ere exists a rule that says that the numeral modifier must have the opposite gender of
e singular form of the plural noun it modifies. Thus, the feminine nouns sayyaara and
ifs take the masculine form of the numeral, the masculine mataar the feminine form of
e numeral -- a clear case of reverse gender agreement (or disagreement). But while this
imeral modifier must show gender agreement, the adjective modifier remains always con-
ant, regardless of the noun’s gender. I suspect that this gender neutralization happens
ecisely because the adjective here has no information about the gender of its noun: it
nnot tell whether mataaraat and sayyaaraat are masculine or feminine. This is not sur-
ising, since these nouns are made Flural by the same morphological device, -aat. A sim-
ir thing can be said of the numeral modifier: it also is blind to the gender of the plural

oun it modifies -- remember, it has to agree with the gender of the singular of the plural
modifies. Now observe the following examples:

(21) Oalaa® maqaalaat tawiila
Y three-M articles long
‘three long articles’

Oalaabat maqaalaat tawiila
three-F  articles long
‘three long articles’

andaqf\é Syllabl

TE: nouns magqaalaat in (21) and (22) are identical. There is absolutel nothing in
em to gJue us into the nature of their gender. All we know about them is that they are
the plgal form because of the suffix -aat, and their identical adjectives (Adj 2) reflect
s facla%' the mere fact of their (the adjectives’) identity. However, magaalaat in (21) is
¢ plurabof maqaala, in (22) maqaalaat is the plural of magaal. This we know from the
nder ofthe accompanying numerals. Without the presence of these numerals we would
ve no faformation about the gender of the singular forms of magaalaat in either (21) or
2). &

o

Bar what of the numeral? To choose the appropriate form of the numeral, we
ve to cﬁvert the plural noun into its singular, determine its gender, choose the converse
nder of:the singuglr, and then use it with the plural noun. This, I claim, is a highly
mplex @hd conscious process of lexical decomposition, viz., decomposing the plural noun
its singplar form, then determining its proper gender. (21) and (22) refute any claim
0se puEpose is to assert the automaticity of this process, for one must know first which

the tw@ singular nouns that magaalaat is the plural of before the appropriate numeral
1 be de:r]:rmmed.

Tdc:’rccapitulatc, we have szen how the numeral modifier agrees with the noun it
difies: it agrees, of course, in number, ie., with a quantity of three or more, and it
ecs inggender (by a complex, and maybe artificial, process of reverse agreement).
wever, the adjective (Adj2) defies any agreement in gender as it stays constant regard-
s of the gender of the plural noun’s singular. A clear implication of the latter part of
s paper is that the neutralization of gender in Adj2 is the direct reflection of the gender
itralization in plural non-human nouns themselves. Adj2, it was claimed, encodes num-
, and it is claimed that this agreement is semantic because Adj2 remains constant with
plural non-human nouns, regardless of the noun’s morpho-phonological makeup. This
 reason has led us to postulate that Adjl and Adj2, though identical in form, are differ-
- in their semantic content and, thus, function.
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ONSET-RHYME TEMPORAL STRUCTURE OF MANDARIN SYLLABLES

Avan BeLL aNp MEIcHUN Liu®

trod is i imi imi ionships of Mandarin
tion. This is a preliminary report on some timing relations
glhincslécs;(ilables. It was griginally stimu}atc:id by an aifsemo;rigzs ng ;z;r:l tgllgfsa(?t ot:;atw ::t;:
rhyme of Chinese syllables did not vary in duration when v gmental faciors e
i dded to a syllable, or if diphthongal rhym
changed, particularly when a final nasal lwa\s a P ) : P
e is a tone language I
were compared to monophthongal onesl. Because Chines: A T g tradi.
are pronounced with one of four tones, and because : tra
E::élgl{gelgs asgomatcd with rhymes of syllz;bklles, thedhyptqthesxi h::hat gﬁg?;gplggﬁgtitléé)],%
le, if it were the consequence of inherent duration of e
tf.\(gorexxgllgpa:t’iculatory rogram of rhyme components. Although there have ll;)eg,nt m:)r?ii]c;;li
studies of Mandarin ghinesc duration, none have agdr:i:ssc(tii ot[llls ilﬁ:famé ! 0? 2ombining
cient scope and quality. Our goal was to examine the dura o O We
i clei, and codas in Mandarin Chinese under comparabl
g;gcégtn tcgr?sfisltes; B‘lj\rasé-positional effects, and considered the effects of different tones only
to a limited extent.

. . at the
ws is a slightly expanded and revised version of a paper presented at t
meetinwct;fa ttlt;g",?\coustical Eoc{etyx%f America at State College, Pennsylv%r;;a f(\);l I‘;/;I;tig s263!,
1990. %t is based on data from four speakers at a normal rate of speech. e fult davd o
which we are continuing to analyze, consists of data from six speakers at nlor ol i
rates of speech. The present partial data is nevertheless sufficient to reveal a gcnts APl
ture and some details of the internal temporal relationships among the compon

Mandarin syllable.

i i i here are no
us first quickly review the structure of Mandarin syllables. Since t 1
conson{a-‘r?tt clusters 1n Mgndarin, onsets are all simple consonants, exl<1:cpt {orcgrf’f;‘é%z;t[ensé
There are four simple vowels, but a wealth of diverse diphthongs. ﬁ‘ g on ¥ra1 pawTat
that can close a syllable are the nasals m and g. Except for the so-called neu y )
a syllable is pronounced with one of four tones.

i i Each ex-
e Data. Our data was collected and analyzed in the following way. 2

perimt:’rlx‘:l is based on a small number of syllables, all of which were realdwor(;lg.cm\;\’tl;ll;et
Chinese speakers are perfectly able to pronounce combinations of tor;es an ]s:,% e
are possible syllables but not actual words -- by changing the tone o afrea o, o i
ample -- we found in pilot experiments that speakers often hesitated before so me e o
this sort (or even before words that were somewhat unfamiliar), upsetting e i
rhythm of their chosen speech tempo. The words for each experlmer}t‘évc(;e. ahalfg N
nine randomly ordered lists. Except for Experiment 3, the lists were divide 11? patt i
dummy syllables were added to the beginning and the end of each hstd or baeak Lo
Experiment 4, dummy syllables were also added between each target word to l"ralf-listpal ¢
repetition of syllables beginning with t.) The speakers thus read one list or
time, each consisting of words written in Chinese characters.

i 2 from the University of
*The authors would like to acknowledge support of a Small Grant 1
Colorado Council on Research and Creative Work. We would also like to thank our
speakers for their patient cooperation.
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The speakers pronounced the words in the frame W tjiie de bu ndn xié, which
means ‘I feel that is not difficult to write’ at a normal rate of speech. Before record-

ing, each speaker practiced reading through the lists until they and the experimenter were
comfortable that they were at ease with the task. The present data was recorded by two
men and women, all in their late 20s or early 30s, all of whom grew up and lived most of
their lives in Beijing.

The recorded sentences were converted to digital form. Durations were measured
using a locally developed waveform analyzer. The syllable onset was measured from the
closure of the initial consonant to its release. The rhyme was measured from this release
to cither the closure of the following labial stop or to point where there was no longer any
apparent higher frequency intensity. The rhyme thus included any stop aspiration, if pre-
sent. Syllable duration was the sum of the onset and rhyme durations. One criterion for
the choice of the frame and onset segments was that they provide consistent and clear
acoustic indications of onset and release - for most points, the uncertainty was 5 msec or
less. The measured durations appeared to be stable with few outliers. Standard deviations
of onset durations pooled over subjects varied from 12 to 17 msec; of rhymes, 14 to 19

znsec; and of the entire syllable, 18 to 24 msec. The results that follow are based on the
omplete set of observations -- there are no missing or excluded observations.
=

N*Experiment 1 -- Initial Consonants. Syllables with different onsets, vowels, and tones are
Zompared in Experiment 1. The focus is on the effect of initial consonants of different du-
rations.? Examining the effect of onsets is important in order to contrast the role of the
ghyme with that of the syllable as possible domains of temporal regulation; one cannot
‘onclude that the rhyme is the timing unit of the syllable until the syllable itself can be
giminated as a candidate. Thus syllables in Experiment 1 began with one of four conso-
-Rants -- n, t, ts, or §, from shortest duration to longest. The stop and affricate t and tg are

honologically unaspirated (phonetically, there usually is a short period of voicelessness af-
Xer the release of t) and tg} and s are retroflex sibilants. These onsets combine with the
Yowels a and u and with the rising tone and the falling tone to make up the 16 syllables
Sxamined in Experiment 1:

& L

S rising tone

= na ta tsa sa
3 nu tu tsu su
S

falling tone
na ta tsa sa
nu tu tsu su

Experiment 1 .. Results. Most of the results that we report are highly significant, with p
less than .001, based on a repeated measures analysis of variance over the observations
averaged over subjects. Henceforth we do not indicate the individual significance of re-
sults unless they are 0.001 or above; effects are consistent over subjects unless otherwise
stated.

Syllables with a rising tone were 25 msec longer than those with a falling tone. (Rhyme
durations averaged 27 msec longer, and onset durations were unaffected by tone.) The
results presented in Figure 1 are durations averaged over the two tones.3 In the schematic
summary of Figure 1, the single lines represent the consonant onset durations and the
open boxes the durations of the vowels.

Figure 1. Durations of onsets and rhymes for the syllables in experiment 1.

na

nu

ta

tu

tga

tsu

ga

$u

| w0 124 ] s
| e — 167 7 285
| e — 206 —] 300
' 195
105 r —] 300
204
108 — ] 38
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1
194
125 e 7 s
175
145 _r —] 320

Figure 2. Rhyme and syllable durations for different onsets.
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We ask first whether longer onsets produce longer syllables. Examining the onset
airs in Figure 1 from top (m, the shortest consonant) to bottom (s, the longest one), we
e that they do. Syllables beginning with § are about 35 msec longer than syllables begin-
ing with n, the others falling in between, with all individual differences significant.

Now, comparing the pairs of syllables ending in a and u for each initial consonant,
e note first that, as expected, the low vowel a is longer than the high vowel u, by an av-
rage of 14 msec.® In contrast to the initial consonant, however, syllable duration is unaf-
-cled by the vowel. This is because all four onset durations vary inversely with the rhyme
urations, compensating almost exactly for the difference in vowel length. ~ (The almost ex-

ct correspondence here is indeed revealed by the subsequent experiments to be a bit too
ood to be true.)

The effect of different onsets on rhyme and syllable duration is compared more
osely ik Figure 2, where durations are pooled over the two vowels. All the individual dif-
rencegsare significant except for the n and ty rhymesS Whereas syllable duration in-
eases g@gnificantly for each longer consonant, the rhyme duration differences are not so
mple. oSyllables beginning with n excluded, there appears to be an inverse decrease in
wme dgration of about one-half the magnitude of the increase in syllable duration.
{hymcePafter s average 16 msec shorter than after t, leaving 20 msec of the 36 msec on-
t duragon difference between t and § to show up as a difference in syllable duration.)
uch a gat picture of inverse variation of syllable and rhyme is probably illusory, however,
nce rh@mes following n are shorter, not longer than following t, so there cannot be a
cneral Bnear decreasing relationship of rhyme durations from shorter to longer onsets.
Ve retugx to this point in the concluding general discussion.

—

TG sum up the results of experiment 1, syllable durations are longer after longer on-
ts, buf@re not affected by the difference in the duration of the vowels a and u. hyme
urationg are shorter after the longer obstruent onsets, and of course vary directly with
owel dLgalion.

F

xperimént 2 -- Monophthongs and Diphthongs. Experiment 2 focuses on the effects of
fferentznuclei.  All the syllables in this experiment have falling tone, and there are only
vo onséfs for each vowel, a stop and a sibilant. Three monophthongs. a, i, and u, are

mpareg with the three diphthongs ai, aw, and ou. The inventory of syllables for
xpcrimgm 2 is thus

E falling tone
oS ti tu tai tau tou
5§ sa ¢i su sai sau sou

[
ote thdf since *si is not a permitted combination in Mandarin Chinese, the palatalized
vitant ¢ was used instead of the retroflex sibilant before i.

Experiment 2 - Results. The durations for the syllables of Experiment 2 are dis-
ayed in Figure 3. As we would expect from Experiment 1, § is longer than t (by an av-
age of 27 msec). The palatalized sibilant ¢ before i is even longer, however, 61 msec
nger than t, so that the ti-¢i pair of syllables is apparently not directly comparable to the
ner five pairs, It is thus omitted in the comparisons that follow. We again find that on-
ts affect syllable and rhyme durations. Syllables beginning with § average 11 msec longer
an syllables with t. Conversely, the rhyme is on the average 21 msec shorter after the
nger § than after t.

Figure 3. Durations of onsets and rhymes for the syllables in Experiment 2.

ta
sa
ti
gi
tu
su
tai
sal

tau

sau

tou

gou

Figure 4. Rhyme and syllable durations for monophthongs and diphthongs.
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Now let us examine Figure 4 to see the effects that different nuclei have on rhyme
and syllable durations. Although the durations are plotted separately for t syllables and
for § syllables, there is no significant onset x vowel interaction, so we can consider the
overall vowel effects. The rhyme durations do vary. As in Experiment 1, the low vowel a
is significantly longer than the high vowel u, by 16 msec.é The diphthong ai is longer than
a by 13 msec, and 8 msec longer than au.” The vowel a and the diphthongs au and ou do
not differ significantly. It is not surprising that ai is the longest diphthong, since phoneti-
cally it has the greatest change in vowel quality.8 Nevertheless, these small differences
clearly do not support timing models which, in accord with the transcription, incorporate
two vowel units for diphthongs versus one unit for simple vowels.

Syllable durations show little variation. Of the diphthongal syllables, only the ai
syllables are clearly longer than a syllables, by 19 msec. (The syllable duration of tai may
be anomalously high, however, so this result should be regarded with caution until it can
be confirmed bg' further analysis and additional data.)® Note that while there appears to
be some sort of compensation in the length of the onsets before a and u, so that syllable

durations are much the same even though the vowels are different, nothing of the sort ap-
pears 1o occur for the diphthongs.
—

f=}

=
Eperiment 3 -- Final Nasals. Experiment 3 compares four syllables with no coda with
tauir syllables closed by the consonant n:

falling tone
ta tu u
tan tun gn gun

M’ of the syllables were pronounced with falling tone.

n Ll%m’stics, Vol.

EXperiment 3 - Results. From the schema of durations in Figure 5, it is obvious that open
syllables are shorter than syllables closed by n. Figure 6 shows the syllable durations in a
ligle more detail.  Not only are nasal syllables longer (by an average of 28 msec), their
syllable durations behave just like open syllables with respect to the vowel and initial con-
sgmant. That is, we find essentially the same effects as in the first two experiments:
Syllables beginning with § are 14 msec longer than those with t, and there is a small (10
mgec average) lengthening of syllables with a compared to syllables with u (p = .003).

The rhymes of syllables ending in a nasal are almost exactly as much longer (30
mscc average) as the syllable durations themselves. Obviously this implies that there is no
shortening of onsets before the longer nasal rhymes, unlike the shorter onsets that we have
consistently found before the longer low vowel a compared to the high vowels u and i.
And this difference holds even though the nasal-oral duration difference of 30 msec is
longer than the a-u difference of about 15 msec. (Similarly, note that onsets in
Experiment 2 were no shorter before ai than before a.)

The durations of final nasals are displayed in Figure 7. Nasals are in general longer

after u than after a, by an average of 15 msec. The longer (by 8 msec) nasals after ta
than after ga are entirely due to one speaker.

Experiment 4 - High Vowel Diphthongs. Experiment 4 examines the durational structure
of syllables with the high vowel diphthongs ia and iaw, and the diphthong-nasal

combination ian. These rhymes are compared with the simple vowel rhymes i and a, the
diphthong

ta

tan

tu

tun

%a
gan

gu

gun

Figure 5. Durations of onsets,

13

rhymes, and nasal codas for the syllables in
experiment 3
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Figure 6. Syllable durations for oral and nasal syllables.
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au, and the nasal rhymes an, ap, and ig. All the syllables begin with the onset t and have
high tone.

high tone
ta tan tapg
ti tig
tau
tia tian
tiau

Experiment 4 - Results. We examine first the durations of the oral syllables, which are
displayed schematically in Figure 8. There is no significant difference between the onset,
rhyme, and syllable durations of ta, ti, and tau, nor between the durations of tia and tiau.
But thé:durations for tia and tiau are significantly different than those for ta, ti, and tau.
Onsetsdefore ia and iau) are 7 msec shorter than before i, a, and au;!® ja(u) rhymes are
27 msqglongcr than those for i, a, and au. The difference in syllable duration is thus 20
msec. dhe onset effect, though small, is still significant if we compare ti (whose onset du-
ration dverages 110 msec) to tia and tiau (average onset duration of 102 msec)!,
=t

ghe nasal syllable durations are compared to the durations of the oral syllables in
Figured. The results confirm those from xperiment 3. Nasal syllables are longer than
oral on@s by an average of 27 msec, nasal rhymes are longer by 29 msec, and there is no
significant shortening of onsets before the longer nasal rhymes. The syllable tian has the
longestluration of any syllable in the study, because of the nearly additive (or multiplica-
tive) cambination of the effects of the high-low diphthong and of the nasal coda.

w

= .
Conclugions. The results of our experiments show that both rhyme and syllable durations
vary wifly respect to all components of the syllable -- tone, initial consonant, vowel, and the
presencg of a final nasal. So the question is not whether these units are temporally invari-

ant, buiquathcr how much they vary and in what ways. The strongest effects on rhyme and
syllablcgurations are summarized in Table 1.

%ble L. Differences in the duration of rhymes and syllables with respect to

qé tones, initial consonants, nuclei, and final consonants. Values are

O rounded to the nearest S msec. See text for a descriptions of the data

5 on which the values are based.

—

= Risingvs svst avsu ia & iau nasal vs

= falling vs other open

g Rhyme +25 -20 +20 +25 +30
Syllable +25 +15 +5 +20 +30

The a-u and §-t comparisons are chosen because data on them is available from the
irst three experiments, and the values here are composite ones from the comparison of ta,
u, sa, and su in those experiments. The tone comparison is from Experiment 1 (falling
s. rising tone), the high vowel diphthong comparison from Experiment 4, and the nasal
oda comparison from Experiment 3. All of these differences are highly significant, with
< .001, except for the small difference in a and u syllable durations.?

Some of these results parallel those found by Ren (1985, 1986) in studies of
fandarin segment durations’.  They disagree in some respects with those reported by
vantesson (1984) for vowels, diphthongs, and vowel-nasal sequences, howeverl,

15

ables i 3 iment 4.
Figure 8. Durations of onsets and rhymes for the open syllables in experim
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Figure 9. Comparison of the durations of open and nasal syllables.
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Note that these differences are all in the directions that we would expect from uni-
versal tendencies: rising tones are generally longer than falling tones!s, sibilants longer
than stops’, low vowels longer than high vowels!, diphthongs longer than simple vowels!s,
and VN sequences longer than simple V1 Moreover, the relative magnitudes, which
range from about 17 per cent for the rhyme and from about 9 per cent for the syllable
down to 5 per cent or less, are below the amount that has been estimated as the JND for
speech segments in context (Klatt & Cooper 1975). In this regard, Xu and Whalen (1990)
found that the small intrinsic duration differences between Mandarin tones do not appear
to provide an effective perceptual cue. The small magnitudes of the rhyme and syllable
duration differences, then, appear to justify the claim that the rhyme and syllable are per-
ceptually temporally invariant in Mandarin Chinese?.

These resuits, however, do not necessarily point to the rhyme as the locus of invari-
ance. Both the rhyme and the syllable are lengthened equally by longer tones, addition of
d nasal coda, and the presence of high vowel diphthongs, which are the largest effects, be-
cause onset duration is little affected by these differences. Longer onsets themselves,
would, if the rhyme were truly invariant, directly result in longer syllables. But in fact the
rhyme “absorbs” some of the duration of longer onsets, so that the effect on the syllable is
~mitigated.  Conversely, onsets ‘absorb’ some of the effect of longer vowels, so that the ef-
Rt of vowel duration differences on the syllable is reduced. These relations suggest that
Jhe syliable has stronger claim than the rhyme as an invariant unit of duration,

—
~

= We next need to consider whether the Mandarin syllable (or rhyme) can be consid-
:&red a timing unit in the sense that the timing of segmental gestures is at least in part or-
ganized at the syllabic level in such a way to maintain equivalent syllable durations. There
&fe two kinds of compensation in segmental durations that one would expect to find in this
ase. One, which we do not consider here, is compensation for variation in segment dura-

ns from token to token, e.g. longer than average stop closures followed by appropriately
Sorter vowel durations. The other is compensation for the variation in intrinsic durations
o different segment types. Of course not all such compensation can be taken as support
.L§r the syllable as a timing unit. Such compensation should be of the appropriate magni-
t§ce 10 maintain the durational invariance of the syllable, and should show evidence of
i%g;bing a language-specific temporal adjustment compatible with a temporally invariant syl-
kble.

=)
E The interactions betwecn the onset and the following vowel that we observed do
DL appear 10 meet these criteria. While the shorter onsets before a than before u are of
fOughly the right magnitude to maintain temporal invariance of the syllable, but that does
not appear to be the motivation for this interaction. Instead, it is probably the lowness of
a rather than its length that accounts for the shorter onsets. The same effect was found in
French by O’Shaughnessy (1981), who attributed it 10 the difference in physiological con-
straints between obstruent + high vowel sequences and obstruent +low vowel ones. It also
turns up in the Japanese data of Port et al (1980) and Port et al (1987)2, Furthermore, if
this were a syllable-level duration compensation, then we would expect to find shorter on-
sets before longer rhymes of the same vowel height. There are four situations in our data
where this could have happened. In three it clearly did not. Longer rising tones or high
tones did not have shorter onsets than the shorter falling tones. The longer diphthong ai
did not have shorter onsets than a. The lonﬁcr nasal rhymes did not have shorter onsets
than the plain rhymes with the same vowel, ecall, however, that for three speakers the t
closures were slightly shorter by 8 msec before the longer diphthongs in tia and tiau than
in ti. (It is of course possible that cither a somewhat lower vowel height at the onset of ia
and iau or a difference in their tongue trajectory may be the responsible factor here.)
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icati i ibly also be at-

rtened vowels after longer fricatives and affricates can possi -
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ter stops than after fricatives (and nasal 1 [bout 20 per cemt

t in French. (Unlike Crys ,

O'Shaughnessy (1981) also found the same effect n e e e Mot

he included aspiration in his vowel durations, which may ave inflated the cffect) Mo

i apparent duration compensation of the vowel holds betv P
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in ti i i than after a in tan (Figure 9). e du

in tip, and the nasal n is shorter after ia in t!a}lll ure 9. The dura
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Overall, then, we are able to find little compcllinz};l evidc;ntcer zfég?nssesger:;n:oc%?%?n;
i i i imi i t-rhyme inte @
sations for an invariant syllable timing unit. The onset-rhyr 1 be of a
i s -nasal coda interactions may turn ou
local and universal nature; some of the vowel-nasa i e A iad e
i Jobal explanation. We cannot rule out a mechanism of sy ng : ¢
?lll‘clrgvilgﬂ tcm];g)ral structure of Mandarin Chinese, but the evidence so far indicates that
the Mandarin syllable is predominantly locally organized.

This still leaves unanswered the question of why Mandarin syllable}f of ]difiirﬁgf
structures vary so little in duration. This very question presupposes that the }c L?nlivcrsql
variance is a language-specific phenomenon, and ngt atrll] e)épectsgnogzc&rged% | univer i(n

i ? We remarked above that the directi {
s e syllabte. darytion ized in Table 1 all match universal tendencies. What
rhyme and syllable duration summarized in Table 1 t e ety
i ajor challenge, given the
about the magnitudes? Answering this question is a m tively
i i le and the hazards of comparing r
few careful studies of duration that are availabl ! Rlar il B
different kinds of data. Although a careful answer is bey: e
?k?issegam::rv czvye have made a preliminary assessment based on the sources most readily
?

available to us.

i i i in the duration of
the sources mentioned in note 16, the 'usu'al difference in
high ve?saljf (lloglnvowcls is about the same(asgglg)Mandsru:hlf. Kr;)tt;agrkgiya r110 nﬁgrec?:tébgj tfi\g/
: ! a
languages show larger differences. Choi (1 reports D 19805 i Pt
igh i; i Japanese data reported by Port et al (
per cent longer than high i; in the Jap. e e aoncar
is about 25 per cent longer than short u. A nu P
?cl) gl%?)la?g%]: :iflfircnces bet?ween sibilants and stop closures than the 35 per cent that we

find in Mandarin (note 15).

i i i i ble to Cairo
Il lengthening that we find for ai and au is compara >
ArabicTz;l:lii "Ilgtgi sé?;hthong, but gmuch less the;{] tt(ljat found 13 ’Engrlmllsxgl;n:}s??l;?c ;rnso:g
i and iau
17). The somewhat greater lengthening of the Mandarin ia i also appears (0
i tive data, we surmise tha r
be quite modest. In the absence of sufficient compara jata, urmi at there arc
i i lar in duration to plain Vs, an guag

both lang\ulzﬁes in which VN sequences are simi B e o 1tk
i i is substantially longer, as for example French (note 18). " s )
i?]alv:hli/cl:ndarilrf Chinese fal){s in the first group is that many Mandarin speakers vary be

https://scholar.colorado.edu/cril/vol11/iss1/2
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tween vowel +nasal and a naszlized vowel alone. (In our focused context, however, we
observed only one token without nasal closure.)

The overall picture of Mandarin is that its differences in inherent segment durations
appear in all cases to be in the lower range of durations found in other languages. The
relatively invariant durations of Mandarin syllables and rhymes seems to result from a
combination of lack of large segment duration differences and segment-to-segment com-
Il{cnsations of the sorts and magnitudes to be expected on universal phonetic grounds.

here neither appears to be any need for a macro timing mechanism above the segment
to maintain invariance nor any compelling evidence from segment compensation that there
is one. One can regard this situation as an accident - that is, Chinese neither inherited
large segment differences nor has it happened to phonologize and exaggerate the existing
phonegically motivated ones. In view of the failure for this to happen in any of the variety
of pogible cases discussed above, we should at least question the accidental explanation
very efrefully. (Note, in addition, that Chinese affricates are about the same duration as
singlecstops and fricatives, and that even tone duration differences do not seem to be very
great gkcept in citation forms.) One hypothesis that should be entertained is that speakers
have j§ternalized a generalization of quasi-invariant syllable duration (or rhyme duration,
or botd) that has inhibited phonological exaggerations of segment duration differences that
would‘z“conﬂict with it. Typically, we look for functional or contextual factors that may
promaie certain sorts of changes, but here we may have an inhibitory factor strong enough
to prchominate over any facilitating ones.

Notes

‘Ou ¥4n does not cite any experimental data. Woo 1972, on the basis of (apg)arent]y)
singl§ repetitions of words spoken in isolation, draws the same conclusion. Sventsson’s
1984adata of better quality &our speakers, two repetitions of words in sentence frames)
doesgot support this conjecture. His results are discussed further below in note 13.

*We drd not include syllables with no onset, since pilot studies showed that in the contexts
we ufied, they were pronounced with a clear glottal stop whose closure duration was
aboalﬁthc same as other stops. Chao 1968 mentions this as a feature of a ‘minority’ of
speakers.

The aply significant tone interaction was the small vowel x tone effect for rhyme duration
(p =2.02), noted below.

“This @ifference was 6 msec smaller for rising tone than for falling tone (11 msec vs 17
msec¥ an effect found in three of the four speakers.

5The s;?niﬁcancc level of the t-ts thyme difference is p = .004.

°Considering only the syllables beginning with t, the vowel a is also longer than i, by 10
msecp = .004.

"The significance level of the latter difference is p = .007, and the effect was limited to
two speakers.

SLindau et al 1985 report that ai has an acoustic distance 1.32 times that of an and 1.95
times that of ou.

°For two subjects, au syllables are also longer than a syllables.

YThe onset effect significance was .005, and limited to three speakers; their onsets were 10
to 11 msec shorter before the i-diphthongs.

MAccording to the formant measurements of Svantesson 1984, the i- component of ia and
iau is slightly higher than monophthongal i (F; = 395 Hz versus 259 Hz). Preliminary
measurements of F, for one of our speakers did not show any significant difference,
however.

“While its overall significance is p = .005, the difference is due entirely to two of the
speakers. For the other two speakers, the shorter onsets before a almost or entirely
compensated for its longer duration.

ructureo

15Ren’s studies were also based on pronunciations of single wor
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ds in a constant sentence

i j ight), and fewer

i ed more words (115 or s0), more subjects (eight), )

frams ,tg:; I(I:)Sn?a?ngo (;lft i:al:ch word); the measurements were made from glo cn;l/is;esocv):gl
logre ‘llﬁ traccsy While he does not report measurements of whole syllables, Mt
i?x%ra:greinents are consistent with some of our results: the vowel of hégh to:e (S))SI) oIS
1.06 times longer than that of falling tone syllables (data from 13 v»g)sr.s., 1‘)‘ S ‘htly’ B ager
times longer than i and u after t- (data ooled over 4 tones, p < .05); ia long Y ey
(325 msec) than ai (312 msec) and au (308 msec); and a about 1.111 tfm;etss > agn o
than after s and ts édata pooled over 4 tones, p < 05 for s, p < .1 for ts);
times longer than -a (durations estimated from his Figure 4). ¢ high tone words in a sen-

uSvantesson’s data is based on spectrographic measurements of hig Lo ey than
tence frame repeated twice by four speakers. He finds that a 1s 1. d'?fmi o) 1%» e
the average of u and i, much the same as our ratio of 1.11, but ghﬁml nerS nee 15 de i
tirely to the shorter w; i is actually 6 msec longer than a. The diphtho gh ) AL and (au
ers 1.18 times ]o;mger than a, and have different relative durations than Ve Lo o
gwi:rag:s '226 msec compared to ou, 195 msec, and ai, 185 msec). The nasa l:el)-;rr; ea
2 clo ‘;gn at\’(cragc 1.51 times longer (71 msec) than a and u. (Svantesson s:j stpe?)ur Hh ger
e e e e g S o o

i ia and iau are 1.33 t1 ) an the ¢

ﬁnftézt,gixﬁgm?: gsbsolute durations of au, ia, iau, and ian are quite similar to our

i i is much
Experiment 4 values with hi%:l tone syllables, but his duration of a, 171 msec,

itation lies be-
shorter than our 227 msec. We presume that some aspect of the data elicitation lies
hind the discrepancy between Svantesson’s results and Ren’s and ou;si.n he relative du-
I5The relatively little comparative information that is available cczr)\tc]:}'a T S ives a brief
o O e o anetes tolr;cs oy s ;h;snge&?ﬁzli]l;z?::;. including the experimental
asymmetries between rising and I , ] ) nente
Z%?xgio(:lf :llxlgt spy;:kcrs can produce a falling cfntch interval in less ::)mé htirrl:igcﬂ;: sam
rising interval, and Gandour 15)7?1*%“6% Ebal' qng tzgén;n a’t?o?;tki](t)x;; I e than the
with longer rising tones. The 1hai nsin, .
i‘xllzl‘i%leswnc- it a%so doesgnot have as wide a pitch range (Abra;r’;(s)on 159%2’2)lt ot would seem
16This %s not ’always true, at least not in all po;lponsi. ig?gi slurc- ;3{ S olways
icati ight be longer than a sound Involv 3 b S s
:gztc:sf: f:a’tll‘llfoncléwgul:ner-instz%nccs that she cites, Breton and Swedish, concern conson

i S ’s 1988 model
following a stressed vowel. On the other hand, in Carlson and Granstrom’s s

i ted speech, (voi

t durations, based on a large corpus of connec e s
‘s)igg::g;l;::g;ge:verage inherent duration o§98 msec compared to 54am;c1:; fgé ‘2/1011'?2 cle
stop closures, and 58 msec for voiced closures. Voicing of ncatnv;; Srgayvoiced B ives
vant factor In the connected speech study of Crystal and House | B, e AN Sops
were mark.cdly shorter than stops, and unvoiced fricatives were shght{ 82tgtwice P lon
(closure + release) overall (97 msec versus 92 msec; but initial s wills; a rI:l O e aaDl.

e i our ot) g asg)itated Stgps.'t‘Tlh;t?if:;tio\zl?sﬁlr;si?\?titsﬁ d t::,losure. ombining
i Id be stressed initia :
Ea‘es;l g‘ngulflgS;Z’sw f;SSa, 1988¢ results with those from three other cl?ng?ccé?; ssgie;i]cams
snrxydies summarized by Carlson ancil GlranstromC}?SShtii Sgg:zsgalt9§{lgrlésp o;,t Ol S ench
onger than d closures. ! orte F
3?1%&22?5?@%6\56?:;«: 7%) per cent longf; l:ga? stop gﬁi‘:ﬁ?ﬁ nl;,l l\;[c‘);g;n:;lt::‘l l;()o(s%:c}))x; .

03 msec). Initial s in ota is sub lly 1 ! b.
g’rlg fgﬁ?érv ftln’:lrllst%lc closurg, 37 per cent longer including asplrauol?, chrrcilgg t(}al;)x;[;i >
lished data from one speaker collected by Violet Catches and Rut 'nethe 08 b
s s longer than 1 (closue) by 35 per cent (81 e vrSs SECC Bl s Tomger than

iti ir of the dataset o . H
?t?es’::]lgrs‘u?:so gfc ;jfirll’; ]k by 20 per cent (stressed syllable) to 30 per cent (prestresse

syllables) in the data of Fourakis 1986.
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"Lehiste 1970 lists seven languages for which this has been verified. Arabic (Mitleb 1984),

Japanese (Port et al 1987), giamil (Balasubramanian 1981), and Thai (Abramson 1962)
can be added.

“The English diphthongs ai, au, and oi are about 30 per cent longer than the long low
vowels, judging from the measurements of Crystal and House 1988¢c, Umeda 1975, and
Kiatt 1976. Abramson’s 1962 measurements from one speaker show the Thai inglided
dipathongs ia, ia, and ua about 10 per cent longer than the long low vowels. Lindau
1985 found Hausa au to be 45 per cent longer than aa, which, however, may have been
exaggerated by a difference in the following context (tap versus voiced sto ). From the
studies on Cairo Arabic by Norlin 1984, 19§7, it a;g;ears that ai is some 10 per cent
longer than long vowels, but iu and au show no difference.

PAlthough O’Shaughnessy 198t does not provide explicit comparisons of French V and
VN durations, his data imﬁlies that the shortening of the vowel in VN sequences is much
less than the duration of the added nasal, by 100 msec or more.

It is true that larger differences can be found in citation forms. However, our elicitation
context in focus position should yield rather larger duration differences than would be
found in the great majority of actual utterances. See, for example, the comparisons of
Ho 1976 of tone duration differences in various contexts. It is also true that by combin-
ing various factors one can arrive at syllables with larger duration differences, e.g. falling
tone tu versus fall-rise tian, which could presumably be perhaps 30 per cent longer. We
do not know whether comparing such different kinds of syllables is a fair measure of per-
ceptual invariance or not.

4n this Japanese data, the initial consonants whose closure was measured before a and u
were b and k. Their closures before u were longer by only 5 to 7 msec, a little less than
the 10 msec or so that we found for t before u in our data. It is interesting to note that
while this initial consonant duration difference in Japanese compensates to some extent
for the longer duration of a, it is mainly compensation in the duration of the vowel in the
following syllable that is responsible for maintaining equal durations of words with the
same number of moras.

#0ne additional candidate for onset-rhyme compensation, namely following aspirated
stops, deserves consideration. This segment class was not included in our data, but we
can deduce roughly what happens from data from Ren 1985 and Svantesson 1987. Both
studies are needed, because Ren does not give total syllable or aspiration durations, and
Svantesson gives only closure and aspiration durations. The two sets of data are not
strictly comparable, since Ren's vocalic durations are averaged over labial, alveolar, and
velar onsets, and Svantesson’s closure and aspiration durations are for t and th. Both
sets are from high tone syllables with the vowel a. The results are nevertheless quite
comparable to what we found for other onsets. Svantesson finds closures of 132 msec for
t and 98 msec for th, with aspirations of 11 msec and 102msec, respectively. Ren finds a
vocalic duration of 282 msec after unaspirated stops and a duration of 242 msec after as-
pirated ones. The implied syliable durations are virtually the same: 425 msec versus 442

msec for ta and tha, respectively. The implied rhyme durations vary rather more: 293
msec versus 344 msecs if aspiration is included, 282 versus 242 if it is not, a difference of
17 per cent in either case. Eoth shortening of closure and of the voiced vowel duration
would be expected in any language; we do not know whether the magnitudes of the
Mandarin compensations could be considered large enough to be language specific.
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MORPHOLOGICAL CODING AND SYNTACTIC ROLE
IN THE GRAMMAR OF PANJABI COMPLEX SENTENCES

Josep CLIFFORD

i harac-
uction. In South Asian languages, morphology and agreement patterns are ¢
g:il:t?cally skewed and do not seem to align very clearly with syntacbnc rolc:s.t .ﬁglchi 5::161?:
reflected in traditional grammar notions like subject and object, have been rou xar klxn vt
fied by reference to the overt ‘surface’ coding properties word order, czlssc rr;l ; mga nd
agreement, and an absence of alignment with these properties in a given atr;guI gthc ‘z'ake
enough to throw the very existence oi_ suctl’1. gl;ammatur:ia_le:el(zixéfé\:alnntol ;170611g t;l lrlx the wake

an’s influential cataloging of subject properti , ] t
?efselisgl?ers in the area have brgc])uéht to bear the full battery of covert b% awo‘rs)z:llbpg&Peér
ties to argue that a particular argument of the verb may or may not be a sul [;1 oL o
‘object’, or indeed whether or not t;gese rela?o)ns '}vgyc acl;g;llizi l‘l“:?tl: nf;ttigoggdress ; gme

i of. Verma, ed., 1976 inter alia). This pa T I
2? lillgstl:a?s%:l;gein( another South Asian language, Panjabi, an Indlo—Iraman language spoken
by around 37 million people in northwestern India and Pakistan.

i jabi exi dagogically ori-
S 1 English language grammars of Panjabi exist, but they are pe
ented, ag‘tllefi?nitc to mair% clzg}usger syn(t}alx (Cumr{);rg%s) & Baxl;:%/r,agsﬁél%gsctklz; (}lﬁZizw/)élyTgf\
descriptive grammar (Gill & Gleason, conce t
ogznol‘:)sgy gnd is gsi)mewhat(lacldng in clarity. Not surprisingly, these traditional grammars
zave relatively little to offer concerning the questions mentioned above.

i i hed
urpose in this paper is thus to try to use certain complex constructions to s

some lg{gtpo;p&c aforemgngoncd problem of case marking and symacn?S rte(:an;);ji.delg
Panjabi and related languages this problem particularly surfaces 1nBa§t%mp s o 3} e
functional description of the so-called ‘dative subject construction’. brie y,l ss e mary and
case marker used in this construction also appears with other syntactlc1 role . 1;1)1 iy e
secondary objects), and the subject role appears to have other morpho! qglca rovidgéd e
‘subjecthood” of the dative subject is suspect. I will argue, based on evidence Ir)1 rovied
my description of complex constructions, that Panjabi does in fact possess a ssy e
‘subject’ revealed in the pattcminF of some covert behavioral propcrtxﬁ.s, gagve-mgrked
ability to control and undergo deletion in complex clauses, and_that t ed L -
‘subject’ in general behaves no differently than other subjects with regar

structions.
Subject coding in the main clause

jabi is, like its si -final language, is both uncon-
Word order. That Panjabi is, like its sister languages, a verb-fina e, IS
trc?versial and mundané]. To call it an SOV language without further quahﬁf:atlor;tggvlvizf;
is perhaps to beg a nagging theoretical questxoln ;C%la!‘dl?l% thecfitg;ui s(e):ft%\l:rtr:rnms Cobjoct
jons such as ‘subject’ in the worlds languages. 1 shall in this s€ ! i r v
gggs‘ogjcct’ in a Jprc-(hcoretical sense to refer to the elements thus 1dent1ﬁecc!1 1{11 thc]et;?c:)lr
tional grammars. Subject is the single argumer}t of an y:}ranmu;e i‘rlleg;,nggal tthz igme o
lacking an agent) the experiencer argument of a transitive verb; € b € a
ghe Engglish trgans ation s:qu;jeect. Objects are any other arguments (besides subject) within

Published by CU Scholar, 1990



	Colorado Research in Linguistics
	5-1990

	Onset-Rhyme Temporal Structure of Mandarin Syllables
	Alan Bell
	Meichun Liu
	Recommended Citation


	tmp.1538228828.pdf.BWMqC



