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ABSTRACT - Two contour tones on high and low vowels are measured at different duration
points to examine intrinsic vowel Fo effects in Shanghai Chinese. T-test results show the
intrinsic vowel Fo occurs on the earlier part of the falling tone and later part of the rising tone.

INTRODUCTION

It is generally acknowledged that the average fundamental frequency (Fo) varies with vowel height; a
higher vowel is related to higher Fo, ceteris paribus. This assumed intrinsic vowel fundamental frequency
(IFo) has been observed in many genetically unrelated languages such as English (Taylor 1933), Danish
(Petersen 1978), German (Ladd & Silverman 1984), ltsekiri (Ladefoged 1964), Yoruba (Humbert 1977a),
Thai (Gandour & Maddieson ::75), etc. IFo also occurs on short vowels as well as on long ones (Dyhr
1990:149). Larger IFo differences have been found in stressed vowels than in unstressed vowels
(Petersen 1986). Although Umedo (1981) suspects the so-calied IFo is an artifact of experiments based
on carrier sentences, Ladd & Silverman (1984) show that iFo differences do occur in running speech.

Most of the detailed and comprehensive researches in this field have been carried out in non-tone
languages. The investigaiions in the tone languages mentioned above involved only one (ltsekiri, Thai) or
two (Yoruba) subjects. Speakers realise the same acoustic properties or linguistic signals by different
strategies. So it appears necessary to do a multi-subjects study in a contour tone language to see if this
positive correlation is idiosyncratic or statistically significant. Can iFo be found in complex tones as in level
tones? If so, is it manitested only on the peak point of a glide tone or on the entire stretch of the Fo curve?

PROCEDURES

Shanghai Chirese (SH) was chosen for the investigation. There are five lexical tones in SH contrasting
falling with rising, long with short (Rose 1990). This paper will be reporting the results obtained from the
data of the high falling tone, T(one) 1, and the low rising tone, T{onej 3. In order to eliminate individual
idiosyncrasies and to get statistically significant results, 11 informants, five female (referred to as F1 fo F5)
and six male (M1 to M&), were employed. The syHables used in testing were real words or morphemes in
SH. Inciuded in the corpus were: Tt pi “edge”, pt “to sow”, pa *dad”, T3 pi “convenient”, pu “step”, pa
“to fail". Each syllable was read in citation form and repeated six times by each speaker. Thus a total of 2
(tones) x 3 (vowels) x 6 (repeats) x 11 (informants) = 396 tokens were involved. All recordings were made
under laboratory conditions. Spectrographic measurements for Fo tracings were made by hand. The
voice onset was defined as the point where the first glottal striation of the second formant was clearly
present. The offset of the falling T1 was decided at where regularly increasing intervals between Fo
striations had ended. For T3, which was rising in contour with a dropping Fo perturbation caused by a
syllable-final glottal stop, the convex inflection point was decided as the offset of the tone (Rose 1990).
Tokens were sampled every 20 percentage point of the duration, of which an additional point at 5% was
also measured. Moreover, for those with T3, the end of the dropping Fo perturbation, arbitrarily
designated as 110%, has been measured.

RESULTS

First to be mentioned is that the speakers behave quite differently if we look into the acoustic details,
although there is a general tendency which conforms with the results in the majority of previous studies.
The mean measurements for individual speakers are demonstrated in Fig 1. Each panel contains one of
the two tones, on all three vowels, of two speakers: one female, with upper curves, and the other male,
lower curves, except diagrams f and i, which include only one male speaker. Each curve represents the
mean values of six tokens. The mean Fo values were i-tested for significant differences between the high
and low vowels. The results are given i Table 1. in the following summary of the results, when | say “a has
lower Fo than i,u” or the equivalents, it means that at least two out of three statistics (ie, the tvalues of i vs
a, uvs a, and pooled i+u vs a) are significant at the confidence level of 95% or higher.
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Figure 1. Average Fo curves of Tone1 and Tone 3 on three vowels for 11 Shanghai speakers.
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The direction of the Fo at the vowel onset is said to vary with tone types (Petersen 1986) as well as the
voicing state of preceding obstruents (Hombert 1977a). In SH, the Fo of T3 starts from the mid or low-mid
part of the Fo range, assumed corresponding to the neutral, rest position of vocal cords, then goes down
to the lowest part before rising to mid or upper-mid. As for T1, the Fo onsets for different speakers do not
move identically; they fall down straightforwardly in most of the male cases, but go up before falling in
some female cases, especially F2 and F3.

There are no Fo differences between high and low vowels at the first (0%) and last (100% for T1 and
110% for T3) measurement points of both tones except a few cases; the Fo on a is 12 Hz or more lower
than that oni and u at the 0% points in M1's and F3's Tone 3. The a-curve even ends higher than the
other two here and there, eg, T1 of F2, F3, F5, M6, and T3 of F1, F2, F5, M5. The Fo differences are
distributed from 5% of the duration to 80% for T1, and to 100% for T3, but differing from speaker to
speaker. In T1, the three Fo tracings are close to one another for M1 and M3. For M2, the a-curve is close
to the u-curve on first half part and close to the i-curve on the second half. a has lower Fo than iu at 20%
and 40% for the remaining three male speakers, and at 60% for M5. Female speakers all have lower Fo
with & than with /,u from 20% to 60%, and still at 80% for F2, F3, and F4. In other words the Fo differences
do not occur in T1 for M1 and M3, and they merge from the 40% point for M6, 60% for M2, 80% for F1, F5,
and at 100% for F2, F4, and M4. In T3, there are four speakers, F3, M1, M4, and M3 (except at the 5%
point), who have lower Fo with a than with /u throughout the tone. |Fo differences occur from the 20%
point up to the end for F2, F4, and M2, from 40% for F1 and F5, and only at 100% for M5 and M6.

Larger absolute amounts of Fo differences occur for female than for male speakers. This can be seen from
the following two panels of Fig 2. ’
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Figure 2. Average Fo curves of T1 and T3 on three vowels for female, male, and all speakers.

Female group - The Fo on a at 0% is between that on / and v in both tones. In T1, a runs lower than /,u
trom 5% (8Hz or more), maximises the difference at 40% (17Hz or more), then approaches v at 80% (7Hz
or more), and even goes over both high voweils at the end. in T3, a remains in-between at 5%, and shows
divergence from 20% (SHz or more). The maximum difference occurs at 80% (22Hz or more). A slightly
smaller difference remains at 100% (16Hz or more). ais also higher than /,u at the end of offshoot (110%).

Male group - In T1, although a is fower than i from 0-40%, it is very close to u. In fact a is not significant
from u in the whole contour at 95% confidence level. Only at the 20 and 40% points a is lower than pooled
i+u. Much more differences can be seen in T3; they exit in the whole stretch of the tone: 0-100%.

Overall - In T1, ais lower than i from 5% (19Hz) to 60% (16Hz), but not significantly different from u
throughout the contour. It is only significantly lower than u at 20-40% points at 90% confidence level. a
has lower Fo than pooled i+u again at 20 and 40%, the earlier part of the falling tone, ignoring the onset
which is disturbed by the preceding consonant. In T3, a is lower than both i and v from 60-100% (and
lower than i+u from 40%)}), the later part of the rising tone, ignoring the dropping offshoot.

The resuits of measurements and statistics from the data of all speakers are not in agreement with what
Gandour and Maddieson (1975:249) found from a Thai speaker, namely that the IFo differences are “...
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with low tone.” In short, Fo differences tend to diminish in the lowest Fo range. In the high falling tone
(T1), Fo differences disappear in the later duration par, which is entering the lowest Fo range. In the low
rising tone (T3), Fo differences are least on the lowest Fo points, 20 and 40% of the duration. The onset
of both tones and the offshoot of T3, of course, are excluded from consideration.

DISCUSSION

Many competing hypotheses have been advanced to account for the IFo during the last three decades.
These theories can be divided into two categories: 1) those articulatorily intrinsically related to vowel
height, such as acoustic coupling (Atkinson 1960}, vertical tongue pull and hyoid upward movement
(Ladefoged 1964}, oral consiriction (Mohr 1971), tongue retraction (Ewan 1979), mandible position
(Zawadzki & Gilbert 1989), 2) those not neccesarily articulatorily associated with the vowel height. The
latter can be further divided into two sub-sets: 2a) articulatory activities, eg, (vertical tongue pull and) the
tension of the soft tissues in larynx (Ohala 1977), (horizontal tongue puil and) cricothyroid activity (Honda
1883, Vilkman et al. 1989, Dyhr 1990), respiratory drive {Gandour & Weinberg 1980), and 2b) perceptual
compensation (Hombert 1577a, Silverman 1984).

The data given above are unfavourable to set 1 theories since during producing a glide tone, no matter on
high or low vowels, the oral tract and the tongue position remain unchanged, thus the formant pattern,
assumed to result from supraglottal configuration, remains unchanged, but the Fo differences among
vowels have changed. There should be other factors which induce these changed Fo differences. Qur
resuyits, however, is compatible to set 2a theories, provided the tension of the muscles or membranes
involved is not done through the vertical or horizontal tongue pull. The reason is that during the
production of a glide tone, intrinsic or extrinsic laryngeal muscles or membranes can be changed in the
tension, and subglottal air pressure (Ps) as well, if it really affects the iFo. These changes will certainly
influence the Fo on either high or low vowels, thus affect the IFo differences.

It is still controversial whether Ps contributes to IFo. Vilkman et ai (1989) claim that the role of Ps is
negligible. Gandour & Weinberg (1980) take Ps as a principal facior. Hombert (1977b) considers it as a
significant role working together with laryngeal muscles. Intensity does correlate positively with Fo
(Humbert 1877b, Zee 1978), but that does not necessitate the conclusion that Ps is responsible for Fo.
There may be an overall tension in all vocal tracis which simultaneously brings about the higher Ps and
higher tension of laryngeal muscles, the former resulting in higher intensity, and the later higher Fo, both
of which co-occur in the case with higher iFo differences. Or, as Chala {1978) suggests, both Ps and Fo
are heavily influenced by laryngeal activities.

Our data can be explained from the view of set 2b hypothases. | speculate that the vowel Fo differences
are due 1o active changes in vocal cord tension and Ps, and that it is not an intrinsic, automatic effect
caused by vowel height, but is purposeful. This is superiicially reasonable because the vowel Fo
differences occur on the parts of the glide tones with both higher Fo and intensity. These pars are
supposed to cairy more important linguistic information than the other parts. The speaker intentionally
raises the Fo on jand u, or lowers that on a, in order for the listener 1o get the impression of equal pitch
level (Hombert 1977a). This speculation brings about two predictions: 1) Since the distinctive features of
two contrastive glide tones of the same direction are located at the higher part of Fo range, two
contrasting failing tones must have different onsets, eg, HL vs ML, or HM vs ML, but not HM vs HL, and
iwo distinct rising tones must have differing offsets, eg, LM vs LH, or MH vs LM, but not LH vs MH, other
phonation types keeping constant. 2) Vowel Fo differences should be present in all contrasting level
tones since they ail carry distinctive information. A brief survey of some hundred Chinese dialects reveals
that the first prediction is tenable. Prediction 2 is testable in languages with two or more distinct level
tones.

CONCLUSION

1) IFo is found in complex tones. 2) IFo occurs neither only on the peak point nor the entire stretch of the
glide tones, but at the higher part of the Fo range. 3) IFo at that part is statistically significant. 4) These
results are best explained in perception terms.
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