention to
the rather parochial facts discussed here. KIHT occurs on items in a
limited correspondence category which 1s usually of little more than
marginal interest in comparative Tal, and furthermore occurs mainly
among uneducated rural speakers.

'Tal' here refers to the large language family of which varileties
of Central Thal (or Siamese), Southern Thail, etc., are members. It
1s convenlient to discuss tones by referring to Tal tonal categories as
labelled by F.-K. Li (1977), slightly modified as shown in Table 1.
Etymological correspondence 1s reflected moderately well by spelling
conventlons 1n the traditional Thal orthography; these are shown above
and to the left 1n Table 1. Unasplrated stops are confined to the Mid
orthographic class; other initlal consonants are presently represented
by letters in the High and Low classes. There 1s also enough regularity
in relationships with traditional Chinese etymological classes to
postulate normal borrowlng patterns for early-strate Chinese loans 1nto
Proto-Tal; these are shown below and to the right in Table 1.

Table 2 summarises Southern Thal tonal systems common in the Kra
Isthmus region. Local varleties are shown 1n a north-to-south sequence
from Chumphon to Phanom, the latter an 1solated 1nland settlement on
an old trans-isthmus route. The nearby Kanchanadit dialect on Bandon
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TABLE 2

KRA ISTHMUS TONAL SYSTEMS

135

Tal tone category D1-L. Cl1 C2 D2-L B3 D3-L C3 A3 A2 B2 Bl Al
1. Chumphon LB/ ER . 2k / 21/ 232 / 52 /
2. Ranong /e v/m o / 3 AL e//F 8 T /
3. Langsuan /B 7= =Y / " 7 Yarg Ai /
4. Tha Chang /47 " / r /" /232 (343) e /
5. Phanom 48/ 337 2 4.0y 7 Bl / 452/
6. Kanchanadit / " R e ! /" /32 /43 /L /

Bay 1s cited for comparison.

Pitch and contour are indicated by the low-

to-high 1-to-5 numbering system (see Bradley 1977:1 for more detail).

For the closed D categories,

short- and long-vowel 1tems have rather

similar characteristics, particularly in the High and Mid orthographic
classes, and only long-vowel ltems are shown 1n Table 2.

TABLE 3

URBAN CHUMPHON SOUTHERN THAI EXAMPLES

Tai tone tonal pitch
category and contour
1. 'leg’ Al khaa high falling
2. 'erow' A2 kaa mid-low rising-falling
3. 'thateh grass' A3 khaa mid-low rising-falling
4, 'gp. rhizome' Bl khaa high falling (=1)
5. 'jungle' B2 paa high falling (=1)
6. 'value' B3 khaa low rising
7. '"to kill' Cl khaa mid level
8. 'aunt' ce2 paa mid level
9. 'to do trading'’ Cc3 khaa low slightly falling
10. 'to lack' D1-L khaat high level
11. ’'mouth' D2-L paak low rising
12. 'land leech’ D3-L thaak low rising
13. 'to polish’ D1-S khat high slightly rising
14, 'to bite'’ D2-S kat mid slightly rising
15. 'to think' D3-S khit low slightly rising

Table 3 illustrates the preceding issues for the case of Chumphon

with data from an urban speaker.

also with a variety south of the Kra Isthmus,

For comparison with Central Thal and

see Diller 1979:61-65.
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As Tables 2 and 3 1ndicate, Kra Isthmus systems merge Tal tone
categories into six or seven discrete tonal shapes. Several qualifi-
catlons are necessary. Table 2 1s based on citation-form pronunciation
and questions of tonal sandhl are not considered. In fact 1n pretonic
environments there 1s considerable levelling of contour in most vari-
etles (see Thongkum 1978:27,47 for detalls). Also, Table 2 should be
interpreted as a 'digitalisation' of what 1s really an areal continuum.
Tonal shapes gradually shift to produce the systems reported, and there
1s a certaln arbitrariness 1n declding exactly where to report two dis-
crete tonal shapes rather than one. Thils 1s particularly a problem 1n
the case of the category A2 merging with A3. At the extreme north of
the continuum the two are clearly ldentical; at the south, clearly
separate. In the intermedlate area a gilven speaker may show varlation,
sometimes - or for some 1tems - making a distinction, but elsewhere not.
Thongkum (1978:8) has recognised the difficulty for the Suratthani
varleties she reviews and reports that speakers have a 'feeling' of
separateness even when only slight reglster differences are discernible
in sound spectrograms. It must be kept 1n mind that the consonant
initials in A2 and A3 are in complementary distribution. In structur-
alist terms then we are confronted with an areally distributed separ-
ation of tonal allophones by a reglster distinction.

Another question of tonal allophone differentiation 1s directly
relevant to the origin of KIHT. Thils concerns the tonal status of
long-vowel closed-syllable items, particularly those with initial
consonants assoclated with the High or -1 class, such as item 10 1n
Table 3.

In virtually all Tal varleties any long-vowel item terminating in
“p, -t, -k will coincide tonally with other non-stop-final items, that
1s, D wlll merge suprasegmentally with either A, B or C, with only the
final consonant, and not tonal features, distingulshing a given D item
from similar open-syllable ones. A common pattern 1s for D to merge
with B. Thls 1s the case for Central Thal, Northern Thal, Shan, Khamtil
and for most varleties of Zhuang. Mergers of D with A are unusual,
e.g. White Tal D3-L = A3. D and C merge 1n most Lao variletles, although
D2-L usually Jjoins D1-L in merging with Cl. Southern Thal south of the
Kra Isthmus area under study here shows a mixed system, with D1-L and
D2-L merging with respective C categorlies, while D3-L merges with B.
The situation 1s simlilar to, but rather more tidy than, the shifting
about of ru-class 1tems in Chilnese.

Now the Kra Isthmus systems show a rare exception to this tendency
to merge. D2-L and D3-L indeed join tonally with B3. D1l-L however
resists the tendency, especlally as one moves northward up the isthmus.
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Starting from just north of Phanom - Kanchanadit, where D1-L = Cl, the
closed syllables (D1-L) begin to select a slightly higher allophone,
the open ones (Cl) a slightly lower one. At first the separation may
be sporadic and in flux, but as one passes north of Chalya to Tha Chang
the difference 1s clearly systematic and becomes more pronounced
farther north.

From a rather strict structuralist point of view thils tonal separa-
tion still 1s of an allophonic nature as long as there remalin final
stops -p, -t, -k to stand in complimentary distribution with other
finals 1n the Cl class. That 1s, we would still need to treat D1-L as
a conditioned higher-register 'variant' of Cl, with parallelism of
contour - in thils case level - plausibly constituting the basis for
grouping. We simply recognise higher and lower allophones of the same
tone, with stop-final items selecting the former one.

At this point we can remember that a similar allophonic differenti-
ation process 1s occurring in the area with respect to A2 and A3, as
mentioned above. Interestingly, the areal distributions are exactly
opposite; this 1s shown schematically in Table 4.

TABLE 4
AREAL PATTERNING OF KRA ISTHMUS REGISTER SEPARATIONS

north A2, A3 Dl1-L, Cl
A
o ———— <«KIHT
X —_—
A
JV /'\ e
south
progressive regressive
conditioning conditioning
—mml —

It is tempting to see more than a chance relationship in Table 4.
Could the systems 1n the Kra Isthmus be 'seeklng' a six-tone equilibrium,
with register differentlation controlled by more general pressures from
systematic phonology? If this 1s so, then it 1s of interest that the
reglster differentiation called for by such a programme 1s achieved
through two very different mechanisms. On the one hand, the A2/A3
separation is a matter of progressive conditioning on the basis of
initial unaspirated stops (vs. aspirated stops, nasals and sonorants);
on the other hand, the D1-L/Cl separation 1s a matter of regressive
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conditioning on the basis of final stops (vs. final nasals, semi-vowels,
or @#). Both of these processes appear to have the same result: regilster
differentiation without any significant contour shift. For the time
belng the interrelationship of these register differences and exactly
how they pertaln to diachronic and areal factors must remain speculative,
although the basic synchronic facts are not in question.

3. THE ORIGIN OF KIHT

Now we are 1In a position to see how KIHT arises. As noted in the
preceding section, as long as D1-L 1s confined to stop-final items and
Cl to others, the parallelism of contour along with complementarity
of initials indicates that /D1-L + Cl/ 1is a 'single tone' from a
lexical or abstract phonological point of view. Thus an item with
this lexical tone would receive surface pitch-contour features through
a rule such as:

[a" high] /

RULE 1 toneX * [- contour]

[-a continuant]

As 1t happens, rural variletles of Southern Thal 1n the Kra Isthmus
area are subjJect to lenition of -k after long vowels - a change found
in other Tail varieties and discussed below in 4. The change occurs on
the western coast of the isthmus to below the island of Phuket, where
1t 1s frequently heard 1n urban speech as well. The shift 1s dia-
chronic:

RULE 2 *k - ? / [+ long] #

The net result of Rules 1 and 2 1s to render more tenuous the status
of /D1-L + Cl/ as a 'single' tone. The grosser articulatory organs of
1lips and tongue have given over to more subtle laryngeal components the
task of keepling apart the two syllabic types which .condition Rule 1.

In fact a further stage of lenition would be quite plausible.

RULE 3 ¥ > @ / [+ long]  #

Where Rules 2 and 3 have applied in sequence a phonological reassess-
ment of Rule 1 1s necessary. It 1s no longer possible to condition
allophonic assignment of tone on the basls of final continuant, since
-8, 1.e. forms terminating in long vowels without final consonants,
now occur in both pitch registers covered by Rule 1.

Such a change 1s presently underway for rural speakers 1n varilous
Kra Isthmus communities. " Rural speakers in Langsuan District of
Chumphon Province were found to be particularly thorough-going in
making the change.2 For them the new tone KIHT must be recognised as
one with independent phonological status. Contrasts like the following
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occur:
ITEM TONAL PITCH- TONE CATEGORY
CONTOUR

'mist' moo high level KIHT, 1.e. D1-L with
application of Rules 2
and 3 (< *mook)

'doector'’ mod high falling Al

'pot’ mod mid level Ccl

'full' mdd mid-low rising-

falling A3
'father' B3
'stomach'’ P FON EIBLPE D3~-L with application

of Rule 3 (< *pho2?)
'sp. small palm' phood low slightly
falling C3

Clearly, for these speakers there can be no question of phonologilcal
reduction; they operate with a six-tone system. It must quickly be
added however that KIHT, the high level tone, 1s presently very re-
stricted as to permissible finals: 1t requires -p, -t, or -@6. It i1s
perhaps a 'minor' tone.

The preceding list reveals another diachronic process relevant to
the origin of KIHT. The fact that ’'father' and 'stomach' have merged
on the low rising tone shows another potential source for KIHT items.

A slight excursus into tone-conditioned vowel lengthenling 1s necessary
before taking up this matter.

Egerod (1961), Hartmann (1976:147) and Gandour (1977:58) have called
attention to Southern Thal lengthening of *-aw, *-ay 1n C tones, and
occasionally in B. This lengthening 1s probably of long standing,
since Wyatt (1975:15) has described an early Southern Thail spelling
convention that seems to have represented it. Gandour (1977) has
called attention to a Phuket variety in which tone-conditioned length
distinctions apply for all non-low vowels; again C along with B3 is
assoclated with long vowels.3

Southern Thal south of the Kra Isthmus differs from most other Tail
varletlies 1n allowing two types of glottal-stop-final syllables; e.g.
for Ranot 1n Songkhla Province:

(emphatic particle) na? high rising
'to cough up' naa? high level
(derogatory particle) wa? high rising
'to divide proceeds'’ waa? high level
(connective adverb) ka? mid rising

'"to estimate’ kaa? mid level
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The sequence short vowel plus glottal stop 1s mainly restricted to
particles and adverbs; long vowel plus glottal stop, to nouns and verbs.
Unlike Kra Isthmus items which owe their glottal stops (and where KIHT
occurs, the proximate source of their open finals) to Rule 2, the long-
vowel glottal-stop l1tems above show no evidence of once having ended
in -k. On the contrary, many of these items have cognates in Central
Thal and other dialects in short vowel plus glottal stop. It appears
likely that a pre-glottal-stop lengthening rule has applied in these
cases. For Songkhla varieties, this results in -vv, -vv?, and -vvk as
possible syllable types (with vv representing a long vowel).

As one moves north of Songkhla this liberality in the final component
of the syllable 1s not tolerated and mergers in syllable type involving
Rules 2 and 3 occur as follows:

Phatthalung Songkhla Phuket
Nakhon Srithammarat Kanchanadit Lower Kra Isthmus KIHT areas

i 4 \ L o 7 e

-vvk -vvk

We are now 1n a position to understand, e.g. how ’'father’ and
'gstomach' have fallen together in Langsuan as phoozh: the former 1s an
unmodified item 1n -vv; the latter 1s cognate with Central Tail krapho?5
and with Songkhla phoo?23 (showing typical Southern Thai prefixal
deletion and pre-glottal-stop lengthening) and Rule 3 has applied to
give -vv? » -vv,.

When the process above occurs with High-class or -1 tone-category
items, then for the relevant speakers they fall into KIHT -vv 1ltems
along with those originally in -vvk. Thus there are two etymological
sources for KIHT open syllables.

Table 5 illustrates in an areal way the diachronic processes involved
in KIHT's origin. Kanchanadit forms are cited for their presumed
conservatism. Tha Chang represents the Lower-Kra-Isthmus varieties
which have undergone Rule 2 but not Rule 3. Finally, the rural Langsuan
variety cited has undergone full lenition (save after diphthongs) and
the items in Table 5 are evidence for recognising KIHT as a phonologi-
cally independent tone. Items 1-U40 are derived from *-vvk; the remain-
ing ones, from glottal-stop finals, although in some cases there are
no apparent Central Thal cognates.

Not shown in Table 5 1s possible laryngeal constriction which can
mark transition from -vv? to -vv. For items derived from -k and -7 a
few speakers 1n the KIHT area produce such constriction regularly.
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LENITION OF

TABLE 5
KRA ISTHMUS HIGH-TONE FINALS
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tone Kanchanadit Tha Chang Langsuan
1. 'dried up' D1-L  phaak phaa? phaa
2. 'to tie' " phuuk phoo? phoo
3. 'albino' w phwak phwa? phwa?
4, 'to hew' 1t thaak thaa? thaa
5. 'to shove' L theek thee? thee
6. 'to be afflicted’ " thuuk thoo? thoo
7. "to pull back' " thook thoo? thao
8. 'screen' " chaak chaa? chaa
9. 'to tear’ " cheek chee? chee
10. 'to cough wp' 1Y khaak khaa? khaa
11. 'to rap’ " kheek khee? khee
12. 'guest; Malay' " kheek khee? khee
13. 'small unit' it khook khoo? X
14, 'to entrust' I khwaak khwaa? faa
15. 'elephant grass' ¥ khweek khwee? fee
16. 'splint' " khwuak khwua? fwa?
17. 'teak; pestle' 3 saak saa? saa
18. 'to powr holy water' o seek see? see
19. 'tp. suspended basket' 5 seek See? SEE
20. 'sadness' o sook s00? soo
21. 'lower arm'’ n sook s227 s02
22. 'separate' i haak haa? haa
23. 'to break apart’ ¥ heek hee? hee
24. 'grey hair’ " haok 022? noo
25. 'spear’ " hook hao? hoo
26. 'loom’ " huuk hoo? huu
27. 'gill!’ " hwak nwa? nwa?
28. 'areca'’ " maak maa? maa
29. 'mist’ I mook moo? mod
30. 'mose' " muuk muu? muu
31. 'hat' " muak mua? mua?
32. 'ox hump' " nook noo? noo
33. 'strange' " laak x laa
34. 'to avoid' " leek lee? lee
35. 'to frighten' il 100k 1007 100
36. 'to raise the eyes' " lwak lwa? lwa?
37. 'eugar-palm beer' " waak waa? waa
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Table 5 cont'd

tone Kanchanadit Tha Chang Langsuan
38. 'to push apart' Dl-L  week wee? WEE
39. 'to want' U yaak yaa? yaa
4o. 'to tease’ i yook y2o? y22
—Lij-aézt of thatech’ " phlaa? x— -—;;;;; —————
42. 'rotten’ u phuu? phoo? phoo
43. 'wet’ v chee? chee? chee
by, 'to take advantage' 0] khee? khee? khee
45. 'mized up'’ ¥ khlaa? khlaa? khlaa
46. 'indistinct’ " khrua? khrua? khrua?
47, 'pond' it saa? saa? saa
48. 'tp. fishtrap; nearly ripe' " soo? soo? s00
49. 'backwash’' o s00? $027? s00
50. 'falling apart’ w hoo? x hoo
51. 'to carve' u lee? mlee? mlee
52. 'wgly' ¥ mroo? mroo? mloo
53. 'tp. skin disease' v laa? laa? laa
S54. 'to lure with light' u loo? 100? 100
55. 'tp. wood worm’ L raa? raa? raa
56. 'tightening stick' ¥ ree? ree? ree
57. 'rubbish' i yaa? yaa? yaa

For such speakers items such as phoo ’father' (B3) are rather tenuously
distinguished from others such as phoo [+constriction] 'stomach’
(< *D3, coinciding with B3). The constriction feature would also
apply to relevant KIHT items. The feature appears more frequently
as a sporadic item-by-item adjunct and in any event tends to be 1lost
in connected speech.

Also, a remark on the change -vvk »* -vv? of Rule 2 1s in order.
For Southern Thal varieties preserving finals -p, -t, -k, 1t 1s often
possible to detect along with final oral stop terminus a coarticulated
glottal stop. One might symbolise this by -?p, -?t, -?k. This
suggests a plausible articulatory clarification of Rule 2: what
occurs 1s perhaps more a gradual weakening of dorso-velar contact
rather than an abrupt 'Jump' of polnt of closure.
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4. RETENTION AND LOSS OF FINAL STOPS IN TAI

The history proposed for the origin of KIHT 1s a matter of rather
general phonetic processes which have applled at one time or another
I1n numerous languages 1n the area. We might expect that the case at
hand in Southern Thal 1s but one of many among languages of the Tail
famlly. This question 1s examined briefly 1n the present section.

The general Tal pattern 1s one of conservatism with respect to final
stops -p, -t, -k. Only on the extreme northern fringe of the Tal area
in Guilzhou Province has the Bu-1 dlalect of Shulcheng reportedly lost
final stops completely. In other Bu-1 dialects loss 1s not complete
and one finds various stages of attrition related to syllabic condi-
tions, particularly to vowel length and helght. These changes have
been discussed in some detall by Li (1971, 1977:53-55), Dell (1969)
and Sarawit (1975).°

White Tal and so-called 'Phu-thal' variletles, including many of
Black Tal, regularly retaln -p and -t, but there 1s loss of -k after
vowels which were once (at least) long. Homophony has not been avoided,

as we see 1n these examples from Donaldson and Dieu (1970):
'field' na (< *naa (A3))
(< *paak (D3-L))
k (< *pak (D1-8))

'otter' n

e

'heavy' n

and similarly t3 'to paint' (A3), 'land leech' (< D3-L), but tak 'to
greet' (D3-S). Thils White Tal situation 1s aberrant in two respects:
i1t involves the merger, unusual as noted above, of a D-L category with
an A one, and also the resulting 'shared' tone 1s glottalised, quite
abnormal and diachronically puzzling for an A tone. (Tal comparativ-
ists would rather find glottallsation on C or possibly on B tones; Lao
provides good examples.) Perhaps a laryngeal contaglon - the traces
of -k lenitlion - has spread as the tone D3-L merged with A3.

Cases of potential and real homophony llke those above set the White
Tal situation off from that of KIHT. Clearly in White Tal there has
been suprasegmental merger and then final -k lenition after long
vowels; at the Kra Isthmus there has been suprasegmental split with
subsequent lenition. 1In the first case the result 1s by no means a
'new tone' but rather total merger and homophony; 1n the latter case
prior reglister separation assures new open-final items an 'lndependent'
status.

On the other hand, the Bu-1 dlalect of Tushan described by Li (1977:
55) seems to have acquired a 'new' low falling-rising tone through a
set of changes very much like what happened to produce KIHT. In Tushan
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both D1-L and D1-S are combined in the new tone (with other categories
of formerly closed syllables merging with open categories). The forms
roo 'six', paa 'mouth', and 725 'to go out' are examples. The latter
two would be D2-L in the terminology used here; in KIHT dialects they
would merge suprasegmentally with B3. As with KIHT, the Tushan D1l-
derived low falling-rising tone 1is 'new' 1in the sense that it accomo-
dates open syllables but cannot be accounted for by the normal Tail
open-syllable categories A, B, or C.

Before leaving the question of final stops and their lenition, we
should call attention to a reverse case. In some Southern Thal com-
munitles well south of the Kra Isthmus the final glottal stop 1s re-
placed by -k:

RULE 4 ?+k / [+ long]
(- high]

The following forms from Ban Nam Phrail in Trang Province 1llustrate
the phenomenon. Songkhla forms, which are conservative on comparative
grounds, are cited to the left.

Songkhla Ban Nam Phrai
'to divide'’ waa’hh waakhh}
'sugar-palm beer' waakhh waakhh
'falling apart'’ h°°7hh h°°khh
'to lure with light' '°°7hh lookM+
"table' too733 took33

Clearly we must guard against proposing hard-and-fast Tal-wide rules

of the sort which have produced KIHT and the Tushan low falling-rising
tone. Although Rule 4 has apparently not been reported elsewhere among
Tal speakers, when more local rural data become avallable it may well
appear.

5. SOCIOLINGUISTIC CONFRONTATION

KIHT's survival as a phonologically discrete tone is presently rather
problematic. It 1s threatened by soclolinguistic pressures described
in this section.

To see why KIHT may soon be a matter of past history, some consid-
eration of soclally constralned dialect mixing and switching among Tai
varieties 1is 1in order (for a more detailed account, see Diller 1979).

Prince Damrong, pre-eminent among Thal scholars in the early decades
of the present century, wrote the following in the essay 'An Explanation
of Tones':
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These days there are government schools being established

and spreading more and more. Wherever the schools reach,

the Bangkok sound system is transmitted. New generations

of citizens will increasingly use the Bangkok sound system,

and former systems in local use will probably deteriorate

in stages. In another fifty years or so the tone marks in

the writing system w%ll probably be realised in the same

way by everyone ....
By now compulsory Central Thal education 1s nearly universal 1n
Thailand, and the mass media and increased areal mobility among the
rural working class have further strengthened the position of the
standard language. However the 'stages of deterioration' of 1local
varieties predicted by Prince Damrong have proved to be somewhat longer-
term and more complex than was supposed. KIHT's fate 1s wrapped up
In these 1ssues.

The dynamics of Central Thal spreading is somewhat different among
the various non-Central communities in Thailand. The North for example
appears more recalclitrant than the South in admitting Central Thal
replacements, a condition perhaps connected to somewhat different
political histories.

Of particular importance are intermedliate stages of Central-local
hybridisation, that 1s, of Central influence on local varieties that
stops short of complete supplanting. One particularly common and
systematic form of such dialect mixing consists in preservation of a
local tonal system but with segmental and lexico-semantic replacements
from Central Thai. There may be a graduated scale of such replacements,
depending on soclal backgrounds of speakers or on contextual factors
relating to speech acts or conditions of social interaction. Shifts
up the scale toward total Central segmental and lexico-semantic re-
placement may signal decreasing intimacy and increasing formality and
officiousness. Eventually Central replacements may become more-or-less
'standard' in the local variety and the more authentic local segmentals
and lexemes may become archalc and disappear, all without any necessary
modification i1n the tonal system. The final result would be two vari-
etles differentiated entirely by tone, and probably used by bidlalectal
speakers malnly as a soclal resource for purposes of stylistic switch-
ing and related soclal manoeuvering. It might be that in speech com-
munities where thils had happened the social utility of such tonal
switching might contribute to the preservation of a 'segmentally sub-
Jugated' local variety well beyond the time span envisaged by Prince
Damrong.

In any event the process sketched above 1s underway in many regional
urban areas and 1t reaches 1nto village speech as well. A particularly
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relevant case concerns the replacement of -? by -k in a Northeastern
Phu-thal variety described by Khanitthanan (1977:44), which is undoubt-
edly influenced by surrounding Northeastern Thal (Lao) as well as by
Central Thal.

'Authentic’ Hybrid
Central Thai Phu-thai Phu-thai

'bark, peeling’ plwakZI pa73| -+ paak3l N pwak3l
'to select’ luJak52 1a? -+ Iaak3l ~ Iwak3l
'mouth’ paak2| pa73l -+ paak3'
'offepring’ luuk52 |u73l -+ IUUk3l
'"to expose'’ taak2| ta73' -+ taak3'
'wing' piikZl pi73| -+ piik3l

It 1s important to draw a distinction between this socilolinguistic
hybridisation process and -? + -k described for Ban Nam Phral, Trang,
in the preceding section. In the latter case Central Thal applies no
pressure for (or indeed applies negative pressure agalnst) the change.

The Chumphon variety cited in Table 3 has gone through the same
replacement process as Phu-thal above in the case of items 11 and 12,
paakzh 'mouth’' and thaakzh '"land leech'. Rural Kra Isthmus varileties
would show either -? or, in KIHT areas, -@. Although not directly
relevant to tonal questions, lexlico-semantic differences can also be
1llustrated at thils point to place the segmental substitutions in
thelr wider systematic context.

'Authentic’ Hybrid

Central Thai Kra Isthmus Kra Isthmus
'mouth’ paak2| paa72h LY Paa,, + paakzh
'land leech'’ thaak52 thaa%h v thaa,, + thaak,,
'seal'’ traa33 kraa232 + traa232
'muddy’ mwak52 mlwa?,, + muwak,,
'to ache' mwayg, m]meyzh ~ 'meyzh * mway,,
’ ’ .
to throw paa33 Ilw232 + paa232
'fast' riip52 khEEpSS -+ riipzh
'thick (of liquids)' khon52 khEEn33 -+ khon33
'basin' kalamar)33 khoom232 -+ kalamar)232
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As for KIHT, two Central Thal pressures are set agalnst 1t, corres-
ponding to the two Central Thal syllable types:

(1) c(C)vvk

(2) c(C)v?
That 1is, for a given KIHT item (e.g. in the right-hand column of Table
5) the hybrid tendency 1s to add -k 1f there 1s a Central Thal cognate
in (1), or to treat the KIHT item as D1-S with -? if there 1s a cognate

in (2). Homophony may be disambiguated in this way.7
'Authentic’
Kra Isthmus Hybrid
Central Thai (KIHT areas) Kra Isthmus
’ ’
pestle saak2| saagg + saak55
' ’ ? ?
pond sa saagg > sa’,
’ y ’
mist maokzl m:>:>55 -+ m:):)k55
'sui ’ ? ?
suitable ma?,, LEEPY > md 45

Where there 1s no clear Central Thal cognate, lexical replacement tends
to occur instead:

: 0 ; ;
ugly naaszkllat2| mloo55 > naa33kllat2h

In this way the KIHT situation 1s reduced to complementary distribution
with the tone Cl (33) as described in 2, and KIHT can no longer claim
status as an independent new tone. It remains however as a register-
differentiated allophone.

What we find 1n the case of KIHT then 1s a 'confllct of interest':
in terms of purely internal-systematic factors, Rules 2 and 3 -
lenition of final velar and glottal stops after long vowels - seem to
present a phonologically reasonable simplification of the syllable-
final component with resulting albeit rather marginal new-tone 1ndepen-
dence in the D1-L case; on the other hand, competing Rule 4, fostered
by external factors along with the Central Thal syllabic target -v?,
tends to undermine KIHT and return it to merely allophonic status.

One expects that the indomitable superimposition of Central Thal pre-
dicted by Prince Damrong may do away with this fledgling tone in the
near future.

6. TAI TONES AND TONOGENETIC THEORY

Several 1ssues above have some relevance for wlder concerns and
theories in the development of tones (see Bradley 1977:1-4 for a con-
cise summary of recent discussions). It is perhaps more useful to
represent these 1ssues somewhat negatively 1n the form of caveats to
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oversimplified theory construction, although of course many aspects
of the Tal data discussed above fit comfortably into the wider frame-
work now generally accepted.

1. It 1s not generally true for Tal that tones and segmentals rearrange
themselves 1n such a way as to maximise distinctive phonological space
and thus avold homophony. Cases of homophony abound in Tal and the
need to use tones and segments distinctively must be balanced against
other opposlite pressures, some perhaps from larger phonological 'con-
spiracies' or from other abstract dlachronic trends. Tals are not

afrald of manageable lexical ambiguity.

2. One might set up a 'standard theory of tonogenesis' (with admit-
tedly straw-man characteristics):
Tones develop in two ways, progressively (with conditioning
from initial consonants) and regressively (linked to finals).
Progressive tonal development is a matter of register sep-
aration caused by voicing, which lowers pitch, or other
initial features such as preglottalisation or aspiration.
Regressive tonal development is clearest in the case of
final laryngeal components: final glottal constriction or
glottal (and perhaps oral) stops cause rising contour; final
-h (and perhaps -s, -x) cause falling contour.

Whatever merit thils 'standard theory' may have as a point of theor-
etical departure, the Tal languages are difficult to force into such a
diachronic schema. Brown (1975) and others have shown the complexity
of apparent progressive tonal development 1in Tal, and although Southern
Thai in general may provlide some support for the progressive half of
the 'standard theory', many other varieties in the Tail family do not.
Note that the A2/A3 register difference discussed above for lower Kra
Isthmus varieties (see Tables 2, 4) provides a counter-example: in this
case volced initial stops are not causing a lower register but, along
with other Mid or -2 class 1tems, are actually selecting a higher pitch
level. Kra Isthmus data calls into question the 'standard theory's'
regressive development programme as well. There 1s no significant
contour difference 1n the final-stop-assoclated separation of D1-L and
Cl; 1nstead contours are even and the difference 1s one of pitch reg-
ister alone. Nor can we even conclude that final stops raise pitch:
they do for D1-L but they do not for D2-L or for D3-L.

3. Related to matters ralsed above 1s an unspoken assumption that
final laryngeal constriction, final glottal stops and especially final
oral stops are by nature conservative clues to the arising of tonal
phenomena from an earller tone-free state. Above we noted that White
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Tal A3 items have now become laryngealised, perhaps through 'contagion'
as formerly stopped items merged with them suprasegmentally, and in
the case of -vvk items, completely. The Southern Thal examples of

-vv? + -vvk show even more clearly the danger of takling an uncritical
attitude toward laryngeal and oral f‘inals.9
4. Soclolinguistic factors 1n tonal development may not always be
negligible. Very few Tal varieties (Ahom being an example that comes

to mind) have developed in relative isolation. For a millennium Tai
groups have interacted among themselves and theilr neighbours in varying
configurations of political alliance, domlination and subjugation.
Probably significant groups of speakers have been partially bidialectal,
and tones and other phonologlical features have probably been caught up
in wilder patterns of socioeconomic absorption and integration. On the
one hand Tal as a whole provides a near paradigmatic example of the
'Neogrammarian Hypothesis', with quite regular sound changes and a
plausibly reconstructable proto-language; on the other hand, wherever
one turns attention to lexical or phonological detailil, inconsistencies
and peculiarities arise which can only be elucidated by examining inter-
dialectal processes and 1n some cases contact with non-Tal neighbours.
Discussion of the suppression of KIHT open syllables by phonological
targets 1n the locally prestigious Southern-Central hybrid has suggested
one way soclolinguilistic constraints on tonal development can operate.

5. Methodologically, the KIHT situation raises two important 1ssues.
One 1s the need to consider phonological systems in their entirety and
to be aware of problems in segmental-suprasegmental distribution,
particularly when complimentarity is involved. There have been recent
attempts to systematise and compare 'tonal systems' across many lan-
guages with a view to arriving at structural generalities. But we may
be comparing oranges with bananas 1f we are oblivious to how specific
phonetic tonal contours function within phonologles as a whole. KIHT,
for example, shows that whether or not to 'count' an extra new tone
should be taken as a problematic issue, partly a matter of structural
theoretical interpretation, partly a matter of fact in the field, and
partly a recognition of conflicting psycho-articulatory pressures.

Finally, discussion of hybridised varieties above suggests a caution
in organising field research in Tal dilalectology and elsewhere. If one
relies, for example, on university students as (very convenient) in-
formants, one will almost certainly be up against an issue of hybrid-
1sation plus, perhaps, 'educated' stereotypling of 'uneducated' rural
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speech. Although data acquired in such a way 1s of undoubted value
and may show structural consistency in 1ts own way, urbanised and
educated speakers of local Tal varietles are almost certain to be
'lames' 1n Labov's sense, and their hybrids may be concealing inter-
esting differences in local rural speech. KIHT 1s one such difference.
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NOTES

1. The Thal National Research Council kindly arranged for permission
to conduct fileld research, which was supported by a Ford Foundation
Southeast Asia Fellowshlp Program grant. The faculty and students of
Sri Nakharinwirot University, Songkhla, have been very helpful, and
special thanks are due to Acan Suthiwong Phongphalbun and to Acan
Banyat Ruangsri, now of Silpakorn Unlversity. Acan Theraphan L.
Thongkum and her colleagues in the Indigenous Languages Research Project
organised a field seminar at Chalya, Suratthanl Province, in September
1977, to which they kindly invited me. The Thal proceedings of the
seminar (Thongkum 1978) are the basis for the Tha Chang, Phanom and
Kanchanadit data reported in thils study. Participants Jimmy G. Harris
and Jerry Galney kindly discussed problems 1n Southern Thal data with

me.

2. Mr Manun Phayakamas and family provided kind hospitality at Langsuan
and 1nvaluable assistance 1n rural explorations to locate 'missing'
glottal stops.

3. Tone A 1s associated with lengthening for some items in East-coast
Southern varietles, e.g. prenasally with -ii-:

Central Thai Songkhla
'ginger' khinzh khiir;l'5
'stone' h]nZh hiinhs
’ ’ ..
sea leech plir)33 pl||q3h, etc.

Although superficially an exception to Gandour's observation, the above
examples actually confirm 1t: length 1s again associated with rising
contour (irrespective of etymological tone category).
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4, In fact the items ’'father' and 'stomach' tend to be kept apart by
speakers who otherwlse make similar mergers. In the course of fileld-
work an elderly farmer and his (totally merging) wife fell into a heated
argument on the point. It should be noted that throughout the South
varietlies preserving -? in careful 1solated pronunciation tend to lose
1t in connected speech.

5. Bee (1965) has noted the lenition process in Central Thal items
like ca? (< cak) 'incompletive marker', ka? (< kap) 'with’ and ma-
(< maak) 'prefixal syllable in names of fruilts'.

6. The Thal text 1s reproduced without note of provenance in Na-Nakhon
(1973:49-57); translation provided.

7. This 1s not to suggest that disambiguating homophony 1s 1n any way
an impetus for hybridisation. In other cases the hybrid forms create
homophony not present in conservative rural speech (Diller 1979:68-69).
One sporadic exception to regular correspondence 1s 'Year of the
Rabbit', thoo?hh in varieties south of the Kra Isthmus with regular
cognates 1n other Tal languages, but thoor)52 ~ thor)52 in Kra Isthmus
varieties. The source of thils form 1s unknown, but 1t conveniently
avolds confusion with a mild taboo form thoo’55 (or thookhh to the
south) 'to draw back the foreskin'. In other vocabulary homophony is
wldely tolerated.

8. Empirical evidence for a direction-of-contour difference based on
type of filnal consonant is fickle. Note, for example, -h in Jeh, which
has raised rather than lowered pitch (Gradin 1966).

9. For example, final -? in Khmu®? has led Haudricourt (1954) to pos-
tulate a process for Vietnamese which has become influential in Sino-
Tibetan tonogenetic theorising. Haudricourt's model may be correct,
but Khmu” phonology taken as a whole leads one to suspect that at least
some Khmu? final glottal stops are a consequence of a syllable struc-
ture condition which dislikes open-vowel finals (see Smalley 1961).

For other tonal effects on consonants, see Maddieson (1977).
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THE RELATIVE FREQUENCY OF TONES IN THAI'

Jack Gandour and Mary Jane Gandour

0. INTRODUCTION

The purpose of thils study 1s to analyse the relative frequency of
occurrence of tones in a representative sample of (Standard) Thai.
Such quantitative data about Thal tones 1s of special importance for
questlons concerning tone acquisition, tonal inventories, historical
development of tonal systems, errors in production ('slips of the
tongue') and perception ('slips of the ear') of .spontaneous speech,
dlagnostic procedures and therapy programs for aphasics and other
speech-hearing impalred populations, and problems of pronunciation
faced 1n the teaching of Thal as a forelgn language. No previous
statistical analyses of Thal tones (consonants and vowels) exist, in
marked contrast, for example, to the numerous phoneme frequency
studies which have been conducted on English (Dewey 1923, Hayden 1950,
Tobias 1959, Wang and Crawford 1960). The study herein is a beginning
attempt toward filling this vold in Thal phonetics and phonology.

1. METHOD

The materlal selected for 1nvestigatlon consisted of 25,000+ entries
from the Haas (1964) Thai-English Students' Dictionary. These entries
were gleaned primarily from the context of modern periodicals, novels,
short storiles, newspapers, government reports, and advanced textbooks
on literature, history, and the scilences. For each entry, the Thail
pronunciation 1s shown 1n a phonemlc transcription. All entries except
examples (preceded by an open circle in the dictionary) were included
in the analysis.

Five phonemic tones are posited for Thal in the Haas transcription:
(1) Mid /khaa/ 'cogon, a species of grass', (2) Low /khaa/ 'galangal,
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a rhizome' (3) Falling /khaa/ 'slave, servant', (U4) High /khda/ 'to
engage in trade', (5) Rising /khaa/ 'leg'. The pitch contours on
syllables ending iIn stop consonants are assigned to the low, falling,
and high tones: /phed/ 'to be hot (peppery)', /khild/ 'line’', /phuud/
'to speak', /phéd/ 'diamond'. The pitch on unstressed CV syllables
with short /a/ 1s assigned to the mid tone: /thahadn/ 'soldier’,
/thanad/ 'ekillful'’. This phonemic analysis of the Thal tones was
followed without exception 1n tabulating thelr frequency of occurrence.

From the phonemic transcriptions, the tones occurring on each
syllable were counted, and the raw totals of the five Thal tones in
all the entries were calculated in terms of thelr percentages of the
grand total of tones.

2. RESULTS AND DISCUSSION

The number of occurrences and frequency percentage of each of the
five Thal tones 1s shown in Table 1. The tones ranked in order of
frequency of occurrence are (1) mid, (2) low, (3) falling, (4) high,
and (5) rising. The mid tone 1s clearly predominant; it outnumbers
the second-ranked low tone by nearly two-to-one. The statistical
predominance of the mid tone may be partly attributed to the Haas
transcription, in which short CV syllables with short /a/ are assigned
to the mid tone.

TABLE 1

RELATIVE FREQUENCY OF OCCURRENCE OF THAI TONES
BASED ON HAAS DICTIONARY ENTRIES

Tone Number of Occurrences Frequency Percentage
(1) MID 24,479 39.98
(2) LOW 12,683 20.72
(3) FALLING 10,612 17.33
(4) HIGH 7,231 11.81
(5) RISING 6,217 10.16
Grand Total g;?;;;

The distribution of tones in the adult language 1s an important
factor to keep in mind in trying to make generalisations about the
acquisition of tones in child language. As Li and Thompson (1978)
pointed out, "A statistical survey of tone distribution in both the
adult language and 1n the lexicons of the children's language may be
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relevant in explalning the order of acqulsition of tones in a particular
language." Tuaycharoen's (1977, 1979) findings in the acquisition of
Thai; however, cannot be fully explalned on the basls of the distribution
of tones 1n the adult language. Although she found that her subject
acquired the mid and low tones first, the falling and high tones were
acqulired last. The rising tone was acquired earlier than the falling
and high tones. In terms of the chronological order in which the tones
were acqulired, the rising tone came before either the falling or high
tones; in terms of tonal distribution in the adult language based on
the results of thls study, the rising tone comes after both the falling
and high tones.

Finally, we wish to point out possible directions for future research
on the relative frequency of occurrence of Thal phonemes. First, a
simlilar frequency study of Thal consonants and vowels, agaln based on
the Haas dictionary entries, would be a logical extension of the current
study. Second, a frequency study of Thal phonemes within 'smooth'
syllables (Proto-Tal tonal categories A, B, C) and 'checked' syllables
(Proto-Tal tonal category D) should provide valuable quantitative
information for both diachronic and synchronic investigations. Third,
a frequency study of Thal phonemes based on a representative sample of
spoken materials should enable us to determine to what extent the
results of the current study, based on a sample of printed materials,
are comparable. Fourth, a frequency study of Thal tones in connected
speech, following an alternative method of transcription in which
certaln unstressed CV syllables with short /a/ (perhaps /i, u/) are
treated as 'toneless' (cf. Abramson 1979), would probably yileld a
slightly different picture of the relative frequency of occurrence of
the mid tone 1in comparison to the other four tones. These varilous
possible extenslons of the current study further indicate the need for
one to take the following factors into consideration when interpreting
the results of frequency studies: the slze of the sample, the nature
and content of the sample, and the method of transcription of the
sample.



JACK GANDOUR AND MARY JANE GANDOUR

NOTES

1. This material 1s based upon work supported by the Natlonal Scilence
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