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Abstract 
The seven citation tones of the Southern Min dialect of 
Zhangzhou are described impressionistically, and a 
linguistic-tonetic representation of their acoustics derived from 
the z-score normalization of the tones of 9 male and 12 female 
speakers. A normalization of the raw mean tonal data is shown 
to be slightly superior to a log10 transform, delivering about an 
eight-fold reduction in the between-speaker tonal variance 
(normalization index = 8.6). The data are then used to do a 
preliminary Monte Carlo investigation on how the 
normalization index changes with the number of speakers used 
to normalize. 
Index Terms: normalization, tonal F0, tonal duration, 
Zhangzhou dialect. 

1. Introduction: Normalization 
Fundamental frequency (F0) as the main acoustic correlate of 
perceived pitch for linguistic systems of intonation, tone and 
stress shows high variability attributed to a wide variety of 
factors, both linguistic and non-linguistic [1]. Linguistically, 
F0 may be intrinsically perturbed by tautosyllabic segments, 
but also may be perturbed by other contextual factors, for 
instance the F0 height of segments, or the tone on adjacent 
syllables, the presence or absence of stress and dialectal accent 
[1]. Moreover, the F0 on one tone may alternate with another 
in a specific morpho-syntactic or phonological environment 
[2]. The non-linguistic factor for F0 variability is well known 
to be speaker-specific effects [1]. Anatomical and 
physiological differences in the individual vocal tract structure 
may generate dynamic acoustic outputs of difference even for 
phonologically identical utterances. For instance, female 
speakers generally have higher F0 values than males from 
their shorter and less massive vocal cords, thus, it is both 
theoretically and empirically possible for a female’s 
phonological low tone to have a higher F0 value than a male’s 
phonological high tone [3, pp. 38-41]. 

Given the acoustic variability resulting from differences of 
individual physiology, it becomes necessary to perform an 
effective reduction in the between-speaker variance prior to 
identification of different linguistic categories in signals. The 
mathematical analog of this process is just what the theory of 
normalization concentrates on. The aim of normalization is to 
abstract the variable Individual content away from invariable 
Linguistic and Accentual content in speech signals, and 
thereby derive a quantified representation of the variety in 
question [1].  

The main aim of this paper is to present multi-speaker 
tonal data on the citation tones of the Chinese dialect of 
Zhangzhou, which has hitherto been impressionistically 
described a lot, but has arguably received inadequate attention 
acoustically.  

How many speakers are needed for such a quantified 
investigation of a particular variety of speech? Numbers have 
been suggested e.g. [4], but not justified. Therefore a 

subsidiary aim of the paper will be to use the Zhangzhou data 
to do a preliminary investigation of how the efficiency of the 
normalization varies with the number of speakers used. 

2. Zhangzhou Tones 

2.1. Zhangzhou 
Zhangzhou is a prefecture-level city situated in mainland 
China’s southern Fujian province with approximately 4.8 
million inhabitants [5]. The variety that native Zhangzhou 
people speak belongs to the Southern Min dialects of the 
Sinitic language branch of the Sino-Tibetan language family, 
which are primarily spoken in Southern Fujian and Taiwan.  

2.2. Phonetic descriptions of Zhangzhou tones 
There have been quite a few previous descriptions of 
Zhangzhou citation tones [6, 7, 8, 9, 10, 11, 12, 13, 14, 15]. 
All except two – [6, 10] – agree in describing seven different 
citation tones. Table 1 lists the descriptions under their Middle 
Chinese (MC) tonal categories (Ia, IIIb etc. - a and b stand for 
historical Yin and Yang registers, respectively). Tonal pitch 
values are given in the Chao five-point “tone letters” [16]. It 
can be seen that Zhangzhou does not distinguish separate 
reflexes of MC IIa and IIb tones (that is the reason only a II 
category is shown), but it otherwise preserves the other six 
MC categories. 

Table 1. Previous descriptions of Zhangzhou citation 
tones according to Middle Chinese tonal category (in 

brackets).  

As is usual with impressionistic descriptions there are 
areas of both agreement and disagreement. Tone 3 for example 
is uniformly described with a high falling [53] pitch. 
Disagreements on the pitch values of other tones include, for 
instance: tone 1 is represented as a low rise [24], a high level 
[44] or a high rise [45]. Tone 2 is either a low dipping [212] or 
a low rise [13]. Tone 7 is transcribed as a low rise [13] or a 
low convex [121] by most scholars. It is not clear what this 
sort of variation is due to. It could possibly be ascribed to sub-
dialectal variation and/or between-speaker or between-
transcriber differences. 

The previous descriptions are all impressionistic, but in the 
most recent decade, two scholars [5, 15] investigated the 
acoustic properties of Zhangzhou citation tones in terms of F0. 

Author Year Tone1(Ia) Tone2(Ib) Tone3(II) Tone4 (IIIa) Tone5(IIIb) Tone6(IVa) Tone7(IVb)
Dong 1959 24 212 53 32 33 32 13

Lin 1992 44 13 53 21 22 32 12
Ma 1994 44 12 53 21 22 32 121

FCCEC 1998 44 13 53 21 22 32 121
ZCCEC 1999 44 13 53 21 22 32 121

Gao 1999 45 23 53 21 33 21 121
Zhou 2006 44 13 53 21 22 32 121
Chen 2007 44 13 53 21 22 32 121
Yang 2008 44 13 53 21 22 32 121
Guo 2014 44 13 53 21 22 31 121
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However, there are some inadequate and problematic aspects 
with regard to their research designs and analyses. For 
instance, [5] compared data from one male and one female 
directly in terms of their raw F0 values, ignoring the speaker-
dependent effects on the F0 realizations and the importance of 
normalization for linguistic quantitative studies of speech 
signals. Normalised acoustic data from four speakers were 
given in [15] using the T algorithm, but the study only 
addressed sonorant-ending tones while neglecting the tones 
ending in obstruents, and the variation in tonal durations.  

In 2015, as part of her Ph.D, the first author, who is a native 
speaker of Zhangzhou, collected extensive data in the field 
from 21 Zhangzhou speakers, including, of course, citation 
tones. It was clear that there were seven citation tones, but the 
auditory characteristics of most turned out to be different and 
more complicated from those available in the literature. In 
addition to pitch differences, the seven tones are characterized 
by a variety of co-occurring auditory features including length, 
vowel quality, voice quality, loudness and manner of 
articulation of syllable-initial consonants. For this paper, 
however, we will concentrate on their pitch, which it will now 
be helpful to generalise as follows:  

� /mid rising/: rising pitch from the speaker’s middle range 
to high, rather than a high level pitch or a high rising 
contour as previously described, e.g. /kɔ/ “mushroom ”
/si/ “poetry ”, /tɐŋ/ “east ”, /tsɛ/̃ “to contend ”, /tsʰjɐ/ 
“vehicle ”, /swɐ/̃ “mountain ”, /tĩ/ “sweet ”. 

� /low level/: level in the speaker’s lower third pitch range 
with long duration, rather than a low rising contour as  
described before, e.g. /kɔ/ “paster ”, /si/ “time ”, /tɐŋ/ 
“copper ”, /pɛ/̃ “flat ”, /ɗɐm/ “male ”,  /ɣu/ “cow 

”, /thɐw/ “head ”, /tshɐ/ “wood ”. 
� /high falling/: pitch falling from high in the speaker’s range 

to low, with a short initial level component. This is similar 
to previous descriptions but with a lower offset, e.g. /kɔ/ 
“drum ”, /si/ “to die ”, /tɐŋ/ “to wait ”, /ɓɛ/ “horse 

”, /tsjɐw/ “bird ”, /tshjõ/ “to rob ”, /hɐj/ “sea ”, 
/tsu/ “host ”. 

� /mid falling/: falling from the middle third of the speaker’s 
pitch range to low, rather than the low falling contour of 
previous descriptions, e.g. /kɔ/ “to look after ”, /si/ “four 

”, /tɐŋ/ “frozen ”, /kho/ “course ”, /khwɐ̃/ “to watch 
”, /hi/ “drama ”, /khɛ/ “guest ”. 

� /mid level/: long and level in the middle third of the 
speaker’s pitch, rather than at a low pitch range, e.g. /hɔ/ 
“rain ”, /si/ “yes ”, /tɐŋ/ “heavy ”, /tjan/ “electricity 

”, /pɛ/̃ “illness ”, /zi/ “character ”. 
� /short stopped mid fall/: mid falling pitch as in the mid 

falling tone, but with salient short duration, similar to 
previous descriptions; high vowels are diphthongized, and 
become creaky to most speakers, e.g. /kɔk/ “country ”, 
/sit/ “colour ”, /kut/ “bone ”, /kip/ “urgent ”, /hwɐt/ 
“law ”, /ik/ “one ”, /tshit/ “seven ”. 

� /stopped low level/: similar pitch to the low level tone, but 
with a slight final fall due to the depressing effect by creaky 
phonation. Some rhymes lose their obstruent coda and 
become open with modal phonation. High vowels are 
diphthongized. This differs from the low convex contour as 
described previously, e.g. /tɔk/ “poison ”, /sit/ “cooked 

”, /ɗɐk/ “six ”, /tit/ “straight ”, /tsɐp/ “ten ”, /zit/ 
“sun ”, /ɓɔk/ “wood ”.  

It will be noted that the two stopped tones are explicitly treated 
as separate tonemes, as is usually done in Chinese tonology. 
The results of the normalization will present acoustic evidence 
to suggest that they might also be considered allotonically 
related to two unstopped tones. 

3. Procedure 

3.1. Speakers and elicitation 
The speech data used in this study was collected from a 
linguistic field trip by the first author in Zhangzhou urban 
areas of Longwen and Xiangcheng during April 15th to May 
9th in 2015. Data was collected from 21 native speakers: 9 
males and 12 females. Their ages ranged from 38 to 65, with 
an average of 54 for males and 53 for females at the time of 
recording. None had physical difficulties in producing or 
perceiving speech sounds, and also no difficulties recognizing 
the words to be elicited. 

The recording session was conducted in an acoustically 
absorbent room of the Zhangzhou Hotel with very little 
background noise and echo. The words to be read out were 
shown in simplified Chinese characters by means of 
PowerPoint with one slide per word. One major advantage of 
using this method is to make sure speakers produce the words 
in a clear and not-exaggerated voice with balanced and well-
controlled intensity and speech rate.  

All recordings were digitized at a sampling frequency of 
44100 Hz in Praat [17] using a professional recorder 
(Bluebaby brand) kindly provided by Huaqiao University. This 
to a large extent ensured high quality recordings for further 
linguistic-phonetic processing and analysis. 

3.2. Acoustic measurements 

Figure 1: A Praat labelled example [kɛ̞44] “low” by 
male Zhangzhou speaker WYF. 

Acoustic measurements were made with Praat. The rhyme 
portion of each monosyllabic token was considered as the 
tonally relevant F0 duration in this study as shown in Figure 1. 
The rhyme onset was set at the second strong glottal pulse 
where waveform amplitude begins to increase and formant 
patterns for vocalic sounds appear to be stable. The offset was 
judged to occur at the point where periodicity ceases in the 
waveform and periodically-excited formant patterns also cease 
to be visible in the spectrogram.  

A Praat script was further run to automatically extract 
tonal duration values and F0 values at 10 equidistant sampling 
points along the labelled F0 duration. Manual corrections and 
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measurements were made where necessary in the Praat pitch 
window. The extracted raw F0 and duration values were then 
processed and plotted in R for further linguistic-phonetic 
analyses. 

In this study, there were usually 20 tokens for each citation 
tone. Some tones for some speakers had less than 20 tokens as 
a consequence of speech errors or unreliably extracted F0 
trajectory due to non-modal phonation. This resulted in a total 
of roughly 29,400 F0 measurements (= 20 examples × 7 tones 
× 21 speakers ×10 sampling points). Some of the tokens were 
exemplified in section 2.2 for reference. The tokens were 
chosen to include as many (sub-)minimal pairs as the 
phonotactics allowed, and also to maximally reflect phonetic 
realisations of linguistic tonal categories while balancing the 
intrinsic perturbation effects on F0 from tautosyllabic 
segments. Intrinsic vowel F0 was controlled by having 
comparable numbers of high mid and low vowels.   

4. Normalization 
Several normalization strategies have been proposed and 
compared for achieving an effective reduction in the between-
speaker variation in tone.  For instance, [18] proposed both a 
z-score normalization on the tones of Standard Vietnamese 
and a way of evaluating its performance with the 
normalization index. [19] proposed a T-value transform 
approach for single speakers of Chinese languages and [20] 
proposed a revised T-value normalization for a large corpus 
with multiple speakers. [1] used data from Wu Chinese to 
argue that z-score normalizations are preferable both on the 
balance of theoretical considerations and on numerical 
performance in comparison with fraction of range (FOR) 
transform strategy. [21] reported the superiority of  
logarithmic z-score normalization of Shanghai unstopped 
tones by comparing six different approaches which included z-
score transforms, fraction of range (FOR) transforms, 
proportion of range (POR) transforms, ratio of Logarithmic 
semitone distances (LD) transforms and logarithmic 
proportion of range (LPOR) transforms.  

As previous studies [1, 22, 25] have demonstrated the 
superiority of the z-score normalization, this was used on the 
21 speakers’ raw mean Zhangzhou data, both with and without 
prior transformation of raw mean F0 values to log10F0. The z-
scored normalized F0 values zi were calculated using the 
formula:  

zi = (xi-m)/s                                          (1)                          
 
where xi is an observed F0 value at one sampling point, m the 
mean F0 value and s is the standard deviation estimated from 
all the sampled F0 values of a given speaker’s tones. 

 Normalization parameters of mean and standard deviation 
were estimated from all sampling points of all tones of all 
speakers. As proposed in [18], the efficiency of a 
normalization was quantified with the normalization index 
(NI), a measure of how well tonal values cluster after 
normalization. The NI reflects how much the normalization 
reduces the proportion of variance in a sample due to between-
speaker differences in tonal values. The higher the NI value, 
the greater degree of reduction in between-speaker differences 
and the clearer the linguistic-phonetic content of the signal.  

It was found that the normalization with prior log 
transform performed slightly worse (NI = 7.7) than the 
normalization with raw F0 (NI = 8.6). The results for the latter 
are therefore shown in figure 2, which also plots the 
normalized F0 values as a function of normalized duration to 

preserve the relationship between the tonal trajectories [22]. 
Duration was normalised with reference to the mean duration 
of all tones [23].  

 

Figure 2: Intrinsic Z-score normalized F0 for 21 
Zhangzhou speakers’ citation tones. Y-axis = normalized 

F0, x-axis = normalized duration (%). 

Figure 2 shows a fairly simple configuration of mean 
normalized tone trajectories corresponding closely to their 
impressionistic description. Of interest is the relationship 
between the stopped and unstopped tonal F0: it can be seen 
that the F0 of the two stopped tones – stopped mid fall and 
stopped low level (dashed lines) - is very similar to the F0 of 
the unstopped mid falling and low level tones respectively. 
The stopped tones have a slightly shorter duration and a falling 
offset perturbation, both of which are presumably related to 
their following voiceless unaspirated coda obstruents or 
extrinsic laryngealisation. These stopped and unstopped pairs 
could easily be said to be acoustic allotones of the same 
tonemes and the configuration could thus be said to comprise 
two falling, two level and one rising toneme.  It is of further 
interest to note that the pairs of tones with the same contour 
are not maximally separated. Thus the level tones are not high 
and low but mid and low; and the falling tones do not fall from 
high and low but from high and upper-mid. A not too 
procrustean representation of these shapes in Chao’s five point 
tone letters might be: high falling [51], mid falling and stopped 
mid falling [41], mid level [33], low level and stopped low 
level [22], mid rising [35], although this would need to be 
checked by an appropriate semitone transform, since Chao’s 
tone letters are pitch descriptors and figure 2 is acoustic [24]. 

5. Optimum speaker number  
How many speakers are necessary for achieving an 

effective estimation of the between-speaker variation and an 
accurate representation of a particular variety of speech? This 
is a question that does not seem to have received much 
attention. For example, in his book Phonetic Data Analysis, 
Ladefoged [4, p. 14] wrote: 

“Ideally you want about half a dozen speakers of each sex. … 
If you can eventually find 12 or even twenty members of 
each sex, so much the better.”  

Ladefoged’s figures (24 – 40) were repeated in the Handbook 
of Descriptive Linguistic Fieldwork [p.254]. An ideal database 
of 30 speakers was recommended in [21] from a statistical 
perspective, possibly because 30 is about the number where a t 
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distribution becomes normal. 
In order to investigate how the normalization index 

changes as a function of the number of speakers, a quasi-
Monte Carlo approach was used. The F0 trajectories of the 
tones of the 12 female and 9 male Zhangzhou speakers were 
first modeled separately with cubic polynomials. The 
multivariate random command in R was then used to generate 
synthetic sets of 5 unstopped tonal F0 trajectories for 400 male 
and 400 female speakers from the normal distributions of each 
polynomial coefficient (multivariate random generation was 
necessary to take into account any correlation between the 
coefficients of the tonal trajectories). Random samples of size 
increasing from 1 male-female pair to 40 were then taken from 
the 800 speaker data, normalised, and their NI calculated. This 
was repeated for 30 trials. Figure 3 plots the means and flat-
prior credible intervals for the NIs over the thirty trials.  

 

Figure 3: NI values as function of number of 
random male-female speaker pairs normalised in 30 

trials. Red = means, black = lowess smoothed means, 
blue = 95% credible intervals. X-axis = number of 

male-female speaker pairs, y-axis = NI.  

Figure 3 shows that the NI continues to decrease between 
1 and ca. 20 speaker pairs (i.e. to 40 speakers), after which the 
rate of change decelerates. The gradually decreasing credible 
intervals reflect expected precision increasing with increasing 
n. According to these data, then, the NI is likely to be 
overestimated in a study with Ladefoged’s lower estimate of 
six male-female pairs, and his upper estimate of 20 pairs 
would be needed to give a more accurate estimate. The 
uncertainties with lower speaker numbers look to be of the 
order of 3 NI, decreasing to about 1+ NI by 40 speakers. The 
effect of normalizing with data unbalanced for sex, as in this 
paper, remains to be investigated.  

6. Summary 
This paper has given both impressionistic and acoustic 

descriptions of the seven Zhangzhou citation tones from 21 
speakers. The z-score normalization yielded an eight-fold 
reduction in the raw between-speaker differences in tonal 
values in order to extract and specify the Linguistic content of 
the tonal acoustics. It has also been shown that the two 
stopped tones have similar enough F0 trajectories to justify an 
allotonic interpretation of their relationship with the most 
similar unstopped tones.  
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