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ABSTRACT 
The variations of unaspirated stops /p/, /t/, 

/k/ were investigated in spontaneous speech 
with the aim of (1) describing the variations 
and (2) interpreting the variation for acoustic 
data in terms of articulation and environment. 

In this report, 56 sentences were selected 
through the read speech corpus. The variations 
of unaspirated stops were analysized and 
perception experiment was done. The primary 
analysis was done for voiced unaspirated stops. 
With the analysis, the classes of acoustic 
variations were explored. 
 

INTRODUCTION 
It is well known there is no phonological 

contrast between voiceless and voiced stops in 
Mandarin. The unaspirated voiceless stops are 
thought to be the weak stops in Mandarin [1]. 
But the voiceless stop often becomes voiced 
stop or other phoneme in spontaneous speech. 
This phenomenon may be usually treated as 
glottal spreading [2]. The variations have 
different types with different environment. 
What causes the variation and which context 
environment affects its types? Based on a 
spontaneous speech corpus CASS [3], this 
study investigates the relationship between the 
variation and environment and finds out the 
variation types. Also this study will explore 
the relationship between this variation and 
prosodic word. The primary experiment shows 
prosody strongly leads to the variation. 
Eventually the variation appears in prosodic 
word final or prosodic phrase final. Context 
environment is the main factor of leading to 
this variation. It is not easy to hear this 
variation in an utterance. Because of the effect 
of sentence meaning, listeners often 

under
consid

 

1 Ma
CASS
speak
text 
includ
2 An
acous
3. Pe
uttera
do the
asked
word 
syllab
 

M
durati
burst,
follow
durati
with P

Fig
stops in spontaneous speech 

ciences, P.R.C 

stand the utterance meaning but not 
er how to produce every phoneme. 

METHOD  
terials: 56 sentences were selected from 
 read speech corpus read by 2 male 
ers. Recording materials were read with 
in recording room. These materials 
e three stops /p/, /t/, and /k/. 
alysis: Praat software was used to do 
tic analysis.  
rception: Each word was cut from the 
nce and repeated three times. 10 persons 
 perception experiment. The experiment 
 listeners to judge what syllables in one 
and permitted them not to write unclear 
les [4]. 

MEASUREMENTS 
easurements include the occlusion 

on from the end of the pre-syllable to the 
 the duration between burst and the 
ing vowel, and the following vowel’s 

on.  All the measurements were done 
raat software.  
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RESULTS 
 

3.1 Analysis 
The first measurement is the duration 

before burst (occlusion), burst duration and 
the duration of the following vowel. In this 
measurement, there is mostly no interval 
between burst and the following vowel. 
For three stops /p/, /t/, /k/, the durations of 
three parts were got as Fig.1 showed. 
Here is /t/’s measurement result. Fig.2 gives 
three parts durations. The lowest part is burst 
duration. It is below 20ms. The middle part is 
occlusion duration. Except for 8.5% bigger 
than 40ms, the others are 20-40ms. Here are 
the average durations for each part. 

Three parts Duration(ms) 

Hold 0.027(sd=0.01) 

Burst 0.013(sd=0.003) 

Vowel 0.156(sd=0.03) 

Table 1 The average duration of three parts 

 

 
Fig.2 The distribution of duration, the x axis is 

syllable number. The y axis is duration. For each 

syllable, there are three parts. 

 

3.2 H1, H2 and A1 
 It is thought H1 and H2 are very 
important for voiced/voiceless. The first 
formant amplitude is also important. The 
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t method is to compare the difference 
en H1 and H2. This research gives the 
rement data. But the differences 
en H1 and H2, H1 and A1 are not given. 
gives the distribution of H1, H2 and A1. 
ws the relative data for each sound. X 
eans vowel segment. Y axis means the 

tude. The measurement is made from the 
l beginning with a 25 ms window.  

The distribution of H1, H2 and A1 

he first harmonic amplitude H1, the 
d harmonic amplitude H2 and the first 
nt amplitude were measured. Fig. 3 
the result for alveolar stop /t/ following 
 vowel when it is changed into voiced 
e male speaker. It seems that H1 is the 
t, A1 is the highest and H2 in the 
e. 

he position of stop in a prosodic word 
ccording to the position of the selected 

le in a sentence, there are two conditions 
ch syllable. The first is at the beginning 
 word, the second is at the end of the 
 Mostly, the boundaries of a word or a 
dic word are similar except for some 
 This part gives the result for the two 
 The result showed the voiceless 
nant of the latter syllable in a word often 
es into voiced consonant [6]. But at the 

The Di st r i but i on of  H1, H2 and A1

0

10

20

30

40

50

60

70

1 3 5 7 9 11 13 15 17vowel  segment

Am
pl

it
ud

e(
dB

)

H1
H2
A1

 



beginning position, it is seldom changed in the 
materials. 

 
The position of stop 
in a word 

Percentage  

The beginning of 
word 

5% 

The end of word 95% 
Table 2 the position of stop in a word (m02, a male 

speaker) 

Table 2 gives the position of stop in a 
prosodic word. It is well known that Chinese 
has syllable structure such as CV, CVN. 
Generally, it is an isolated meaning unit. It can 
be a word or a morpheme. Two syllables or 
more usually combine a real word or a 
prosodic word. The structures are CVCV, 
CVNCV or CVNCVN etc.. The position of a 
stop in a prosodic word means it is the first 
consonant or the second consonant. 

 
3.4 Perception 

The experiment gives three parts as the 
test materials. The first is in a sentence tier. 
The second is in a word tier. The third is in a 
syllable tier. The correct rate is the highest in a 
sentence tier and then is in a word tier. It is the 
most difficult to listen and identify in a 
syllable tier. Mostly the stop can be justified 
correctly in a sentence or a word tiers. But it is 
not easy to listen in syllable tier. The 
experiment showed that stops in some cases 
were listened as the same place nasal or lateral.  
Some can be listened as zero initial syllables. 
Table 3 gives the listening variation results as 
the following: 
/p/(per)% /t/(per)% /k/(per)% 
/p/ 60 /t/ 76 /k/ 65 
/m/  20 /n/  7.5   
/w/ 6 /l/ 12 /w/ 20 
* 14 * 4. 5 * 15 

Table3 the perception result of three stops (* means 

unclear sound) 
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ONCLUSION AND DISCUSSION 
here are many research literatures for 

less and voiced [5] [6] [7] [8] [9] [10] 
12] [13]. It is an old question. There is 
he voiceless and voiced contrast in 
arin. The aim of this research is to 
re the variation of stop in spontaneous 
h. The results showed the variation of 
n spontaneous speech is evident. 

coustic analyses 
coustic analysis shows there is 
uous wave during stop occlusion. The 
keeps constant duration. In many cases, 
is not evident formant at high frequency. 
uration results for three parts show the 

sion of stop is constant, also the burst 
on. The syllable structure in Mandarin is 
lex. Because of the variable in final, the 
l durations are different in the 
rement data. It is well studied that there 

complementation duration between 
nant and vowel in a syllable. Tone can 
 vowel’s duration in Mandarin. But for 
uration of occlusion and burst, the 
ons are contrary constant. 
he first harmonic amplitude H1 is the 

t. The second harmonic amplitude H2 is 
r than H1. The first formant amplitude 
 the greatest. The vowels include high 
w vowels. This result is similar to the 
el Jessen’s male speaker result [5].  
ecause of the tonal effect, F0 in 

arin changes with different tone types. 
esearch measures F0. The results show it 
t easy to compare the voiceless and 
d. This will be considered later. 

rception 
he acoustic analysis shows there are 

ent variations for stops. But the 
ption results show that persons can judge 
riations less than the acoustic analysis. It 
 to the lack of unvoiced distinction in 



Mandarin. Also the listeners cannot compare 
the variation. This problem will be further 
done next. 
 
4.3 The types of stops 
 According to the acoustic analysis and 
perception results, there are different variation 
types for the stops. The first is the simple 
voiced. This type has the continuous wave 
from pre-vowel to the following consonant 
stop. There are no other formants at high 
frequency domain. It usually is justified as 
voiceless stop. The second is the sound 
change. Except for the vocal vibration at low 
frequency, there are evident formants at high 
frequency. The third is unclear semi-vowel. 
This is due to the weak of the burst amplitude 
or the lack of the burst. Listeners cannot judge 
correctly. 
 
4.4 The explanation of the variation 
 There are many literatures about the 
problem. There is two reasons to induce the 
variation. The first is the prosodic structure. 
The variation occurs in a word or a prosodic 
word. The relationship of phonemes in one 
word is closer than that between two words. 
The second is the context environment effect. 
It is usually because of the different context, 
the stops usually become the same articulation 
place nasal or lateral. If the pre-stop sound is 
nasal, the stop usually becomes labial nasal 
for /p/ and alveolar nasal or lateral for /t/. 
Because of the anticipation coarticulation in 
Mandarin, the place of stop can affect the 
preceding nasal, /p/ can affect /n/ as /m/, and 
/k/ can affect /n/ as glottal nasal. Why the stop 
can change in spontaneous speech? There is 
not contrary between voiceless and voiced 
stops in Mandarin. So it is free for the stop 
pronunciation. Coarticulation plays function in 
context environment. According to the 
previous studied for Mandarin, anticipatory 
coarticulation is the main manner in segmental 
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