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Abstract:  Focus plays a vital role in spoken communication. Unlike some languages in which word-
level accent is assigned lexically, most Chinese words have no lexical constraint on accentuation at the
word level. Thus, if a disyllabic word is to be focused on, Chinese speakers must decide which
syllable, or indeed if both syllables, should be stressed. Moreover, the stress assignment of the focal
words is affected by the semantic structure of the words, which are composed of meaningful
characters. In this paper, the manner in which disyllabic focused words affect variations in the prosodic
correlates 1s investigated, in terms of the semantic structures, stress patterns and tonal combinations of
the words in Mandarin Chinese. The findings are summarized as follows. (1) The effects of semantic
structures of the focused words on the prosodic correlates are completely mediated by the stress
patterns. (2) The prosodic correlates of the second syllable of the focused word are more variable than
those of the first syllable. Specifically, there is a significant asymmetry of vowel duration as well as
fundamental frequency (Fy) range between the pre-stressed and post-stressed syllables. Moreover, the

tonal combination significantly affects the variations of both the vowel duration and F range.
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1. INTRODUCTION

In Chinese, a monosyllabic word is composed of one
character that conveys semantic information. The meaning
of polysyllabic words is generally derived from the
combination of these monosyllabic characters, as in the
word “‘gangl cai2 (steel material),” which consists of the
characters “gangl (steel)” and “cai2 (material).” More-
over, unlike other languages in which word-level accent is
assigned lexically, as in the Japanese examples of ““a’me”
(rain) and “ame” (candy), most Chinese words have no
lexical constraint on accentuation at the word level. Thus,
if a disyllabic word is to be focused on, Chinese speakers
must decide which syllable, or indeed if both syllables,
should be stressed. This stress assignment can be particu-
larly confusing to second language learners when speaking
Chinese, for they tend simply to place stress accent on all
syllables of focused words. Although it is acceptable to
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apply this simple rule in certain circumstances, such as in
the reading of a government report in which very
prominent stress is required, and in reading aloud by
young primary school students, it is not appropriate to
communicate in this manner in daily life. The stress
patterns of disyllabic Chinese words are defined conven-
tionally as follows [1]: stress placement on the first syllable
(Sp10), the second syllable (Sp01) and on both syllables
(Spl1). Hereafter, Sp10 and SpO1 are referred to as *‘single
stress” and Spll as “‘double stress™ patterns.

It is widely held that the focally stressed syllable is
accompanied by the changes of fundamental frequency
(Fo), duration, intensity, formant and spectral tilt [2-8]. Fy
movements, moreover, are generally seen as the reliable
prosodic cues to-focus. As a tonal language, the Fj
movements in Mandarin Chinese are generally described
on the basis of a top- and bottom-line intonation model
[9,10]. A study showed further that the £, movements of
maxima are significant and relatively free, but those of
minima are limited by the bottom-line, which results in the
expansion or compression of the local F; range.
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There have been several reports on the nature of
simpler double-stressed focal words and their surroundings
in very short sentences, including: (1) a radical asymmetry
of fundamental frequency (Fy) range occurs around the
focused word [7,8], i.e., the Fy range of on-focus words is
significantly increased and the Fy range of post-focus
words is decreased, while the F, range of the pre-focus
words is little changed; and (2) a remarkable increase in
duration of on-focus words is observed, which is associated
with small changes in the duration of both the pre- and
post-focus syllables [8], a phenomenon we call symmetry
of duration. Despite these accumulated findings, however,
little attention has been paid to the nature of single-stressed
focal words, which are fundamental components of fluent
Chinese speech. Meanwhile, it has been shown that the
assignment of stress patterns is strongly affected by the
semantic structures of the focal words [11]. We therefore
conjecture that the stress patterns function as a mediator
between semantic structures and prosodic correlates of the
focal words.

The present study attempts to answer the following
questions: (1) what is the relationship between semantic
structures, stress patterns, and prosodic correlates of the
focal words in Mandarin Chinese, and specifically, are the
effects of semantic structures on the prosodic correlates
completely mediated by the stress patterns? (2) How do the
three aforementioned stress patterns and the tone combina-
tions affect the prosodic correlates?

We deal with disyllabic words in this paper, because
not only are they most frequently used, but also they are the
fundamental constituents of other polysyllabic words of
three syllables or more.

2. SEMANTIC STRUCTURES AND
CLASSIFICATION OF WORDS

We classify disyllabic words of Chinese into the
following four categories according to different semantic
structures:

Category 1 (C1): words in which the contribution of the
first syllable is more important than that of the second
syllable to the meaning of the word.

Category 2 (C2): words in which the contribution of the
second syllable is more important than that of the first
syllable to the meaning of the word.

Category 3 (C3): words in which both the first and
second syllables contribute equally to the meaning of the
word.

Category 4 (C4): words in which the relative semantic
weight is subject to context.

In a previous study [l1], we found that Chinese
speakers tend to retain stress positions on the sense-
contributing syllables of the words (Table 1). The statis-
tical results of CCTV news speech have shown that (1)
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Table 1 Stress patterns for cach category of semantic structure.

Cat.  Example English Stress patterns™
translation Spl0  SpOl Splt

Cl1 Zhuanl1Yil Concentrated Yes

C2 Yi2Ding4 Must Yes

C3 GanglCai2  Just Yes Yes Yes

C4 GanglCai2  Steel material ~ Yes Yes Yes

*Note that no entry refers to unnatural stress placement on the
specific syllable(s).

focused words of Cl and C2 are conventionally accom-
panied by stress patterns Spl0 and SpOl, respectively; (2)
C3 words are often focused with stress pattern Sp10, but
other stress patterns are preferred depending on the
prosodic contextual factors, such as phrase finality; (3)
the assignment of the stress patterns of C4 words is
somewhat complicated, depending on whether the focus is
narrow or broad [2]. In the case of narrow focus, the stress
is assigned to the narrow focused syllable. In the case of
broad focus, the stress pattern Spll is most frequently
used, while the other stress patterns are used depending on
the prosodic contextual factors. By and large, it is obvious
that the semantic structures of a focused word strongly
influence the assignment of its stress pattern. Thus, the
issue of the relationship between semantic structures, stress
patterns and prosodic correlates of the focused words
depends on whether or not the effects of semantic
structures of the focused words on the prosodic correlates
are completely mediated by the stress patterns.

3. EXPERIMENT 1

3.1. Materials and Analytical Procedure

Four pairs of disyllabic words were selected from
different semantic categories as target words (Table 2).
Each pair of words had the same tone combination and the
same or similar phonemic structure, but a different
semantic structure. To control the stress patterns of the
focal word, we used the carrier sentence, ‘“Zhe4 shi4 TW
er2 bu2 shi4 CW. (This is TW but not CW.),” into which

Table 2 Target words for Experiment 1.

Word pairs (A, B) English translation Cat.
Ganglgou3 A Congo C3
Ganlgou3 B Dried fruit C4
Yi2ding4 A Must C2
Yi2ding4 B Tablet C4
Ganglcai2 A Just c3
Ganglcai2 B Steel material C4
Zhuanlyil A Concentrated Cl
Zhonglyil B Traditional doctor c4
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target and contrastive words were inserted for all four pairs
of disyllabic words.

For example, given the word “‘gangl cai2” (‘“steel
material”"), we have the following four derivatives.
“Zhed shi4 gangl cai2 er2 bu2 shi4 mu4 cai2.” (“This is
steel material but not wood.””)

“Zhed shi4 gangl cai2 er2 bu2 shi4 gangl chan3 ping3.”
(“This is steel material but not a steel product.”)

“Zhed shi4 gang| cai2 er2 bu2 shi4 mu4 chan3.” (“This is
steel material but not a wood product.”)

“Zhed shid gangl cai2 er2 bu2 shi4 gi2 tal.” (““This is
steel material but not anything else.”)

In the above sentences, the stressed syllables are
underlined. We also made the speakers aware that
sentences with target words of Cl and C2 are used in a
special context as ““metalinguistic correction” [2], because
words of C1 and C2 are conventionally focused with stress
patterns of Spl0 and SpOl, respectively. Five native
Chinese speakers born in Beijing, two males and three
females, read one sentence twice. All of the utterances
were recorded on DAT in a soundproof room before being
digitized at a sampling rate of 11.025 kHz. The syllable and
vowel segmentation was carried out manually by observing
the waveform and sound spectrogram of an utterance. F
contours in semitone (ref. 1Hz) were automatically
analyzed at 5-ms intervals and erroneous F, values, if
any, were corrected manually. The largest and smallest F
values of the Fy contour of the vowel segment of a syllable
were extracted as the Fjy maximum and F; minimum values
of the syllable, respectively. The Fj range was defined as
the difference between the two extreme values.

3.2. Results

Table 3 shows the mean ratios of the vowel duration of
the disyllabic words in the focused utterance to that in the
neutral utterance, and the results of the one-way ANOVA.
Table 4 is the same as Table 3 except that the mean
differences are taken for the Fy range. In addition, we
performed a two-way ANOVA. with “Word A” and
“Word B™ as a between-item factor, and the stress patterns
as a within-item factor.

The one-way ANOVA found that neither vowel
duration (F < 1) nor Fy range (F < 1) was affected by
the different semantic structures of words A and B focused
with the same stress pattern. The two-way ANOVA
revealed that: (1) stress patterns significantly affected
changes in both vowel duration (p < 0.05) and F, range
(p <0.05), but (2) there were no interaction effects
between stress patterns and the pair of words (F < ).

3.3. Discussion

The results show that the prosodic correlates of the
words focused with the same stress pattern are insignit-
icantly affected by their semantic structures. Stress patterns
do influence prosodic correlates. Thus, by associating with
the previous results [I1] that the semantic structures
strongly affect the assignment of stress patterns as men-
tioned in section 2, it can be concluded that the effects of
semantic structures of the focal words on the prosodic
correlates are completely mediated by the stress patterns
(Fig. 1).

These findings answer the first question posed in the
introduction, and form the foundation for the answer to the

Table 3 Mean ratio of vowel duration of focus utterance to neutral utterance.

Syllable | Syllable 2
Subjects Stress W_A W_B F P W_A W.B F P
pattern
MZ] Spll 1.66 1.67 0.003 0.958 1.25 1.29 0.417 0.536
Spl0 1.79 1.76 0.023 0.882 0.94 0.95 0.032 0.862
SpOl 111 1.19 0.146 0.711 1.32 1.41 0.295 0.601
MXB Spli 1.16 1.15 0.100 0.762 1.23 1.49 0.531 0.622
Splo 1.20 .19 0.012 0916 0.84 0.85 0.103 0.759
SpOl 1.08 1.06 0.222 0.654 1.64 1.47 0.413 0.544
FHJ Spll 1.55 1.51 0.244 0.638 1.59 1.51 0.486 0.512
Sp10 1.64 1.59 0.151 0.711 0.87 0.84 0.381 0.560
SpO1 .16 1.14 0.118 0.743 1.82 1.69 0.376 0.562
FSY Spll 1.11 1.09 0.618 0.461 111 1.03 0.832 0.397
Spto 1.16 1.13 0.708 0.432 0.91 0.90 0.020 0.891
SpO1 1.09 1.04 0.344 0.576 1.21 1.13 0.264 0.626
FZM Spll 1.29 1.37 0.372 0.564 1.31 1.47 0.207 0.664
Spl0 1.38 1.36 0.014 0910 0.74 0.81 0.124 0.746
SpOl 1.16 1.13 0.321 0.591 1.53 1.59 0.101 0.760
113
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Table 4 Mean difference of Fjy range between focus utterance and neutral utterance.

Syllable 1 Syllable 2
Subjects Stress W_A W_B F p WA W_B F p
pattern
MZ) Spll 2.27 1.97 0.148 0.709 4.24 391 0.025 0.877
Spl0 2.21 2.53 0.049 0.831 1.58 1.81 0.036 0.854
Sp01 1.03 1.05 0.001 0.974 5.42 4.79 0.094 0.766
MXB Spll 1.14 1.30 0.045 0.838 1.50 1.10 0.845 0.393
Spl0 0.98 1.03 0.005 0.949 -0.93 —0.59 0.106 0.755
SpO1 0.54 0.49 0.037 0.855 3.35 2.86 0.137 0.724
FHJ Spll 0.75 0.56 0.244 0.638 1.55 1.56 0.001 0.991
Spli0 0.98 0.69 0.079 0.783 —-0.37 —-0.23 0.019 0.893
SpO1 0.48 0.24 0.918 0.355 2.86 2.36 0.153 0.709
FSY Spil -0.02 0.21 0.589 0.472 3.27 2.53 0.075 0.793
Spl0 0.21 0.33 0.851 0.391 —0.81 —1.39 0.291 0.608
Spo1 —0.06 —0.03 0.021 0.896 3.12 3.10 0.001 0.991
FZM Spll 0.79 0.49 0.110 0.751 1.33 1.67 0.032 0.863
Splo 0.50 0.87 0.128 0.732 —0.02 —-0.23 0.061 0.813
SpOl 0.36 0.11 0.474 0.517 3.68 3.19 0.027 0.876
tonal combinations (Chinese 4 tones: H, R, L, F), excludin
Focused words Context ( ) &

l

Classification of focused words
based on semantic structures

cl|ic2

v A
Assignment of Assignment of |
stress pattern stress pattern

C3¢4

Sp10|Sp01

°

Sp10 Sp01 Spll

Production of
prosodic correlates

FO contour, duration,
intensity, etc.

Fig. 1 Relationship between semantic structures of
words and prosodic correlates.

second question, because it is reliable to investigate the
prosodic correlates of the focal words regardless of what
kind of semantic structure they have.

4. EXPERIMENT 2

4.1. Materials and Analytical Procedure
The experimental procedure was the same as that for
Experiment 1, except that the target words reflected all 15
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tone L-L (tone L will be changed into tone R when it
precedes another tone L). Two words were selected for
each tone combination (see the Appendix for a full list of
all 30 target words). Thus, 1,200 (= 30 words x 3 stress
patterns and 1 neutral x 2 repetitions x 5 speakers)
utterances were recorded and prosodic variations were
examined through the analysis of vowel duration, Fjo
maximum, Fy minimum, and Fy range.

The values of the prosodic correlates of each tone
combination were averaged across the two target words of
the same tone and across both repetitions of the target
words in the same sentence uttered with the same stress
pattern. Thus, each stress pattern has a total of 75 (= 15
tone combinations x 5 speakers) mean values for the
representation of the variation of vowel duration and F
range.

4.2. Results
4.2.1. Effects of stress patterns
Vowel Duration

Figure 2 illustrates the distribution of the vowel
duration ratios («;,a»), where o and o, are the ratios of
the vowel duration between focused and neutral utterances
for syllable 1 and syllable 2, respectively. The 68% density
ellipses for the stress patterns Spl10 and SpOl are shown in
the figure.

As can be seen in Fig. 2, there is a significant
asymmetry of vowel duration ratios, because firstly, 97%
of Spl0 lie in the left region of the ordinate, which

NI | -El ectronic Library Service



The Acoustical .Society of Japan (ASJ)

Z. GU et al.: PROSODIC VARIATIONS OF FOCUSED WORDS IN CHINESE

3
[ = Splo
25 b « Spol
5 o
0 ) 2 3
0.5
0 [

[L5)

Fig. 2 Distribution of the vowel duration ratio (¢, a»),
where o and «; are the vowel duration ratios between
focused and neutral utterances for syllable | and
syllable 2, respectively.

Table 5 Mean values @, and @, of vowel duration ratios
in syllables | and 2 (ay, ay), respectively.

Stress pattern a a
Spll 1.39 1.32
Splo 143 0.85
Spol 115 .49

indicates that the vowel duration of syllable 2 is shortened
when there is single stress on syllable 1, and secondly, only
8% of SpO1 lie below the abscissa, which indicates that the
vowel duration of syllable 1 is rarely shortened when single
stress is placed on syllable 2. Table 5 shows the mean
values @) and @, of the vowel duration ratios in syllables |
and 2 (a, ), respectively. As can be seen in Table 5, @
is decreased significantly to an average of 85% for Spl0
and increased remarkably to an average of 149% for SpO1.
This is in contrast to the increase in @, to an average of
115% and 143% for SpOl and Spl0, respectively. In
addition, the difference between the mean vowel duration
ratio of pre-stressed syllable (@, = 115%) and mean vowel
duration ratio of post-stressed syllable (&, = 85%) is
significant (p < 0.05), indicating that single stress on the
syllable of disyllabic words not only lengthens the stressed
syllable but also systematically affects the length of the
unstressed syllable.
Fy Range

Figure 3 shows the distribution of the F, range
differences (B, B2), where B, and pB, represent the
differences in F, range between focused and neutral
utterances for syllables 1 and 2, respectively. The 68%
probability density ellipses for the single stress patterns

B (semitone)

[3; (semitone)

Fig. 3 Distribution of the £ range difference (B, Ba2),
where f; and B, represent the Fy range differences
between focused and neutral utterances for syllable |
and syllable 2, respectively.

Table 6 Mean values B, and B, of Fy range differences
in syllables 1 and 2 (B, f.), respectively.

Stress pattern B, [semitone] B, Isemitone]

Spll 1.86 2.18
Splo 2.65 —0.45
Spol 0.51 331

Spl0 and SpO1 are also shown in the figure. Firstly, 57% of
Spl0 lie in the left region of the ordinate, indicating that
the I range of syllable 2 is more likely to be decreased in
the case of single stress on syllable 1; secondly, 27% of
SpO1 lie below the abscissa, indicating that the F range of
pre-stressed syllable | is less likely to be decreased when
syllable 2 is stressed. Table 6 shows the mean values f,
and Bz of Fy range differences in syllables 1 and 2 (81, 1),
respectively. As can be seen, the mean F, range differences
increase more for the single stress patterns (B, = 2.65,
B, =3.31) than those for the double stress pattern
(B, = 1.86, B, = 2.18), with significant differences at the
level of p < 0.05. Another substantial difference is that the
mean F, range difference of the pre-stressed syllable |
(B, = 0.51) is larger than that of the post-stressed syllable
2 (B, = —0.45) (p < 0.05).
4.2.2.  Effects of tone combinations

We performed an extended CHAID (Chi-square Auto-
matic Interaction Detection) analysis [12,13], with the
standardized values of «y, a,, B and B, as dependent
variables and the identities of the tones and speakers as
independent variables (Table 7). The standardization was
made on the basis of their means and standard deviations,
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Table 7 Independent and dependent variables used in
the CHAID analysis.

Independent variables (1.V)

T Tone identities of syllable 1 (H, R, L, F)
TF Tone identities of syllable 2 (H, R, L, F)
Spk Subjects who uttered the target word

(F-1, F-2, M-1, M-2, M-3)

Dependent variables (D_V)

v Standardized value of ¢
Standardized value of a»
Standardized value of f,
Standardized value of B

™ R R
2=

+3)

Table 8 Major results of CHAID analysis for vowel duration.
variables was further split into a subspace.

Acoust. Sci. & Tech. 24, 3 (2003)

where the standardized values were denoted as &, &, /§1
and B, respectively. The CHAID algorithm recursively
splits the dependent variable space into two or more
subspaces. An exhaustive search is made to find the best
split resulting in the most statistically significant difference
among all possible splits with regard to the independent
variables. The splitting process is repeated until insignif-
icant difference is found after splitting. The one-way
ANOVA is used to indicate the degree of the difference.
Thus the larger the F-value, the greater the difference
becomes. We also calculated the reduction ratio of variance
(RR) after the split. Tables 8 and 9 show the results for

* indicates that the subspace represented by the independent

Stress pattern Sp01

Depth " i Dependent variables
of split Independent variables é F RR[%)
F-1, M-1, M-2, M-3* 0.07
L . ) ) ) "
Ist split Spk: F2 —0.56 28 28
. H, R, F —0.13
2nd split T_F: L 0.89 11 15
a» F RR[%]
. H. R, F 0.01
Ist split T_F: L 217 97 57
Stress pattern Spl10
Depth o Dependent variables
of split Independent variables é F RR[%]
. H, R 0.67
Ist split T.I: L. F 107 8 10

Table9 Major results of CHAID analysis for Fy range. * indicates that the subspace represented by the independent

variables was further split into a subspace.

Stress pattern Sp01

Depth L ) Dependent variables
of split Independent variables 5 F RR[%]
. H, F —0.69
Ist split T.1 R. L 0.42 10
B2 F RR[%]
. H —0.61
Ist split T.F: R L. F 0.99 62 46
Stress pattern Sp10
Depth : N Dependent variables
of split Independent variables B, F RR[%]
H —0.36
Ist split TI: L 0.68 45 55
R, F 1.1
Dependent variable
P2 F RR[%]
. ] H, R —-0.37
Ist split T.I: L F* —0.92 15 18
. H —0.45
2nd split T.F: R.L.F IREY 10 10
116
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vowel duration and Fj range, respectively. As can be seen,
most of the CHAID-based splitting process underwent at
least one split, except for the process for the dependent
variable @; under stress pattern Spl0. Moreover, the
identities of the tones were mostly selected as the major
independent variable for the dependent variables &,, &, B,
and B, indicating that the tone combinations significantly
affect the variations of both durations and Fy range.
Vowel Duration

The tonal categories of the second syllables (T_F) under
stress pattern SpO1 strongly affect not only the value of &>
but also that of &;. As can be seen in Table 8, the
standardized vowel duration ratio of the stressed tone L
(@ = 2.17) was much larger than that of the other tones
(@, =0.01), with a significant difference (F = 97,
RR = 57%), which even anticipatively affects the standar-
dized vowel duration ratios of the pre-stressed syllables
(F =11, RR = 15%). The results for the stress pattern
Spl0 less clearly show the tonal effects with a difference
(F =8, RR=10%).
Fy Range

As can be seen in Table 9, the tonal categories strongly
affect the variations of the F, range of both stressed
syllables 1 and 2 with significant difference (F = 45,
RR = 55% for syllable 1; F = 62, RR = 46% for syllable
2). In general, the Fy ranges of the static tones H and L
were increased less than those of the dynamic tones R and
F, except that the F, range of the word-final tone L was
increased to the same extent as that of the dynamic tones.
Moreover, the high-offset of the stressed tones H and R
increased the onset Fy, of the post-stressed syllables, while
the low-offset of the stressed tones L and F decreased the
onset [y of the post-stressed syllables. As a result, there is a
significant difference between the effects of the two tonal
categories (' = 15, RR = 18%).

4.3. Discussion

The results for the effects of the stress patterns of the
focused word illustrate that the stressed syllables were
consistently produced with significantly increased vowel
duration and F|y range, but with regard to the pre- and post-
stressed syllable in the words, there was an overall
asymmetric variation in vowel duration and Fy range,
i.e., a slight increase in pre-stressed syllable and a
considerable decrease in post-stressed syllable. However,
as can be seen in Figures 3 and 4, the asymmetrical
property of Fy range is less obvious than that of vowel
duration, implying that tonal interaction probably affects
the variation of the Fy range. In addition, neither the
distribution of vowel duration ratios nor the differences of
Fy range is concentrated within the domain of each stress
pattern, indicating that there may still be other factors
which might systematically affect the variations of vowel

250 (Hz)
stressed tone H
/ post-stressed tone F
50 S e e

0 100 200 300 400 (ms)

Fig.4 £, contours of a tone combination H-F produced
by speaker MZJ with a stress pattern Spl0 and a
neutral pattern.

duration and F, range. Thus it is worth considering the
detailed effects of tone combinations.

The results for the effects of the tone combinations
illustrate that: (1) the word-final tone L of a stressed
syllable shows a unique lengthening effect on the variation
of vowel duration, which may be due, at least in part, to the
phenomenon that a rising Fyy contour is appended to the
word-final tone L, while the word-initial tone L keeps
falling only; (2) the F range of the post-stressed syllable is
strongly affected by the high-or-low offset of the tone of
the preceding stressed syllable. Contrary to the expectation
that the Fy range of the post-stressed syllable would be
decreased according to the asymmetric property of the F
range, it is increased when preceded by the high-offset
tones. The tone combination H-F is a typical example in
our data. As can be seen in Fig. 4, the Fyy contour of the
first stressed syllable is raised significantly, which is
followed by a considerable increase of the Fy maximum in
the second post-stressed syllable by 22Hz and a slight
increase of the Fy minimum by 5Hz. As a result, the Fj
range is increased in the post-stressed syllable. Xu [14]
examined Fy contours of bi-tonal sequences and found a
carry-over tonal effect on £y contours: the starting £ of a
tone is assimilated to the offset of a previous tone. It is
considered that the carry-over effect resulted in the
increase of the F range of the post-stressed syllable.

5. SUMMARY

The results of our two experiments reveal that: (1) the
effects of semantic structures of the focused words on the
prosodic correlates are completely mediated by the stress
patterns, (2) there is a significant asymmetry of vowel
duration as well as F range between the pre-stressed and
post-stressed syllables, implying that different strategies
are employed in the task of focusing disyllabic words with
the single stress patterns Sp10 and Sp01, i.e., emphasizing
the first syllable as well as weakening the second syllable
for the former, but emphasizing the second syllable only
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for

the latter. Moreover, the tonal combinations signifi-

cantly affect the variations of both the vowel duration and

Fy range.
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APPENDIX

Target word English translation Tones
ZhonglXingl Center H-H
Zhongl1Xingl Cordial H-H
ZhangllJie2 Chapters and sections H-R
ZhenglJie2 Chastity H-R
Zhong1Gu3 Bell tower H-L
Zhong1Gu3 Medieval times H-L
ZhonglRi4 China and Japan H-F
ZhonglRi4 All day H-F
Nan2Fang| South area R-H
Nan2Fang| Husband’s side R-H
Chang2Chang?2 Often R-R
Chang2Qing2 Reason R-R
Tou2Nao3 Brains R-L
Hou2Nao3 Monkey head R-L .
Hua2Gui4 Luxurious R-F
Hua2Gui4 Slide cabinet R-F
Shi3Zhongl All along L-H
Shi3Guanl Official historian L-H
Huo3Shi2 Mess L-R
Huo3Shi2 Flint L-R
Ma3Ke4 Mark L-F
Ma3Ku4 Riding breeches L-F
She4Shil Missing a shot F-H
She4Shil Facilities F-H
Dong4Liang2 Ridgepole and beam F-R
Dong4Ling?2 Icicle F-R
Kan4Fa3 View F-L
Kan4Hao3 Take a fancy to F-L
Hou4Bei4 Posterity F-F
Hou4Bei4 Reserve F-F
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