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ABSTRACT

As a tentative study on temporal structure of Chinese sentence, the purpose of this
investigation is to search the basic frame of temporal distribution in a sentence by observing
the influence of contrastive accent and lexical stress upon durational distribution of the
sentence in Standard Chinese, rather than a general discussion on temproal patterns of
sentences in different syntactic categories.

Relevant approaches have discovered that syllable is the most active constituent on
durational variation, and the lexical — stress based temporal patterns of disyllabic words are
the most stable frame on durational distribution in Standard Chinese. These findings are
revealed again in the present study. According to the data obtained here, we would further
claim that, on the one hand, the manifestations of syllable duration is definitly determined
by its stress status in either the contrastive accent at sentence level or the lexical stress at
word level, but it is varied regularly within the disyllabic frame and it is true in all
different sentence environments; On the other hand, durational distribution in terms of
syllable duration between subunits in polysyllabic constituents, like word or above in
Standard Chinese is also sensitive to the change on stress distribution in a sentence, it
appears in multiplex shapes, but does follow a relatively fixed pattern which is resembled to
the frame of disyllabic words. This process is executed in different speech levels through the
variation of syllable duration. In this sense, therefore, the variation of syllable duration is
the basic factor of adjustment, and the temporal patterns of disyllabic words are the basic

frame in build — up the temporal structure of Chinese sentence.

1. INTRODUCTION

Duration as one of the four key — elements of speech sounds in a language seems to be
simple, but rather complex than pitch, intensity and sound quality. Actually, durational
property is more difficult to be described, since it is unlike sound pitch, which is mainly
correlated to tonal contrast, and sound quality, which is correlated to phoneme distinction,
but there is no such kind of phonological or phonetic representation that can be properly
correlated to durational proterty in linguistics. Whereas, as a matter of fact, durational
property in speech is one of the key — elements that can not be ignored. In the first place,
the prosodic features, such as stress and intonation of a language are closely related to time



domain. As what has been pointed out by Slootweg (1988) and Sluijter (1992), the
metrical structure is predominantly coded in the durational properties of syllable string in
Dutch, similar evidence is also found in Chinese (Lin, T., 1983; Lin & Yan, 1988).
Moreover, some recent approaches suggested that durational relation also can affect segmental
discrimination (Williem J. M. Peeters, 1991; Cao, 1992a, 1992b). Consequently, people
have no way to avoid dealing with such thorny problem either in speech theoretical study or
practical approach, and it is particularly important for speech processing, especially in
seeking of solution on the discrepancy between static linguistic units and dynamic speech
process when one conducts the synthesis and recognition of connected speech. Thus, trying
to find out the regular temporal patterns of natural speech has become an urgent issue in
this area.

Up to date, many of durational studies referred to Mandarin Chinese (as the Standard
Chinese, hereafter is referred to SC) have contributed (e.g. Qi & Zhang, 1982; Feng,
1985; Ren, 1988; Cao, 1989,1991), but only a few of them is concentrated on temporal
organization of Chinese speech. In respect to the temporal structure of bisyllabic word frame
in SC, Cao (1992c) has claimed that temporal structure of bisyllabic word in SC is word -
stress based,i.e. the durational patterns are determined by the contrast of lexical stress. It
is relatively stable and may be kept everywhere as a basic frame in connected speech. To
examine this suggestion, the present study aims at further investigation on temporal
structure of sentence by observing the relationship between stress distribution and durational

manifestation within a sentence.

2. TEST MATERIALS AND METHODS

As what happened in many other languages, the manifestation in time domain of
natural Chinese speech is so complex that one is hard to grasp its temporal structure. The
most prominent expression in this aspect is the complicated manifestations of syllable duration
in the utterence, including durational realization of different syllables in the same context
and that of the same syllable in different circumstances. Qur previons studies (Cao, 1989;
1991) have found that, in SC, the factors that causing of durational variation of a syllable
are multiplex and operating in different ways, but the most direct one among them is stress
status of the syllable in utterence. Consequently, to further discover the temporal
organization in a sentence, the work reported here is concentrated on the observation to the
influence of stress status upon durational variations, including the effect from contrastive
accent shift in sentence level and that from lexical stress change in word domain.

Against the background mentioned above, two groups of test materials are employed in
this investigation. Specifically, the first group includes four clauses, namely, the S1, S2,S3
and S4, each of them consists of the same syllable string but conveyes different
communication information due to different assignment of contrastive accent. Therefore, as it
has been specified in list 1: the semantic prominence of each clause is different from each



other, and so is the placement of contrastive focus correspondingly.

This part of materials were uttered by three native SC speakers, they were asked to
speak these clauses in the assigned contrastive accent.

The second group of test materials is using a syllable string the same as that in first
group, but put into four different sentence environments of A, B, C, D, so that to
automatically carry out the semantic intensions that corresponding to SI, S§2, S3 and $4
respectively, they are specified in list 11.

This group of materials were uttered fluently by nine speakers who come from different
dialect regions, but speak in Mandarin.

Durational measurements were taken from the wide band spectrograms through 5500
work — station. The measurements from group one are regarded as the isolated version, from
which, we try to observe how the durational distribution in a clause is affected by
contrastive accent shift, and try to find out the basic temporal patterns existed in these
clauses; The measurements obtained from group two are regarded as the contextual version,
through which, we try to test that whether the pattern obtained from this group is
identified with that of group one, and to see if it is or not an objcctive law that to be
universally followed by all the speakers, including native SC speakers and those just speak

Mandarin but come from different dialect regions.

List I. Test materials(group one): four different clauses that consists of the same syllable
sequence “zhe [tga] shuang [suan] xie [gie]l bulpul jie [tgic] shils1]” but with
different contrastive accent

MR/ e 10 FAE R AR5 U R 45 54 LAY IO A RS (] R L TD R Y/, o+ R ER

L
Clause Gloss
(in Chinese transcription) (capitalized part is accented)

S1 zhe shuang xie bu jie shi this pair of shoes

* is not DURABLE

S2 zhe shuang xie bu jie shi this pair of shoes
* is NOT durable

S3 zhe shuang xie bu jie shi THIS pair of shoes
* is not durable

S4 zhe shuang xie bu jie shi this pair of SHOES
* is not durable




S4 respectively

List II. Test materials (group two): four carrier sentences that contains the Sl, S2,S3 and

kR 2: 3EE /G S1,S2,S3 1S4 W45 R4

Sentence

(in Chinese transcription)

Gloss
(capitalized part is accented)

wo shou /zhe shuang xie

bu jie shi/, ni shuo ne.
*

wo shuo /zhe shuang xie

bu jie shi/, bie mai ta.

*

wo shuo /zhe shuang xie

I think this pair of shoes is
not DURABLE, what do you think

I say this pair of shoes is NOT
durable, don’t buy it

I mean THIS pair of shoes, in

* stead of that ones, is not
bu jie shi/, bu shi shuo durable
na shuang.
D. wo shuo /zhe shuang xie I mean this pair of SHOES, in
* stead of socks, is not durable
bu jie shi/, bu shi shuo

wa zi _bu jie shi.

3. EXPERIMENTAL RESULTS AND ANALYSIS

Experimental results obtained from this investigation are summarized in the Tables I to
VI. The data in Table I and II represent an outline on durational manifestations of the
syllables and above units in test clauses of group one, and those in Table III and IV
represent the corresponding partners obtained from the materials of group two. Table V
shows a breif comparison on temporal distribution between these two versions. A brief
comparison between different speakers is also conducted, specific situations can be observed
roughly from Table VI.
3.1 Temporal structure of clauses spoken in isolation

Making a survey of the figures shown in Tables I and II, we can see that the
variations in temporal distribution caused by contrastive accent shift are taken place over the
whole clause and appeared as different size of chunk in different speech level, the
specifications can be described as follows.
3.1.1 Durational distribution between phrases in clause layer

As what can be seen from Table II, durational relation between different polysyllabic
units, such as phrases or word — combinations, is varied globally due to contrastive accent
shift in different clause, i.e, the accentual focused unit is elongated and the non — focused
one is correspondingly shortened. For example, the durational ratio of “bu jie shi” is
obviously higher than that of “zhe shuang xie” in both of S1 and S2. Since in either cases,
the semantic prominence is located in “bu jie shi”, though the specific position of the focus
within this unit is different between S1 and S2, as it will be specified in 3.1.2. Whereas,
the semantic prominence in S3 and S4 has been shifted to “zhe shuang xie”, so the



durational relation between the two phrases in S3 and $4 considerablly differs from that of
S1 and S2.
3.1.2 Durational distribution between words in phrase layer

A. In the focused phrase, durational distribution between words is difinitly influenced
by contrastive focus shift in the clause. Namely, the focused word is definitly elongated,
and the non — focused ones are often shortened correspondingly. For instance, the ratio of
“bu” vs. “jie shi” is about 8.4:42.8 in S1 where accent focus is located on word “jie shi”;
while it becomes 18.6:33.8 in S2. It is obvious that, since in S2, the negative word “bu”
is considerablly elongated due to its focused status, and “jie shi” is shortened as a kind of
inner compensations, so that to keep duraticnal ratio of the focused phrase to the whole
clause in almost the same level in both of S1 and S2. Likewise, the adjustment on
durational relation between words “zhe shuang” and “xie” is also taken place in S3 and 4
due to their different stress status in each case.

B. In non — focused phrases, durational distribution between words seems to be rarely
influenced by contrastive accent shift in the clause, comparing with that of their focused
partner, the durational relation between subunits is relatively consistent. For example, the
ratio of “zhe shuang” vs. “xie” is almost the same in S1 and $2 (i.e, 31.1:17.6 in S1
and 30.3:17.2 in S2), and so is the case of “bu” vs. “jie shi” in 83 and $4 (i.e, 7.6:
36.6 in S3 and 5.3:36.7 in S4).

3.1.3 Durational distribution between syllables in word layer

According to the mean value presented in the rows of “zhe”/“shuang” and “jie”/"shi”
in Table V, we can see that, in the level of disyllabic word, the durational relation between
syllables precisely falls into the word — stress(i. e, lexical stress) based patterns which is
found in our previons studies (Cao, 1989, 1992c), namely, the first syllable is slightly
shorter than the second one in NM type (i.e, normal type of lexical stress, see Lin &
Yan, 1988) words, like “zhe shuang”; while it is greatly longer than the second one in NT
type (i.e, neutral type of lexical stress, idem) words, like “jie shi”. This situation
indicates again that, such lexical — stress based temporal patterns arc relatively stable, though
the specific manifestations in S1, S2, S3 and S4 are quite different due to different
assignment of contrastive accent.

Of course, there are some cases, such as the relation between “zhe” and “shuang” in
S3 seems beyond the normal pattern of “zhe shuang”, however, this situation is more
referred to the relationship between the roles from contrastive accent and lexical stress, the
specifications will be discussed later in 4.1.

3.2 Temproal structure of clauses in different sentence contexts
3.2.1 The manifestations of syllable duration in sentence contexts

The figures given in Table III represent mean duration and relative ratio of each syllable
in the test clauses. Comparing with the corresponding figures that given in Table I for the
isolation version, some tendency could be observed.



First, the absolute duration of each syllable in different sentence contexts is varied in all
time, that is , some of them is shorter than its partner in isolation version, but some of
them is in the reversed case. However, as a general tendendy, the contextual version is
slightly compressed, it can be observed from Table I and III by comparing the syllable mean
duration shown in the last three lines from the bottom. The factor that causing of such
tendency is complex, it might involve in physiological and psychological restriction of speech
production and perception, but a direct manifestation is related to the length of a sentence,
though the mean duration of a syllable is not directly in proportion to the amount of syllable
number in a sentence.

Second, considering of durational distribution within certain clause, there seems no
significant difference between the cases of isolation and sentence contexts. If we take a
general comparison on the related figures shown in Table I and III, the durational ratio held
by each syllable in the versions of isolation and sentence context is staying in a comparible
level. This situation indicates that durational relation between syllables within certain clause
is relatively consistent, and it seems not to be influenced by syllable amount of the whole
utterence.

3.2.2 Durational manifestation of speech units other than syllable in sentence contexts.

The figures given in Table II and IV represent the mean duration and relative ratio
held by various speech units in different levels, such as the clauses, words or word
combinations. These data tell us that the temporal structuce of certain speech unit in
different sentence contexts is basically identified with that in isolated version, though the
absolute duration of them is different from that in the case of isolation. Take the word “zhe
shuang” as an example, the ratio of its duration within the isolated S1,S2,S3 and $4 is of
31.3%, 30.3%, 39.7% and 32. 7% respectively, and the corresponding partner in
sentence A, B, C and D is of 32.6%, 26.9%, 37.1% and 29.0%. It is obvious that
temporal distribution within certain clause or word combination is relatively consistent, no
matter the clause is in isolation or situated in sentence environment. For the convenience of
comparison, the durational ratios between words or word — combinations in the both cases are
summarized in Table V, compare each pair of the figures listed in lines (1) and (2), the
relationally invariance on temporal structure of certain speech unit is typically presented.
Moreover, these pairs of figures give an impression that, durational relation between words
or word combinations is quite similar to that of disyllabic words if in terms of syllable mean

duration in each case.

4. GENERAL DISCUSSION
4.1 Relationship between the contributions of contrastive accent and lexical stress to the
durational distribution
According to the situations described in section 3, we can say that the contributions of
contrastive accent and lexic;al stress are different, but not completely independent. On the



one hand, as what has been specified in 3.1.1 through 3.1.3, shift on contrastive accent
will cause an overall adjustment of durational relation in the whole sentence, while the
change in lexical — stress usually only affects the durational relation within the word; On the
other hand, however, the effect of contrastive accent must be executed through certain form
of the lexical — stress based patterns, that is, when the placement of contrastive accent is
identified with that of lexicall stress, like the situation of “jic shi” in S1, the durational
pattern of focused word is kept in original, though the absolute duration of the word and
the focused syllable is extremely elongated. Whereas, when the placement does not agree
with that of lexical stress, i.e., in the case of a lexically unstressed syllable in NM type
word happened to be assigned as the contrastive focus, then the change is not only
presented as a global elongation of this syllable and the whole word, but also a
transformation in durational pattern of the word, namely, from the NM type changes to the
NT type, like the situation of “zhe shuang” taken place in S3.

According to Table V, the durational ratioc of “zhe” wvs. “shuang” in word “zhe
shuang” of S3 is (1) 54:46 in isolation and (2) 52:48 in connected speech, such a
temporal structure appears not to be matched with its regular stress type. Since in normal
case, “zhe shuang” is a NM type word, in which “zhe” is relatively unstressed, and should
be slightly shorter than, in stead of longer than “shuang”. Actucally, however, “zhe” in S3
has become a stressed syllable due to the assignment of contrastive accent, hence the lexical
stress pattern of “zhe shuang” has been changed in this case. It can be proved by its pitch
contour shown in Fig.1, where we can see that, the contour of syllable “zhe” in C is
strongly accented and phonologically appeared as a full fourth tone pattern of SC; while that
of syllable “shuang” is neutralized correspondingly and appeared as a neutral — tone pattern
(Cao, 1992d), thus, the tone contour of the whole word has become a typical one for NT
type of word. It means that the stress pattern of “zhe shuang” in this case has transferred
from NM type to NT type. Therefore, the temporal pattern of the word presented here is
still matched with its stress type, rather than an exact exception at all.

The phenomenon described above further indicates that, the durational variation of each
syllable in sentence is not disordered, but systematically organized. In most of the case, it
is varied alternatively under the patterns of NM type word or NT type word. Consequently,
we would claim that the temporal patterns of disyllabic words are the basic frame in build -
up the temporal structure of a sentence in the SC.

4.2 The identity among different speakers on durational distribution of certain units in the
same sentence environment.

A brief comparison on durational ratio of various speech units in the same sentence
environment but spoken by different speakers is shown in Table VI, the corresponding data
show that for certain speech units, the durational ratio is quite close to one another among
these different speakers, this phenomenon is very interesting. From one point of view, as
we mentioned before, the Mandarin speakers employed in this study are come from different



dialect regions, so their speech materials are mingled with considerable dialectal accent,
including the characteristics expressing in segmental and suprasegmental aspects. Howecver,
in spite of this fact, their speech is still identified as Mandarin Chinese, rather than any
other dialects. It indicates that, these speakers do have mastered the major features of
Mandarin, at least in the domain of metrical structure according to the identity shown in
durational property of their speech materials; from the other point of view, durational
relation found in this investigation should be a reflection of the objective temporal rule
existed in SC speech, so it is followed naturally by different speakers, no matter which
dialect area who comes from and whether comprehend this rule or not, so long as they
speak in Mandarin. Consequently, the phenomenon described above reveals an important fact
that, temporal distribution as a predominant constituent of the metrical structure may be the
most characteristic {eature in identifying of certain language or differenciating cne language

from the others.

5. CONCLUSION

Summarizing the results of this study, some basic impressions about temporal structure
of Chinese sentence and the related influence upon durational distribution in the sentence can
be briefly drawed as follows.

(1) Syllables as the minimal unit examined in this study is the most active constituent
on durational variation of Chinese speech. The manifestations of syllable duration is most
multiplex with an extremely wide range dependent on its stress status in a sentence.

(2) The temporal pattern of disyllabic word is a relationally invariant frame which is
based on the contrast of lexical stress. As one of the most powerful constituents, its
temporal pattern is presented at all speech levels in the sentence.

(3) Durational distribution between the subunits in polysyllabic constituent seems to
follow a relatively fixed pattern that resembled to the frame of disyllabic words. It is
executed through certain inner adjustment in terms of the variation of syllable duration. In
this sense, the temporal pattern of disyllabic word is the basic frame of temporal structure of
the sentence, and the variation of syllable duration is the basic factor of inner adjustment.

(4) The contributions upon durational distribution from contrastive accent in sentence
level and lexical stress in word level is different but not completely independent, they are
related with and restricted to each other.

(5) All the durational properties mentioned above is expressed not only in the speech
materials that spoken by three native SC speakers, but also fairly consistent in that spoken
by nine Mandarin speakers with different dialect background. This phenomenon indicates
that, these features should be the objective reflection of essential temporal rule that acted in

SC speech, so they are naturally to be followed by all the Mandarin speakers.

>
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Table 1. Durational manifestation of each syllable in test clauses S1, S2, S3 and S4 in

isolation: three speakers’ mean duration(ms) and relative ratio( % )

R WK/ S1.52.83 fl S4 BEREAFHHEHE T EARIEA M FHE K (ms 2

) R EL B (% )
clause S1 S2 S3 4 general
duration mean
syllable ms % ms % ms % ms % ms %
zhi 190 14.5 200 13.8 280 21.4 230 15.3 225 16.3
shuang 220 16.8 240 16.6 240 18.3 260 17.3 240 17.3
xie 230 17.6 250 17.2 210 16.0 380 25.3 268 19.0
bu 110 8.4 270 18.6 100 7.6 80 5.3 140 10.0
jie 330 25.2 310 21.4 280 21.4 320 21.3 310 22.3
shi 230 17.6 180 12.4 200 15.3 230 15.3 210 15.2
syll. mean in
each clause: 218 242 218 250
sd: 71.1 47.1 67.5 101.6

syll. mean in all clauses:232 sd:70.8

focused syll. mean in all clauses:315 sd:57.0

Table II. Durational manifestations of (1)“zhe shuang xie bu jie shi”, (2)“zhe shuang xie”,

(3)“bu jie shi”, (4) “zhe shuang”, (5)“jie shi” in isolated clauses: three speakers

mean(ms) and ratio( % ).

r£_.

FWULBFAT() " XINERL

n’ (2)“iXXX§.¥”,(3)“ \/éiu:;n’

(4)“ X", (5)

"2 3R BN B SR AN S AR TR B (ms ZEFD) LR HLRI (% )

speech  units (1) (2) (3) (4) (5)
ms % ms % ms % ms % ms %
clauses
S1 1310 100 640 48.9 670 51.1 410 31.3 560 42.7
S2 1450 100 690 47.6 760 52.4 440 30.3 490 33.8
S3 1310 100 730 55.7 580 44.3 520 39.7 480 36.6
S4 1500 100 870 58.0 630 42.0 490 32.7 550 36.7




Table III. Mean duration of each syllable in different speech surroundings: nine speakers’

mean (ms) and relative ratio( %)

K=, AREHEEIEMFE BN B E T H PR (ms B85 ZEHRILBI(%)

surroundings A B C 9] general mean
3 lla &ratio of
Lmp |1 11 13 16 each syll.
sylla duration ms % |ms % |ms % | ms % ms %
she 149 12.8 % | 160 11.4 244 19.5 164 12.4 179 14.0
(7.4) * (7.5) (10.2) (5.7)
chuang 225 19.4 | 212 15.1 | 221 17.6 | 220 16.6 290 17.2
(11.3) (9.9) (9.2) (7.6)
. 235 20.2 274 19.5 219 17.5 | 392 29.6
xie 280 21.7
(11.8) (12.8) 9.1) (13.6)
158 13.6 | 288 20.5 | 152 12.1 | 159 12.0
bu 189 14.6
(7.9) (13.5) (6.3) (5.5)
B 307 26.4 | 280 20.0 | 256 20.4 | 265 20.0
jie 227 21.7
(15.4) (13.1) (10.7) (9.2)
) 215 18.5 | 192 13.7 | 181 14.4 | 208 15.7 .
shi 199 15.6
(10.8) (9.0) (7.6) (7.2)
syll. mean
in each clause: 185 195 184 180
sd: 11.9 16.9 11.3 14.6
syll. mean in all clauses:186 sd:14.3
focused syll. mean in all clauses:292 sd:36.3

*  The figures in brackets are the ratio of each syllable to the whole utterence, and
the ones without brackets are that to certain clause.

Table IV. Durational manifestations of speech units (1) “zhe shuang xie bu jie shi” and (2)
“zhe shuang xie”, (3) “bu jie shi”, (4)“zhe shuang”, (5) “jic shi” in different speech
surroundings: nine speakers’ mean(ms) and ratio( % ).

FM. (DAGR MY XEREL, (2)“XWEE" () “REL". ()R, (5)“ L 1
ANTE] 15 ) B A B < SR B AL A8 P 4B (ms) R4 ELB (% )

speech units (1) (2) (3) (4) (5)
. ms % ms % ms % ms % ms %
surroundings . .
in A 1162 100 563 48.5 599 51.5 379 32.6 515 44.3 |
in B 1402 100 650 46.4 752 53.6 377 26.9 472 33.7
in C 1254 100 684 54.5 630 45.5 465 37.1 415 33.1
in D 1326 100 751 56.6 575 43.4 384 29.0 463 34.9




Table V. Comparison on temporal structure in terms of durational ratio between words or
word ~ compounds in different clauses: (1)in isolation, (2) in connected speech.

FRAL. (1) 525 (2) 3% 150 ) 0 0) PI 38 A < 454 (52 40 ) K AT I B 4 ) B e

. clause S s2 s3 sS4
1tem
zhe shuang xie (1)46:54 44:56 54:46 54:46
/bu jie shi (2)47:53 46:54 54:46 55:45
zhe shuang (1)64:36 65:35 71:29 56:44
/xie (2)67:33 58:42 75:29 51:49
bu/jie shi (1)16:84 36:64 17:83 13:87
(2)26:74 38:62 24:76 28:72
zhe/shuang (1)46:54 48:52 54:46 47:53
(2)40:60 43:57 52:48 43:57
jie/shi (1)59:41 63:37 58:42 58:42
(2)60:40 59:41 61:39 57:43

Table VI. Comparison on durational ratio{ %) of (1)sentence “wo shuo zhe shuang xie bu
jie shi”, (2)clause “zhe shuang xie bu jie shi”, (3)word “zhe shuang” and (4)“jie shi”
in the same speech surrounding but spoken by different speakers.

EAR. FA—ERETARAFRA (DA T RIEX WEEREL", (2) M X WEREEL,
(3) PRI (4)“ 55 35" o 18 A) B LA (% ) Y EL§E

speakers
_ Sun [i Hua Cao Chen Yan Cai Zu Lin mean sd
unts
(1) 71.7 67.4 71.6 71.5 67.5 73.7 72.6 72.9 74.2| 71.4 2.5
(2) 55.1 55.7 56.3 59.4 56.1 56.1 58.1 59.1 55.6| 56.8 1.6
(3) 17.5 18.5 19.6 20.4 17.0 17.2 16.2 20.3 18.7| 18.4 1.5
(4) 24.5 23.6 23.2 26.7 26.4 27.8 25.8 29.6 29.6] 25.9 2.0
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Fig.1. Comparison on tone contours of the clauses in different speech

surroundings of A, B, C and D.



