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This study investigates whether intensity affects listeners’ identification
of whispered Mandarin tones. Two alternative forced choice
identification experiments of whispered Mandarin tones were designed.
In Experiment 1, twenty triplets of commonly used Mandarin Chinese
bisyllabic words served as stimuli: two otherwise identical-sounding
words of different tones and a word with completely different tones as a
filler. The intensity level of the stimulus was set to 50, 60, and 70 dB,
which were amplitudes determined according to a pilot study. Response
accuracies across different intensity levels were analyzed. The results
showed a tendency: the higher the amplitude, the better the listeners’
recognition of whispered Mandarin tone. However, the accuracies
across different intensity levels are insignificantly different, and
Experiment 2 was then carried out. Four quartets of bisyllabic non-
words were designed to match one of the four tones. The same intensity
levels from Experiment 1 were employed. Each syllable was
normalized to 480 ms. The results show that higher amplitudes only
yield better tone recognition of tone 4. However, the absence of main
effect for Intensity for either experiment suggests that amplitude may
not be the only factor in determining the identification of whispered
tone in Mandarin Chinese.
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1 Introduction

As the vocal folds do not vibrate in whisper, there is no FO, the crucial acoustic
correlate of tone. Accordingly, tone is difficult for people to recognize in
whisper. Both Jensen (1958) and Gao (2002) argued that semantic context plays
an important role in tone perception in whisper. Tones of a pair of otherwise
identical-sounding words in whispered Mandarin could not be easily
distinguished from each other unless there is a context as a cue. In other words, if
words are whispered in isolation, it could be a hard task to identify their tones.

Some researchers have focused on intensity and speech identification in
either phonated or whispered speech. Zhang et al (2007) found that the sound
intensity levels of five speech modes, including whispered, soft, neutral, loud and
shouted, were greatly varied, and the mean amplitude could represent the speech
mode. Whisper, which possessed the lowest intensity, increased the difficulty of
the speaker identification test and led to the worst performance of subjects.
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As for perceptual cues in whisper, while Liu et al. (2004) proposed that
duration helps recognition of whispered tones, Chang et al. (2007) argued that
since speakers do not exaggerate intensity differences or durations among tones
in whispered speech, there is no information available about duration or intensity
for listeners to identify tones in whisper as is the case in normal speech. In
Tartter (1989), it was found that the intensity of burst was one of the differences
between voiced and voiceless stops in whisper for the latter have double-spiked
bursts. This could thus serve as a perceptual cue in distinguishing voicing in
whispered speech. Even though intensity can be a cue, when amplitude and
duration are both available, Mandarin listeners do not show a preference between
using amplitude and duration to recognize tone in whisper (Li et al., 2015). Then
if one of two hints is controlled, will listeners be forced to use the other as a basis
for judgement? As such, the role of amplitude in whispered tone recognition
remains unknown.

While the above-mentioned studies have contributed to the understanding
of tone recognition in whisper, none of them focused on its relationship with
intensity. This paper attempts to probe into the role amplitude plays in
distinguishing tones in whispered Chinese words by addressing one research
question: Does amplitude affect listeners’ tone recognition of isolated Mandarin
Chinese words in whisper? The hypothesis is that the higher the amplitude, the
better the tone recognition. Two perception experiments were designed to test
people’s performance on recognizing tones of Chinese words at different
amplitudes in whisper.

2 Experiment 1
2.1 Methods
2.1.1 Participants

Ten (7 male; 3 female) native speakers aged 21 to 25 of Taiwan Mandarin
participated in the study. All speakers were naive to the purposes of the study.

2.1.2 Materials

The materials were twenty triplets of commonly used Mandarin Chinese
bisyllabic words whose amplitudes were normalized (Table 1). Each triplet was
composed of three bisyllabic words: two were identical in segments, but not tone,
and the third was a filler word. The fillers were words that never cause any
lexical confusion in terms of tone. The materials were recorded by a male native
speaker of Mandarin Chinese in the phonetics laboratory at National Taiwan
University and then normalized to 50, 60, and 70 dB, which were amplitudes
decided according to a pilot, in which three female native speakers of Mandarin
Chinese joined and which was conducted in the same way as the experiment.
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Table 1. Sixty bisyllabic words used as materials for Experiment 1.
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20 Triplets of Commonly Used Mandarin Chinese Bisyllabic Words

Otherwise identical-sounding words of different tones Filler
i NI Iz,
Shuijiao Shuijido Chifan
“sleep” “dumpling” “to eat”
W5t S e
Yanjiu Yanjii Zhéxué
“research” “tobacco and liquor” “philosophy”
PN [ e 5
Shimidan Shimian Wanglu
“insomnia” “market” “network”
PR (EE 3 Tk
Fuhao Fuhéo Shoubido
“sign” “mogul” “watch”

A A 1L IKEg
Huatong Hudtong Shuihu
“microphone” “page boy” “kettle”
FS BB S ek
Xiangjiao Xiangjiao Pidochéng
“banana” “rubber” “ladybug”
FH 7¢] JEE
Kanshii Kanshu Daolu

“to read” “to cut trees” “way”
GHE S iy AR
Yazhou Yazhou Shiibén
“Asia” “finale” “book”
PN e WK
Tiankong Tiankong Péngyou
“sky” “to fill in the blanks” “friend”
72 Ji Eiip B
Fazhdn Fazhan Danche
“development” “to stand as punishment”  |“bicycle”
iS5 153 PN
Shanghdi Shanghai Tiangi
“Shanghai” “to hurt” “weather”
B b BEIA]
Guomin Guomin Huamian
“people” “allergy” “picture”
FE B AN S
Qianbi Qianbi Zianshou
“pencil” “coin” “to obey”
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HE e R
Gangbi Gangbi Leéngqi
“Hong Kong dollar” “pen” “air conditioner”
JEL A4 Z i
Feéngli Fengli Gangqin
“pineapple” “sharp” “piano”
#7 RV e
Yuéfen Yuéfeén Zongtong
“reduction of a fraction” |“month” “president”
B JREL A
Weixié Weixie Niurou
“threat” “obscene” “beef”
I iy T fek
Yuangu Yudngii Manglu
“reason” “ancient” “busy”

th i 8
Guozhong Guozhong Biaoti
“junior high school” “overweight” “title”
Mo SEE GEC
Maoyi Maoyt Qingcai
“trade” “sweater” “vegetable”

2.1.3 Procedure

A two-alternative forced-choice task was designed. The stimuli were randomly
delivered through PsychoPy and the participants were instructed to identify the
whispered tone combination. Two tone combinations were shown in Zhuyin tone
markers and visually displayed on the left and right sides of the monitor in front
of them. The participants were asked to respond by pressing “p” or “q” buttons as
quickly and accurately as possible within a time window of 4 seconds. For
example, if they heard “Gudzhong,” “ " - and “ ' * ” would be shown on the
monitor, and participant should choose “ * - .” The whole process would repeat
once again after a short break as block 1 and block 2. Thus, a total of 360 trials =
3 stimuli * 20 triplets * 3 levels of amplitude * 2 blocks was included.

2.2 Results

Mean accuracy and standard deviation combining blocks 1 and 2 are presented in
Table 2, with the highest accuracy of each subject marked in bold print. The
mean accuracies at 50, 60, and 70 dB are 55% (SD = 5.6%), 57% (SD = 6.8%),
and 58.8% (SD = 7.4%), respectively. Across the ten participants, six reached
their personal highest accuracy score in response to 70 dB stimuli, four to 60 dB
and two to 50 dB, with two people having the same score for both 60 dB and 70
dB.
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Table 2. Individual subject’s

amplitudes in Experiment 1.
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accuracies of tone recognition at different

Subject ac'\é'jf;cy 50 dB 60 dB 70 dB
1 48% 50% 46% 48.7%
2 52.5% 52.5% 51% 53.7%

3 5506 56%% 5% 5%

4 59% 56% 61% 60%

5 65% 57.5% 67.5% 71%
6 55.8% 52.5% 57.5% 57.5%

7 52.9% 28.7% 5506 5%
8 51.6% 50% 51% 53.7%

9 66% 66% 62.5% 71%
10 63% 62.5% 6506 62.5%
Mean 57% 5506 57% 58.8%
SD 6.1% 5.6% 6.8% 7.4%

2.3 Discussion

The results of Experiment 1 show a tendency: the higher the amplitude, the better
participants perform in tone recognition. In terms of individuals, there is a trend
for the participants to reach their personal best accuracy scores at the higher
amplitudes; in terms of the whole, the mean accuracy gets higher as the intensity
level increases. Thus, it is shown that the subjects performed better when the
amplitude was higher, suggesting an influential role of intensity level in
whispered tone recognition. While the results reveal the tendency between the
high stimulus intensity and the high identification accuracy, the differences
between the accuracy across the three amplitudes were not significant. Between
50 and 60 dB, p = 0.49; between 60 and 70 dB, p = 0.61; between 60 and 70
dB, p = 0.23. Between the two blocks, p = 0.32. For all tests, df =9, ¢ = 0.05.

The current design only controlled two variables: the response time
allowed (4 seconds for each stimulus) and the intensity levels (50, 60, and 70
dB). The insignificant differences may have resulted from several uncontrolled
variables, including vowel quality, combination of tones, order of stimuli, and
speech rate. The vowel qualities differ from stimulus to stimulus; possible tone
combinations were not exploited in the current design; the speech rates of each
stimulus sound were similar but not identical. All of the uncontrolled variables
may also affect the results of the experiment. As such, it is unlikely that
amplitude is the one and only factor that influences people’s tone identification in
whisper.
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3 Experiment 2

To further explore which factors may influence tone identification in whisper,
Experiment 2 was designed and conducted to examine the identification of tones
at different intensity levels again. Different from Experiment 1, Experiment 2
focused on people’s tone perception of the second syllable in whispered
bisyllabic words, with amplitudes, durations, and tone combinations controlled.

3.1 Methods
3.1.1 Participants

Another 15 native speakers (5 male; 10 female) of Taiwan Mandarin were
recruited (aged 18 to 24). All speakers were naive to the purposes of the study.

3.1.2 Materials

The materials contain four quartets of Mandarin Chinese bisyllabic non-words to
avoid lexical processing. The sound combinations include /tipa/, /tapi/, /phitu/,
and /phuti/. Each quartet has one sound combination. For each stimulus of each
quartet, the first syllable was always matched with Tone 1 whereas the second
syllable was one of the four lexical tones (Tones 1 - 4). The first two quartets
were designed to investigate the influence of vowel height in whispered tone
recognition (with the contrast between [i] and [a] in the syllables), and the latter
two, vowel frontness with the contrast between [i] and [u]. The materials were
recorded by a male native speaker of Mandarin Chinese in the phonetics
laboratory at National Taiwan University, and then normalized to 50, 60, and 70
dB, and 480 ms for each syllable.

3.1.3 Procedure

All setups were identical to those in Experiment 1 except that four possible tone
combinations were provided this time. Participants were asked to identify the
correct tone combination from four options by pressing one of the 1, 3, 7, 9 keys
on the number pad. For example, if they heard “/tipa/,” “ --,”“-","“-" " and
“-"” would be shown on the monitor, and they should choose “ - " .” The whole
process would repeat once again after a short break as block 1 and block 2.
Therefore, there is a total of 192 trials = 4 sound combinations * 4 tone

combinations * 3 levels of amplitude * 2 repetitions in one block * 2 blocks.
3.2 Results
Combining blocks 1 and 2, mean accuracy and standard deviation are presented

in Table 3, with the highest accuracy of each subject marked in bold print. The
mean accuracies at 50, 60, and 70 dB are 31% (SD = 11.6%), 32% (SD = 11.3%),
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and 34% (SD = 10.6%), respectively. Across the fifteen participants, six reach
their personal highest accuracy score in response to 70 dB stimuli, five to 60 dB
and five to 50 dB, with one person having the same score for both 60 dB and 70
dB.

Table 3. Individual subject’s accuracies of tone recognition at different
amplitudes in Experiment 2.

. Mean

Subject accuracy 50dB 60 dB 70 dB
1 45.3% 51.6% 39.1% 45.3%

2 29.7% 32.8% 29.7% 26.6%

3 30.7% 28.1% 26.6% 37.5%

4 32.8% 29.7% 32.8% 35.9%

5 44.8% 40.6% 48.4% 45.3%

6 12.5% 7.8% 12.5% 17.2%

7 26.0% 26.6% 28.1% 23.4%

8 44.3% 45.3% 43.8% 43.8%

9 52.1% 46.9% 56.3% 53.1%
10 33.9% 26.6% 32.8% 42.2%
11 28.7% 31.3% 26.6% 28.1%
12 24.5% 17.2% 26.6% 29.7%
13 21.9% 26.6% 18.8% 20.3%
14 31.8% 26.6% 39.1% 29.7%
15 25.0% 21.9% 26.6% 26.6%

Mean 32% 31% 32% 34%

SD 10.5% 11.6% 11.3% 10.6%

An ANOVA with sphericity corrections was conducted to examine the
effect of tone and intensity. No effects for Tone and Intensity were found (both p
>.05), whereas the interaction between Tone and Intensity was significant (p
<.01). The post-hoc analyses (Tukey HSD) reported that the Tone*Intensity
interaction was driven by the significant rise for Tone 4 from 50 to 70 dB
(p<.001).

The accuracies of each tone at each amplitude are shown in Figure 1.
Among the four tones, only Tone 4 shows the expected pattern: the higher the
amplitude, the higher the accuracy.
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50%
45%
40%
35%
30%
25%
20%

Accuracy

=—=Tone

P

—

50 dB

60 dB

Amplitude

1 =—=Tone2 ==Tone3

70 dB

=—=Tone 4

Figure 1. Accuracies of each tone at each amplitude in Experiment 2.

Furthermore, the proportions of each tone in response to each target tone at
different intensity levels are also shown in Figures 2 to 4. The highest proportion
was marked in bold print. At 50 dB, when the target tone was Tone 1 and 2, the
responses that matched the correct tones have the largest response proportion;
when Tone 3 and 4 were presented, the largest response proportion for Tone 1
was reported. At 60 dB, when the target tone was Tone 2 and 4, the tone-matched
responses have the largest response proportion; when Tone 1 and 3 were
presented, the largest response proportion for Tone 2 and 1 were reported. At 70
dB, the highest proportion was found for each tone-matched response.

100%
13.8%
80% 1639
g
5 60%
5 31.7%
S 40%
—
[a W

0%
1 2 3 4

11.3%
16.3%

39.6%

171% 55 00,

24.6%
21.3%

263% 19.6%

Target tone

Response tone 4
Response tone 3
Response tone 2

m Response tone 1

Figure 2. Proportion of each response tone in each target tone at 50 dB.
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100%
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80% 35.4%

c 16.3% 22.9%

.g 60% 21.5% Response tone 4
= 18.8%

g 34.6% | ° mResponse tone 3
2 409 404%  254% oo

-y ' Response tone 2

20% 5 A 2lO 2I0 2I0 B Response tone 1
0%

1 2 3 o
Target tone

Figure 3. Proportion of each response tone in each target tone at 60 dB.
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Figure 4. Proportion of each response tone in each target tone at 70 dB.
3.3 Discussion

The results of Experiment 2 show the tendency as Experiment 1: the higher the
amplitude, the better participants perform in tone recognition. Similar to
Experiment 1, there is a trend for the participants to reach their personal best
accuracy scores at the higher amplitudes, and the overall mean accuracy gets
higher as the intensity level increases. Figure 2 to 4 also show that the response
proportion is positively matched with the target tone when the intensity of the
stimulus increases. Collectively, the results suggest that the amplitude appears to
be influential in whispered tone identification.

As revealed in the results, no main effect for Intensity was found. Possible
factors include the number of response choices, normalized duration, and the use
of non-word stimuli. Four options were provided in this experiment, which were
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twice more than those in Experimentl. This could potentially cause identification
difficulty. Besides, as duration serves as a hint in tone recognition (Liu et al.,
2004), the lack of duration difference among syllables could also make the task
more challenging. In addition, in Experiment 1, the identification might be
associated with lexical decision while Experiment 2 only provided non-words,
which involved only low-level tone identification. These changes could
potentially be responsible for the lower accuracy reported and the absence of
main effect for Intensity.

The interaction between Tone and Intensity indicates that the performance
of one tone or one intensity is different from that of others. As revealed in Figure
1, the different performance was associated with Tone 4, confirmed with the
post-hoc analyses (Tukey HSD). Only Tone 4 shows the obvious tendency: the
higher the amplitude, the higher the accuracy of tone recognition.

4 General Discussion and Conclusion

This research probes into how amplitude influences tone recognition in
whispered Mandarin Chinese. As there is no vibration of the vocal folds in
whisper, tone is hard to recognize. Jensen (1958) also argued that if there is no
context as a cue, tones of a pair of otherwise identical-sounding words in
whispered Mandarin could not be easily distinguished from each other. Besides,
duration helps recognition of whispered tones (Liu et al., 2004), while the role of
amplitude in whispered tone recognition remains unknown.

This present study proposed one research question: Does amplitude affect
listeners in tone recognition of whispered Mandarin Chinese? Two perception
experiments were conducted. In Experiment 1, twenty triplets of commonly used
Mandarin Chinese bisyllabic words served as stimuli: two otherwise identical-
sounding words of different tones and a word with completely different tones as a
filler. The intensity level of the stimulus was set to 50, 60, and 70 dB, which
were amplitudes determined according to a pilot study. Response accuracies
across different intensity levels were analyzed. The results showed a tendency:
the higher the amplitude, the better the listeners in whispered Mandarin tone
recognition. However, the accuracies across different intensity levels are
insignificantly different. Experiment 2 was designed to examine whether the
identification of tones has different sensitivity to the intensity level in whisper.
Four quartets of non-words were designed to match one of the four tones. The
same intensity levels from Experiment 1 were employed and duration of each
syllable was set to 480 ms. The results show that higher amplitudes only yield
better tone recognition of tone 4, which is a surprising fact and can bring further
investigation. However, the absence of main effect for Intensity for either
experiment suggests that amplitude may not be the only factor in determining the
identification of whispered tone in Mandarin Chinese.
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