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ABSTRACT 

This study investigates the effect of prosodic 

boundary on the articulation and the acoustic 

properties of consonant and vowel segments, and 

vowel-to-vowel coarticulation across five prosodic 

boundaries in the Standard Chinese. The 

articulatory measures are obtained by electro-

palatography. The result shows that the domain-

initial consonant /t/ is strengthened in a 

hierarchical fashion for prosodic boundaries above 

Foot; however, no difference is found between 

Syllable and Foot domain. For /i/, differential 

influences are found for the left boundary of the 

syllable where the vowel is in and the right 

boundary immediately after the vowel. The last 

result shows that the vocalic anticipatory effect is 

constrained both by prosodic factor and 

articulatory constraint of vocalic gesture, but the 

vocalic carryover effect is more likely conditioned 

by Foot constraint. 

Keywords: electroplatographic; prosodic structure; 

Standard Chinese; V-to-V coarticulation 

1. INTRODUCTION 

Increasing articulatory studies have shown that 

prosodic structure modulates segment articulation 

in a hierarchical fashion in various languages [1,3, 

6]. The two prime prosodic effects on segment 

articulation are domain-initial consonant 

strengthening, which might spread to the whole 

syllable [2], and domain-final lengthening. 

Prosodic structure also constrains the inter-

segmental coarticulation [7].  

In the Standard Chinese, the pitch contour and 

pause are the main apparatus for marking the 

higher prosodic boundaries, but the foot boundary 

rely less on the two acoustic cues [10]. In [10] it is 

conjectured that the articulatory and acoustic 

correlates for marking foot boundary may be 

related to the consonantality of the domain-initial 

consonant in that it is more consonant-like at the 

foot-initial position than within-foot syllable-initial 

position. It is also hypothesized that the normal 

bisyllabic foot in the Standard Chinese is 

phonetically characterized by the closeness of 

segmental and suprasegmental articulation within 

the foot. While the suprasegmental pattern for foot 

is stacked with a large literature, the articulatory 

evidence at the segmental tier has been rare.  

The paper aims at finding out the prosodic 

signatures in articulation and acoustic properties of 

segment and inter-segmental coarticulation in the 

standard Chinese. Specifically, two issues are to be 

addressed: firstly, does the prosodic structure 

modulate the segment production in the 

hierarchical fashion? Secondly, is the vowel-to-

vowel coarticulation constrained by prosodic 

domains?  

2. METHODOLOGY 

2.1. Prosodic structure 

A five-level prosodic hierarchy [5] is adopted in 

this study and is shown in Figure 1. While 

utterance and intonational phrase are unanimously 

agreed upon, the intermediate phrase is hard to 

distinguish from foot boundary phonetically. In 

[10] the intermediate phrase is encoded as a 

smaller pause whereas the foot boundary a 

potential pause. The foot domain, normally 

comprised of two syllables, is described as tightly 

combined phonological unit, for lexical tones is not 

a prominent feature in foot domain in the Standard 

Chinese. Besides the tone sandhi group is not a 

prosodic domain in the Standard Chinese [8].  

Figure 1: A five-level prosodic hierarchy for Standard 

Chinese. 

Utterance   U 

 

Intonational Phrase IP  IP 

 

Intermediate Phrase ip         ip          ip 

 

Foot   F   F          F   F        F 

 

Syllable                                           s       s   s     s 
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2.2. Speech material 

The test segments were unaspirated /t/ and high 

front vowel /i/, for both have considerable 

linguapalatal contact. The low vowel /a/ was used 

to investigate vowel-to-vowel coarticulation. The 

four bisyllable sequences, /ta#ti/, /ta#ta/, /ti#ta/, 

and /ti#ti/, were constructed where # stands for five 

prosodic boundaries. When the sequences were 

separated by a Syllable boundary, higher 

boundaries were placed before the first syllable. A 

total of 32 sentences were designed. The last 

syllable before the test bisyllable sequences was 

always low vowel /a/ and the first syllable after the 

sequences was not strictly controlled. The tonal 

specification of the test bisyllable sequences was 

not controlled.  

2.3. Recording 

The recording was taken in a sound-attenuated 

booth at the Phonetic Laboratory of Shanghai 

Normal University. The sentences were repeated 

for three times and divided into six sentence blocks 

in random, with two dummy sentences appeared in 

the first and last position in each block. One female 

speaker was presented with six blocks of sentences 

and was instructed to read the sentences in normal 

speed. The electropalatographic signal was 

recorded with a sampling rate of 100 Hz, and the 

speech signal 22050 Hz.  

2.4. Measurements 

The WinEPG electropalatography was used in the 

study. The maximum linguapalatal contact of the 

mid-portion three frames of the alveolar closure 

was measured (MaxC). The alveolar seal duration 

was defined as the interval from the first to last 

frame that showed alveolar closure (ASD). The 

acoustic silent duration was the interval from the 

last pitch pulse to the energy burst for stop (AD). 

The maximum contact for /i/ was the maximum 

linguapalatal contact of the frames between the one 

third and one half of the interval into the vowel 

(MaxV). The center of gravity (CoG) of the 

linguapalatal contact is defined following [8]. The 

vocalic duration and mid-portion F1 and F2 were 

also measured.  

For vocalic anticipatory effect, the linguapalatal 

contact of the last four rows of electrons in the 

final frame was measured for V1 (POS_E), and the 

V1-end F2 (F2_E) was first derived from LPC with 

an order of 20, and later manually adjusted. For 

vocalic carryover effect, the V2 start time frame 

linguapalatal contact (POS_I) and the corres-

ponding F2 for V2 was measured (F2_I). 

3. RESULTS 

3.1. Domain-initial consonant strengthening 

Figure 2 shows the maximum linguapalatal contact 

for alveolar consonant /t/ at five prosodic domain-

initial positions when the contextual vowel was 

controlled. 

Figure 2: Maximum contact of /t/ at five prosodic 

domain-initial positions. Error bar refers to one 

standard error.  
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The overall contact data shows that the prosodic 

domains are generally distinguished by the speaker 

in both vocalic contexts (p<0.001), except that the 

ip-initial has more contact than IP-initial in /a_a/ 

context. In the symmetrical /a/ context the MaxC is 

increased in the order of S, F<ip, IP<U (p<0.05, 

Turkey HSD), and in the symmetrical /i/ context in 

the order of S<F<ip, IP<U (p<0.05, Turkey HSD). 

The mean seal duration, as shown in Figure 3, is 

increased progressively in higher prosodic 

boundary in the order of S, F<ip<IP<U in both 

vocalic contexts (p<0.05, Turkey HSD). The AD 

shows the similar hierarchical pattern. 

The prosodic domains above Foot are dis-

tinguished consistently by ASD and AD, indicating 

the pausing is the prominent cues for marking 

prosodic boundaries in higher prosodic domains. 

However, the distinction between Syllable and 

Foot is not consistent. The only distinction appears 

in the symmetrical /i/ context, which might be 

attributed to the high rising tongue body gesture 

interfering with tongue tip closure gesture in a 

short interval of time, which does not appear in 

symmetrical /a/ context. 
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Figure 3: Alveolar seal duration of /t/ at five domain-

initial positions.  
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3.2. Articulatory and acoustic properties of /i/ 

As is shown in Figure 4, the linguapalatal contact 

for /i/ varies differentially with the left boundaries 

immediately before the syllable /ti/ and the right 

prosodic boundaries immediately after the vowel. 

The strengthened domain-initial consonant tends to 

lead to reduced vocalic gesture with lesser 

linguapalatal contact in higher prosodic domains, 

though no significant difference is found for MaxV 

and CoG. The duration tends to be longer in higher 

prosodic domains, but there is no significant 

difference, which might be attributed to the 

intrinsic vowel duration. The F1 differs 

significantly across five prosodic domains (p=0.05), 

with the mid-point F1 for Syllable and Foot 

domains significantly lower than higher prosodic 

domains (p<0.1), which is indicative of larger 

supra-laryngeal opening.  

The linguapalatal contact tends to be increased 

progressively with ascending right prosodic 

boundaries, but still no significant difference 

props up. Neither does the mid-frame CoG have 

the significant difference. The acoustic properties 

show significant difference in vowel duration 

(p=0.001) and mid-portion F1 (p=0.001). The 

vowel duration in Syllable and Foot domains is 

significantly shorter than in higher prosodic 

domains, indicating that final-lengthening is a 

prominent cue for marking higher prosodic 

boundaries. The mid-point F1 is increased in the 

order of S, F<IP, U (p<0.05), and S<ip<IP, U 

(p<0.05). This result indicates that the oral cavity 

might have a larger opening in higher prosodic 

boundaries.  

Figure 4: The maximum contact for /i/ at five left and 

right boundaries. 
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3.3. Vowel-to-vowel coarticulation 

Because the lexical tone plays no meaningful role 

in the Standard Chinese, it is hypothesized that the 

segments within the lower prosodic domains show 

more gestural overlap. To this ends, the vowel-to-

vowel coarticulation is investigated by comparing 

the non-symmetrical and symmetrical /V1#tV2/ 

sequences, where # denotes five prosodic 

boundaries.  

Figure 5: The mean POS_E and F2_E for V1/a/ in 

sequences /a#ta/ and /a#ti/ across five prosodic 

boundaries. (* for p<0.05) 
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Figure 5 shows the comparison of POS_E and 

F2_E for V1/a/ between the /a#ti/ and /a#ta/. The 

one-way ANOVA for the posterior contact area of 

the last frame for V1 /a/ and the final F2 shows 

significant difference between the sequences of 

/a#ta/ and /a#ti/ below ip boundary, indicative of 

significant vocalic anticipatory effect. The 

unexpected significant difference at Utterance 

boundary is not the result of the transconsonantal 

high front vowel, for the large time interval 

between the V1 and second syllable make the 

transconsonantal effect impossible to happen. 

Figure 6 shows the comparison of POS_E and 

F2_E for V1/i/ between the /i#ta/ and /i#ti/. The 
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results of one-way ANOVA indicate that 

transconsonantal V2 effect only occurs at Syllable 

boundary articulatorily and acoustically, which is 

reflective of the strong articulatory constraints for 

high front vowel [9].  

Figure 6 The mean POS_E and F2_E for V1/i/ in 

sequences /i#ta/ and /i#ti/ across five prosodic 

boundaries. (** for p<0.01, and *** for p<0.001) 
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In Figure 7-8 the transconsonantal V1 carryover 

effect is investigated articulatorily and acoustically. 

A series of one-way ANOVA results indicates that 

the domain for carryover effect is within the Foot 

domain. The only exception is that the effect of V1 

/i/ on the posterior contact for the first frame of V2 

/a/ is hard to measure, however, the significant 

difference on initial F2 between /a#ta/ and /i#ta/ is 

reminiscent of tongue body lowering gesture 

initiated from the achievement of the tongue body 

high raising gesture.  

4. SUMMARY AND CONCLUSION 

The first result of the paper is that the domain-

initial consonant strengthening does distinguish the 

higher prosodic boundaries from lower ones. 

However, the consonant production at the initial 

position of Syllable and Foot does not differ in 

strength, which goes against the hypothesis in [10]. 

The second result finds that the prosodic boundary 

at the left of the consonant preceding the vowel in 

question and the right boundary immediately after 

the vowel affect the vocalic gesture in differential 

manners. The higher degree of the left boundary, 

the more reduced for the vocalic gesture compared 

with hierarchically strengthened consonantal 

gesture; however, the vocalic gesture tends to 

progressively reinforced as the right prosodic 

boundary goes up. The third result is that vocalic 

anticipatory effect is constrained by prosodic factor 

and the articulatory constraints for the vocalic 

gesture in question. However, the vocalic 

carryover effect is more likely to be constrained by 

the prosodic factor. 

Figure 7 The mean F2_I for V2/a/ in sequences /a#ta/ 

and /i#ta/ across five prosodic boundaries. 
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Figure 8 The mean POS_I and F2_I for V2/i/ in 

sequences /a#ti/ and /i#ti/ across five prosodic 

boundaries. (※ for p=0.09) 
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