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ABSTRACT 
 
While the initial curvature (Wāntóu in Mandarin), a 
short curving portion at the onset of a pitch contour in 
tone languages, has been found inconsequential for 
distinguishing lexical tones, little is known about the 
role of this portion in fine-grained tone perception. To 
address this issue, the current study examined 
categorisation in 20 Mandarin and 19 Cantonese 
speakers using two tone continua (/i/ varying from 
Tone 1 to Tone 2): one continuum was synthesised 
based on the level tone with initial curvature; the 
other was based on the one without it. Participants 
were required to identify lexical tones. Results of 
Mandarin speakers revealed the initial curvature 
shifted the labelling boundary towards the rising tone, 
suggesting the initial curvature may affect fine-
grained tone perception. However, this effect was 
absent in the Cantonese group, indicating the effect of 
initial curvature might be subject to the complexity of 
the tone system and different phonetic composition. 
 
Keywords: initial curvature; fine-grained perception; 
lexical tones; Mandarin and Cantonese. 

1. INTRODUCTION 

Fundamental frequency (F0) has been widely 
believed to be the primary cue for tone perception, in 
which the pitch contour and the register mainly 
contribute to forming distinctive tones [1], [2]. 
Although citation tones seem to be stable and well-
defined by their pitch contours compared to their 
sandhi forms, there would still be transitions at both 
ends of the contour. The transition at the beginning 
portion of the pitch contour has been described as a 
prolonged rising [3] and been referred as onset-
curving [4] and pre-onset [5]. Given the use of the 
term ‘onset’ which usually refers to consonants is 
ambiguous, this portion will be named initial 
curvature in the current study. The shape of the initial 
curvature can vary depending on the surrounding 
phonetic environment. 

Previous studies have been trying to define the 
domain of tone, only several of which focus on the 
effect of the initial curvature on tone perception. 
Howie [3] described nine types of F0’s shape 
depending on different onsets for Mandarin lexical 

tones and concluded that the domain of tone was the 
syllabic vowel and the following voiced segment and 
that the initial curvature of the pitch contour was 
merely the anticipatory adjustment of the voice. 

Lin divided the contour into three parts: the onset-
curving section, the tone section, and the end-falling 
section [4]. He emphasised the essential function of 
the tone section in distinguishing four tones in 
Mandarin, which has been supported by his later 
empirical study [5]. Specifically, he examined the 
role of length of tone section in tone identification by 
cutting the sounds into small segments lasting for 
80/100ms. The result showed that the longer the 
segment consisted of the tone section, the higher the 
identification accuracy would be, while the segments 
that mainly contained the onset-curving section or the 
end-falling section would yield non-targeted 
responses [5]. He thus considered these two sections 
insignificant for tone classification. Yang [6] 
conducted another set of perceptual experiments and 
figured out the perceptual centre of tone was located 
at the middle parts of the vowel, regardless of any 
type of onset. Since then, the initial portion of the 
pitch contour has been considered insignificant for 
lexical tone perception (see [7] for a review). 
However, those studies mainly focused on general 
tone distinguishment and only adopted simple word 
labelling tasks. Moreover, the materials that previous 
research used were fragmented or unnaturally 
synthesised, which might not reflect the authentic 
pattern of pitch categorisation. Thus, it remains 
unknown about the role of the initial curvature in fine-
grained lexical tone perception. 

Although non-tonal languages, such as English 
and German, do not use lexical tones to differentiate 
word meanings, changes in pitch may alter the 
expression of meaning at the sentence level. The 
transitional F0 movement towards the targeted 
accented syllable in these languages, i.e., the tonal 
onglide, has been considered to gain phonological 
status because it can be used as an acoustic cue to 
identify pragmatic meanings by German listeners [8], 
[9]. As the tonal onglide and initial curvature are both 
transitional adjustments observed at the beginning of 
pitch contour and thus share articulatory and phonetic 
similarities, the question that arises is whether the 
initial curvature would be the perceptual cue like 
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tonal onglide rather than being merely the phonetic 
variance. 

The current study investigates the effect of initial 
curvature in fine-grained tone perception in Mandarin 
and Cantonese by conducting categorical perception 
experiments, a classical paradigm examining the fine-
grained perceptual pattern of categorisation from a 
micro perspective [10], [11]. We focused on the 
perception of Tone 1 (high-level tone) and Tone 2 
(high-rising tone), as these two tones are acoustically 
comparable in terms of the overall pitch contour in 
the two languages we examined [12]. 

2. METHODOLOGY 

2.1. Participants 

Twenty Mandarin native speakers (10 males, mean = 
21.95 ± 2.98 yrs.) and 19 Cantonese speakers (11 
males, mean = 21.88 ± 2.28 yrs.) were recruited. They 
were all right-handed. None of them majored in music, 
linguistics, or psychology, nor reported hearing or 
mental injuries. 

2.2. Materials 

The Mandarin Tone 1 stimulus yi1 “clothes” and 
Tone 2 yi2 “aunt”, and the Cantonese Tone 1 stimulus 
ji1 “doctor” and Tone 2 ji2 “to lean on” were recorded 
by native female speakers, respectively. As shown in 
Figure 1d, the Cantonese ji1 has a small rising at the 
beginning portion of its pitch contour, while this 
initial curvature is not observed in the Mandarin yi1 
(Figure 1a), although they share the same overall 
pitch contour. The four original stimuli were 
normalised to 300ms and 70dB before further 
manipulation. 

The initial curvature of Cantonese ji1 was 
straightened in PRAAT software [13] to form the ji1 
as a pure level tone, without any F0 changing at the 
beginning portion (see Figure 1e); the Mandarin yi1 
was manipulated with an additional initial rising like 
the original Cantonese ji1, giving rising to yi1 with 
initial curvature (Figure 1b).  

 
Figure 1: Mandarin tone tokens (the original yi1 without 
initial curvature, the manipulated yi1 with initial curvature, 

and yi2); Cantonese tone tokens (the original ji1 with initial 
curvature, the manipulated ji1 without curvature, and ji2) 

The four Tone 1 stimuli, together with Cantonese 
ji2 and Mandarin yi2, were synthesised into four 
seven-step continua varying from Tone 1 to Tone 2 
by applying the pitch-synchronous overlap and add 
method [14]. As shown in Figure 2, the four continua 
can be divided into two sets: the Mandarin yi with and 
without initial curvature; the Cantonese ji with and 
without initial curvature. Each continuum has seven 
stimuli gradually varying from high-level to rising 
contour with an equal step size (stimulus 1 stands for 
the typical high-level tone, and stimulus 7 is the rising 
tone). 

 
Figure 2: Two Mandarin and two Cantonese continua (the 
red curves indicate pitch contours along each continuum) 

2.3. Procedures 

The experiments were carried out remotely via Praat 
and monitored online via the VOOV platform, which 
enabled instructing participants as well as ensuring 
their full concentration during the whole process. 

In each language group, there were two 
identification tasks (two continua: with and without 
initial curvature) and one rating task. The 
identification task, a two-alternative-forced choice 
task, is part of the categorical perception paradigm 
[10]. Participants were asked to identify the sounds 
they heard by clicking the mouse. Specifically, the 
Mandarin speakers need to identify whether they 
heard was the word “clothes” or “aunt”, and the 
Cantonese participants needed to respond between 
the word “doctor” and “to lean on”. In identification 
tasks, there were 2 continua * 7 stimuli * 9 repetitions 
= 126 trials. The order of each task, as well as the 
presentation of each stimulus, were counterbalanced. 

After completing the identification tasks, 
participants from each language group would rate the 
naturalness of stimuli 1 and 7 of continua of their 
native language. Two nonspeech stimuli were taken 
into the rating task as fillers. On the basis of the 
templates with Tone 1 and Tone 2, nonspeech 
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counterparts were synthesized using 64 iteration steps 
[15]. The rating score ranged from 5 (most natural) to 
1 (least natural). The expected rating result was that 
the naturalness of stimuli with and without initial 
curvature did not differ in the scores. 

2.4. Scoring and data analysis 

For each identification task, two key parameters were 
calculated – namely, the boundary position and the 
identification slope. First, for each stimulus in one 
continuum, an identification score, defined as the 
percentage of responses with which participants 
identified that stimulus as being Tone 1, was 
calculated. Next, boundary position, located where 
the identification score reaches 50%, and 
identification slope were assessed using a logistic 
regression equation described as [16]. To determine 
the influence of initial curvature on boundary position 
and identification slope, paired samples t-tests were 
conducted in Mandarin and Cantonese groups, 
respectively. For the rating task, the naturalness of 
stimuli with and without initial curvature would be 
compared in each group using the Wilcoxon signed-
ranks test. 

3. RESULTS 

Figure 3 displays the identification curves for the 
Mandarin group. The result of paired-sample t-test 
showed the boundary position of the continuum yi 
with initial curvature (M = 3.70; SD = .36) was 
significantly larger than that without it (M = 3.46; SD 
= .31) in the Mandarin group; [t(19) = -3.11, p = .006, 
d = .70]. In terms of identification slope, there is no 
significant difference between the continuum yi with 
(M = -1.84; SD = .13) and without initial curvature 
(M = -1.83; SD = .06); [t(19) = 0.14, p =  .891, d = .03]. 

 
Figure 32: The identification curves of Tone 1 responses 
for identification tasks with and without initial curvature in 
Mandarin speakers. Error bars: ± 1 standard error.	

As for the Cantonese group, the identification 
curves are shown in Figure 4. Statistical analyses 
revealed no significant differences in terms of either 

boundary position (ji with curvature: M = 3.95, SD 
= .49 vs ji without curvature: M = 3.86, SD = .41; t(18) 
= 1.35, p = .194, d = .22) or identification slope (ji 
with curvature: M = -1.86, SD = .14 vs ji without 
curvature: M = -1.88, SD = .11; t(18) = .71, p = .488, 
d = .08). 

 
Figure 43: The identification curves of Tone 1 responses 
for identification tasks with and without initial curvature in 
Cantonese speakers. Error bars: ± 1 standard error. 

Wilcoxon signed-ranks tests were conducted to 
determine the effect of initial curvature on perceptual 
naturalness. The results have shown no significant 
difference between different types of stimuli in either 
the Mandarin group (yi with curvature: M = 4.58, SD 
= .58 vs. yi without curvature: M = 4.61, SD = .43; Z 
= 102, p = .472) or Cantonese group (ji with curvature: 
M = 4.66, SD = .62 vs. ji without curvature: M = 4.68, 
SD = .55; Z = 9.5, p = .833), indicating that the 
naturalness of stimuli would not be affected by the 
existence or absence of the initial curvature 
statistically. Moreover, the relatively high mean 
rating score of each group (almost approaching the 
highest score of five) has ensured the quality of 
stimuli in our study. 

4. DISCUSSIONS 

4.1 The initial curvature contributes to fine-grained 
lexical tone perception 

When Mandarin speakers identified words from the 
continuum whose base of Tone 1 has additional initial 
curvature, the identification boundary position would 
shift towards the rising tone compared to the case 
when the base had no initial rising. In other words, for 
Mandarin speakers, if there was initial curvature in 
the base, there would be more stimuli labelled as the 
level tone; if the base had no initial rising, the stimuli 
would be identified more as the rising tone. The initial 
curvature in Mandarin tones would yield more level-
tone responses. However, this effect was not observed 
in the Cantonese group. There was no significant 
difference between the two continua in either the 
identification boundary position or the slope. 
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Regarding perceptual naturalness, neither the 
Mandarin nor Cantonese group showed significantly 
different rating scores between the continua with and 
without initial rising. The existence or absence of 
initial curvature would not influence the naturalness 
of the synthesised stimuli. 

Previous studies have argued from the acoustic 
perspective that the tone domain bears on the syllabic 
vowel and possible voiced segment following it and 
that the F0 of the initial voiced consonant or non-
syllabic vowel was merely anticipatory movements 
[3]. Some studies conducted perceptual experiments 
and concluded that the initial curvature should be 
excluded from the domain of tone [5], [6]. The results 
of the present study have suggested that the initial 
curvature of the pitch contour would affect fine-
grained lexical tone perception in some languages. 
This seemly inconsistency with previous research 
might result from different designs of experiments 
and materials: the tasks in previous research were to 
label the tone class directly. Their primary purpose 
was to determine which portion contributes to tone 
distinguishment. The general contour was, without 
doubt, believed to be foremost in lexical tone 
perception. However, the issue was far from fully 
addressed. Having determined the primary perceptual 
cue did not guarantee the complete irrelevance of 
other cues. This is what our research cares about. In 
the present study, we focused on the effect of the short 
initial portion. Participants were asked to identify 
between two tones, and the stimuli were from a 
continuum varying between two tone categories. The 
stimuli used in the current research were synthesised 
from the base that contains the entire citation tone and 
of high naturalness and quality, while those from 
previous studies were cut and fragmental. To 
summarise, while the initial curvature has been found 
inconsequential for distinguishing lexical tones, this 
portion would affect fine-grained lexical tone 
perception. 

4.2 The effect of initial curvature is subject to the tone 
system  

The effect of initial curvature upon fine-grained 
lexical tone perception was observed in Mandarin but 
absent in Cantonese. The phenomenon that needs to 
be illustrated first is the shifting effect of the initial 
curvature on the perception boundary of the syllabic 
vowel yi in Mandarin. As introduced, the initial 
curvature of manipulated yi was created by adding a 
short rising contour at the beginning portion of the 
vowel [i]. Therefore, we can narrow this question and 
discuss why changing a small initial portion of F0 
would change the boundary position. The shifted 
boundary position observed among Mandarin 

speakers, as shown in Figure 3, reflects that the 
participants were led to yield more level-tone 
responses, indicating listeners’ perception of the pitch 
direction became less sensitive, and their judgement 
criteria of the level pitch became looser. One of the 
possible reasons is that the initial prolonged rising of 
the F0 contour has reduced the perceptual sensitivity 
for the rise in the overall pitch pattern. This could also 
be explained from the perspective of the relationship 
between acoustics and perception. The presence of 
the initial curvature gentled the overall slope of the 
tonal continuum, which in turn affects the perception. 

However, this effect observed among Mandarin 
speakers seems weak in Cantonese speakers. One 
possible explanation is that the segment bearing the 
initial F0 curvature of Cantonese is less salient. 
Different from Mandarin, the phonetic composition 
of Cantonese stimuli starts with a more fricative onset 
[j] [17] (see Figure 1 d-e). Another possible reason 
for the absence of the effect of initial curvature in 
Cantonese listeners is that the Cantonese tone system 
is more complex compared to the Mandarin one [12]. 
Specifically, in Mandarin, Tone 1 and Tone 2 are the 
only level tone and rising tone, respectively. As more 
“psychoacoustic space” has been provided, Mandarin 
listeners would show leniency towards the acoustic 
changes in the level-tone and rising-tone categories.  
On the other hand, for Cantonese listeners, the 
category of Tone 2 is compressed due to the existence 
of Tone 5, the other rising tone in the Cantonese tone 
system. Likewise, the other two level tones in 
Cantonese (Tone 3 and Tone 6) will press the 
category of Tone 1 into a smaller psychoacoustic 
space, making this Tone 1 category less flexible and 
changeable relative to that of Mandarin. In short, the 
different complexity of the tone system might alter 
the likelihood of adjusting the perceptual categories 
of tones: the more complex and denser the system, the 
less it is likely to be affected. 

5. CONCLUSIONS 

The current study investigated the influence of initial 
curvature of pitch contour on the fine-grained lexical 
tone perception among speakers of Mandarin and 
Cantonese. Our findings have revealed that the 
presence of the initial curvature would yield more 
level tone responses in Mandarin listeners by 
reducing their sensitivity to pitch direction. This 
effect was not observed in Cantonese, indicating that 
the effect of initial curvature might be subject to the 
complexity of the tone system and different phonetic 
composition.  
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