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ABSTRACT 
 
It is well known that Mandarin tones are not always 
clearly produced and perceptually distinguished, 
especially Tones 3 (dipping) and 4 (falling).  Prosodic 
structure affects the production of tones, for example 
pitch range is expanded under focus. We investigate 
the effects of prosodic structure (syllable position and 
focus) on the perceptibility of Mandarin tones. We 
find that focus and syllable do affect tone 
perceptibility; tone perceptibility increases when 
words are focused, but it is reduced when the word is 
in the second syllable of a trisyllabic word. These 
prosodic effects are the same across the four tones, 
but as reported in the literature, Tones 3 and 4 are less 
clearly distinguished compared to Tones 1 and 2. We 
discuss the role of pitch contour and phonation 
properties of the tones in their perception. 
 
Keywords: Mandarin, tones, perception, production, 
Focus, Syllable Position 

1. INTRODUCTION 

Prescriptively, Mandarin Chinese is described as 
having four contrastive tones based on their pitch 
properties: Tone 1 (T1=high), Tone 2 (T2=rising), 
Tone 3 (T3=dipping), and Tone 4 (T4=falling). This 
characterization is primarily based on monosyllabic 
words in isolation. It has also been noted that 
duration, intensity, and phonation may be secondary 
cues for the tones, and it is well known that 
prescriptive characterizations of sounds, including 
tones, are not always observed in more natural 
connected speech. For example, in connected speech, 
tones show minimal durational differences [34], and 
words often exhibit less prosodic strength than when 
they are uttered in isolation [37]. Other factors, 
however, may provide enhancements, for example, 
focus may increase a tone’s duration, pitch range and 
intensity [5, 6, 9, 18, 27, 33, 36]. 

In the present study, we examine the perception of 
Mandarin tones in real words drawn from connected 
speech to assess the effects of prosodic structure (i.e., 
focus and syllable position), on the clarity of their 
production, and thus their distinguishability for native 
speakers. We primarily consider Tones 3 and 4, 
which seem to be prone to confusion, likely due to 

their shared initial falling contour [1]; Tones 1 and 2 
are also considered for comparison.  

2. MANDARIN TONES 

The main properties of Mandarin tones in both 
production and perception pertain to pitch: F0 height, 
contour, change or turning points. (e.g., [10] and 
references therein). Other properties, (e.g., intensity, 
duration, phonation) may enhance the perception of 
the tones [10, 35], but on their own, they are not 
reliable for successful perception [3, 7, 8, 24]. 

While most of the previous claims about Mandarin 
tones rely on monosyllabic words produced in 
isolation, some studies investigate the properties of 
tones in connected speech. For example, [22, 31] 
tested the automatic recognition of the tones in 
trisyllabic words produced by native speakers, and 
found that tone identification is better in Syllable 1 
(Syll1) than in Syllables 2 and 3 (Syll2, Syll3). In 
some cases, tone recognition in Syll2 is also weaker 
than Syll3. The effect of syllable may be due to tonal 
coarticulation and word prosodic structure (e.g., Feet) 
in 2- and 3-syllable words, with tone reduction in 
Syll2 (i.e., the F0 contour is less defined than in Syll1) 
[15, 16, 19, 20, 23, 28, 29, 32, 37]. In both cases, Syll2 
is a less prominent position. 

Focus is especially relevant, since it affects the 
prosodic structure of a sentence, introducing a strong 
boundary following the focused item [26]. It has been 
reported that tones in focus positions often show 
increased duration, intensity, and pitch range [5, 6, 9, 
18, 27, 33, 36]; though, the last property is limited for 
T3, which already extends to the lowest portion of the 
pitch range [3, 5, 18, 33]. Moreover, since words 
following a focus tend to be reduced [33, 36], and 
those in sentence-final position show the lowest 
perceptual accuracy rate [18, 21, 36], it is crucial to 
examine words produced in connected speech, not 
just in isolation, to understand the production and 
perception of tones. 

3. PRESENT STUDY 

The present study tests the potential perceptual 
confusion of Mandarin T3 and T4 in CV words 
originally produced as parts of trisyllabic (compound) 
words in connected speech, where they may exhibit 
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similar falling contours, especially when the final rise 
of T3 is absent. The corpus was constructed with 
controls for a number of factors that may be relevant 
to tone perception, permitting us to examine, in 
particular, the effects of syllable position and focus. 

Since the beginnings and ends of words tend to be 
the most salient positions, we test Hypothesis 1: 

(1) Hypothesis 1: T3 and T4 are perceived more 
successfully when they are at the edge of a 
word than in the middle of a word. 

Moreover, since Focus tends to enhance prosodic 
properties, we test Hypothesis 2: 

(2) Hypothesis 2: T3 and T4 are perceived more 
successfully when they are produced in a focus 
context than a non-focus context. 

Note that the presence of focus may additionally 
contribute to a positive finding for Hypothesis 1, 
since both the word edge and focus factors would be 
present on the last syllable of a focused word. 

4. METHODOLOGY 

4.1. Auditory Stimuli 

The stimuli, monosyllabic CV words, were extracted 
from a large corpus collected for acoustic analysis of 
word and phrase prosody [1]. The full corpus consists 
of 10 native speakers of Mandarin (4F; ages 18-28) 
producing real three-syllable (compound) words 
containing 6 instances of /i, u, a/ in each syllable 
position, with each of the 4 tones. Although the 
compounds were left-headed (e.g., bā xiān zhuō 
‘square table’), right-headed (e.g., dī zī tài 
‘modesty’), or without a clear head (e.g., sū mù zhē 
‘poem style’), an initial analysis showed that the head 
position did not affect the production of the tones [1]. 
All of the words were produced in two dialogues, 
priming focus either on the target compound word 
(Focus Condition) or on a word after the compound 
(Non-Focus Condition), yielding 432 targets per 
speaker. Only congruous tones appeared in the words 
adjacent to the targets (in the compound itself or an 
adjacent word in the carrier sentence) to limit tonal 
coarticulation. For example, T1 was preceded by 
tones with a final high target (T1 or T2), and followed 
by tones with an initial high target (T1 or T4). 
Sequences of T3 were excluded to avoid tone sandhi. 

In the present perception study, a subset of the 
corpus was used, drawn from 4 female and 4 male 
speakers. An experimental block was constructed for 
each voice, consisting of 72 target CV words, with /i, 
u, a/ bearing T3 or T4, taken equally from all three 
syllable positions, and both Focus contexts. Another 
36 CV syllables, half with T1 and half with T2, served 
as distractors. Each participant heard two blocks of 

male and two blocks of female speakers, presented 
randomly (e-prime); all voices appeared the same 
number of times. 

4.1.1. Acoustic Properties of Auditory Stimuli 

To understand how the phonetic properties of the 
auditory stimuli may play a role in the perception of 
their tones, we first summarize the relevant acoustic 
properties of the corpus. For a full acoustic analysis 
of the corpus, the reader is referred to [1]. 

T3 and T4 differ crucially in pitch and phonation; 
while duration and intensity play little or no role. 
Figure 1 shows that both tones have a falling F0 
contour, but T3 is lower than T4. We also observe a 
general expansion of F0 range under focus, resulting 
in larger pitch differences between the tones. Figure 
2 shows that the phonation property, HNR (Harmonic 
-to-Noise Ratio), is low across T3, indicating creaky 
phonation throughout the tone, while there is a drop 
in HNR in the latter part of T4, where the tone has a 
low pitch target. Though they are not directly relevant 
here, the properties of T1 and T2 are also shown for 
comparison 

Figure 1. Normalized F0 by Syllable and Focus 

 
Figure 2. Normalized HNR by Syllable and Focus 

 

4.2. Procedure 

Seventeen native speakers of Mandarin (11 Females), 
were tested by a native speaker at a US University. 

Each participant heard two repetitions of each 
stimulus (monosyllabic CV word), and selected one 
of four characters corresponding to words differing 
only in tone (e.g., /ma/: T1 妈 ‘mother’, T2麻 ‘hemp’, 
T3 马 ‘horse’, T4骂 ‘scold’). Before each block of 
stimuli, the participants heard two full dialogues 
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recorded for the production experiment, to familiarize 
them with the voice of the speaker. 

4.3. Analysis 

The responses in the perception experiment were first 
analyzed for accuracy of T3 and T4 identification, 
(i.e., selection of the character corresponding to the 
auditory stimulus). Corresponding results for the 
distractors, T1 and T2, were also examined, for the 
purposes of comparison. Since we found a bias in the 
responses, we also ran d’ analyses for sensitivity. 

5. RESULTS 

5.1. Overall Accuracy and Sensitivity 

An initial check of the overall accuracy rates for the 
8 stimulus voices, (unsurprisingly) revealed some 
speaker differences; however, there is no pattern 
related to the gender of the speaker’s voice (Table 1). 
The data from the 8 voices were thus combined. 

Table 1. Overall accuracy by speaker’s gender 

Speaker 
Gender F1 M1 F2 M2 F3 M3 F4 M4 

Overall 
Accuracy 56% 64% 65% 65% 70% 73% 75% 77% 

 

Figure 3 provides the rate of correct selection of 
each tone. A generalized linear model analysis 
showed a main effect of Tone on the accuracy rate 
(c2(3) = 44.91, p < .001). Pairwise t-tests (Bonferroni 
correction) revealed that the response rate for T4 was 
considerably higher than for T3 (p < .001); both were 
lower than the rates for T1 and T2 (p < .001). 

Figure 3. Correct perception for each tone.   

 
The difference in accuracy between T3 (49%) and 

T4 (72%) might be a result of T4 being better 
perceived than T3, or a result of a bias towards 
perceiving T4. We thus tested the sensitivity to the 
tones using a d’ analysis that takes bias into 
consideration. Figure 4 gives the d’ values for each 
tone. Pairwise t-tests between all pairs of tones 
showed that T3 and T4 d’ scores are not statistically 
different, nor are the T1 and T2 scores. The sensitivity 
to both T3 and T4, however, is lower than to T1 and 
T2. So, when the T4 bias is removed, we no longer 

see a difference between T3 and T4 perception. In the 
following sections, we only consider the d’ values, to 
avoid the effect of bias in the perception. 

Figure 4. Mean d’ scores for each tone. 

 

5.2. Effects of focus and syllable position 

The d’ values for T3 and T4 are shown in Figure 5, 
for each syllable, and each Focus condition. A 
repeated-measures ANOVA assessed d’ as a function 
of focus and syllable and revealed a main effect of 
Syllable (p < .001) and Focus (p < .001).  

With respect to the Syllable effect, post-hoc tests 
(Bonferroni correction) show that tone sensitivity is 
lower in Syll2 than the other two syllables (p < .01); 
Syll1 and Syll3 are not significantly different from 
each other. Note that the low d’ in Syll2 arises in both 
T3 and T4. Focus also affects both tones similarly, 
significantly increasing their perceptibility (p < .05). 

Figure 5. T3 & T4 d’ scores by Syllable and Focus 

 

 
Figure 6 gives the corresponding findings for T1 

and T2, which serve as examples of tones expected to 
show strong perceptibility.  Again, we see an effect of 
focus and syllable: Syll2 has the lowest d’ values, 
while Focus increases d’. 
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Figure 6. T1 & T2 d’ scores by Syllable and Focus 

 

 

6. DISCUSSION 

The present study investigates the perception of 
Mandarin T3 and T4, and the possible effects of 
prosodic structure (syllable position and focus) on 
their perception. Overall, we find that the two tones 
are highly confused with each other, especially in 
comparison with the greater accuracy seen in the 
perception of T1 and T2.  

 When viewed in light of the acoustic properties of 
the stimuli, the perceptual confusion of T3 and T4 
suggests that that this pattern likely arises as result of 
the acoustic signal. That is, while these tones exhibit 
similar pitch contours overall, there is nevertheless a 
considerable difference in their pitch height, as well 
as in their phonation, in particular, creaky phonation. 
The fact that we observed a bias towards perceiving 
T4 in place of T3, however, suggests that the listeners 
rely more on the contour of the tones, and somewhat 
less on the pitch height, or on phonation. 

With respect to prosodic structure, we found a 
significant effect of syllable position and focus.  
Specifically, T3 and T4 were perceived more 
successfully in syllables 1 and 3 compared to Syll2, 
confirming Hypothesis 1. Our results agree in part 
with the previous automatic recognition studies that 
found more successful tone identification in Syll1 
than in Syll2 and Syll3 [22, 31]. The difference for 
Syll3 may be a result of the manifestation of  the final 
syllable of a word when produced in isolation (as in 
previous studies) and when produced within a 
sentence (as in the current study). Our results also 
agree with previous acoustic analyses where Syll2 
was found to be the weakest syllable in trisyllabic 
words based on consonant lenition and tone 
coarticulation patterns (e.g., [15]). 

In addition, in support of Hypothesis 2, we found 
that T3 and T4 are perceived more successfully when 
they were produced in a focus context than a non-
focus context. This is consistent with previous studies 
showing Mandarin tones to have enhanced pitch 
range, duration and intensity when they are focused 
[5, 6, 9, 18, 27, 33, 36]. This acoustic enhancement, 
in turn, leads to their more successful perception. 

7. CONCLUSIONS 

We investigated the possible perceptual confusion of 
Mandarin tones 3 and 4 drawn from three-syllable 
words in a large corpus with connected speech, where 
their manifestations may not always conform to their 
prescriptive descriptions. Tones 1 and 2 were also 
tested for comparison, showing clear tone perception. 

When selection of the correct tone was examined, 
it appeared that only T3 was not reliably perceived; 
T4 was quite successfully identified, more like T1 and 
T2. The distribution of the errors, however, suggested 
a response bias favoring T4, so additional d’ analyses 
were conducted. When the bias was removed, T3 and 
T4 were instead found to be similar, and distinct from 
T1 and T2, the clear cases. That is, T3 and T4 both 
showed relatively little sensitivity, compared to the 
greater sensitivity shown for T1 and T2. The different 
interpretations of the confusability of T3 and T4 
show, moreover, that we cannot just rely on correct 
scores, without considering possible response biases. 

The two prosodic factors tested were both shown 
to affect the perception of T3 vs. T4. That is, 
perceptibility was reduced in syllable 2, compared 
with syllables 1 and 3. Focus, however, improved 
perceptibility of the T3 vs. T4 distinction. 

Since perception is directly connected with the 
production properties, we also considered whether 
particular acoustic properties could account for the 
perception patterns. The main source of the problem 
with T3 and T4 was found to be the fact that their 
pitch contours are quite similar, since both begin with 
a fall, and T3 often loses its final rise. Creaky 
phonation, often associated with T3, however, did not 
lead to better perception of that tone. 
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