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Abstract: By measuring the VAT of Amdo Tibetan plosives, there are “hard”, “comfortable”, and “soft” onset, corresponding to 

voiced, unaspirated voiceless and aspirated voiceless with voiced plosives respectively.  “Hard” voice has negative value with a large 

number. “Comfortable” voice has VAT value distributed around zero; “Soft” voice has positive VAT value. The voiced plosives are the 

‘hardest’ since there is a stronger airflow need to be built up before producing a voiced plosive. Parts of the VAT of voiced plosives are 

“soft”, of which the VAT is positive. The initiation of SP (sound pressure) and EGG (electroglottograph) of the unaspirated voiceless 

plosives are almost simultaneous(VAT is around zero both positive and negative), while the SP precedes EGG when producing 

aspirated voiceless since the stronger airflow of aspiration oscillated the vocal fords before the adduction of the vocal fords. There is 

no correlation with VAT to the place of articulation of the plosives.  
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Introductions 
Vocal Attack Time (VAT) is the time lag between the 
growth of the sound pressure signal and the 
development of physical contact of vocal folds at vocal 
initiation (Baken et al, 1998). Amdo Tibetan plosives 
contrast in voicing. Voiceless plosives contrast in 
aspiration.  The voiced plosives could be 
pre-nasalized. The purpose of this measurement is to 
find out how those different articulation correlates to 
the VAT values. If it’s positive, the SP (sound pressure) 
precedes physical contact of vocal folds, measured by 
EGG (electroglottograph) signal, and it’s ‘soft’ onset; 
if it’s negative, physical contact of vocal folds is made 

before SP signal, it’s then “hard” onset. Simultaneously, 
the relationship between the place of articulation and 
the VAT is observed as well.   

Methods 
1. Stimuli 
Five groups of stimulus syllables were constructed for 
the plosive initials: simple voiced plosives, 
pre-nasalized plosives, simple aspirated plosives, 
unaspirated voiceless plosives and complex voiceless 
plosives.  Each group contains at least 40 stimulus 
syllables.  Within each group, only the rhymes of the 
syllables are different. Detailed is shown in the table 1. 
 

 
Table 1: The categorization of the stimuli 

 
2.Subjects 
The data is obtained from a 29 years old healthy Amdo 
Tibetan Speaker who hadn’t had any history of 

previous or current voice, speech, language, or hearing 
problems.   
3.Instrumentation 
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The SP was recorded using SONY ECM-44B 
microphone at a sampling rate of 44.1kHz and a 
resolution of 16 bits. The EGG data was collected by 
using Real-Time EGG Analysis (Model 5138) 
produced by Kay PENTAX.   
4.Procedure 
Both SP and EGG data were collected in the recording 
room of the linguistic lab at Peking University. VAT 
value was computed from the time lag of the 
cross-correlation function using a fully automated 
process accompanied by operator validation (Robert F. 

Orlikoff, et al, 2007). Observing the VAT validation by 
looking at the FOM(Figure of Merit) and disregarding 
the VAT value when the corresponding FOM is under 
0.75.  Observing the VAT value from the perspective 
of the linguist distinction thus categorizing the plosives 
based on the VAT.    

Result and Discussions 
The summary VAT date, FOM and F0 are shown in the 
table 2.  

 
Table 2: VAT values (mean VAT with its standard deviation, intervals and the median), FOM(mean FOM with its standard 

deviation and the median) , and F0(mean F0 and the median) of the plosives 

 
1. VAT of unaspirated plosives. 
The FOM of all of the 146 tokens is above 0.96 except 
one is 0.791, whose corresponding VAT value is 
disregarded. 
Unaspirated plosives initials can be divided into 
simplex and complex as mentioned above. From table 
2, we can see that the VAT intervals of simplex and 
complex are overlapped; the difference of the mean 
and median of VAT is slight, so there is no significant 
difference between them. This is clarified from figure 
1 that you can’t separate the tokens by VAT value. 
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Figure 1: VAT of simple plosives and prefixed plosives 

As a result, we observe the VAT of both groups 
together. Thus we can say that the VAT of unaspirated 
voiceless plosives is ranging from -6.49 milliseconds 
(ms) to 5.28ms, and its median is -0.08ms.  This 
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means that the SP and EGG almost started at the same 
time for unaspirated plosives. We refer this type voice 
onset ‘comfortable’ voice.  
2. VAT of aspirated plosives.  
The VAT value of the aspirated plosives ranges from 
-1.7ms to 68.7ms (The confident interval is from 
-1.68ms to 30.11ms), among which 87% is distributed 
under 10ms. This is mostly overlapped with 
‘comfortable’ voice (proposed by R.J.Baken et 
al,2007), which is ranging from-1.4 to 9.6ms. However, 
24% of the tokens are overlapped with of ‘breathy’ 
voice (proposed by R.J.Baken et al,2007), which is 
ranging from 7.6 to 38.0ms. Anyway, we refer this type 
of onset as ‘soft’ voice. When comparing with the 
unaspirated plosives, the VAT of the aspirated plosives 
is much longer as figure 2 shows.  
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  Figure 2: VAT of unaspirated and aspirated plosives 

So the aspirated plosives have a more “soft” onset than 
the unaspirated plosives. The initiation of SP and EGG 
of the unaspirated voiceless plosives are almost 
simultaneous, while the SP precedes EGG when 
producing aspirated voiceless since the stronger 
airflow of aspiration oscillated the vocal fords before 
the full adduction of the vocal fords.  
3. VAT of the Voiced plosives.  
As mentioned above the voiced plosives can be 
categorized into simplex and nasalized. As you can see 
from table 1, there is not significance difference on the 
VAT values whether if it’s nasalized. 
The VAT of the voiced plosive is very complicated. 
The FOM is the poorest when comparing with it of the 
voiceless. There are 122 tokens totally.  20% of the 
tokens are under the 0.75 in FOM, so only those above 
0.75 of FOM are used.  The median of FOM is 
smaller than those of voiceless. The standard 

derivation is higher than those of voiceless as well. All 
those numbers indicate that the VAT value is not as 
validate as those of voiceless. 
Regard the VAT value, it range from -179.96 to 
17.53ms. The standard derivation is even close to the 
mean of the VAT, which means that discrete degree is 
very high as shown in the figure 3. 
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            Figure 3: VAT of voice plosives 

However, you can see from Figure 3 that the VAT of 
voiced plosives is distributed in two areas: One is 
around -150ms and the other is around zero. The latter 
happen to be overlapped with VAT of aspirated 
voiceless plosives as figure 4 shows. The reason could 
be that the voiced is starting to become devoice but it’s 
not for sure at this stage. 
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     Figure 4: VAT of aspirated and Voiced plosives 

So the onset of voiced plosives is separated in two 
extremes in the system: extremely “hard”, meaning 
EGG Signal precedes SP Signal, and extremely “soft”, 
meaning SP signal precede EGG signal. The exact 
reason of this separation is unknown, but we can sure 
there is complication of the phonation type when 
producing voiced plosives.  
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Regarding the negative value of VAT, the VAT value is 
very large, which means that EGG precedes SP, and 
the adduction of EGG last for a longer time. A stronger 
airflow is needed before producing a voiced plosive. 
Ron Baken pointed out that the negative VAT can all 
be canceled to zero, which is just qualitative. However, 
we can still separate those negative VATs based on the 
different types of plosives.  Though unaspirated 
voiceless plosives also have negative VAT which are 
distributed near zero, it’s still separated from the 
negative VAT of voiced distributed around -150.  It is 
more than enough for linguistic purpose. Their actual 
value is not crucial here as we can separate them.  

Conclusion 
Based on the previous discussion, we can conclude that 
Amdo Tibetan plosives have different onset types, 
namely soft, comfortable and hard. Soft voice 
corresponds to aspirated and voiced plosives. 
Comfortable voice corresponds to unaspirated plosives 
while hard voice corresponds to voiced plosives. Soft 
voice has positive VAT. Comfortable voice has the 
VAT distributed around 0(both negative and positive). 
Hard voice has negative values around -150ms. The 
VAT pattern of Amdo Tibetan plosives is shown in 
figure 5. 
 

Figure 5: VAT pattern of Amdo Tibetan Plosives  

The prefixal consonants of both the voiced plosives 
and voiceless plosives don’t have any influence on the 
VAT value and there is no correlation between the VAT 
value and the places of articulation either. This 
experiment has only looked into the measurement of 
male speaker. The VAT value should be different for 
females, but we are looking at it from linguistic 

perspectives, so the pattern should be the same for 
females as well.     
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