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ABSTRACT

Objectives: In Mandarin Chinese, a tonal language, the pitch pattern of syllables conveys lexical meaning. There are four tone pat-
terns (Tone 1 through Tone 4) defined by the pitch pattern, or the fundamental frequency pattern. Each of them has very unique
acoustic characteristics, including fundamental frequency, amplitude, duration, tempo, pausing, distribution of energy in the fre-
quency spectrum, and formant location. Emotional tone of voice is defined as a vocal expression of emotion conveying affective
information. Each of them also has very unique acoustic characteristics. The acoustic characteristics of Mandarin tones change the
listener’s perception of the meaning of an utterance. Emotional tone of voice is alike in perception, when acoustic characteristics of
the emotional tone of voice changes, the perception of the listener may vary. Therefore, the purpose of this study is to investigate the
variation of the acoustic characteristics of the four tones across different emotional tones of voice in Mandarin.

Study Design: 11 male subjects and 11 female subjects (mean age: 26) participated in this study. All subjects were native Mandarin
speakers, had no history of any speech and hearing disorder, and passed articulation and voice assessment successfully. All speech
samples designed by the author were used in this study. There were a total of forty speech samples: two phonetic contexts (/ti/ and
/tu/), four lexical tones, and five different emotional tones of voice (angry, sad, fear, neutral, and happy tones of voice). Acoustic
analysis of each target syllable included the mean FO, the mean amplitude, and the duration of the target syllables.

Results: The mean FO and the mean amplitude for four tones of the target syllables are significant different across five different emo-
tional tones of voice, but the duration for four tones of the target syllables of neutral tone of voice are similar with those of the other
four emotional tones of voice. This is a preliminary study to investigate the variation of the acoustic characteristics of the four tones
across different emotional tones of voice in Mandarin, and the furthering investigation is needed.

INTRODUCTION

Mandarin, a language spoken by more people than any other
tonal languages!'®), has four tone patterns. The FO contours of
Tones 1-4 are (1) flat and high; (2) rising; (3) falling and then
rising; and (4) falling, respectively!'*!.

The four tones differ in duration and amplitude. Howie
(1974)!%1 observed that vowel or syllable durations in Manda-
rin were longer with Tone 2 than Tone 4. Tseng (1990) re-
ported the duration measurement of vowels (/i/, /u/, and /a/)
of Tone 1 to Tone 4, with the results shown in Table 3. The
results revealed that Tone 3 has the longest vowel duration,
while Tone 4 has the shortest. Xu and Pfingst (2002) investi-
gated that the duration of the syllables /ba/ and /yi/ produced
by a native male speaker of Tone 1 to Tone 4. They also ob-
served that Tone 3 has the longest syllable duration, while
Tone 4 has the shortest.

The peak amplitudes of the syllables /ba/ and /yi/ produced

by a native male speaker of Tone 1 to Tone 4 were reported
by Xu and Pfingst (2002). They found that the peak ampli-
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tude of Tone 3 is generally the lowest, while Tone 4 is the
highest.

Emotional tone of voice is defined as a vocal expression of
emotion conveying affective information™. Each of the emo-
tions including anger, happiness, sadness, fear, surprise,
i]corn, and so on, have very unique acoustic characteristics®*
Previous research on the acoustics characteristics of angry
tone of voice showed that it had higher mean FO™ 121 the
higher mean amplitudet* ',

Several studies showed that happy tone of voice leads to an
increase in the mean FO™.

Oster and Risberg (1986)! found that the utterance duration
for happy tone of voice was longer, but Davitz (1964b)*
reported the reverse. They found that the utterance duration
for happy tone of voice was with shorter duration. In addition,
there was higher mean amplitude in this emotional tone of

voicel¥.
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Sad tone of voice was found to have similar mean FO and a
longer duration compared with neutral tone of voicel*, lower
mean amplitude®!, and a slight falling FO contour™ '? com-
pared with neutral tone of voice.

Fairbanks and Pronovost (1939)M and Fonagy (1978, p.62)!)
compared “fear tone of voice” with the four other emotions,
and they noted that fear tone of voice has the highest mean
FO.

Fairbanks and Hoaglin (1941) noted a shorter duration in
fear tone of voice, but Sulc (1977) ™! noted a longer duration.

METHOD
Subjects

Twenty-two subjects, eleven male and eleven female, partici-
pated in this study. Their mean age was 26 years old, with the
range from 22 to 39 years old. All subjects were native Man-
darin speakers, had no history of any speech and hearing
disorder, and passed articulation and voice assessment suc-
cessfully.

Speech Samples

All speech samples designed by the author were used in this
study (Appendix 1). Each speech sample consisted of a target
syllable (/ti/ or /tu/) with tokens of a four different lexical
tones (Tone 1 through Tone 4). The target syllables were
embedded in a carrier phrase: %33 /tu2/iz B F (You say

the word 72 /tu2/”).

There were a total of 40 conditions: two phonetic context,
four lexical tones, and five different emotional tones of voice
(angry, sad, neutral, fear, and happy tones of voice).

Procedure

An 80 dB SPL speech noise generated by an Audiometer
(GSI 61) through a loudspeaker and was recorded by the
Computerized Speech Lab, KAY-Multi-Speech Model 3700
(CSL) and functioned as a reference to convert relative target
syllable intensity level into absolute level.

The microphone (SHURE BETAR87, SX12-48 VDC, Illinois,
USA) of the CSL was placed 1 meter from the loudspeaker
during recording. At the same time, the microphone of the
sound level meter (Modular Precision Sound Analyzer Type
2260, Briiel & Kjger) was placed right next the microphone of
the CSL. The sound level meter was a C weighting.

All speech samples were recorded with the subjects seated in
a sound treated booth at the Department of Speech and Hear-
ing Disorders and Sciences at National Taipei College of
Nursing, at 0 degree azimuth, 15 cm from microphone of
CSL. The sampling rate of recording was 44,100 Hz.

Before the recording session starts, the subjects were given
time to become familiar with the all speech samples. All
subjects were asked to produce ten repetitions of each speech
sample. During recording, no pauses were introduced before
and after the target syllables in the carrier phrase. The target
syllables were not stressed.

The speech samples were selected for further analysis only if
they passed a rating test. The rating test was aimed at identi-
fying those speech tokens that conveys the intended emotion
satisfactorily. The speech samples were presented to eleven
normal-hearing native Mandarin-speaking adults. They were
asked to provide a score on whether the speech sample
matched with the intended emotion. The scores were integers
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between 1 and 5 (Likert’s 5-point scale), with 1 being “com-
pletely not match”, 2 being “not match”, 3 being “fairly”, 4
being “match”, and 5 being a “completely match” score.
Only the speech samples with average subjective score from
3 to 5 were further analyzed in this study.

Acoustic Analysis

Acoustic analysis was performed with the Praat sound proc-
essing program (Version 5.1.31, Paul Boersma & David
Weenink, 1992-2010). The values of the amplitude levels of
the signal were arbitrary and were not in the sound pressure
level (SPL) scale. A correction factor was applied on the test
items. In this study, the sound pressure level of the calibra-
tion signal (the speech noise) obtained before recording was
80 dB SPL, but the mean amplitude measured in the praat
program was 66.2 dB. Therefore, 13.8 dB should be added to
the amplitude measurement in the praat program to obtain the
SPL reading. For example, if the amplitude of the syllable /ti/
in the praat program was 52 dB, the SPL level should be 65.8
dB (52 dB + 13.8 dB = 65.8 dB).

Acoustic analysis of each tone of target syllable included (1)
the mean FO, (2) the duration, and (3) the mean amplitude of
the target syllable. The duration of the target syllable is de-
fined as the time between the last vocal pulsing of the wave-
form before the target syllable and the last one of the target
syllable.

Statistic Analysis

A three-way analysis of variance (ANOVA) was conducted
to investigate the main effects for five emotional tones of
voice, phonetic context, and lexical tones on the different
acoustic characteristics of each tone of the target syllables
including: (1) the mean FO, (2) the duration, and (3) the mean
amplitude. Post-hoc Tukey Honest Significant Difference
(HSD) Test was performed for each significant main effect.
The Statistical Package for the Social Sciences (SPSS) 18.0
software was used to perform the analyses.

RESULTS
Mean FO

ANOVA results for Tone 1 (p < 0.001), Tone 2 (p < 0.001),
Tone 3 (p < 0.001), and Tone 4 (p < 0.001), reveal that there
are significant main effects of mean FO from emotional tones
of voice. Post-hoc Tukey HSD test (Figure 1) reveals that the
mean FO of Tone 1 of neutral tone of voice is higher than sad
tone of voice and lower than angry, fear, and happy tones of
voice. Tone 2, Tone 3, and Tone 4 of sad and neutral tones of
voice are lower than the other three emotional tones of voice.

Mean FO (Hz)

Tone

2754 [——tone 1
tone 2
tone 3

[—tone 4

250+

2257

200

1757

anger sadness tear nedral  happness
Emotion
Figure 1 The mean FO of target syllables of five
emotional tones of voice and Mandarin tones.
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Duration

ANOVA results show that that there are significant main
effects of duration for Tone 1 (p <0.001), Tone 2 (p < 0.001),
and Tone 4 (p < 0.001) except Tone 3 (p = 0.522), reveal that
there are significant main effects of duration from emotional
tones of voice. Post-hoc Tukey HSD test (Figure 2) reveals
that the duration of (1) Tone 1 and Tone 2 of neutral and sad
tones of voice are longer than the other three tones of voice.
(2) Tone 4 of neutral, fear, and happy tones of voice is
shorter than anger tones of voice, and shorter than sad tone of
voice.

Duration (sec)

Tone

—tone 1
tone 2

08004 tone 3
—tone 4

0600

0.400

0200

T T T T T
anger sadness fear neutral  happinsss

Emotion

Figure 2 The duration of target syllables of five
emotional tones of voice and Mandarin tones.

Mean Amplitude

ANOVA results show that there are significant main effects
of the mean amplitude for Tone 1 (p < 0.001), Tone 2 (p <
0.001), Tone 3 (p < 0.001), and Tone 4 (p < 0.001), reveal
that there are significant main effects of mean amplitude
from emotional tones of voice. Post-hoc Tukey HSD test
(Figure 3) reveals that the mean amplitude of Tone 1, Tone 2,
and Tone 3 of neutral and fear tones of voice are higher than
sad tone of voice and are lower than angry and happy tones
of voice. Tone 4 of neutral, sad, and fear tones of voice are
lower than angry and happy tones of voice.

Mean Intensity (dB SPL)

Tone

—tone 1
tone 2
tone 3

—tone 4

T T T T T
anger sadness fear neutral happiness

Emotion

Figure 3 The mean intensity of target syllables of
five emotional tones of voice and Mandarin tones.
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DISCUSSIONS
Mean FO

Most of early researches and this study showed that the mean
FO of the neutral tone of voice is lower than angry, fear, and
happy tones of voice™ *.

Duration

In this study, the duration of the target syllables of neutral
tone of voice is not lower than angry tone of voice is
consistent with those from previous studies”.

Mean Amplitude

In this study, the mean amplitude of neutral tone of voice is
lower than angry and happy tones of voice, which had been
examined previously in the literaturel® ',

CONCLUSIONS

The primary aim of this study was to investigate the variation

of the acoustic characteristics across different emotional

tones of voice in Mandarin Chinese tones. The results show
that:

(1) Tone 1 and Tone 2 of neutral tone of voice on Mandarin
Chinese have the lower mean FO and lower amplitude
than angry and happy tones of voice. The duration of
tone 1 and tone 20of neutral tone of voice is similar with
sad tone of voice, and longer than the other three
emotional tones of voice.

(2) Tone 3 of neutral tone of voice on Mandarin Chinese has
the lower mean FO and lower amplitude than angry and
happy tones of voice.

(3) Tone 4 of neutral tone of voice on Mandarin Chinese has
the lower mean FO and lower amplitude than angry and
happy tones of voice. The duration of tone 4 of neutral
tone of voice is longer than angry and happy tones of
voice, and similar with the sad and fear tones of voice.

APPENDIX |

All target syllables are embedded in the carrier phrase
including two syllables (/ti/ or /tu/) and four lexical tones
(Tone 1 through Tone 4). All speech samples consist of a
target syllable and one lexical tone. A total of 60 conditions
used in this study are shown below:

(1) The twelve speech samples were: Zt one of the target
syllables (You say “one of the target syllables”) with one
of five different emotional tones of voice.

(2) Target syllables were [S/til/, 3f/ti2/, %/ti3/, 91/ti4/, &
/tul/, Fi/tu2/, EJF}/tu3/, and ft/tud/.

(3) Five different emotional tones of voice were angry, sad,
fear, neutral, and happy tones of voice.
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