INITIAL Fo-CONTOURS IH SHANGHAT Cv's“ﬁtﬁglﬁ;giun :};Nigggggcg}rgg comfortable 1loudness and tempo. He was 3 after P6, and in Tone 4 after P5, respec-
; FUNCTION OF TONE, VOWEL HEIGHT, AND given the cards in randomized order and he tively. This is equivalent to either 15/
i ARTICULATION had to read the words in the following way: 30, or 25 ms
: after reading the first word (on the first Place of articulation The effect of the
: card), he had to turn the card and put it stop's place of articulation is significant
; LING KING - HARRY RAMMING - LIESELOTTE SCHIEFER - HANS G. TILLMARN aside before continuing with the next word. only in Tone 4 (p < .05), where the velar
N \ This procedure caused the speaker to read stop causes significantly higher Fo values
: ‘ . . . . : : slowly and breathe after every word. We than the labial or alveolar stops. As there
Ca Institut fir Phonetik und Sprach}the gomgunlk;;Eon employed this method in order to avoid any is an interaction between fthe manner and
v der Ludwig-Maximilians Universitdt Munchen, kind of "list effects”. The recordings were place of articulation, as plotted in Fig
! made in one session, interrupted by a pause 2, the main effect of the place cannot be
of about 15 mins. interpreted by itself. It is apparent that
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} the interaction is due to the velar VL stop
! /k/, which causes significantly higher Fo
|
|

ABSTRACT 1yze whether the Fe perturbations interact
egther with tone, the stop's place of arti- PROCEDURE iiégzztESi;y the other stops /p/ and /t/,
. . ) ‘ ' culation, or the vowel. ‘ Vowel. The main effect of the vowel s
1gsge;S;§::t;gn:t2£;e;rzo;ﬁ:izizda?g gg;ﬁ:- \ A preliminary analysis of the fundamental significint throughout. The difference
- - frequency was run with the Frokjer-Jensen between the vowels is usually greater after
hai, a tone language. It turned out that F. .HATERIAL AND INFORMANT ! Fo-Meter in order to check the realisation VL than after ASP stops and the results
is always higher after voiceless than after | of the tones and to eliminate any mistake reflect the well known phenomenon of
aspirated stops, and this difference dis- . s | made by the speaker. The material was then intrinsic pitch, where high vowels cause
appeares after 15 to 30 ms. The place of We constructed  a list of words containing digitized on a PDP11/50 with a sample rate higher F, values than mid or low ones. As
articulation of the stops does not contri- voiceless unaspirated (henceforth VL) and of 20 kHz and filtered with a cut off fre- there is no interaction between the vowels
bute significantly to the F. difference, voiceless aspirated (henceforth ASP) stops quency of 8 kHz. The first 15 pitch periods and places of articulation, the results for
whereas the vowel does. in three places of articulation (1labial, . i
of the vowels in long syllables and the Tone 2 and the VL stops are displayed in
alveolar, and velar) followed by one of the £ . . Fi 3 1 11 1 diti F. fall
: . AP ition irst ten periods in short syllables of ig. 3. n a vowel conditions « Ptalls
vowels /a e 1 o u/ 1n word initial posi Tone 1 were delimited manually with the from P1 to P2 and rises towards the end of
and combined with one of the four tongi _help of a segmentation routine and stored the contour. The F. differences between the
INTRODUCTION high level (Tone 1), rising (Tone 2), m for analysis (for detail cf. [5]). The F. vowels are nearly the same at P2 as well as
level or dipping (Tone 3), and falllns was calculated separately for all CV condi- at P15. Tone 3 shows an interaction between
(Tone 4). As ASP stops do not oceur “W“ tions in all tones, averaged over all repe- place of articulation and the vowel (cf.
For languages such as German and English it  Tonme 2, ' the difference between the stop® Lo LT Stpacate multivariate analyses of  Fig. 4), which obviously o due to a diffe-
is well known that voiced stops cause an  manner of articulation could be measursd l variance were applied for each tone condi- rent behavior of the velar stop. Whereas
initial lowering of F. in CV-syllables and for Tone 1, Tone 3, and Tone 4 only It tion the F, onset in /e/ is low after the labial
voiceless stops a relative raising. Umeda should be mentioned here, that our analysis ’ ’ and alveolar stop, it is higher after /k/
ls! and Lea [3) found that this effect re- does not support the hypothesis of lee- } followed by a short fall instead of a riset
mains evident during the first 75 to 100 ms Maddieson {8) that Tone 2 is associated RESULTS The differences are even greater for /u/,
of the vowel, whereas Hombert et al [1] with voiced stops, as in the speech of our ] where the F, after /k/ is significantly
zhowed thag ;g a tigeglagguage this effect informant Tone 2 occurred (with few excip’ ' higher than after the other stops.
isappeare after o ms. This raises tions) only. after VL, i.e., short ag . i i i Interaction between manner of articulation
the question whether this specific glottal stops. Not all possible combinations bet- ;?3e;e?21§:b§£ ;he statistical analysis are and vowel. 1In all tone conditions a sig-
behay1or is language dependent or not. Most ween stop, vowel, and tone occur in our : nificant interaction between the stops
stud;es ontin gg;gurbatiogstafter stops fo- material, as shown in Table 1. TABLE 2: Statistical results from the analysis of manner of articulation and the vowel can be
N cuse on e di erence etween voiced and X . X : ner of variance for Tone 1, Tone 2, Tone 3, and observed. The r are -
Saiea10ms sopirated steps rather than on LB L OF comelon R e o e o Lo e mmscs of abtiow  vately for the tomss. Fis. Py ohous  Ehe
the difference between the two voiceless — _________ articulation and BOR oo lation, places of articulation, and vowels results for Tone 1. The F. differences
categories (aspirated and unaspirated). On Tt 2 Tone 3 Tone 4 included in the analyses. M=manner of arti- between the vowels are small after the ASP
tbe other hapd. those studies which exa- :9": l 1 T?"? 2d level falling culation, P=place of articulation, V=vowel stops, greater after the VI, ones; /i/ after
3:::2 :Zgﬁltgugergnce provi?ezh rither di- ...t {'f___fff___‘_’ffffﬂ____f -------------------------------------------------------------------- the VL stops differs significantly from all
_ 8 in some o e languages iu Tone 1 Tone 2 Tone 3 Tone 4 other vowels. Fig. 6 displays t esu
voiceless aspirated stops caused highenga aeolu ae °_1_j"j_3_3_{_fuf_f,f ----------------------------------------------------- for Tone 3. Fo gfter thg XSP h:tgpz 1::
values tham the voiceless ones (Korean o o T i xsx _ g x Txxxl Manner VL, ASP VL VL, ASP VL, ASP rising in /e/, level in /u/, whereas both
[2)), whereas other authors report the re- VL lab x - xx- xxxxx =X xx Yy -xxxt Place 1, a i, a, v 1, al, v 1, a, Vv vowels have a falling pattern after the VL
verse (English ([41). A  higher F, after alv x : f f -orxx f f .-x x -x -xX -1 [ Vowel a, o, 1 a,e,o0,i,u e, u e, 0 ,u stops; /us differs significantly from all
aspirated stops was reported too for ____‘_’ff__’_‘ _______ x xxx - X e A et other vowels. Tone 4 (cf. Fig 7.) shows a
Cantonese by Zee [7], who measured the F, ASL lab B Tt Cxxx zxxxi ! Interactions somewhat different pattern. This time, the
perturbations after ( p} and { phl, i xoxx T X cxx xxxx% ‘ H-P-¥ p <. 01 -—- n.s n.s. interaction is caused by the ASP stops
respectively. The rather conflicting alvx - x x - xxx 7 Y xxx-f | P-y n.s. n.s p €. 05 n. s, rather than the VL ones as the F. after the
results cannot be explained easily as the vel x - x - LI XX f H-v p <. 01 - p <.05 p <. 001 VL stops is nearly the same for all vowels:
zgggészddl(ﬂi‘g; 1nt(1)_ 1ngmb§p of speakers T ‘ H-P n.s. -—- n.s. p <. 05 the onset is high, followed by a F. fall.
C s 1 material included (in most Co e CV ettt After ASP stops the F, onset is extremely :
studies only a sub§et of either the stops EZ;EZ :?rd' contaln;ng one °ft-;25 on i Main factors low in /e/, which shows a rising-falling .
or stop-vowel combinations is analyzed) nations, was written ten = Manner <. 001 - <. 001 <. 001 i i i
i i) i 2 ’ separate cards. The words were read py one p <. p <. p <. pattern, whereas the onset is high in /o/, ;
and especially (iii) in method. With our S et e % O native Place n. s. n. s. n p <. 05 followed by a quasi-linear F. fall towards
present study we wanted to help contribute speaker of Shanghai ge:rs {th imperfGCt ’ Vowel p <. 001 p <. 001 p <. 001 p <. 01 the end of the contour. /u/ on the other
to a solution of the problem by employing knowledge of ghai, ut Wi iR gere | TTTTTTTTTmmmmsmomosoesossommoommomImmIITITTT hand, is associated with a high F, onset
further material from a tone language cage o Man@arxn, The recording M15 and a falling-risin atter T i
- r . made in our Institute o Telefunken M Man i i i 9: g P n. 0 summarize I
Thus, the aim of our study is threefold: ta Ty n a tudio ner_of articulation. The main effect of these results it can be stated that (i) the
(i) to examine the Fo perturbations caused ipe recorder using a Neumann ue7 sd in the stop's manner of articulation tecf. Fig. interaction between manner and vowel is
by two voiceless stops in a tone-language ?lcr:phone, The microphone was PLAGE . | 1) is significant in all tone conditions caused by a specific behavior of /i/ (Tone
(ii) to measure the duration of theos 5Son of the speaker at a distance of 2 . (but ef. the interactions between manner of
perturbations. and (iii) to ana- cm, who was seated comfortably 1"ta. articulation and vowel). The F. onset is 1?.a"d /u/ (Tone 3) after VL stops, and
: chair. He was asked to read the words 2 always higher after VL than after ASP (ii) the different behavior of the ASP

stops in Tone 4.

stops. i i s in Tone 1
P This effect disapped’ There 18 one higher 1level interaction

after the third pitch period (P3), in Tone
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Fig. 8: Interaction between manner of

Place of articulation, and
Fo values in Hz

between manner of articulation. place of
articulation, and vowel in Tone 1. i.e.
none of the factors examined contribute
independently to the Fo perturbations. The

interaction (based on the mean Fo, values)

1s shown in Fiag. 8. 1t is obwvious that F,
is higher after /p/ than after /t/: /a/ is
associated with the lowest. ;0o/ with mid,
and /i/ with the highest F.. After /ph/ Fo.

is highest in /a/, lower in /i/. and lowest
in /0/. whereas after /th/ /i/ shows the
highest Fo, /a/ mid, and 7o/ lowest values

The differences for /a/ and /o/ are small,
those for /i/ greater

In order to have results
those of Zee [71, who used the

comparable to
Cepstrum

method to gain F,. values and measured Fo.
over the initial 78.0 ms of the vowels, we
(i) give averaged F, values in Table 3 for

Tone 1, Tone 3, and Tone 4, as well as the
corresponding ms and (1i1) analyzed the F,
contour in /pey/ vs /phey/ in Tone 1, the

results of which are displayed in Fig. 9,
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clear from the averaged data that in
the Fo after VL stops exceeds
those after ASP stops. On the other hand,
the F, onset is high in /pey/ and falls
towards the end of the contour, whereas it
is low after /phey/ and rises till P6 where
it exceeds the value of /pey/. The mean Fo
value for /pey/ averaged over about 65 ms
(this corresponds to 15 pitch periods) is
239.4 Hz, that for /phey/ 235.6 ms.

It is
our material

DISCUSSION

To answer the question we have asked in the
introduction it can be stated that there 1s
a remarkable difference in F, after VL and
ASP stops: F, is always higher after the.VL
than the ASP stops. This difference dis-
appears after 15 to 30 ms. Our results thus
are in agreement with those of Hombert et
al 1] for Yoruba, as well as with those
studies which reported higher Fo values
after VL. stops (4). but disagree with the
findings of Zee [7) for Cantonese. In the
speech of our informant, the stops' places
of articulation do not contribute signifi-
cantly to the F, pattern. It is worth men-
tioning that the phenomenon of intrinsic
Pitch could be verified in a tone language,
t06. But the influence of the vowel is not
independent of the stop's manner of articu-

TABLE 3: Mean F, values in Hz for the VL and ASP
stops in Tone 1, Tone 3, and Tone 4, as
well as the duration of the vowel portion

in ms.
Tone 1 Tone 3 Tone 4
Fo duration Fo duration Fo duration
VL 232.3 43.0 209.5 47.7 240.1 41,7

lation. The intrinsic pitch effect is grea-
ter after VL than after ASP stops and seems
to interact with the tone too: the diffe-
rences between the vowels are greater in
Tone 2 than in Tone 1 or Tone 4. This fac-
tor cannot be discussed in detail here but
will be dealt with in another paper. On the
other hand, the interaction between the VL
stop and high vowels seems to reflect a
stronger coupling between the supra- and
subglottal cavities after VL than after ASP
stops.
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