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Abstract 
The nature of intrinsic consonantal F0 perturbations on tonal 
F0 in Vietnamese is investigated. Mean F0 and duration data 
for five unstopped tones of a female native speaker of 
Vietnamese, controlling for the effect of a three-way 
contrastive difference in VOT between alveolar stops, is 
presented. It is shown that [t], and [d] produce expected 
perturbations, but not [th], which evinces lower F0 at onset.  
The significance of this finding for differential tonal split 
conditioned by aspiration is discussed. 

1. Introduction 
It is well attested that voicing distinctions on a prevocalic 
consonants result in intrinsic perturbations in the fundamental 
frequency (F0) of the following vowel (Hombert 1978; 
Lehiste & Peterson 1961; House & Fairbanks 1953). Data 
from previous studies of this phenomenon has largely been 
used as evidence for phonetic factors as the motivators of 
tonal development (tonogenesis) and tonal split. Briefly, it is 
argued that listeners misperceive intrinsic perturbations in F0 
as extrinsic, which in time leads to linguistic reinterpretation 
of the acoustic signal by speakers (Hombert et al. 1979).  A 
second, but no less significant, interest in intrinsic F0 is its 
relevance to explaining the vocal mechanisms involved in F0 
control and, in turn, its implications for phonological 
representations of tone.   
 
Examining intrinsic F0 associated with contrastive Voice 
Onset Time (VOT) is particularly fruitful in tonal languages. 
As there are extrinsic F0 targets involved in the realization of 
phonemic tone, intrinsic perturbations can be seen easier 
(Rose 1996a). No previous acoustic-phonetic studies have 
looked at intrinsic F0 associated with the three-way VOT 
contrast of alveolar stops in Vietnamese (/t/, /th/, /d/).  Indeed, 
this phenomenon has received relatively little attention in 
tonal languages exhibiting three-way VOT contrasts (notable 
exceptions are for Thai: Gandour 1974; Ewan 1976).  
Therefore, part of the rationale for this study is to determine 
the F0 effects associated with the different VOT for the three 
Vietnamese stops, and in doing so provide additional acoustic 
data from such languages.  As usual, of primary interest is the 
duration of the perturbations.  Second, while experimentally it 
seems clear that voiced stops produce lower F0 than voiceless 
on following vowels (Hombert 1978), data relating to the 
effects of aspiration is conflicting. Voiceless aspirated 
consonants are found in some instances to produce higher F0 
than unaspirated equivalents (Hombert 1978 for English & 
French; Ewan 1976 for Thai; Zee 1980, for Cantonese), while 
in others the opposite is found (Gandour 1974 for Thai; Xu & 
Xu 2003 for Mandarin). Therefore the perturbatory status of 
the aspirated stop in Vietnamese is also of some interest.  
Finally, data of this sort of from Vietnamese will provide 
synchronic evidence relevant to historical linguistic issues in 
tone split. 

2. Procedure 
2.1 Elicitation  
The corpus consisted of 15 CV minimal triplicates, all of 
which are actually occurring morphemes.  C was varied with 
the phonemically contrastive series of alveolar stops (/t/, /th/ 
and /d/). V, which carries tonally relevant F0, was held 
constant in order to control for intrinsic vocalic F0 and thus 
make measurements of tonal F0 comparable. The unrounded 
upper-mid front vowel [e] was chosen as it conveniently 
occurs in minimal triplicates for the three stops, as well as 
five contrastive tones. The corpus is presented according to 
the Vietnamese orthography in Table 1. 
 
VOT→  
Tone ↓  

[d] 
 

[t] 
 

[th] 
 

T1 đê thimble tê evil thê R wife 
T2 đề to write tề R to administer thề to pledge 
T3 đế sole tế to worship thế to replace 
T4 để in order to tể  R to slaughter  thể ability 
T5 đệ to submit tệ a social evil thệ R to flow 
Table 1. Corpus.  ê = [e], other diacritics indicate tone. R 
=restricted or bound morpheme.  
 
The informant chosen in this study was a native female 
speaker of Northern Vietnamese displaying a genuine three-
way contrast involving [t], [d] and [th].  This is mentioned 
because /d/ is usually realized as preglottalized stop, or 
sometimes as an implosive in Standard Vietnamese 
(Thompson 1987). The speaker was asked to produce three 
tokens of each word from the corpus from left to right.  This 
was then repeated, eliciting a total of six tokens for each 
word.  Due to some mistakes in reading, some tokens had to 
be excluded and in the end five replicates were analyzed for 
each tone and VOT combination. 
 
2.2 Equipment 
Analog recordings were made using a Nakamichi 550 cassette 
deck and microphone at the A.N.U. Linguistics Department 
Recording Studio.  Recordings were later digitized at 16 kHz 
using Audacity v.1.2.4b in order to make measurements of F0 
and duration, which was done in Praat v.4.4.3.1. 
 
2.3 F0 measurements 
As the study of intrinsic F0 is interested in the proportion of 
the vowel F0 affected by the preceding consonant, it is 
important to ensure correct segmentation. Previous sampling 
methods for intrinsic VOT studies (specifically Gandour 
1974; Hombert 1978) have relied on characteristic features of 
the waveform to determine the points at which F0 was 
sampled, but it is not always totally clear exactly where 
measurements were made.  In this paper, F0 was sampled 
from the first clear periodicity after the release of the 
supralaryngeal closure. This has some important 
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consequences. First, it means the expected and typical low F0 
during the hold phase of a preceding voiced stop (see Figure 
2) is not sampled, rather, the F0 at its vowel onset. The 
second point concerns the onset sampling point for the 
aspirated stop.  In aspirated stops, at the onset of periodicity 
after release there is still some noise present in the waveform 
resulting from the direct current component through still-open 
cords. This is shown in Figure 1. This means that there are 
two points which could conceivably be taken as onset: the 
onset of periodicity, and the later onset of modal phonation. I 
took the former because it was clear that an important 
perturbatory feature would be missed otherwise, and it also 
corresponded to high amplitude onset of relatively clear 
formant structure.  

Time (s)
0 0.0886616

–0.03763

0.04617

0

 
Figure 1. Enlarged waveform for [the] after release of 
alveolar stricture. 
 
The sampling base was defined to extend from the designated 
onset to offset, where the latter was defined as the absence of 
periodically excited formant structure. Figures 2 shows 
examples of perturbations using spectrograms with 
superimposed F0 for contrastive VOT involving tone 1. The 
F0 scale is given on the right hand side; the spectral scale 
relevant to the formants is given on the left. 

 

 

 

 
Figure 2. Spectrograms, with superimposed F0 for [de](top) 

[te] (middle) and [the] (bottom )in [T1]. 
 

Furthermore, in order to give an adequately detailed picture of 
the F0 time course over the vowel, a reasonably high 
sampling rate was required, especially at onset where the 
perturbation would be expected. Therefore twelve sampling 
points were established along the F0 sampling base. Point 1 
corresponded with the onset point, Point 12 with offset. F0 
was sampled at 0% 5% and then 10% intervals of the 
sampling base.  ANOVAs were used to determine the 

duration of the intrinsic F0 perturbations, and to test for any 
significant effect from the VOT on the rhyme duration (it 
might be the case, for example, that the duration of the tone 
would be shorter after an aspirated consonant than after a 
voiceless aspirated one, as a trade-off in word duration).     

3. Tonological Background 
The six Northern Standard Vietnamese tones are presented in 
Table 2.  Tone numbers from Vu (1982) describing relative 
pitch heights are written according to Chao’s (1930) “tone 
letters” (1=lowest pitch, 5=highest).  Also included are 
contour descriptions from Thompson (1987).  In addition, it 
has been argued that tonal contrasts are often enhanced 
laryngeal features in Vietnamese.  Thus Pham’s (2003:81) 
phonation types are also included.  
 

 VN name Tone n.o Contour PT 
T1 ngang 33 High-

level 
modal 

T2 huyền 21 Low 
falling 

breathy 

T3 sắc 35 High 
Rising 

modal 

T4 hỏi 212 Mid-Low modal 
T5 nặng 21 Low creaky 
T6 ngã 325 High creaky 
Table 2.  Characteristics of Standard Vietnamese tones 

4. Results 

4.1. Fundamental Frequency plots for the five tones 

Mean F0 shapes are plotted for the five tones separately as a 
function of mean absolute duration in Figure 3. The speaker’s 
mean F0 for each tone is plotted for the three different VOT 
categories. Note that different F0 and duration ranges are 
used, in order to show details of the F0 time course better. 
Visual inspection of the F0 shapes of the five tones shows a 
reasonably good correspondence with the pitch description 
given in Thompson (1987) and Vu (1982), although there are 
some small discrepancies. The speaker’s T1 lies slightly 
above the middle of her F0 range (at ca. 200 Hz) and is more 
or less level; T2 is low and falling; T3 is relatively high, 
starting at about the same F0 as her T1, and rising; T4 begins 
low, falls and rises to above the middle of the speaker’s range. 
It can be seen that it reaches a value considerably higher than 
in tone 1. This is at odds with the pitch description of these 
tones, which implies that T1 (ngang) has a higher pitch than 
the peak of T5 (hỏi). T5 is similar in range to T2, falling from 
ca. 200 Hz to ca. 150 Hz, but note its duration is only half as 
long. 

4.2 Intrinsic Consonantal F0 perturbations 

Figure 3 shows F0 clearly varies as a function of VOT and a 
consistent effect for all tones is observed. The magnitude of 
the F0 perturbation is seen to diminish over the duration of 
the Rhyme, with the greatest difference present at onset. The 
voiceless unaspirated stop [t] (plotted with squares) is 
associated with the highest F0 at onset, the voiced stop [d] 
(diamonds) the second highest, and the voiceless aspirated 
stop [th] (triangles) the lowest. To determine the duration of 
the intrinsic F0 perturbations a one-way ANOVA was done 
for each tone separately, whereby the F0 of the three 
consonant types was tested for significant difference at each 
% duration point. 
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Figure 3. Mean F0 shapes for the speaker’s five tones, 
showing intrinsic F0 perturbation associated with different 
VOT of initial consonant. 
 
The point at which there was no longer a significant 
difference (at α = 0.05) between the F0 of the three VOT 
types was taken to be the point where the intrinsic 

perturbatory effect had ended and the extrinsic F0 target been 
achieved. (In T5, the differences at offset visible in Figure 3,  
the cause of which is not clear but might have to do with 
different degrees of creaky voice, was ignored, although 
significant.). Results are given in Table 3, where DP shows 
the percentage duration of the F0 perturbation for each tone.  
It indicates the amount of the total duration of the vowel 
affected by intrinsic F0, and therefore also the point at which 
the extrinsic F0 target is achieved.  

Tone RD (msec) DP (%)  ADP (msec) 
T1 390 0-10% 39 
T2 440 0-10% 44 
T3 420 0-40% 168 
T4 510 0-10% 51 
T5 190 0-5%  10 

Table 3. Results of ANOVAs to determine extent of 
perturbations. RD = mean total Rhyme duration; DP = % 
duration of perturbation; ADP = absolute duration of 
perturbation (DP x RD).  
 
First, it can be seen that the duration of the intrinsic 
perturbation varies with the tone.  The perturbatory duration 
of for T1, T2 and T4 is about the same, at ca 45 ms. this is 
within the range found by Gandour in Thai (1974) and 
Hombert in Yorubu (1978). The DP for T3, however, is very 
long indeed, at about 3 times that for tones 1 2 and 4, and the 
DP for T5 is very short, at less than a third of that in tones 1 2 
and 4.  Despite the shorter perturbation for the shortest tone – 
T5 – there does not appear to be a correlation between Rhyme 
duration and DP, because of the very long perturbation for 
T3. DP for T3 lasts nearly half the tone (40%), despite its 
Rhyme duration being only 20msec longer than T2. Why T3 
displays this effect is not clear. Neither does there appear to 
be a clear phonological basis for DP. T1 and T3 are both high 
register tones, but DP is considerably different. Similarly, T3 
and T4 are both rising tones (high rising, low rising 
respectively). The low falling tones T2 and T5 also don’t 
show a consistent effect with respect to each other. Finally, a 
one-way ANOVA was performed on each of the tones 
separately to test for any significant effect of VOT on Rhyme 
duration. Results are given in table 4 showing the mean 
Rhyme duration (msec) for each tone and each VOT type, and 
the associated F-ratio. No significant effect was found. 
 
Tone 
→ 
VOT↓ 

T1 
 

T2  
 

T3 
 

T4 T5 

[d]  380 420 450 510 190 
[th] 380 410 420 500 180 
[t] 400 410 450 520 170 
f-ratio 0.9993 0.12 1.41 1.04 2.4 
Table 4. Results of ANOVA testing for effect of VOT on 
Rhyme duration (msec. p-vlaue = 3.89, α = 0.05.). 

5. Discussion & Conclusion 
The intrinsic effects of VOT observed here only partially 
agree with previous results. Hombert (1978) and Gandour 
(1974) and a number of other studies (Lehiste & Peterson 
1961; House & Fairbanks 1953) have found voiceless 
consonants produce higher intrinsic F0 on following vowels 
than voiced consonants. The data from Vietnamese agrees 
with this in the case of the voiceless unaspirated and the 
voiced stop, however the voiceless aspirated stop is a notable 
exception. Surprisingly, the voiceless aspirated consonant was 
found to produce the lowest F0 at onset, with a rising 
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perturbation, which goes against the expected correlation of 
F0 height and voicelessness. There was no evidence that this 
was due to /th/ being realized as [+breathy] [+voiced], which 
would evince low F0 at onset (Gandour 1974). The discussion 
will focus on possible reasons for this particular effect, as 
well as its implications for tonal split.  
 
The reasons for high F0 observed as a function of aspiration 
are still not totally clear. It was hypothesized that it was due 
to a higher rate of airflow immediately after release, but 
according to aerodynamic modeling by Ohala (1978) the 
subglottal pressure immediately after release of an aspirated 
stop, and thus the airflow, would actually be momentarily less 
than normal. Rose (1996b) and Xu & Xu (2003), however, 
both found, in Thai-Phake and Mandarin respectively, a very 
good correlation between airflow and F0. (Rose’s data are for 
voiceless fricatives, which are similar to aspirated stops in 
being [+ spread glottis] sounds). So perhaps airflow does have 
something to do with it. Another reason for a higher F0 with 
aspiration may be that the cords are tensed actively by the 
vocalis in order to inhibit vibration (the physiological 
counterpart to Halle & Stevens (1971) [+stiff cords]). Also, a 
certain degree of passive longitudinal tension can arise from 
abduction of the cords, as is found in aspirated sounds. Why, 
therefore, do we observe lower F0 with aspiration in these 
Vietnamese data? One reason may be that the speaker is not 
implementing active tension in order to inhibit vibration, and 
so phonation starts a little earlier, before the cords are 
completely adducted. The laxer cords would also result in 
lower F0. 
 
In studies of tonogenesis it has been hypothesized that high 
tones develop after originally voiceless consonants 
(Haudricourt 1961; Hombert et. al 1979), due to voiceless 
consonants generally having higher tonal reflexes compared 
with voiced consonants.  Thus, it is argued, universal 
intrinsic phonetic effects motivate tonal development 
(Hombert et al. 1979). Languages that develop three tones 
from three way VOT contrast of stops, it is argued, usually 
develop a high tone after the historically aspirated series 
(Hombert 1978).  This is attested by Hauricourt’s (1961) 
study of a Thai dialect in Trang province. However, the tonal 
split in Saek involved a lower tone developing after the 
historically voiceless aspirated series, while a higher tone is 
found after the unaspirated series (Sarawit 1973).  
Furthermore, Ballad (1975) showed that in the Chinese 
dialect of Wu Chiang, sandhi tones are lower after aspirated 
consonants than unaspirated, and this also occurs in the 
citation tones (Phil Rose, p.c.). The tendency for voiceless 
aspirated consonants to produce lower tonal reflexes, and 
pattern with voiced consonants, has also been found in 
historical data from Pwo-Karen and Thai (Hombert 1978; 
Rose). The conflicting historical and synchronic data with 
respect to the pitch lowering/raising effects of aspiration 
therefore mirrors the conflicting acoustic data for intrinsic 
F0 associated with aspiration.  Clearly "aspiration" qua 
VOT lag, can involve different glottal gestures which can 
produce different intrinsic effects, which can in turn evince 
different tone development, at least as far as tonal split is 
concerned. 
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