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TONAL COARTICULATION PATTERNS IN QUADRISYLLABIC
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' TRACT

Meaningful Quadrisyllabic words and phrases in Mandarin were used to study tonal coarticula-
This experiment found that in general the coarticulatory effects are unidirectional, and the car-
r effect does not extend to the ending-point of tone-section and the anticipatory effect does not
d to the starting point of that. The extent of the carryover effect on the start-point of tone-1,
2 and tone-3 in each syllable can be predicted by the height of the ending-point of the preceding
, and the extent of the anticipatory effect on the ending-point of tc_me—4 in each syllable can be
sted by the height of the starting point of the following tones. It is highly probable that tonal
iculation is conditioned by both tone-sandhi and stress. Tonal coarticulation in word or phrase

be related to the speed at which word or phrase is pronounced.

INTRODUCTION

Shen(1990)was the first to provide corroborating evidence to the claim that as Vietnamese(Ham & Kin ,
Yand Thai(Abramson ,1878), tonal coarticulation presents in the production of Mandarin tones. The re-
f her study showed several characteristics of tonal coarticulation in Mandarin. Coarticulation affected the
e syllable ;not only were the onset and offset values of a tone affected, but so were the overall tonal
t . Tonal coarticulation was bidirectional ,but the birectional effects were symmetric ; anticipatory effect
;arryover effect were similar. And it was restricted to contiguous tones. However, the experimental mate-
used in her study were nonsense sequences of three syllable . The speakers were asked to stress each sylla-
1 the nonsense sequences evenly . But in Meaningful words and phrases , each syllable bears different de-
of stress, for example, in trisyllabic words and phrases with normal stress, the last syllable has the
gest stress (the most prominence) ,the first next and the second least(Yan & Lin ,1988). A question is
1 inevitably ; whether or not the manifestation of the tonal coarticulation in meaningful words and phrases
: same as that in the nonsense sequences. The aim of this paper is to study the characteristics of tonal coar-

ition in actual words and phrases for Mandrin and try to find out its patterns.

MATERIAL AND METHOD



It is well known that there are four tones in_ citation form for Mandarin , namely; tone-1¢
tone-2(35) ,tone-3(214) ,and tone-4(51). There are 256 combinations of the four tones into four — sy
group. In the following , ”1” is the symbol of tone-1 , 72" tone-2 ,”3” tone-3 , ”4” tone-4 . So, the
binations are 1111 , 1112, 1113, 11145 ...... Feveons 3 2441 , 2442, 2443 , 2444 3111,
» 3113 , 3114 5 .vveve 3 ouen.. s 4441, 4442, 4443 , 4444 . For each combination of the four tc
two quadrisyllabic words and phrases were selected. For combination of 1111 , " JR B¢ 38 " (go i
pursuit) and "4 K FF 3" (begin doing business tody) were selected ; for 1112 , AN—HEE" (manife
the August 1) and " 22 K A" (flying trapeze) ; for 1113 , "$IELRIR” ((of civilians) support the
and give preferential treatment to families of revolution armymen and martyrs) ; and for 1114 , “P7
#8” (eat , drink and dress) and ” R[] Z” (day break just ); ...... 3 for 4441 , " KB K IE” (ma,
sues of principle) and "3 H B %" (number at most ); for 4442 , "} A" (cure the sickness to sar
patient ) and ”  JBIRHE” (be busy enough with one’s own affairs ) ; for 4443 , "t RAT3%” (world
) and "Hi @i AE ¥ (its getting colder and colder) ; for 4444 , ” = - FF” (all members ) and " {it
#i” (supply to any place). There were altogether 512 quadrisyllabic words and phrases used in this exper
- The test-words and phrases were embedded in the carrier sentence 1} X X X X FFiA] (I say X X
quadrisyllabic word). They were individually written on 4 (cm) X 3 (cm) cards using chinese char:z
They were presented in random order. They were uttered by one native male speaker (phonetician) and re
ed by high-quality tape recorder.

The FO curves were extracted from all these words and phrases by means of pitch indicator (Lin , 19¢
Figure 1 gives the FO curves of 256 quadrisyllabic words or phrases, that have different combination of the
tones,and their waves.

Besides the tone-section, a onset-curving section , or a offset-curving section appears probably on tt
curve in a syllable. Figure 2 gives the FO curves of the quadrisyllabic word ” [ Jili /XB&2” and their s,
waves . In Figure 2 , part ”2” js the tone-section , part ” 1”is the onset-curving section , and part ” 3"
offset-curving section . The onset-curving section and the offset-curving section are caused by the inertia ¢
vocal-cord, but the tone-section carries the information about the distinctive feature of the four tones.

This experiment determined not only the F0Q values of the starting point , the ending-point , and the
ing-point (if there is) of the tone-section in each syllable , but also the FO values of the start-point of the
set-curving section , and that of the ending-point of the offset-curving section . If the initial consonant i
second , third or fourth syllable is voiceless , the F0Q values of these points can be independantly determin
in Figure 1 . But , if the initial in the second ,third or fourth syllable is voiced or zero , a glide-section ¢
has to be spanned across the tone-sections of adjacent syllables. For example , Figure 3 shows the glide-se
of FO between ”if8” and " #&” , and that between ” " and ” X" , this is because the initial of ” B"isv
consonant , and the initial of ” ¥ ” is zero . In Figure 3 , the glide-section is represented by part 4", Ir
experiment , the F0 values of the ending-point in the tone-section of ” " or ” £” was determined to be «
» respectively , to that of the ending-point in the tone-section of ” F|” or "N | because both ¥ 8" and '
were all in the first syllable and had the same tone— 4 , and both ” }” and "2z all were in the third syl
and had the same tone-3 . And the F0 value of the starting point in the tone-section of ” B or " X" to!
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Figure 2 The tone-section ("2") on F@ curve of each
syllable in "B B R®",and the onset-curving section

{"1")and the offset-curving section("3")(lover part),

And the speech waves (upper part).
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Flgure 3 The glide-sactton (*4") on the F@® curve In
"W EX"(left),no glide-section on the FO curve in
R4 B (right)
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qual , respectively , to that of the start-point in the tone-section of ” £b” or "Hl” , because both ” ®” and
AL all were in the second syllable and had the same tone-4 , and both ” X" and "3}” were all in the fourth
syllable and had the same tone-4 . When a glide-section of F0 was spanned across the tone-sections in the adja-
cent syllables , the measurment of F0 value of the ending-point in the tone-section of the former syllable and
that of the starting point in the tone-section of the latter one had to be done on the basis of the rules that had
been used in the example above.

Tow-dimension analysis of variance was performed to examine that whether or not the preceding and fol-
lowing tones had exerted coarticulatory effects on a given tone . When the effects were significant at a. given
level , one-tailed t-test was done to estimate the extent with which the preceding or following tone had exerted
carryover or anticipatory effect on the given tone. In addition , one-dimension analysis of variance was used to
observe that whether or not the coarticulatory effect had extended beyond adjacent tones.

3. RESULTS

Figure 4 shows the mean F0Q values at the overall shape of each tone under the coarticulatory effect of the
preceding tones or the following tones. In order to illustrate clearly the variation in F0 height , the range for
the ordinate is not constant across tones . The time is normalized . It can be seen from Figure 4 that coarticula-
tion indeed present in the production of the tones , because each tone may have more than one F0 curves in
context, which are dispersed clearly at their beginning or ending,and that the extent with which the starting
point in the onset-curving section ,or the ending-point in the offset-curving section is coarticulated by the pre-
ceding or following tones is nearly same to the extent with which the starting point , or the ending-point in the
tone-section is done by the context . It is more important that the tone-section carries the information about the
distinguish feature of the four tones , and the onset-curving section and offset-curving section can not be per-
ceived by native speaker . The perceptual experiment indicated that the difference limen for frequency (AF)
for the onset-curving section is 64 Hz when its duration (AT) is 50 ms » and AF for the offset-curving sec-
tion is 59 Hz when AT is 50 ms , and the relation between AF and AT is suppletiontive (Yang, 1989). So,
Table 1 shows the result of two-dimension analysis of variance only on the tone-section .

It may be seen from Table 1 that the effects of the preceding tones on the starting point of tone-1,tone-2,
and tone-3 in the second , third and fourth syllable , and on the ending-point of tone-1 in the secand one , and
on the turning point of tone-3 in the second and fourth one are significant at 0. 001 level » but the effects of
the following tones on the ending pointp of tone-1 , tone-2 and tone-3 are not significant at 0. 001 level. And
the effects of the following tones on the ending-point of tone-4 are significant , but that of the preceding tones
on the start—point of tone-4 are not significant at 0. 001 level. It must be mentioned here that after sandhi ,
the tone-3 before another tone-3 firstly becomes a mid rising tone or a mid fall —rising tone;then this kind of
the mid rising tone or the mid falling—rising tone is affected like the inherent tone-2 by the preceding tones .
This indicates that the tonal coarticulatory effects are unidirectional.

It can be also seen from Table 1 that the effects of the preceding tones on the start — points 6f tone-1 ,
tone-2 ,and tone-3 in the second ,third and fotrth syllable ,and on the turning— point of tone-3 in the second
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shows the anticipatory effect from folloving tones.
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Table .

Results of two-dimension analysls of variance on

the significance of

the coarticulatory effect that the tone-section is affected hy the adjacent tones
1L ETVHERZIMHSEYTNEMBERENER, S 2T FHEFHGER

the 1st syllable

the 2nd syilable

the 3rd syliable

the 4th syllable

tone-1

start-poing

F(3,71)=21.573
p<0.80!

F(3,83)=6.683
p<o. 901

F(3,85)=9.169
p<0.001

carryover

F(3,57)=1.563

F(3,71)=1.465

F(3,83)=0.715

p>0.001 p>0.001 p>6.001 anticipatory
F(3,62)=11.781 F{3,83)=2. 400 F(3,85i=0.040 carryover
p<o.001 p>0.001 p>0.001
ending-point
F(3,57)=1.241 F(3,62)=4.652 F(3,83)=1.498
p>0.001 p>0.00! p>0.001 antictpatory

start-point

F(3,49)=44.093
P<@.00!

F(3,44)=22,638
p<o.001

F(3,57)=36.855
p<o. 001

carryover

F(3,59)=2.752

F(3,491=2.738

F(3,44)=1.272

p>@.e0! p>@.0e01 p>0.001 anticipatory
tone-2 v
F(3,49)=4,243 F(3,44)=1,405 F(3,57)=1.514 carryover
p>0.001 p>e.001 p>0.001
ending~point
F(3,59)=0.738 F(3,49)1=2.468 F(3,44)=1.698
p>e.0el p>90.001 p>0.901 anticipatory
F(3,43)=17.785 | F(3,53)=11,527 | F(3,56)=19.897 | carryover
p<o.001 p<o0.001 p<o. 001
start-point
F(2,48)=0.799 F(2,43)=1.976 F(2,53)=0.030
p>0.001 p>e.001 p>0.001 anticipatory
F(3,37)=8.751 F(3,53)=4.001 F(3,56)=7.450 carryover
p<0.901 p>0.001 p<o. 0ol
turning-point
tone-3 F(2,48)=0.962 F{2,37)=0.369 F(2,53)=1.340
’ p>8.008!1 p>9.001 p>6.801 anticipatory
F(3,37)=4.479 F(3,47)=1.547 F(3,56)=2,250 carryover
p>0.001 p>0.001 pe.gel
ending-point
F(2,48)=12.295 | F(2,37)=(,966 F(2,47)=2.825
p<e. 00! pP>0.001 p>¢.001 anticipatory
F(3,44)=2.891 F(3,57)=1.464 F(3,67)=0.784 carryover
p>0.001 p>0.00!1 n»e.eol
start-point
F{3.511=2.646 F(3,44)=2.121 F(3,57)=0.604
tone-4 pre.001 n>0.001 p>06.001 anticipatory
F(3,44)=1,302 F(3,57)=2.684 F{3,67)=2.199 carryover
p>0.001 p>¢.001 P>0.001
ending-point
F{3,51)=7.,225 T(3,44)=16.174 | F(3,57)=27.154
p<e.oet nig.an! n<g.o! anticipatory
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Tabie 2.
the cross-tone carryover effect
in the third sylilable is affected by the four tones in

Result

about

of the
the first syllabie

the analysis of variance on the significance of
that the star-point

tone-section

2L AZFTRUBREARIE —EVYOANRADEREED, FESFMEENLER

condition
the 2nd syllablejthe 2nd syliable{the 2nd syllable]the 2nd syllable
as tone-] as tone-2 as tone-3 .as tone-4
tone-1] F(3,23)=6.022 F(3,14)=1.102 F(3,20)=2.099 F(3,16)=].602
© p<oe.05 p>0.85 p>0.05 p>0.05
L
EE tone-2] F(3,11)=1,435 F(3,6)=1.083 F(3,9)=1.168 F(3,6)=3.218
= p>0.05 p>0.05 p>0.05 p>e.0e5
w
;; tone-3] FI(3,10)=0.808 F(3,8)=0. 406 F(2,6)=2,.729 F(3,8)=0.570
p>0.05 p>0.05 p>0.05 p>0.05
-V
=
= | tone-4] F(3,16)=3.742 F(3,13)=3,409 F(3,8)=5.645 F(3,14)=0,143
p<0.085 p<0.05 p<o.es ° p>e.es
Table 3. Results about' the analysis of variance on the significance of the

cross-tone carryover effect that
the

the start-point

of the

tone-section in

fourth syllable is affected by the four tones in the second syllable
I BUFYRMYREAZIE - HETHNNANMAGERRTHER, FESHHBERLER

condition

the 3rdsyllable

the 3rd syllable

the 3rd syllable

the 3rd syllabie

as tone-1 as tone-2 as tone-3 as tone-4
tone-1| F(3,23)=1.291 | F(3,12)=1.554 F(3,19)=1.352 F(3,19)=1.762
o p>0.05 p>0.05 p>0.05 1 p>0.05
=
Z | tone-2| F(3,15)=1.598 | F(3,11)=0.865 F(3,13)=1.343) | F(3,6)=0,293
E; p>0.05 p>0.05 | p>0.05 p>0.05
§ tone-3| F(3,15)=1,275 | F(3,9)=1.611 F(3,11)=0.279
© p>0.05 p>0.085 p>8.05
F =~
= tone-41 F(3,21)=2.599 } F(3,7)=0.516 F(3,15)=0.862 F(3,12)=0.318
p>9.05 p>0.05 p>0.85 p>@.05




Table 4.

cross-tone anticipatory effect that the ending- point of the

1h the first syllable 1s

affected by the four tones in the

Results about the analysis of variance on the significance of the

tone-section
third syliable

R4 R-EVREBREARRCE T NANEADEREHE, FESNEENGR

condition
the 2nd syllable|the 2nd sy!lable]the 2nd syilable]the 2nd syllab)p
as tone-| as tone-2 as tone-3 as tone-4
tone-1} F(3,12)=0.435 F(3,13)=2.003 F(2,9)=6.785 F(3,12)=2.164
© p>0.05 p>0.85 p<o.085 p>8.05
E tone-2| F(3,19)=1.472 F(3,11)=0.071 F(2,8)=0.208 F(3,11)=1,360
= p>8.05 p>0.05 p>0.05 p>0.05
1’2}
v ftone-3] F(3,19)=2,236 F(3,10)=0.911 F(2,10)=0.028 F(3,10)=0.226
- p>8.05 p>0.05 p>0.05 p>0.85
%
=~
~ ltone-4| F(3,12)=1.195 F(3,7)=2.816 F(2,12)=0.939 F(3,11)=0.384
p>0.05 p>8.85 p>0.05 p>@.05
Table 5. Results about the analysis of variance on the significance of the

cross-tone anticipatory effect that the ending-point of the tone-section in
the second syllable is affected by the four tones in the fourth syllable
ES BoETRERAAREENSYNANEABRAREAR, SESVNEFRALER

condition
the 3rd syllablelthe 3rd syliable|the 3rd syllable]the 3rd syllable
as tone-1 as tone-2 as tone-3 as tone-4
tone-1] F(3,13)=1.751 F(3,10)=1.496 F(2,9)=0.254 F(3,12)=1,126
° p>0.05 p>0.05 p>0.05 p>0.85
§ tone-2| F(3,20)=0.262 F(3,8)=0.523 F(2,16)=0.407 F(3,10)=0,66%
= p>0.085 p>0.05 p>@.05 p>0.05
v
T  tone-3] F(3,18)=0.875 F(3,15)=2.865 F(2,7)=4,315 F(3,11)=0,708
o p>e.es p>8.05 p>0.05 p>8.85
= tone-4| F(3,23)=0.725 F(3,6)=0.423 F(2,13)=0.444 F(3,15)=1.762
p>0.05 P>0.05 p>0.05 p>0.05




and fourth syllable are significant , but that on their ending—points are not significant at 0. 001 level , except
for that the effect of the preceding tones on the ending— point of tone-1 in the second syllable is significant .
And the effects of the following tones on the ending — points of tone-4 are significant , but that on the start—
points of tone-4 are not significant at 0. 001 level . This indicated that the carryover effects affect only the
start—point, but do not extend to the ending— point of tone-section and the anticipatory effects affect only the
ending—point, but do not extend to the start—point of tone-section.

Figure 5 shows the results of one—tailed t—test on the coarticulatory effects at the significant level p=0.
05 . It can be seen from Figure 5 that the start—point of tone-1 and tone-2 in the second , third and fourth
syllable,and the ending — point of tone-1 in the second one when following tone-3 and tone-4 is lower than that
when following tone-1 and tone-2. The start— point and some turning— point of tone-3 in the second , third
and fourth syllable when following tone-1 and tone-2 is higher than that when following tone-4; the ending —
point of tone-4 in the first, second and third syllable when preceding tone-4 is higher than that when preceding
tone-1, tone-2 and/or tone-3;the ending—point of tone-3 in the first syllable when preceding tone-4 is higher
than that when preceding tone-1 and tone-2 . start— point of tone-1 is lowered in average of 13 Hz by the low
ending —point of the preceding tone-3 and tone-4 ; start—point of tone-2 is lowered in average of 32 Hz by
the low ending— point of the preceding tone-3 and tone-4; ending—point of tone-4 is raised in average of 20
Hz by the high start—point of the following tone-4 ; start— point of tone-3 is raised in average of 27 Hz by
the high start—point of the preceding tone-1 , 23 Hz by that of the preceding tone-2 ;the ending — point of
tone-3 is raised in average of 9 Hz by the high start—point of the following tone-4.

The start—point in the tone-section of tone-2 is coarticulated by the preceding tones , but its ending —
point is not done by the following tones,therefore,the phonetic feature of tone-2 — —mid rising— — is main-
tained. For tone-4 , only its ending— point is coarticulated by the following tones, but its start — point is not
done by the preceding tones , its phonetic feature— —high falling— —is preserved . Dispite the fact that the
start—point , or the ending—point of tone-3 is coarticulated by the preceding tones, or by the following tones
» its phonetic feature — — low — — s kept . It can be seen from Figure 5 that for tone-1, two kinds of FQ
contours have appeared by the coarticulatory effect, one is slight falling , the other is slight rising . The maxi-
mum of the rise for tone-1 is only 8 Hz , that is much more smaller than the minimum (27 Hz) of the rise for
tone-2 3 the maximum of the fall for tone-1 is only 3Hz , that is much more smaller than the minimum (40
Hz) of the fall for tone-4 . It is much more important that even though the F0O contour has slight falling or
slight rising , it is perceived as tone-1 by the native speaker . Although the start—point , or ending—point in
the tone-section of the four tones is affected by the coarticulatory effect , each tonal identity is maintained .

This experimént observed the cross— tone coarticulatory effect. Table 2 shows that the carryover effects
of the four tones in the first syllable on the start— point of each tone in the third syllable under the second sylla-
ble respectively as tone-1 , tone-2 , tone-3 or tone-4 are not significant at 0. 05 level ,except for that on the
start—point of tone-1 in the third syllable under the second syllable as tone-1, and that on the start —point of
tone-4 in the third syllable under the second syllable as tone-1 , tone-2 or tone-3 , which are significant at 0.
05 level . Table 3 shows that the carryover effect of the four tones in the second syllable on the start— point of
each tone in the fourth syllable under the third syllable as tone-1 , tone-2 , tone-3 , or tone-4 are all not sig-



nificant at 0. 05 level . Table 4 shows that the anticipatory effects of the four tones in the third syllable on the
ending—point of each tone in the first syllable under the second one as any given tone are not significant,ex-
cept for that on the ending—point of tone-1 in the first syllable under the second syllable as tone-3 , which is
significant at 0. 05 level . Tabie 5 shows that the anticipatoryi effects of the four tones in the fourth syllable on
the ending— point of each tone in the second syllable under the third syllable as any give tone are not significant
at 0. 05 level. It may be obtained from above— mentioned result that when the significant level is 0. 05 , coar-
ticulatory effects in general do not extend beyond adjacent tones.

As it has been demonstrated above that tonal coartiéulation does not extend beyond adjacent syllables ,
tonal coarticulatory effect is unidirectional and tonal coarticulation affects either start—point or ending —point
of tone-section, therefore, the extent with which the start — point of the tone-section in tone-1, tone-2 and
tone-3 is affected by the carryover effect can be predicted by the height of the ending— point in the preceding
tones ,and the extented with which the ending — point of the tone-section in tone-4 is affected by the anticipato-
ry effect can be predicted by the height of the start—point in the following tone. This experiment preliminarily
found out the tonal coarticulatory pattern in the quadrisyllabic words and phrases of Mandarin.

4. CONCLUSION AND DISCUSSION

The results of this experiment on tonal coarticulation in Mandarin are summarized as follows:

(1) Tonal coarticulation only exert on two adjacent tones , that is , coarticulatory effect does not extend
across tones . _

(2) Tonal coarticulatory effects are unidirectional, that is , Mandarin tones are affected by either the car-
ryover coarticulatory effect or by the anticipatory coarticulatory effect . The carryover coarticulation affects
only the start— point of tone-section , and the anticipatory coarticulation does only the ending—point of that .

(3) Tonal coarticulation is manifested in terms of changes in F0 height, but not in FO0 direction . Changes
in FO height do not affect the tonal identities .

(4) The extent of the carryover effect on the start— point of tone-1 , tone-2 and tone-3 in the second ,
third or fourth syllable can be predicted by the height of the ending— point of the preceding four tones , and the
extent of the anticipatory effect on the ending — point of tone-4 in the first, second or third syllable , and that
of tone-3 in the first syllable can be predicted by the height of the start—point of the following tones .

The conclusions of this study concerning that coarticulatory effect does not extend across tones and tonai
coarticulation does not affect the identity of tones are in agreement with what has been found in the paper ( shen
, 1990). But this experiment found that carryover effect does not extend to the ending—point , and anticipato-
ry effect does not to the start—point , and the coarticulatory effects are unidirectionai. The reason why the dif
ferent results were obtained in the two experiment is perhaps that the experimental materials in our study aie
distinct from those of Shen’s ; one is meaningful words and phrases, the other is nonsense sequences.

In Mandarin ,words and phrases posses not only tone-sandhi , but stress. Words and phras  ; with normal
stress (i. e. , none is in the neutral—tone or the contrasting stress)have their stress pattern as follows : (a)
the F0 range for the four tones falls and widens gradually from the first syllable to the last , and its fower limit



does more fast than the upper one , (b) the FO contour of the last syllable approximates its tone pattern in iso-
lation , (¢) the duration of the last syllable is longer (Yan and Lin , 1988) . Because the upper limit of the
FO range in word and phrase is caused in general by the ending— point of tone-2 and the start— point of tone-4
» the start—point of tone-2 , or the ending—point of tone-4 rather than the ending—point of tone-2 , or the
start—point of tone-4 is perturbed by tonal coarticulation . Because the lower limit of the F0 range in word is
caused in general by the lowest part in tone-3 , the start—point and sometime the ending—point of tne— 3 is
perturbed by the tonal coarticulation . As for tone-1 , this experiment showed that its start — point had been
coarticulated, but its ending—point is probably perturbed . It is highly probable that tonal coarticulation is con-
ditioned by stress in word and phrases. It has been pointed out that tonal coarticulation is also conditioned by
tone-sandhi . A familiar example is that tone-3 before another tone-3 must firstly become a mid rising tone or
a mid falling—rising tone because tone sandhi , and then it is coarticulated like the inherent tone-2 by the pre-
ceding tones . '

It has been stated that if in a trisyllabic word or phrase , the first syllable is in the tone-1 or tone-2 » the
second in the tone-2, and the third in any except the neutral tone, then tone-2 in the second syllable changes
into tone-1 for speech at conversational speed ,but does not change at a more deliberate speed (Chao, 1968).
The phenomenon that tone-2 after tone-1 or tone-2 is changed into tone-1 is caused by carryover coarticulation
in which the start—point of tone-2 is raised by the high ending—point of the preceding tone-1 or tone-2 . It has
been found that the FO curve of tone-2 after tone-1 or tone-2 would proceed to become(slight) fall when pre-

ceding tone-3 or tone-2 (Wu, 1985). This phonemenon is caused by the anticipatory coarticulation in which the

ending— point .of tone-1 is affected by low or mid start— point of the following tone-3 or tone-2. This indicated
that tonal coarticulation in word or phrase may be related to the speed at which word or phrase is pronounced .
Further investigation on this point will be done in another experiment .
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