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Abstract 
East Asian Languages such as Mandarin do have lexical tones 
in their phonological system. Pronounced in isolation, the 
fundamental frequency contours produced by these tones are 
relatively stable and their shapes well described phonetically. 
However, modifications can occur, not only in the well 
known case where two consecutive third tones are realized 
with a tone two - tone three sequence, but in other contexts as 
well, producing either one of the three other tones available in 
the phonological system or a so called neutral tone. In this 
paper, specific acoustic characteristics of neutral tones 
resulting from sequences of three or more T3 tones are 
investigated. In particular, values of the fundamental 
frequency Fo glissando were evaluated and compared to a 
perception threshold. Other melodic features were considered 
as well. 
Index Terms: Mandarin, glissando, neutral tone. 

1. Introduction 
East Asian Languages such as Mandarin do have lexical tones 
in their phonological system. Pronounced in isolation, the 
fundamental frequency contours Fo produced by these tones 
are relatively stable and their shapes well described 
phonetically: a flat high Fo contour for the first one, a rising 
contour for tone 2, a curved falling and rising Fo shape for the 
third and a sharply falling contour for tone 4. However, some 
co-articulation effects (tonal sandhi) has been observed for a 
long time and described in classical grammars for consecutive 
tones 3, the first one being replaced by tone 2 in a T3 T3 
sequence (Chao [1]).   
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: The four phonological tones of Mandarin. 
 
Fig. 1 shows the canonical Fo contour for tones pronounced 
in isolation. Values of duration given by Xu [2] for a male 
voice are as follows: Tone1: 247 ms, Tone2: 273 ms, Tone3: 
349 ms and Tone4: 214 ms. As noticed by this author, these 
figures have been controversial, because different contexts 
lead to different duration for each tone, especially for tone1 
and tone4. In isolation, tone3 is the longest in all contexts, 

tone4 is the shortest one, and tone2 is longer than tone1 
because of its contour movement.  

Recent studies (e.g. Dell [3]) have shown that the sandhi 
mechanism in Mandarin is more complex than thought earlier, 
and that in sequences of three or more T3 tones the 
production of T2 depended on many factors, among which the 
hierarchical structure of the syllables involved was 
paramount, be in a polysyllabic word (as zhi3 lao3 hu3, 

) or a SN-SV (as in wo3 mai3 hao3 jiu3 buy 
). In these cases, the outcome of T3 T3 -> T2 T3 

would essentially signal a grouping of the corresponding 
words at the lowest level of the hierarchy, and would block 
further production of T2 at a higher level in the hierarchy. 

However, some of these mechanisms produce what is 
called a neutral tone T0 instead of T2, the neutral tone being a 
tone which is not confused perceptually (and perhaps 
phonologically) with any other tone of the system. A 
somewhat detailed acoustic analysis of the neutral tone was 
carried out recently by Chen and Xu [4], who invalidated 
former studies aiming to describe the Fo neutral tone pattern 
as an interpolation of the preceding and following tone Fo 
values.  

In this paper, we describe the neutral tone from another 
point of view, looking at possible acoustical features which 
could differentiate it from the others that could appear in the 
same context. If, as demonstrated by Xu [2], the realization of 
the neutral tone is indeed independent from the following as 
well as the preceding tones (except after tone 4), the observed 
falling Fo pattern of the neutral tone should contrast in some 
respect with the falling Fo of T4, and obviously with T3. Our 
hypothesis bears on the slope of the fundamental frequency 
fall, or more specifically on the value of the glissando of the 
neutral contour, or in the case of a complex shape (a fall 
followed by a flat Fo shape), by some combination of the 
glissando values. 

2. Theoretical aspects 

2.1. Glissando  

Considered in all generality, a fundamental frequency 
movement in function of time can be perceived as a level tone 
or as a pitch movement, depending on the value of Fo change 
in function of its duration. This value corresponds to a 
glissando threshold, and depends on the starting and ending 
Fo values involved in the pitch movement as well as its 
duration. This threshold has been evaluated for ascending or 
descending linear Fo movements first for pure sounds then for 
re-synthesized natural vowels by Rossi [5][6], 
Hart using a semitone scale [7]. In the first case, when the 
movement is linear, the resulting pitch level when the 
glissando is not perceived corresponds to about 2/3 of the 
ending Fo value. In the second case, the value of 0.32 / (t*t) 
in semitones per second (the constant 0.32 divided by the 
squared duration) gives the threshold above which the 
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glissando is perceived as a pitch change (the value of the 
glissando is given by (St2-St1) / t, i.e. the difference of the Fo 
last and first values in semitones divided by the time).  
 The perceived glissando threshold is thus inversely 
proportional to the time squared: the longer the Fo contour, 
the smaller is the fundamental frequency change needed to 
perceived a pitch movement rather that a static tone. The 
constant value 0.32 is depending on various experimental 
conditions and its value has to possibly reflect the presence of 
other acoustical cues such as a non linear pitch change, vowel 
diphthongization, intensity change and the like which can all 
modify the listeners ability to perceive glissando. 

2.2. Neutral tone 

obviously to 
contrast with the other 4 tones of the Mandarin system. We 
could expect that in multisyllabic words (disyllabic words are 
becoming more and more common in the lexicon), the 
combinatorial possibilities of occurrence of a specific tone are 
reduced after the occurrence of the first syllable of the 
multisyllabic word, and even more after the two first in a 
three syllables word. Therefore, it may be possible to have a 
complete neutralization of the second or third or fourth tone 
once the preceding ones have been generated by the speaker. 
A totally neutralized tone would take place if the original tone 
cannot contrast with any other tone in the same context. 

Still the main question is: what are the acoustic features 
which make the tone neutral? Classical phonetic observations 
designate acoustic candidates such as a short vowel or 
syllable duration, a reduced change in fundamental frequency, 
a decrease in syllabic intensity. As the peak syllabic intensity 
of neutral tone syllables is very similar to the intensity of 
syllables with full tones (typical differences were inferior or 
equal to 2 dB), we did exclude the intensity parameter from 
the list of phonetic candidates. In our statistical analysis we 
did use duration as well as glissando values which integrate 
changes of Fo and duration.  

3. Experimental method 
Sixty sentences containing sequences of T3 T3 (T3) (T3) 
consecutive third tones, distributed in SN and SV syntactic 
groups, were recorded by 6 native speakers of Mandarin (4 
females and 2 males, all originated from the same Beijing 
region). The acoustical analysis (Fo contour, intensity, 
spectrogram) was performed with the speech analysis 
software WinPitchPro, in order to select tones retained as 
neutral by a panel of 4 listeners. The simultaneous displayed 
spectrogram was used to carefully segment syllable 
realizations corresponding to neutral tones into a CVC 
sequence, the syllable coda consonant being always voiced in 
Mandarin (see fig. 2 and fig. 3).  

 
 
 
 
 
 
 
 
 
xiao3 min3 lao3 ban3 de0 xiao3 gour3 xiang3 wan2 shua3 » 

 playing » 
Figure 2: Segmentation of a neutral tone with 
simultaneous display of the fundamental frequency, 
intensity and wide band spectrogram. 

 

 
 
 
 
 
 
 
 
xiao3 min3 lao3 ban3 de0 xiao3 gour3 xiang3 wan2 shua3 » 

 playing » 
Figure 3: Segmentation of a neutral tone without 
spectrogram.  

The glissando value corresponding to the vowel and last 
consonant parts were then automatically computed by the 
software, and checked against the glissando threshold 
corresponding to the selected segment duration displayed (see 
fig. 4). 

 

 

Figure 4: Display of the glissando values, below the 
perceived glissando threshold (left) and above (right). 
The threshold can be manually adjusted to take into 
account specific phonetic characteristics (e.g. 
diphthongization). 

All sentences of the corpus have a subject + verb + object 
structure. The number of syllables in each constituent varies 
from one to three syllables. In addition, we did vary the 
number of syllables of the subject NP to evaluate the 
influence of length. Finally, some sentences were designed to 
verify the effect of specific tones following the target tone. 
The sentence (wo3 mai3 jiu3, I buy wine) for instance 
is a sequence of T3 in which each constituent has one 
syllable, whereas (bei3 mei3 xuan3 ju3 zong3 
ton3, North American chooses president) has two syllables in 
each constituent.  We have thus some variable combinations 
with four different tones following the target tones: 
  (T1)  (he1 niu2 nai3, drink milk) 
  (T2)  (jiao2 ping2 guo3, crack apple) 
  (T3)  (xiao3 min3 de0 xiao3 gou3xiang3 
wan2 shua3, the little dog of Xiaomin wants to play) 
  (T4) (xiao3 min3 de0 xiao3 gou3 zai4 
shui4 jiao4, the little dog of Xiaomin is sleeping) 
The other sentences are derived from transposition between 
the subject and the object, such as in:  

(lao3 ma3 biao3 yan3 wu3 dao3, old ma shows 
dance). 

(gu3 dian3 wu3 dao3 biao3 yao3 xian4 
zai4 kai1 shi3, the classic dance starts now). 

4. Results and interpretation 

For all syllables with a perceived neutral tone (by at least 3 
quarter of the panel listeners), the glissando values computed 
by the WinPitchPro program were ported to Excel, together 
with the syllable durations. These measures were taken for all 
T3 perceived as neutral, and compared to the computed 
glissando threshold. Sometimes, the neutral tone showed a 
complex Fo pattern, falling for ¾ of its duration, then flat but 
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never rising. Instead of computing the difference of the 
consecutive roughly linear pitch movements, we decided to 
retain the first part only, as the rather flat following Fo move 
had a glissando value close to zero. 

  
The statistical values were as follows: 

 
Duration:  mean 69 ms     standard deviation 27 ms 
Glissando:  mean 31 ST/s  standard deviation 20 ST/s 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Histogram of the glissando distribution for 
neutral tones. 

The large value of the standard deviation for both the 
syllable duration and glissando clearly do not validate our 
first hypothesis, which suggested that a low glissando value 
could be a good acoustic indicator for the neutral tone, 
although these values were inferior to those of T3 and T4 that 
could appear in the same position in the sentence.  

Table 1. Rate of identification for T3 -> T2, T3 -> T0. 

 Rate of  identification 

T3 -> T2 32.08% 

T3 -> T0 29.58% 

Table 1 gives the perception results for of four Chinese native 
speakers originated from the same region. Participants were 
asked to listen to the 60 sentences of the corpus a maximum 
of 3 times, and to identify the tones. We then retained how 
many T3 s were identified as T2 (T2->T3, the first tone3 
becomes tone2), and how many were identified as T0 (T3-
>T0, the second tone3 becomes a neutral tone). In this test, 
we have a total of 240 possibilities (60 sentences times 4 
persons). The results show that 31.25% of the cases were 
interpreted as T3->T2, and 29.58% as T3 -> T0. 

Going back to phonology, we can observe that the neutral 
contour has to contrast only with the third and the fourth tone. 
Indeed, no confusion seems to be possible at any level with 
the first tone, which is relatively flat with a high fundamental 
frequency, nor with the second tone, clearly rising. The 
following experiment tests the validity of the phonological 
hypothesis through re-synthesized data, modifying the neutral 
tone Fo pattern into either a sharper falling pattern typical of 
the fourth tone, and a slightly complex pattern regularly seen 
on third tones. 

 
 

5. Synthesis experiment 
Like other similar speech analysis programs, WinPitchPro 
includes functions to easily achieve prosodic morphing 
through user friendly graphical commands. In this case, 
prosodic morphing is achieved using a modified PSOLA 

method. Perceived neutral tones of our corpus were modified 
with these functions until a third and fourth tone was 
perceived. 
 The neutral tones of our corpus were derived from 
(underlying) third tones, and frequently displayed a small flat 
Fo part near the end of the syllable (see Fig. 6). 
 
 
 
 
 
 

 

Figure 6: Possible schemas of neutral tones derived 
from underlying third tones: left corresponds to a 
straight fall, right shape to a complex pattern with a 
flat or slightly falling bend.  

As expected, increasing the fall from typically 20 ST/s to 30 
ST/s did always provoke a perception of tone four. Creating a 
complex Fo pattern with a bend (as shown on fig. 6, right) 
will generate a third tone only if the final part was rising. A 
flat or falling Fo bend will still be perceived as a neutral tone, 
as mentioned in section 4. As the modifications could 
gradually be executed, it was relatively easy to find the 
turning point and hence the pertinent acoustic features 
differentiating the neutral tone T0 form T3 and T4. Indeed, 
T0 has to contrast with T3 with the absence of a final Fo 
rising bend, and with T4 with the sharpness of the Fo slope 
(in the order of 20 ST/s vs. 30 ST/s).  
 

 

 

 

 

Figure 7: Pertinent contrasts between neutral tones 
(solid lines) and T4 (left) and T3 (right) (dotted 
lines). The perception limit between To and T3 is 
indicated by the fine dots horizontal line (right)  

Other instances of T3 in our corpus showed another possible 
acoustic feature of T3, when the lowest Fo value of the 
melodic pattern enters a creaky phonation mode, even for 
female voices (see an example fig 7). This happens frequently 
at the end of a sentence. 

 

 

 

 

Figure 8: Third tone realized with a creak in its 
fundamental frequency pattern turn.  
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6. Conclusions 
In Chen and Xu [4], it was shown that neutral tones did not 
exhibit any particular Fo target, as the speaker may not have 
enough articulatory energy to attain a definite Fo value. Our 
study considers the problem from another viewpoint, in order 
to possibly demonstrate that the level of fundamental 
frequency glissando of neutral tones is normally below a 
certain threshold (equal to about 0.30 semitones per second), 
whereas the other non neutral tones exceed this level (except 
of course for the Fo flat tone 1). This apparent dispersion of 
the results may stem from multiple causes, among which the 
stability of judgment of panel listeners to identify the neutral 
tone and the influence of the nature of the syllable vowel 
seem to be the most important.  

Further studies taking vowel quality into consideration 
may prove fruitful (see for example [8], [9]). Perceptual tests 
conducted on prosodic morphing of the corpus neutral tones 
gave interpretations much closer to what phonology would 
predict: a falling neutral tone contrasts with the fourth tone by 
the sharpness of the Fo fall, and a neutral tone will not be 
confused with a third tone as long as it does not have a rising 
contour however restrained in its variation at the end of its Fo 
fall. A complex Fo shape ending with a flat or falling Fo 
ending part will still be perceived as a neutral tone.  
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9. Annex 
List of sentences used in the experiment. 
 
1.  
   bei3 mei3 xuan3 ju3 zong3 tong3 
   North American choose president 
2.  
   bei3 mei3 fa1 bu4 xin1 wen2 
   North American reports news 
3.  
   zong3 tong3 xuan3 ju3 yi3 jing1 kai1 shi3 
   President selection already start 
4.  
   zong3 tong3 xuan3 ju3 yi3 jing1 kai1 shi3 
   President election now finish 
5.   
   li3 lao3ban3mai3jiu3 
   Li boss buy wine 
6.  
   li3 lao3ban3he1jiu3 
   Li boss drink wine 
7.  
   li3 lao3 ban3 de0 biao3 jie3 mai3 jiu3 
   Li boss  cousin buy wine 
8.  
   li3 lao3 ban3 de0 biao3 jie3 he1 jiu3 
   Li boss  cousin drink wine 
9.  
   xiao3min3lde0xiao3gou3he1niu2nai3 
   XiaoMin  little dog drink milk 
10.  
   xiao3min3de0xiao3gou3jiao2ping2guo3 
   XiaoMin  little dog crack apple 
11.  
   xiao3min3lao3ban3de0xiao3gou3he1niu2nai3 
   XiaoMin boss  little dog drink milk 
12.  
   xiao3min3lao3ban3de0xiao3gou3jiao2ping2guo3 
   XiaoMin boss  little dog crack apple 
13.  
    lao3 ma3 biao3 yan3 wu3 dao3 
    Old Ma show dance 
14.  
    gu3 dian3 wu3 dao3 la1 kai1 xu4 mu4 
    Classic  dance  spectacle start   
15.  
   gu3 dian3 wu3 dao3 shi2 xing2 tou2 piao4 gui1 ze2 
   Classic  dance  show implement vote rule    
16.  
   gu3 dian3 wu3 dao3 yi3 jing4 jie2 shu4 
   Classic  dance  show already finish    
17.  
   gu3 dian3 wu3 dao3 xian4 zai4 kai1 shi3 
    Classic  dance  show now start          
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