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INTRODUCTION

Unless affecÈed by tone sandhi (see Ch9n9 1973¿46-53 and

Kratochvil 1985 ), the pitch contour of Tone 3 in the mid
poeition in Modern Standard Chinese declarative Eent€nr:es is
generally falLing, tlre same as that of Tone 4, but the pÍtch
of the two tones differs in such respects as the relative
level and the shape of the contour, as seen in the existJ-ng
descriptions of Standard Chinese tones, such as Hovrie 1976,
and in our own material (see Gårding, Zhãng anil Svanteason
L983 and Gårding 1985 ) . I'hese t\.ro tones may aIEo dif fer as
regards the presence or absence of creaki see Hockett
L9472256, \rhere glottalization (i.e. creak) is referred to as
one of the properties of Tone 3.

It has, l¡orrrever, neither been kno\dn which, or the combination
of which of these differences were distinctive, nor have tt¡e
differences been underetood clearly in quantitative terms.
Ttre aim of the experiment described in this paper was to
examine the pitch cÏraracteristics distinguishing from eacÌ¡
other Tone 4 and Tone 3 in such circumstances. It was hoped
that the experimen! would also contribute to the understan-
ding of tone discrimination in continuous Standard Chinese
speectr in general.

Figure 1 shows the F0 contours of these two tones on
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segmentally identical syllables (mài "sell" and måi "buy"),
as said by four male speakers of Stanilaril Chinese in five
prosodic patterns. TÎ:¡êse syllables were said in cornparable

statements with stress equally disÈributed over the pÌ¡rase.

Conpa.rison of Tone 3 and Tone 4 in our material and in other
studies shows that although lhe two tones are realized in
¿lífferent ways by differenÈ speakers, certain features seem

to be invariant. Tone 4 generally starts i\tigh or quickly
reaches a peak, from which it falls gradually lowards a

minimum which is often not reached until in the beginning of
tÌ¡e next syÌlable. Tt¡e thiril lone generally has a relatively
low pitch level throughout the second half of the vowel. This
can be achieved either by starling lower tÌ¡an for Tone 4, or
by making the pitch fall quicker. Ttrese observations
suggested various manipulations for changing Tone 4 into Tone

3 in our experiment.

BASIC DATA

TÌ¡e basis for the experiment was one of the isolateal
sentences Sòng Yán ¡nài niírròu "sòng yán. sells beef",
mentioned above. Since the sentence is voiced throughout
after the initial voiceless fricative I e] in g)gg, its
alternating Tones 4 and 2 gave its pltch contour !}re shape of
a regular sequence of peaks and troughs. fhe key syllable mài

"sellg" eoincided rvith the top of the middle peak (see Figure
21.

(¡) àng v ln m àl

tr'igure 2. Stimulus l, segmentecl
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This and the immediately adjoining parts of the sentence

pitch curve were modified in _various controlled ways, in
order to find out what modification or modifications made the
syllable become perceivecl as carrying Tone 3, i.e. as måi

"buys".

The processing of the original sentence j.ncorporating the
modifícations was carried out by using the programs of the
ILS package. Although only the F0 in the relevant part of the
sentence rras manipulated, ÈÌris resulted in some changes in
the corresponding amplitude values ilue to the automaÈic

adjustments carrieil out by the given Program.

The F0 curve of the whole voicetl part of the sentence ttas

first extracted and segmented by referring to tÌ¡e waveform.

In particular, tÌ¡e boriterlines of the vocalic and nasal

components in the area of the transition from the syllable

Ég to the syllable mài \Àtere established as precisely as

posaible. FO has a maxi-mum reached about 30 ms afÈer the

nasal-vowel borderline in mài, and then it falls to a mínimum

reached in the vocalic part iu of tt¡e follorrring syllable niû'

The periodicity of the vtaveform was undisturbed throughout
the whole syllable, and tt¡ere was no sign of the kind of
irregularièies in iÈ which signal creak.

MODIFICATION OF THE DATÀ

TÌ¡e FO curve of the original sentence was manipulated in
various \¡tays, and each time the respecÈive variant of ùhe

sentence was recorded on a magnetic tape, so that it could
serve as a stimulus in the subsequent perceptual tesL. In
aII, 18 different stimuli were prepared.

the manlpulation followe¿l three main strategies as suggested

from inspection of Èhe realizations of tÌ¡e tones in our

material. FÍgure 3 surmnarizes tl¡ese moitifications, which are

labelled as follows:
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+

+

32 ms
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Figure 3. Design of the stimuÏi.
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l. Peak shifted.

The middte peak was moved to the left (tt¡at is, in Èhe

direction of the beginníng of the .sentence) in four ateps of
32 ms each ( each step corresponding to 5 frames in the ILS
program terms), withouÈ changing its general shape anil t?re

shape of the terminal peaks. The movement. r¡ras thus achieved
only at the cost of shortening the trough preceding the
middle peak and lengthening the trougtr following it. See

Figures 3 and 4 for the four steps of the movement to the
left ( stimuti l-5 ).

2. Peak lowered

The peak was lowered by 2O Ílz (stimulue fI) anil by 40 flz
(stimulus l-'2') without changing its shape and steepness, and

r,r'iÈhout proceeding below the level of the surrounding
troughE. Tl1e movement thus prolonged the trouglts. Stimulua 2,

i.e. step I of the leftward move¡nent by which the niddle peak
was made to coincide with the nasal-vowel borderline in mài,
was used as the sÈarting point. See Figures 3 anil 5 for the
first step of the leftrrraril movement and the ¿\ro steps of
lowering the peak (stinuli 2, L]-, L2).

3. Steepness increased.

Íhe original drop of the curve to the level of Èhe following
trough \¡ras made steeper in three steps (stimuli 13-15), by
aiming the curve to points which were 32 ms, 64 ms and 96 mE

cloeer to the midille peak (again made to coincide vrith the
nasal-vowel borderline of mài first). T'he movement prolonged
the trough following the miildle peak. See Figures 3 anil 6 for
the first step of the leftwarCl movement and the three Bteps
of making the fall of thê F0 curve st.eeper (st.imuli 2,

13-r5 ) .

2+3. Combination of peak lowered anil reased

In a¿ldition, tÏ¡ree stimuli were prepared which combined the
Iast two st.rategies. frhe first and the second of these stimu-
Ii (16-f7) combined lowering of the peak by 20 Hz with making
the following curve drop to points 32 ms anil 64 ms closer to
the peak respectively, an¿l the thírd (stimulus 18) conbined
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Figure 8. Stimulus 6. Creak added.

* måt

1()()
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Figure 9. Result of added creak (stirûuli 6-10,
aE compared to the same stimuli
(stimuli 1-5, solid tine).

dashed line)
without creak

lowering of the peak by 40 Hz with ilropping the curve
point 32 ms closer to tlre peak. (See Figures 3 and 7;
2, 16-18).

to the
Etimuli.

4. Creak added.

Finally, five stimuli (6-1O ) \rere prepared, which ì/ùere

identical to etimuli 1-5, except that simulated creak was
added. Creak was simulated by abrupÈ halving of F0 over the
middle part of the vowel in ¡nài. (Ualving of F0 brought about
by biphasi.c pt¡onation is one of the most common features of
creak in Standard Chinese; for biphasic phonation see Lehiste
1970:59.) See Figure I for the F0 curve of stimulus 6.

61



PERCEPTUAL TEST

The perceptual test in which the subjects were exposed to the
individual stimuli and simply asked w?¡ether they heard Sòng
Yán nài niûròu "Sòng Yán sells beef" or Sông yån nåi niúròu
"Sòng Yán buys beef" in each case, \ras carried out in the
Inatitute of AcousticE, Academia Sinica, in BéijÎng. T1¡ere

were I8 subjects, alt native speakers of Bëijing dialect.
Altogether 6O stimuli recorded on magnetic tape \.rere pre-
sented to the subjecte. Of these sti¡nuli, the firEt six were
used v'r'ith Èhe intention of getting the subjects accuatomecl to
the dat.a, and responses to them were subsequently discarded.
The remaining 54 stimuli were the 18 stimuli deEcribecl above,
each repeated ÈÌ¡ree times in the corpus, anal randomly
orilered.

RESULTS AND DISCUSSION

The results of the perceptual teEt are found in Table 1 and
shown in the diagrams in Figures 4-7 and 9.

T'he reaults indj.cate that all the three strategies according
to vitrich the FO curve r¡ùas manipulaled (leftward shifting of
the turning-point in the syllable g!!, decreaaing of the FO

value at the lurning-point, and increasing of the steepness
of the fall after the turning-point) proved succe€rsful in
changing Tone 4 to Tone 3.

A common alenominator of these cÌ¡anges is a decrease of the F0

average over the segments Iai] of the syllable nài. Figure I0
sho\ds the mài percentage plotted against. the FO averagê for
the Etimuli which did not have aimulated creak. It sl.o\rs thaÈ
listeners aeparated the sÈimuli into three distinct groups:

I. Stimuli which were perceived as carrying Tone 3 (stimuli
4, 5, L2, r5-18).

2. Sti¡nuLi which were perceived as carrying Tone 4 (stimuli
r, 2, 13 ).
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Stimulus Responaes

mar.

2

3

40

53

54

FO average
(Hz)

r84
r70
r48
L26
tt2

I
2

3

4

5

6

7

I
9

10

tl
T2

13

14*
15

16

L7

I8

54

53

26

50

7

35

52

47

52

52

L46
L29

r6L
147

133

r33
r22
r20

mài

52

51

t4
I
o

53

49
1t

0

I
28

4

47

18

2

6

2

2

t mài

96

94

26

2

0

98

91

20

0

2

52

7

87

34

4

II
4

4

I
5

43

*One responge is missing for this stimulus

Table l. Responses to the different stimuli and F0 averaçte
over I ai ].

3. Stinuli for vit¡ich tl¡e results clid not inclicate any clear
preference for one of the tonês (stimuli 3, 11, 14).

The stimulí of group I have a low, rather flat interval at
tlre end of the vocalic segments.

Group 2 Ì¡ave a high, rather flat or rising ínterval at the
beginning of the corresponding segments.

With this description in mind, it is interesting to inspect
ttre dubious cases of group 3, which have percenÈages between
2O and 50. Number 3 (26t) is _falIing throughout the pêrtinent
segments, number 1I (529) is also falling w"ith a very Ehort
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Figure 1 0. Tone 4 percentage plotted against F0 average
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Figure
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11. Mean values and standard deviations (in Hz) for F0
over the first and second half of the segments ai
for stimuli judgeat as carrying Tone 4 or Tone 3l_
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m=155

s=21 .6
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flat part at the end, and number 14 (34t) is falling with
flat parts at both ends.

If rre assume the hl¡pothesis that a flat or rising part at the
beginning of a fall is clraracteristic of Tone 4 and a fIåt or
rising part at the end of a fall is characteristic of Tone 3,

one case above, number L4, has conflicting cues, and the
others (3 and Il) have no distinctive tonal cues at a1l.
Hence our hypothesis fits the three dubious caÉtes. Also our
production data give Eupport to this hlTrothesis. Figure 2,

for inetance, shows l¡o\lt the falling !one6 are precedeil by

rising intervals (except the first, beginning vt-ith voiceless
Is]) an¿t the rising tones are precedeil by flat onês.

Ànother feature which strengthens the h]Þothesis is indicated
by Figure 1I, which sÌ¡o!"s tTre mean fundamental frequency
values and Standard deviations for the first and the second

halves of the vocalic segments of t'he Eynthetic stimuli. For

thoEe judged as Tone 4, the values of thê firEt half have

very little variability compareil to those of the second half.
For Tone 3 the situation is reversed. Here the Eecond half
has little varíability eompareil to t}ìe first ha1f. one may

perhaps concluile that the change to a faII from a certain
leve1 is import.ant for the identification of Tone 4, and a

change from a fall to a certain lot^t level ís important for
Tone 3. If r/e uae the notion of turning pointsl in our
interpretation of the results, we might say tlrat Tone 4 has

an early high turning point introducing a fall in the vocalic
É¡egments I ai], whereas Tone 3 has â late low one ending a

fall in the sarne segments2. T'he following scÌ¡ematic figure
illustrates the Eituation!

c/v c/v

Tone 4
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Our hypothesis may not be r/,r'ithout general perceptual
significance. A Lurning point marka the change from one
clearly perceived ¡node (falling, rising, level) into anothêr
clearly perceived mode and should therefore be a salient per-
ceptual event.

T'he fact that manipulation of F0 was sufficien! to change
Tone 4 into Tone 3 show8 that creak is not a necesaary per-
ceptual cue for Tone 3. It also turned out. that the addition
of simulated creak had very liÈtle or no effect (see Figure
9). fhis indicates that. the preaence of creak is not an
importanÈ cue for the iilentification of Tone 3. Ho\rever, it
is also possible thaÈ creak simulated by greater diEturbance
of the periodicity of the waveform woulcl have a greater
e ffect..

NOTES

1. Turning points are basic concepts in the generative ¡nodel
of intonation developed at Lund.

2. As the FO properties of the prevocalic tr)art in the syllab-
Ie nài had no effect on t?re interpretation of the tone the
syllable carried, the results inilicated support to t?re
hypothesis al¡ouÈ the domain of tone in Standard Chinese
formulated by Howie 1974:L29-48. According to this
hx)othesis, the tone-carrying part of the syllable in SÈan-
dard Chinese is its voiced part r¡ùith the exclusion of the
voiced non-vocalic component which may occur at the beginning
of the syllable.

REFERENCES

Ctteng, C.C. L973. A synchronic phonology of Mandarin Chinese.
The Hague.

Gårding, 8., Zhãng Jiãtù and J-O. Svantesson 1983. A gene-
rative model for tone and intonation in Stan¿lard Chinese.
Working Papers 25, 53-65. Department of Linguistics,
Lund University.

66



Gårding, E. 1985. ConEtancy and variation in standard ChineEe

tonal patterns. Irtorking Papera 2A, DepartmenÈ of
Linguistícs, Lund UniversitY.

Hockett, e.F. L947. Peiping phonology" itournaL of the Ameri-
can oriental society 67.

Howie, it.M. L974. on the domain of tone in Mandarin.

Phonetica 30.

Howie, J.M. 1976. Àcoustícal studi.es of Mandarín vor¡¡els and

tones. canbridge.

Kratochvil, P. 1985. T'he cage of the thiril tone. In PaPers

preaented to wang Li on his eightieth birthday. Hong Kong.

Lelriste, I. 1970. Suprasegmentals. cambridge, Mass.

67




