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Abstract

This study investigates Fo declination in broadcast news
speech in English and Mandarin Chinese. The results
demonstrate a strong relationship between utterance length and
declination slope. Shorter utterances have steeper declination
even after excluding the initial rising and final lowering
effects. Both topline and baseline show declination, but they
are independent. The topline and baseline have different
patterns in Mandarin Chinese, whereas in English their
patterns are similar. Mandarin Chinese has more and steeper
declination than English, as well as wider pitch range and
more Fq fluctuations.

Index Terms: declination, Fq, regression, convex-hull

1. Introduction

Declination refers to the downward trend of F, over the course
of an utterance [1, 2]. It was found that declination was
expected and used for normalization by listeners, i.e., when
two stressed syllables sounded equal in pitch, the second was
actually lower [3]. The physiological causes for Fq declination
include the tracheal pull [4], the downtrend of subglottal
pressure [5, 6], and the activity of laryngeal muscles [7]. It has
been unclear, however, whether declination is part of the
linguistic code and speaker-controlled, or an automatic by-
product of some physiological process [2, 8].

Another, but related debate about declination is whether it
is a global attribute that requires whole-phrase planning, or a
concatenation of local events. Studies have found that the Fy
topline, i.e., the line connecting F, peaks, was steeper in short
sentences than in long ones [9], and the initial Fy peak
increased with sentence length [10]. [11] proposed that the
slope of the declination depends on the sentence type: it is
steepest for terminal declaratives and least steep for
interrogatives. In [12], however, it was argued that declination
can be explained by downstep plus final lowering effects.
Downstep is the lowering effect triggered by a low tone that is
between two high tones; final lowering refers to the final F
peak being lower than expected from the downstep effect
alone. [13] suggested that final lowering is grammaticalized
and independent of declination.

Fo declination has also been found in Mandarin Chinese, a
tonal language [14, 15]. [16] demonstrated that there is
declination on high tone sequences, in which there are no low
tones to trigger downsteps. [17] showed a linear baseline
declination effect in Mandarin Chinese, as illustrated by
Figure 1 below. [18] studied dialectal variation in declination
pattern of Taiwan Mandarin.

Besides declination, the F, contour of a sentence is
affected by many linguistic and situational factors. Most
previous studies of declination used controlled experiments to
minimize the effects of the other factors. In this study, we
investigate F, declination in large broadcast news speech
corpora. We argue that by using large and natural speech
corpora the other factors will balance and cancel each other,

and the “true” declination effect will be revealed. We will also
compare the declination effect between English and Mandarin
Chinese. Cross-linguistic comparison of declination has rarely
been undertaken in previous studies. Such a comparison will
help us better understand the nature of declination.
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Figure 1: Baseline declination in Mandarin Chinese.

2. Data and Method

Two broadcast news speech corpora were used for this study,
the 1997 English Broadcast News Speech (LDC98S71) and the
1997 Mandarin Broadcast News Speech (LDC98S73). We
extracted the “utterances”, the between-pause units that are
time-stamped in the transcripts LDC98T22 and LDC98T24,
from the corpora. The utterances were forced aligned using the
PPL Forced Aligner [19] and those containing a pause longer
than 50 ms were excluded. The utterances from unknown
speakers and reporters, i.e., whose names were not tagged in
the corpora, were also excluded. Finally, the utterances
between one and four seconds long were selected and utilized
for this study. The data include 5,652 English utterances and
8,383 Mandarin utterances.

The F, contours of the utterances were extracted using
esps/get_fO with a 10 ms frame rate [20]. The contours were
linearly interpolated to be continuous over the unvoiced
segments, and smoothed by passing them through a
Butterworth low-pass filter with normalized cutoff frequency
at 0.1. The Fos were then converted to semitones by using the
formula below:

F,
Semitone =12 * log, (——2>—
g2(FO _base)

The base frequency used for calculating semitones was
speaker dependent, defined as the 5™ percentile of all Fg values
for that speaker.

Two methods were applied to measure F, declination.
First, a linear regression line was fitted to each F, contour
using the least-squares method. The slopes of the fitted lines
were then analyzed.



Secondly, we used convex-hull, a peak detection algorithm
that has been successfully applied in syllable segmentation
tasks [21], to identify local Fy valleys and peaks. Figure 2
shows an example of the peaks and valleys detected by
convex-hull in our data.
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Figure 2: Fq peaks and valleys detected by using Convex-hull.

In the analysis below, the Fy peaks were connected to form
the topline and the F, valleys were connected to form the
baseline.

3. Results

3.1. Regression lines

The fitted lines in Mandarin Chinese have a higher percentage
of negative slopes than those in English: 90.7% Mandarin vs.
71.5% English. The mean slopes of English and Mandarin
utterances are shown in Figure 3.
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Figure 3: Mean slopes of English and Mandarin utterances.

The negative slopes in Mandarin Chinese are also steeper
than those in English. Figure 4 shows the mean values of the
negative slopes only (excluding the positive ones). We can see
that Mandarin has a steeper slope than English when the
utterance length is the same.

It is not obvious why Mandarin Chinese has more and
steeper declination than English. One possible explanation is
that Mandarin Chinese has wider pitch range than English in
broadcast news speech, which is shown in Figure 5. Previous
studies have found that listeners expected more declination in
wide pitch range utterances than in narrow pitch range
utterances [3].
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Figure 4: Declination slope vs. utterance length. The durations
were rounded to the nearest number shown on the x-axis.
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Figure 5: Pitch range vs. utterance length. The durations were
rounded to the nearest number shown on the x-axis.

From Figure 4 we can clearly see a correlation between
utterance length and declination slope. The shorter the
utterance, the steeper the slope is. The relationship between
time and slope is, however, complicated by the fact that the Fy
contour is not a straight line. Typically, Fy reaches its first
peak quickly, then fluctuates and gradually declines, and
finally ends with a final lowering.

To study whether the time-slope relationship holds without
the effect of initial rising and final lowering, we fitted a
regression line to the middle points of an utterance only,
excluding the points in the first and last 500 ms of the
utterance. The slopes from using only the middle points are
compared with those using all points in Figure 6 and 7.
Because the middle-points regression excluded one second of
points from an utterance, only the utterances longer than two
seconds were used in the comparison.

As we can expect the slopes of the middle points only are
less steep than the slopes of all points. What is interesting is
that in both English and Mandarin Chinese the time-slope
relationship still holds after excluding the initial and final 500
ms, i.e., shorter utterances have steeper declination within the
middle part of the utterance.
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Figure 6: Regression over all points vs. the middle points of
English utterances (excluding the initial and final 500 ms).
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Figure 7: Regression over all points vs. the middle points of
Mandarin utterances (excluding the initial and final 500 ms).

3.2. Top and bottom lines

Figures 8 and 9 show the topline and baseline patterns in
English and Mandarin Chinese respectively. The lines were
drawn by taking average of the F, peaks and valleys at relative
utterance positions. The point on the topline at the relative
position of .2, for example, represents the F, peaks that
appeared between 10 and 30 percent of the utterance duration.
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Figure 8: Top and bottom lines in English. The peaks and
valleys were grouped based on their relative positions in the
utterance.
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Figure 9: Top and bottom lines in Mandarin. The peaks and
valleys were grouped based on their relative positions in the
utterance.

From the figures we can see that both the topline and
baseline show declination, in both English and Mandarin
Chinese. Also, the topline has final lowering in both
languages. The baseline of Mandarin Chinese is close to a
straight line. This is consistent with the observation reported in
[17]. The topline and baseline have different patterns in
Mandarin Chinese, whereas in English they are very similar,
both consisting of three parts: initial rising, middle declination,
and final lowering.

Finally, Figure 10 shows the total number of F, peaks and
valleys in an utterance in English and Mandarin Chinese. We
can see that Mandarin Chinese has more F, peaks and valleys,
i.e., more F, fluctuations, than English. This is probably the
effect of lexical tones in Mandarin Chinese.
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Figure 10: The total number of Fy peaks and valleys in an
utterance in English and Mandarin Chinese.

4, Conclusions and discussion

In this study we investigated F, declination in large broadcast
news speech corpora in English and Mandarin Chinese. We
applied two methods, linear regression and convex-hull. The
former is used to measure declination slope, and the latter is
used to extract Fo, peaks and valleys in an utterance for
depicting its topline and baseline patterns.

Analysis of the data demonstrated a strong correlation
between declination slope and utterance length: the shorter the
utterance, the steeper the declination is. This relationship holds
when excluding the initial and final 500 ms, i.e., using only the
middle points of an utterance to fit a line. This result may



suggest that the declination slope is controlled by speakers,
and that there is preplanning on declination in speech
production.

Both the topline and baseline show declination, and the
topline has final lowering in both languages. In Mandarin
Chinese, the baseline is close to a straight line, which is
different from its topline. Menwhile in English, the baseline
and topline are similar, both consisting of three parts: initial
rising, middle declination, and final lowering. This cross-
linguistic difference may suggest that topline and baseline
declinations are independent phenomena; they are not
automatic by-products of some physiological process, but
linguistically controlled.

Finally, our results showed that Mandarin Chinese has
wider pitch range and more F, fluctuations than English,
probably due to the effect of lexical tones.
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