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ABSTRACT

Experimental i1nvestigations of tone 3 sandhl in Mandarin
Chinese have failed to find well-defined connections between
sandhi and speech rates. In this study, eampirical evidence
i1s provided that indicates that the traditional claias of
tone 3 sandhl are too arbitrary. Tone 3 does not recessarily
change into tone 2 Ly all means. Furthermore, eampirical,
historical and theorectical arguments are raised concerning
the validity of the duratioa of tomne 3 in sandhi situation.
Spectrogrames and graphs are used to study durations and fun-
damental frequency of tome 3 in tone sandhi at slow, noraal
and fast speech by three females and three males. The degree
to which the values of tone 3 are influenced appears to de-
pend on various speech speeds. In addition, 1t 1s possible
that greater variance in tone 3 duration and fundamental
frequency is concomitant with the variance of speech speeds.
The present study may be viewed as raising some interesting
questions aund careful cautions in future research on tone 3

sandhie.
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Chapter I

INTRODUCTION

Numerous works with respect to the role of speed have in
speech have been extensively done within the past twenty
years (see;Pike, 1952; soldman-BRisler, 1956, 1958, 1961;
Port 1979; Diehl, Souther and Convis, 1980). Investigations
of fundacental frequency, voice onset time, and environmen-
tally-conditioned vowel duration have indicated that these
phonetic factors are rathner sensitive to the speed of artic-
ulation regardless of sexual difference. Diehl, Souther,
and Convis (1980) demonstrated that female talkers and male
talkers both share the consistency and substantiality of a
reduction of VOT at faster rates. But, 1in spite of the nu-
merous phonetic studies in regard to the rate of speech,
little attention has been paid to what i1nfluence speech rate
might have on tone languages per se. If there 1is any study
on the influence of speech rate on tone, Zee (1980) perhaps
is the first person that adopted instrumental techniques to
examine the phonemena of fast speech in tone 1anguage$. Most
of the experiment in his paper focused on the studies of
tone sandhi with respect to unormal speech, instead of fast

speech. The scarcity of subjects, only tvo female native
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speakers participated in the experiment, and the
inconsistency of the results lessened the feliability of his
findings. Except for Zee's studies 1n 1980, none of the re-
ports so far with respect to instrumental investigatioas
have been concerned with the effect of varying speech rates
on phenomena such as tone sandhi in Mandarin Chinese. In or-
der to extend our knowledge of the effects of utterance rate
on various aspects of language, this paper shall examine the

influence of speed on tone sandhi of a tone language.

The main kody of the study is composed of six chapters.
First, a gJgeneral survey of the available scientific litera-
tures on the influence of the speed on speech is made. Addi-
tional information about tone system and tone sandhi phenom-
ena in Mandarin Chinese is introduced. On the basis of those
findings together with the observations of the phenomena of
tone sandhi in Mandarin Chinese, some hypotheses of the re-
sult of tone sandhi under the influence 0of the speech rate
will be made. An experiment with regard to the different
speeds of speech is described in the third chapter. Details
of the process are included where appropriate. The fourth
chapter will present the experimental results, and in the
ensuing chapter subsequent statistical analyses will be giv-

en.
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In the final chapter, the ralationship between the sgeech
speed and tone sandhi effect is further dlécussed, and a fi-

nal conclusion is made.



Chapter II

SURVEY OF THE LITERATURE

This chapter will summarize the references of the find-
ings of previous studies on speech style regarding speech
rates as well as those on tone sandhi 1in Mandarin Chinese.
Before further investigations of rate's influence on tone
sandhi are counducted, the range of the terms with respect to

slow, normal and fast speech should be defined first.

an unsettled term

As early as the beginning of the nineteenth century, div-

erse domains have been assigned to 'speech styles'.

From the descriptive viewpoint, speech styles can be
classified as follows: diction, instruction, deliberate
speech, natural speech, rapid, fluent, aad casual épeech.
However, Arnold M. Zwicky (1972) claimed that it was diffi-
cult to distinguish casual speech from careful speech. As he

suggested, casual speech, generally speaking, was fast and
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stylistically marked as intimate and iunformal. But, he
later argued that casual speech need not bé fast. Thus, the
term 'casual speech' instead of 'fast speech' vas used in
his paper. However, this type of division seems rather sub-

jective and vague.

From the phonetic vievpoint, the definition of speech
style may be more objectively acceptable. 1In 1937, Hudgias
and Stetson proposed that a measure of the number of sylla-
bles per second should be the main factor in determioing the
speech style. In actual speech the speed of each of these
articulations wvas modified by the accompanying jaw movement
which is slower than the tip of tongue and faster than the
lips. Therefore, they claimed that 1in rapid utterance the
laryngeal movements ceased entirely at a rate of five or six
syllables per second which was at least one syllable per

second slower than the maximum rate of lip movements.

Goldman-Eisler (1956), on the other hand, assumed that
pauses, 1nstead of syllable-counting, should be the factor
of speech variation. Slow speech was regarded as the flow of
speech that was halted by frequent pauses because of hesita-
tion. Fast speech, then, should be defined as a flow of
speech without beinqg much interrupted by pauses. In 1961, he

provided evidence in support of this assumption.
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Black (1961) further broadened Goldman-Eisler's pause-cen-
tered definition. Slow speech, as he defined 1t, required
little effort in the articulating amovement, and was obvious-
ly low in the fundamental frequency of voice. Thus, these
implied that fast speech was a flow of speech that required
greater vocal effort and consequently the fundamental fre-
quency would be higher. He found that as vocal effort was
increased, the fundamental frequency of a volce typically
rose, and the rate of talking altered. A slow rate charac-

terized soft speech.

Stevens and House (1963) explained that in sound produc-
tion, the rapidity with which the articulators could move
from one ‘position to another was determined in part by the
sluggishness of the articulatory gestures. The temporal
characteristics of the articulatory gestures were presumably
in part the result of the timing of the instructions to the
muscles. Consequently, fast speech was rather sloppy in coa-
parison with noramal or natural speech 1in teras of the move-

ment of articulatioan.

Due to the speech rate variation from speaker to speaker,
all the above-mentioned phonetic findings with respect to
speech style lack of objective differentiation. That is why

Summerfield (1975) claimed that the listener appeared to
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‘normalize' temporal cues according to utterance rate if a
phoneme distinction was signaled by a teiporal cue, i.e.
voice onset time, and faster utterance rates tended to
shift the phoneme boundary toward smaller values of that
cue. If the above-mentioned process that the listener auto-
matically applies is doubtless, then speech style in regard

to speed is simply a matter of subjective standard.

In spite of the variations of definitions that make us
unable to standarize the defiuition of speech styles, the
findings ot the phonetic experiments concerning speed of
speech still have their significance, because they provide
sound evidence for the topic to be discussed. Again in
1952, Pike demonstrated that with increasing tempo, vowel
quality, pitch levél, fundamental frequency and vowel dura-
tion were reduced. Thus, Stevens and House (1963) explained
that due to the inertia and delay of the articulatory mecha-
nisms, 1li.e. a lag between neural signals instructing the
muscles to move and the actual movements of the muscle mas-
ses due to inertia, vowel formants deviated from target val-

ues.

In 1564, Sharf provided evidence that vowel duratiom va-
ried with the dynamic properties of the speech mechanisa. He

compared the vowel duration tetween whispered speech and
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normal (natural) speech. He found that vowels in normal
speech and in whispered speech were subjeét to the same du-
rational influences. And the manner and the place of artica-
lation of the following consonant Jappears to have sound in-
fluence. However, his experiment was done at a single
speech rate. Thus, the influence of speech rate on vowel

durations per se was not examined.

wang (1967) mentioned that the phonetic differences among
tones, in terms of pitch level, slope of contour, duration,
etc., were characteristically more pronounced inbdeliherate
speech and were reduced with regard to the change of speech
rate, the phonetic variation of tone was simitar to that of
vowel articulation. Since both voice pitch and vowels varied
along physical dimensions which were continuous, as against

certain dimensions of consonant articulations which wvere

discrete.
Ohala (1973) further mentioned that the production of
tone involved larynx movement, and that a raised larynx

shortened the length of a speaker's vocal tract from the
glottis to the lips. A tone of higher fundamental frquency

required a higher larynx position.
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Even though the available scientific 1literature has

been sparse in instrumental examination of the variation of
Mandarin Chinese tones, We are still able to see into the
working of thea by inference. But before discussing any
further studies on them , the questions of how many tones
Mandarin Chinese has and what kinds of study on its tones
have been already made need to be addressed first. In the
following section, the outline of the research which has

been done on Mandarin Chinese tones will be presented.

The study of tone languages has been done to a fairly
great extent in some areas within the twentieth century.
Pike {(1949) subdivided tone 1languages in the world 1into
three groups: tone-register languages, tone-contour languag-
es, and tone contour-register languages. Tone-register lan-
gJuages are the languages 1in Africa, i.e. Bini, Egede, Hausa,
Igbo, Yoruba and 2ulu, whose syllables tend to have level
pitches; whereas, languages like Thai, Mandarin Chinese, and
other languages 1in Asiatic Mainland are tone-contour lan-
guages which have gliding pitches on each syllable. Some di-
alects in China are tone contour-register ones which coabine

level and gliding on the syllables.



10

Mandarin Chinese, spoken by more than 900 million people

in Mainland China and on the 1island of Taivan, serves as a
lingua—franca among the Chinese people. Originally, it was a
dialect spoken in Peiping and i1t is the dialect which will
be used in the following experiment. The studies of the ton-
al system can be traced at least back to the 5th Century
A.D., when Chou Yang wrote a book entitled Szsheng Chyey-

un', which is about the pronunciation of 4 tones. At the
contemporary tinme, a supplementary copy of ‘'Szsheng Pu!'
(Treatise on 4§ tones) written by Chou Yung provides further

comment on Chinese tone systea.

According to Chou Yang and Chou Yung, these 4 tones are
_ping, shang, shyu, and ru (even, low, going, and entering).
Later on, due to sound change, they became the present §
tones 1n Mandarin Chinese. Being represented by a citation
syllables and indicated in the Pinyiu romanizaion, they are

as follows:

Tone 15 subject to change 1n actual speech. Chao (1948)
regarded tone <change as the change in the actual value of
tones when syllables are spoken 1n succession. In Mandarin
Chinese, as syllables are juxtaposed, tones change their
shapes due to the effect of neighboring tones upon one an-

other. In some cases they underqgo a process of perseverative
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TABLE I

Tonal System of Mandarin Chinese

. — - ———————————— — —— —— —— —— . ——————— —— . ———— ————

Tone Description Pitch Tome Example Gloss
letter

- . —— ——— ——— - —— . i P AWE . o = . A T — T - - ——— ———— e

—— . emn S c—

=}
[
=]
o
®
[a]

1 high-level 55 ride

2 rising 35 /1 da’ reach
3 fall-rising 214 \J4 da3 beat

4 high-falling  S1 da* big

e e e S ea S e G S S e S e G o e e cEs e Sne o

assimilation; whereas, in others, they undergo dissimila-

tion.

Tones subtly change their contours when paired with each

other. The changes are described as follows (see Chao,

1948) =

A. In a disyllabic compound, tone 3 /214/ changes to 2

(35] when followed by another tone 3 /214/.

/72W/ ——-> {35} / _____ [214]
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B. In a disyllabic compound, tone 3 /214/ changes to
[211] half tone 3 when followed bj any tone except

tone 3 /214/.
(55]
/2y —====> [(211] /____ Y [35]
[51]
C. 1In a trisyllabic compound, tone 3 /214, changes to

[211], when followed by two tome 3 syllables. The sec-

ond tone 3 changes to [35]. c.1 takes precedence over

Cele
c.t /2147 ——=-=> [211] / ____ [2%4] + [214]
Ce2 24/ ~—==> [35]) 7/ L21%V] ¢ __ _ + [214]

D. In rapid speech (see: Cheng, 1968), if the tones on
ali syllables are tone 3 /2147 in a sentence. 1i.e. /
lau 1li ma ciau pi/(0ld 1i bought a small pen.),  then,
(a) tone 3 on the first syllable changes to tone 2, (b)
tone 3 on the second, third and fourth syllables chaage
to tone 1, and (c) tone 3 on the last syllable remains

unchanged, that is,
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/7214 + 214 + 214 ¢ .../ > [35 ¢+ 55 ¢ 55 + ...+ 214].

But in 1980, Zee showed that the above-mentioned tone
sandhi rules are invalid by providing a spectrographic
analysis. He demonstrated that the only time tule A takes
place 1s when the vowel in the first syliable is preceded by

aspiration. Rule A should be revised as followvs:
/35/ > [215] »s C [-asp])____ _/214/

/7247 > [34]) , C (tasp]_____/214y

In tapid speech, he found that in most cases the tones
/2147 on the second, third and fourth syllables do not
change to high-level [55], although the tone on the first
syllable in the sentence did change to a rising tone in all

cases.



Chapter III

HYPOTHESIS

Based on the review of the literatures in the previous chap-
ter, hypotheses concerning the correlation between tone san-

dhi and speech rates uiil be made 1n this chapter.

Since the phonetic variation of tones is essentially sia-
ilar to that of vowel articulation in some way,! several hy-

potheses can be made as follows:

Hypothesis 1:
The duration of the nuclear vowel of tone 3 should be
in i1nverse proportion to t speech rate. The slower the
speech rate 1s, the longer the duration of is. Thus,
in allegro, the duration should be the shortest.
Hypothesis 2:
The duration of the nuclear vowel of tone 3 varies with
the speech rate. However degree of variation among the
speech rate 1s impossible to predict, based on the rea-
son that the speech style varies from speaker to speak-

er.

! See Pike (1952), Jourmal of the Acoustical Society of
America 24, 618-24.

- 14 -
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Hypothesis 3:
The value of the fundamental frequendy of tones is in
direct proportion to the speech rate. The faster the
speed of the speech is, the higher the fundamental fre-
quency is.
Hypothesis 4:
In careful pronunciation, the first tone 3 when paired
with another tones 3 /214/ still maintain its value of
contour. But in fast speech, the contour of its funda-
mental frequency changes into rising contour [35], and

the following tones 3 change into level contour {55].



Chapter IV

EXPERIMENT

In this experiment, the durations and the values of fun-
damental frequency of 12 monosyllables in a text-reading pa-
radigm were pmeasured to determined whether differences of
tone sandhi existed among the respective reading speeds and

to what degree.

v.1. HMethod :

IvVv.1l.1. SUBJECIS:

6 Chinese graduate students studying at Ohio State Uni-
versity, 3 females and 3 males, served as volunteers in the
experiment. All subjects were native speakers of Mandarin
Chinese with no history of speech or hearing impairment. The
linguistic backgrounds of the six informants are exhibited

in Table 1II.

A TEXT-READING PARADIGHM:



-
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oo e e e —— e e S — e G Ghn G G G G g G — A S G ——— . Gt — G —— G — — — — - o

Linquistic Backgrounds of the subjects

—— — ————— ——— - ———— — ——— — — — — — — — — —— — — ——— — — ——— i —— —— —— —— — —
D D ——— —— —— ——— — —— ———  ————— — ——— ———— — - —— - -~ —— - - ——

- — D - — — D D - D - ——— — - ———— A ——— — - — —— — -

Age

Dialect

Place of Birth

Elemantary

School

High School

College

Parents' Dialect

Dialect spoken
at home

Other dialects

Other languages

TIABLE

Female
24

Mandarin
Chinese

Taipei
Taiwan

Taipeil
Taiwan

Taipel
Taiwan

Taipei

Taiwan

Mandarin
Chinese
Je-Jyang

Mandarin
Chinese

Taiwanese

English

28

Mandarin
Chinese

Talipei
Taiwan

Taipei
Taiwan

Taipei
Taiwan

Taipei
Taivan

Mandarin
Chinese

Mandarin
Chinese

Taiwvanese

English
Spanish

28

Mandarina
Chinese

Taipei
Taiwan

Taipel
Talivan

Taipel
Taiwan

Taipei
Taiwan

Mandarin
Chinese
Je-Jyang

Mandarin
Chinese

Taivanese

English
Japanese

S e e S e S e G S e S G em g S S S G S Gae SIS G S G S G T G D G S GERS S e G e R e S G S G — -

According to Kolker (1975),

order to study

a speaker's



-
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Linguistic Backgrounds of the Subjects

A —— i ———— — ————— T — — — — ——— — — - ————— T —— . ————— — —— - —— —

TABLE

IIB

1 L
| i
| |
| |
| |
| i
| |
| |
{ Informant 4 5 6 {
| - e — e m———— = |
i Name Ma S-F Gu J-J Ou H-Y |
| —==—mmm e e e e s — e ————— - |
| |
| Sex Male Male Male i
l |
| Age 27 28 27 i
| |
| Dialect Mandarin Mandarin Mandarin |
i Chipese Chinese Chinese |
| |
| Place of Birth Taipei Taipei Taipei i
] Taiwvan Taiwan Taiwan |
| |
| Elemeatary Taipeil Taipei Taipei {
| School Taiwan Taiwvau Taiwan |
| |
| High School Taipei Talipei Taipeil |
| Taiwaun Taiwan Taiwan |
| |
| College Taipel Taipei Taipei i
| Taiwan Taiwan Taiwan i
| |
| Dialect spoken Mandarin Mandarin Mandarin |
| by parents Chinese Chinese Chinese |
| Je-Jyang Jyang-Syi |
| |
I Dialect spoken Mandarin Mandarin Mandarin |
| at houe Chinese Chinese Chinese i
| |
| Other dialects $ O Taivauese |
| |
| Proficiency 1n English English English |
| other languages : i
| |
L 3
computational processes during speech production, a study a
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corpus of spoutaneous speech would be most desirakble. In
addition to this study, the need for a controlled experimen-
tal setting is 1indispensible as well. Thus, settiang up a
story readiny paradigm becomes necessary in order to erxamine
certain effects of speech rates on tone sandhi in Mandarin
Chinese. However, since the interplay of other influences oan
syllable timing, (e.g. The change of speaking rate and the
pause in the middle of a constituent) would mask any systea-
atic effects of the reading, some seall magnitude of the
complement effects would presumably be impossible to ascer-
tain from a corpus of spontaneous speech. Therefore, a pre-
liminary test was carried out. One subject was asked to
test the rate of three various speeds under the requireaent
that in fast speech she is supposed to read as fast as pos-
sible without any difficulty. The time for the fast speech
is one ainute faster than that of normal speech, and as for
normal speech, 1t 1s one minute and twenty seconds faster
than slov speech. As a result, before the experiaent start-
ed, any possibly awkward words or pronunciations were delet-

ed from the paradign.

Accordingiry, a narrative reading procedure was adopted in
this study iu which the phouetic form of the utterance wvas
tightly controlled. 110 pairs of disyllablic utterances or

test items, were collectad. They were evenly scattered with-
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in 33 sentences (Appendix I&II). Each sentence in the story
contained one or more key phrases (conpounds), placed at the
locations of putative syntactic boundaries. Each one of them
also had the same approximate sentence intonation contour.
The reading list was prepared in Chinese characters. Each
pair coasists of one @ember with the sequence of lexical
tones 3-3 and 3-3-3. For examples; 'Syau Jye' (Miss), ‘'Jdeng
1li Hau' (all set) etc. are such pairs. (see Table III)

IvV.2. Eguipaeunt:

All the instruments described are 1located in the lin-

guistics lab at Ohio State University.

1. Microphone:
An Electro-Voice model RE 11 aicrophone was used for
the voice recordings of the six Mandarin Chinese speak-

ers. The recordings were made in a sound-treated booth.

2. Casette-Tape Recorder:
The voice recordings of the Mandarin speakers were aade

with a high-quality model T2M cassette Tape recorder.

3. Reel-to-reel Tape Recorder:
The recordings of the casette tapes were selectively
dubbed with the appropriate preamplifier model TEAC

40-4 4 chanmnel recorder/reproducer.
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TABLE III | :
Test Tokens of Tone 3 for Analysis :

|

/J\,ﬂﬂi Syau Ya Girl's name

EJ }(, {1 jyou for a long tiame
3??/J\4ﬂ1_ , Liou syau jye Miss Liou

% :g\% you dydn somevwhat

E&:;'i,k% chu 1li hau all set

~&Z}ﬁ§}€% hau ji bai hundreds of
ji%:tj yan kou close one's uouth

?§£3§E%2§ jeng 1i hau all set
éi/q\ﬁfi Lee syau jye Miss Lee

E\Ki Gen ju bi Editor Gen
‘%@%ﬁ myan chyan force

- X =

7§4\}<\){{ Chyan Shwei fu building's naame

e o e e - e Em G S g e ame S snn B Gnn ST EER G SR IR GEe S

4.

Sound Sonagraph:
A Voice Print 700 series spectrograph was used to ama-
lyze the informant's speech to obtain w@measurements of
formant frequencies (vowel gquality), fundamental fre-
guency (voice pitch). The recordings on the reel -to-

reel tapes were played into the spectrograph. Frequen-
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cy, from 0 to 2000 Hz, is shown along the vertical axis
in Hz. The relative intensity of eaéh componant fre-
quency 1s shown by the darkness of the mark. The for-

mants show up as dark horizoatal bars.

5. Sound-Proof Booth ——-IAC Anechic Chamber

IV.3. Procedure:

Fach speaker vwas recorded imndividually in a sound-imnsu-
lated chamber for 3 minutes to 5 minutes per session. During
the time, the speaker was typicaily asked to produce the de-
sirable reading speed. He was asked to read the article

three times by using three kinds of utterance speed.

At the beginning of an experiment, the speaker was told
that the general purpose of the experiments was to study the
timing control of tone sandhi. The speaker was then told
that he would be given practice imn reading a short paragraph
in order to traim him/her to utter each sentence as a uni-
tary whole, as if it were spoken spontaneously, rather than
word-by-vord reading. Following the practice reading, the
speaker was asked to utter the beginning sentence aloud

once, providing the experimenter with a final opportunity to
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check recording levels. The speaker was asked to say each
token of the sentence at the same overall fate and with the
same rthythe. In the first session, he/she was told to speak
as carefully as possible. Purthermore, he/she was urged to
speak as naturally as he/she could. In the final session,
he/she was instructed to speak as fast as he/she could but
without blurring the intention of communication. Betwveen
reading, the speaker wvas provided a short rest period, and
encouraged to take a drink of water, and then asked to begin

the practice procedure vith a new speed.

In case of mispronunciations during the test, the speak-
er was told to disregard them. As for any changes of the
speed rate, the speaker was told to pavse, and then read the

article all over again.

While reading, the speaker maintained a constant position
to the microphone.He/She was instructed to register ~3 db on
the sound level meter. The levels were selected after trying
out two speakers to find feasible limits and after alterna-
tive ingtructions that were worded in terms of degrees of
vocal effort. The intensity levels were equalized.: 1And
then, the casette-tape recordings were selectively copied to
a TEAC 40-8 B channel recorder/reproducer. The final step is

to make spectrograms.



Chapter V

EXPERIMENTAL RESULTS

Time is a very critical factor in this experiment. Table

I1I shows the time that edach subject took in recording the

reading at slow, normal and fast speeds.

] 1
|

| TABLE 1V {
i i
| Time Tavle uvf Six Subjects i
{ |
[ |
e e [
| Subj/spl 1 2 3 4 S {
| === e et e |
{ Name [Tsal S-8 Liu S-M Lee Y-M Ma S-F Gu J-J Ou H-Y|
|- ittt |
i | |
] Slow Spl J4:42 04:38 05:21 05:53 04:29 07:27)
[ ' |
| Norm Spl 03:47 03: 11 03:32 03:58 03:34 04:36|
| | {
| Fast Sp, 02:63 02:28 02:34 02:33 02:17 01:59})
i | i
L 1 A
Subject one, four and six did not show much variation of in-
creasing speech speed between Jdifferent reading speeds. The
ratio for increasing speech rate is approximately egual be-
tween slow-normal, and normal -fast speed. The timing re-
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sults of subject 2 and suject 3 show that the increasing
rate betwveen slow and normal speed is alldst over twice as
nuch as that between normal and fast speed. This might imply
that even in ordinary (natural) speed, subject 2 speaks much
faster than the other subjects. As for subject 5, the timing
ratio for speeding-up betweea slow-normal speech and normal-
fast speech is 1:2. We are, therefore, able to infer froa
this result that there is a lot more variation between slow-
normal speech than between normal-fast speech. Of all the
subjects, subject 6 spent the longest time in reading the
article for the slow-speech recording, and also was the
fastest of all in reading the text for the fast-speech re-

cording.

In all, 728 narrow-band and wide-band spectrograms wvere
made to trace the course of the fundamental frequency in de-
terming the tonal contours and durations. The fundamental
frequency wvas measured by dividing the chosen harmonic,
which is supposed to be the most obvious one within a for-
mant frejuency, into 5 points. PEach point and duration were
measured according to the formsulas shown in PFigure 1A amnd

Table V.
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Pigure 1A
the Calculations of
Pundamental Prequency and Duration

For example: *Myan®

e

—L - e cmeads g o e AP g DS EED Ghe A G GEe S LS ome L A 'Ull WL UUR s of

FOdur=(90nn/318am)x2.4 sec

Rarmp=3; fp1=25am; POp1=(25am/400mn) x1000HzZx (1/3) |
' Hp2=21mm; POp2=(21am/800mm) x1000Hzx (1/3) |
Pdur=90am 1P3=19mm; ° POp3=(19am/500mn)x10008zx (1/3) |
' Ap8=18as; POp4=(18mm/400mn) x1000Rzx (1/3) |
Rp5=23mm;- POpS=(23mm/800mn) x10008zx (1/3) |

Porsulas of |
the Calculations of PO and Duration

— TR Sm T GER YW ey Sy Wl S — Y s aan e TER gun TER (e GED GED cmn G S S oz S G- gy YD g D

POp=(Hp/4800mm) x 1000 Hz x (1/Harmp)

FOdur= (Fdur/318msm) x 2.8 sec

POp=the measurement point of the fundamental freauency
Hp=Height between the point and baseline of the for-

mant frequency

-y N TR emn T Egp T wwn WD

POdur=Duration of the measurement formant frequency

Harmp=the harmonic which the measurement point is
located

-———--———-—-—4—
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All the calculations were done by computer. Finally, only 79
spectrograms of the twelve tokens at careful, normal) and
fast speeds were selected for analysis. These tokens wvere
all located in the middle of the sentence. Choice of these
token was based on the method used by Lehiste(1982),2 Lind-
blom and Rapp (1973). 1In 1973, Lindtlom and Rapp found that
there were some influeaces of dJdifferences in  subglottal
pressure on seg@mental timing. In order to neutralize any
possibility of the above-mentioned influences, it would be
extremely necessary to choose the test tokens in the middle

of the sentence.

As a result, one monosyllabic word *'Myan' pronounced by
six subjects respectively at 3 kinds of speeds was cited as
an example to demonstrate the possible variations within one
subject. Figqgures 2, 3, 4, 5, 6 and 7, belonging to sukbject
1, 2, 3, 4, 5 and 6 respectively, are the narrow-band spec-
trograms of 'Myan' within 1000 Hz. Figure 1B shows the ci-
tation forms of tone 3 'Myan' and the case of being pro-

nouaced as tone 2 recorded by the aathor.

2 Professor Lehiste suggested the author to choose the test
tokens in the middle of a sentence.
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spectrograms of MNyan' '
at Slow, Normal and Fast Speech
_ i
Slow Speed Norm Speed Fast Speed

Slow Speed Nora Speed Fast Speed
Figure 3: Subject 2
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Figure 4: Subject 3



Slow Speed Nora Speed’ Fast Speed
Pigure 5: Subject &4

Slow Speed Nora Speed Fast Speed
FPigure 6: Subject S

Slow Speed Nora Speed Pést Speéd
Figure 7: Subject 6

These spectrograms are narrow-band of expend -5 withia
1000 Hz. Subject 4 shous am obviously different output

which is hard to measure.
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According to Figure 2 to Figure 7, some following obser-

vations can be made:

*, An obvious vowel-like nasal bar preceding each for-
mant frequency cam be easily seen. This is due to the
fact that the word Myan' begins with a nasal conso-

nant.

*, 1In careful speech, variations of the contours of
tone 3 within six subjects exist. For subject 1 and 6,
the contours of the tone tend to be rising-like. As for
subject 2, 3 and 5, the contours of the tone are flat-
ter in comparison wilith those of subject 1 and 6. The
vague contour in Figure 5 might te the result of amisar-

ticulation of tokens by speaker 4.

*, As speech speeds up, the contour of tone 3 becomes
increasingliy level. At the stage of fast speech, the
degree of evenness reaches its highest degree. For sub-
ject 4, the tone contour of the fundamental frequency
at fast speed still has fall-rising shape. 1In addition
to this, unnecessary frictioa took place during the

pronunciation.
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*, Froa the viewpoint of duration, each subject except
subject 6 shows much more consistent results with re-
spect to slow, normal and fast speech. To sus up, the
duration is longest at slow speed and shortest at fast
speed. Nevertheless, subject & has variant results for

the duration at normal speed.

In each graph, the triangles represent the fundamental
frequency values of tone 3 in slow speech, the plus *+°
signs stand for those in normal speech. And the fundamental
frequency values of tone 3 in fast speech 1s represeanted by
the sign of 'x'. Each triangle, *+' and 'x' are the results
of the calculations done by computer. The duration within
each one of the fiqures had been normalized already. Like-
wise, by observing Figure 2.1, 3.1, 4.1, 5.1, 6.1 and 7.1,

some remarks can be made in the following:
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* In the result of our experiment, the fundamental fre-
quency of the female voice 1s around 180-280 Hz, while
that of the male voice 1s within 80-130 Hz. Subject 6,
however, shows am extraordinarily large aamount of var-
iance during the normal speech. The fundamental fre-

quency is up to 180 Hz at normal speed.

*, Subject 2 and subject 3 show variant tone contours
at slov speed. Pigure 3.1 and 4.1 indicate that the
fundamental frequency at slow speed of 'Myan' for sub-

ject 2 and 3 tends to decrease.

*, As for normal speed, Fiqure 4.1 and 5.1 show the ir-
reqular contours at normal speech. For subject 2, the

tone contour is flat as well.

*, Begarding fast speech, almost each tone contour of
fundamental frequency 1is steady-state except for that
of subject 3 and 4. Figure 4.1 shows a gradual down-
drift, while for subject 4, the fundamental fregquency

of tone 3 still retains the slow-Speed contour.

*. The fundamental freguency of slow speech in the fig-
ures dispiayed 1is higher thamn those of normal speech

and fast speech Subject 5 shows the contrary result in
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Figure 6.1, Figure 5.1 and Figure 7.1 show that the
fundamental frequency of normal speech is much higher

than that of slow speech.

After the investigations of the spectrograss previously
mentiouned as well as the graphs on Figure 5.1 , subject 4§
was eliminated from any further analysis, because he showed
the anomalous result of tone contour at fast speech contrary

to the other subjects.

Figure 8 and Figure 9 show the results of mean normalized
fundameutal trequency of tone 3 by collapsing across twvelve

tokens and five subjects respectively.
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We are able to tell from the graphs that as speech speeds
up, the tone contour of the fundamental frequency tends to
be flatter and the degree of the slope decreases as well.
In slow speech, the graph shows a perfect +tone-3 contour
with fall-rising shape. The fundamental frequency decreases

as speech rate increases.

Figure 10 demonstrates the result of non-normalized fun-

damental freguency of tone 3 collapsed across twelve tokens.
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Compared with that of Figure 8, the contour of the fundamen-
tal frequency of tone 3 at slowv speed is not so obvious as
that of normalized one. Nevertheless, the slight difference
among the three kinds of speed 1s still detectable. The con-
tour of tone 3 at fast speed is the most impressive one. It
is characterirzed by the evenness of the tone contour of the
fundamental frequency as indicated by the above-mentioned

figures.

Figure 11 to Figure 15 belong to subject 1, 2, 3, 5 and 6
respectively. They show the values of the fundameantal fre-

guency of tone 3 by collapsing across twelve tokens.
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The following results again confirm the observations made

with regard to a single token *'Myan':

*. The fundamental frequency of female voice is higher
than that of male's. For subject o6, the distributiom of
the fundamental frequency concerning various speeds is

much more steady.

*., At fast speed, the tone contour of fundamental fre-
quancy once more confirmed the previous findings, that
is, a tendency towards flatness.

¥, The faster the speed is, the higher the fundamental
frequency is. Figure 11, 12, 13 and 15 provide suffi-
.cient evidence for this finding. On the other hand,
sub ject 6 shows a different result. At slow speech,
the fundamental freguencies of tone 3 at normal speech
and fast speech almost combkine together regardless of
the beginning point. Like subject 6, the lowest funda-

mental fregquency i1s the one at slov speed.

From the tone contour point of view, the faster the speed
is, the flater the contour will be. HMost of the tone con-
tours at fast speed were found to be level as claimed by

2ee {1980) .



Chapter VI

ANALYSIS

The validity of any experimental results 1is unreliable
until they are confirmed by further sclientific tests. There-
fore, some statistical tests in this chapter will be demon-

strated 1n order to support the experimental findings.

In examining the spectrograms, we assuped that time had a
close relation with the duration of a formant frequency.
This assumption was confirmed. Table V shows the individual
mean of the durations of twelve tokens. Subject 6 shows the
longest
as well as the shortest durations, that is, 324.5 msec and
80.5 msec respectively, of all the subjects. And, he shows a
significant variance of durations between speeds. The mean
duration of slow speech 1s twvwice as long as that of noraal
speech, and the ratio of duration between normal and fast
speech 1s 1:2 as ¥ell. Tor subject one, the duratioms be-
tween normal and fast speech do not have much differénce as
compared with the others. The mean of durations for fast
speech is only 25.7 msec shorter than that of normal speech.

This result is mainly due to the nonsignificance of increas-
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TABLE V

Mean Duration of Each Subject (in msec)

e e . . G G —————

seoswi ] 1 2 3 s e
vame | Tsai -8 Liu S-8 Lee Y-N  GU J-d  Ou A-S
v L
|} slow sp : 212.5 272.9 244 214.4 324.5
: nora sp : 137.1 166 153.4 155.9 162.8
i fast sp ; 11.3 123.2 118.8 112.5 80.5
. '

he e e e . s e e e e G e — e G e o

ing speed that subject one applied ia the experimeunt. The
difference between speeds of the other subjects 1is rather
cousistent. For both subject 2 and subject 5, the difference
of duration between normal and fast speeds 1is around 43
msec. As for the speeds between slow and normal speech, sub-
ject 2 and subject 3 have the siailar variaace: around
90-100 msec. For subject 5, the difference is only 58.3
BSecC. This is attributed to the fact that the timing dif-
ference for subject 5 at slow and normal speeds 1is only 55
seconds. Consequently, the smaller the difference betveen
the time of two speeches, the smaller the difference Betueen
the durations will be. The <close correlation between the

time and duration, thus, is shown without doubt.
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In order to analyze the difference within two groups,
i.e. slow and normal, normal and fast speeds, a t-test wvas
adopted. The t-value for amalyzing slow and normal speeds
is 6.922. And froa the T table we obtain a critical value
that is 2.074%. Thus, the null hypothesis rejected and a coa-
ment was made as follows: The groups from two populations do
not have the equal mean , 1in other words, different speeds
influence the duration of the fundamental frequency. And the
t-value for amnalyzing normal and tast speeds is 3.8548,
which is greater than the critical value from T table. Thus,
a significant difference exists between normal and fast
speeds. By comparing these two t-values, we can see that the
degree of significance of variance tetween slow and normal
speeds is obviously larger than that between normal and fast
speeds. Therefore, one remark can be made regarding these
results: The change of dquration between slow speech and nor-
mal speech is much greater than between normal and fast
speech. Furthermore, the variance of the mean of duration
betvween slow and normal speeds is 98.6 msec, whereas, it is

45.7 msec between normal and fast speeds.

With respect to the tone contour of fundamental frequency
among three groups of dependent variables, i.e. slow, normal
and fast speeds, a two-way analysis of variance was used to

analyze groups of data in order to provide the evidence that
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the fundamental frequency of tone 3 is definitely influenced
by speech speed. The results of analysis fbt subject 1, 2,
3, 5 and 6 are shown in Table X to Table XIV respectively.
The ANOVA summary table for normalized fundamental fregquen-
cies collapsed across the twelve tokens 1s shown in Table
VII. Table VIII shows the result of F-test by collapsing
across all five subjects. And the result of F-test for non-
normalized fundamental frequencies by collapsing across
twelve tokens with respect to slow, normal and fast speeds

is displayed in Table IX.

Based on Table VII to IX, some observations in terms of

the

TABLE VII

ANOVA Summary Table for Norm-FO Across Words

P——‘__——_-—_—____‘_q
S e e e e S o S G Gt GEe S oEe G owe NS awe e o

Source | S5 DF MSs F

_______ -l e —— ————— > T — — — — - — — A -} U =l e e -
|

pos l 1268.5 4 317.1 4.25
|

sp | 982. 3 2 491.1 6.593
|

posxsp : 463.9 8 57.99 0.778
]

error | 12292.3 165 74.49
I
[
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i TABLE VIII i
| |
| ANOVA Summary Table for Norm-FO Across Subjects |
| |
| i
i AR [
| Source SS DF MS P {
| = m oo mm oo [
| |
| pos : 528. 63 4 132.1 2.6268 1
| |
| sp | 409. 33 2 204.66 4.7839 [
| | I
| posxspl 1193.3 8 149.16 2.965 |
| ' |
| error | 3018.39 60 50.3 i
| I [
4 2
TABLE IX

ANOVA Summary Table for Non-Norm FO Across Words

o e e e G G e — . ——

______ e e
Source| SS DF AS F
______ .t..__..__--.._..___-_-_..-_.__.__--.._-__-_-..____..___-..-
|
pos I 5525.8 4 1381. 4 41.57
[
sp t 3428.7 2 1714.35 51.59
i
posxsp: 6930.6 8 1116.32 33.59
error : 5483.3 165 33.23
[

D o S S . B R L S e S A I Gme G ome e S )

relationship between fundamental

various speeds can be made as follows:

frequency of

tone 3

and
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Most of the cases show that the P value in speed is
much more significant than in position. Thus, the value

in speed vwas chosen for discussion.

*. The critical value from the F table for two degrees
of freedom in the numerator and 165 degrees of freedoa
in the denominator and =.05 1s 3. Since the values
of F for speed are 6.593 and 51.59 respectively in Ta-
kle VII and IX which are greater tham the critical
value 3. Thus, the null hypothesis was rejected. The
three groups of slow, normal and fast speeches do not
come from the populations with equal mean, that is,
different speeds of speech do have an effect on the

value of the fundamental frequency of tone 3.

*. For the normalized fundamental frequency across five
sabjects, the values of F-test for speed is 4.7839
vhich 1s greater than the critical value from the P ta-
ble for 60 degrees of freedom in the denoaminator and 2
degrees of freedoam in the numerator. Thus, the signif-
icance of F value for speed further confiras that speed
of speech does have influeantial effect on fundamental

frequeacy of tone 3.
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Table X to Table XIV show the rasult of individual analy-

sis for subject 1, 2, 3, S and 6, by collapsing tvelve to-

kens.

L o L}
[ |
| TABLE X |
| |
| ANOVA Summary Table for Subject 1 {
| |
| l
| —---=- B T [
| Source | SS DP Ms F |
e ettt ittt bt i
| | |
| pos I 3738.8 4 945.97 2.827 i
| I |
| sp I 8584.8 2 4292.43 12.829 {
| i |
| posxspl 2822.2 8 352.78 1.054 [
i | |
| error 55205.9 165 334.58 |
! 1 !

The values of F of five subjects are 12.829, 39.566, B8.9564,
3.917 and 25.563 respectively which are highly significant
for speed. Consequently, the individual case further demon-
strates that the speech speed does have influence Von the
fundamental frequency. Table XIII unlike the others shovs
that the value of F for speed 1s slightly greater than the
critical F value. The degree of significance of its vari-

ance somewhat decreases compared with others.
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TABLE

XI

ANOVA Summary Table for Subject 2

bt e can e e S e e e S S e SEn e e

p—————_—_—————_———’_q

Source | SS DF NS P
_______ e e o e e e o = = = = " o B T P e " o - =
|
pos : 10881.07 4 2720.26 35.977
Sp I 5983.198 2 2991.59 39.566
|
posxsp | 6336.659 8 792.08 10.475
i
error | 12475.57 165 75.609
|
L
i
TABLE XII i
[
ANOVA Summary Table for Subject 3 |
|
|
DU St it [
Source | SS DF MS F §
ettt et |
[
pos : 5465. 85 4 1366. 46 1.5594 |
[
sp : 15696 2 7848.002 8.9564 |
[
posxsp; 3399.05 8 424,881 0.4848 |
[
error | 144579.6 165 876. 24 ]
|
I J
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ANOVA Summary Table for Subject 5

TABLE

XIIIX

e —s e e e s e G G S e e e S G AR G S e O

Source| SS DF Ms F

_______ = e

pos | 13596.91 4 3399.22 1.8914

sp : 14080.69 2 7040. 35 3.917

posxsp | 1321.66 8 540.207 0.03

[
error | 296535.79 165 1797.18
|

[ ] L
| l
i TABLE XIV |
| |
| ANOVA Summary Table for Subject 6 {
i |
| |
Tt it |
| SourceI 5SS DF MS F i
I |
| ' |
| pos : 7717.7 4 1929.425 16.65 |
| |
| sp | 5923.5 2 2961.75 25.563 |
| | |
| posxsp; 5475.42 8 684.42 8.6312 |
| , |
| error | 86820.9 165 115.8583 |
| | )




Chapter VII

DISCUSSIOB AND CONCLUSION

VII.1 Discussion:

This part of the chapter will be devoted to a discussion
of the findiugs obtained from the experiment. It is divided

into sections presented as follows:

Vir.1.1. Duration:

The data presented in this study are in agreement with
earlier results, reviewed in the literature survey, showing
that at fast speech the duration of the nuclear vowel of
tone 3 is much shorter than at slow speech or normal speech.
The mean duration of five subjects at slow speech is 253.7
msec, at normal speech it is 155 msec, while at fast speech
it is 109.3 msec. Thus, the faster the speed is, the shorter
the duration is. Besides, the results of t-test iﬁdicate
that the degree of significance between slov and normal
speech is greater than that between normal and slov which

is 3.8548. 7The difference between slow and normal speech is
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far greater than between rormal and fast speech. And the
mean duration between normal and fast speech 1is #45.7 msec.
The difference between these two variances leads to the re-
sult that the duration does not change relatively among
slow, normal and fast speech, confirming what we have pre-

sumed.

VIiI.1.2. Fundamental Frequeancy of Tone 3-Is its height 1in

—_——— -

a direct proportion to the speech rate?

Black (1961), froam the physiological point of view, denm-
onstrated the close affinity between the mechanism of aricu-
lation and the value of fundamental frequency. Slow speech
he mentioned was apparently low in fundamental frequency be-
cause of little effort of articulating movement involved.
Fast speech, on the other hand, vtequires greater effort
vhile articulating. Therefore, a much higher fundamental
frequency would be the result as he defined. However, our
finding 1s in contradiction to what Black (1961) thad pre-
sented. We found that the fundamental frequency decreased
as speed rates increased. By referring this to all the fig-
ures disglayed (except Figure 1 to 7), the formant frequeacy
of tone 3 is indeed not in a direct proportion to the speech
rate. Roughly speaking, the lowest fundamental frequency be-

longs to the fast speech. And at slow speech, the value of
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the fundamental frequency of tone 3 normally is high. (Ex-
cept for several few cases which present some abrupt change
of the frequency with respect to speed,i.e.subject 6 is one
of the cases.) Thus, this implies that physiologically, fast
speech 15 supposed to require 1little effort instead of much

articulation effort.

¥i1.1.3. The Reliability of Traditional Viewpoint of Tone 3

Sandhi Phenomena:

It has long been argued that due to the mechanism of ar-
ticulations, tone 3 arbitrarily changes into tone 2. Hockett
(1947) <claismed that phonemically speaking, the changes of
pitch were 1n fact substitutions of one toneme for another
rather than uwonphonemic modifications of tonemes. Neverthe-
less, our case does not yield any consistent results. Frona
the tone contour point of view, Figure 2.1 to 16 illustrate
that even in careful (slow) speech, tone 3 does not retain
its original shape as compared with the one 1n Fiqure 1. The
valley of tone 3 contour becomes less obvious, or in other
words, it is flater. The variability of tone 3 sandhi in
running speech in Mandarin Chinese 1is further confiramed.
Therefore, .t is impossible for tone 3 to retain its value
of contour when followed by another tone 3 even in careful

speech. In pnormal speech, tone 3 does not necessarily change
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into tone 2 as declared in numerous articles. Figure 2.1 to
7.1 support our findings. Almost each subject except for
subject & exhibits a puzzling result opposed to what had
been claimed. It shows that thé falling portion of tome 3 in
sope case becomes flat [12]. And in the other cases some re-
tain its fall-rising contour, some with the rising portion
change into a low level [211]. In Pigqgure 4.1, subject 3 even
shows a zigzag shape of tone contour. As a result, provided
that the claim wmade on tone sandhi had been precise, then
the variability of tome 3 coantour at npormal speech should
not have taken place except the rising contour of tone 2
{35]. Nevertheless, our finding leads us to raise an objec-
tion against the traditional viewpoint on tone 3 sandhi in

Mandarin Chinese.

The hypothesis that in fast speech, the contour of tone
3 would change into rising contour [35], and the following
tone 3's change into level contour [55] was proved to be in-
valid. Our result shows that tone 3 changes into neither
rising [35] nor level [55], 1instead, it becomes low level

contour [ 11] in most cases.

V¥II.2 Conclusion:
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Although the present study examined only a small number

of subjects and a small set of neasurements; the interesting
results of our experiment might be used for the base for the
future research. It 1is no doubt fair to say based om our
experiment that speech speeds strongly affect the duration
and the fundamental frequency of tone 3. The problem of in-
fluence is siumply a matter of degree. The faster the speed
is, the deeper the 1nfluence would be. The conclusion cam be
drawn that as the speech rate increases, the lower the fun-
damental fregquency of tone 3 becomes , and the flater the
contour would be. Any phonological tule with respect to tone
3 sandhi should be set up with great care; othervise, there

is a good chance that the results will be 1invalid.
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Appendix I

A Text—-Reading Paradigm
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Appendix II

4 and 0

3,

2,

Tokens of Tone Three Followed by Tone 1,
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TABLE XVB

Test Tokens of Tone 3 Followed by Other Tones

Tone 3+0 r Tone 3+3+3 | Tone 3+3+3
______________________________ PR
| |

jeng ge : chu 1li kau | liou syau jye
oS AN 5 = R NI S B
chyu dz | jeng 1li hau | lee ]ung gwan

M F sy 1 DRy
syanqg Jje chyan shwei fu gen Jju bi
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