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Abstract 

The interaction between segment and prosody has been 

receiving increasing attention. While speakers of European 

languages are found to hyper-articulate their speech to maintain 

the distinction between the focused and unfocused portions, 

little is known about focus effects on vowels in Chinese 

languages. This study investigated the potential interaction 

between prosodic focus and vowels and tested whether the 

effects of focus function differently in Cantonese and 

Mandarin, two closely related Chinese languages. In a focus 

production experiment, the target vowels were analysed on the 

duration, formants and distances. The results showed that 

prosodic focus influenced the open vowel /a/ differently in 

Cantonese and Mandarin. Although focus increased the vowel 

duration in both languages, the on-focus vowels were 

lengthened to a greater extent in Cantonese. The effect of focus 

was minimal on the vowel formants, especially in Cantonese. 

For the Euclidean distances between the vowels under broad 

focus and those under the remaining focus types, no difference 

was found, but Cantonese and Mandarin diverged in the 

directions in which each focus type moved away from broad 

focus. These results suggest that, while speakers of both 

languages hyper-articulate on-focus vowels, there are more 

differences than similarities between the two languages.  

Index Terms: speech production, speech prosody, focus, 

vowel, Chinese 

1. Introduction 

While earlier research on speech production had investigated 

segments and prosody separately, some recent studies have 

begun to examine the interaction between the two [1]–[3]. 

Speech rate, for example, has been found to consistently 

influence vowel space in Catalan and Spanish, and vowels in 

normal speech have been reported to be more peripheral than 

vowels in fast speech in both languages [3]. 

Prosodic focus, also referred to as stress in some studies, 

highlights a portion of an utterance using prosodic means. The 

highlighted portion always receives prominence in the utterance, 

with focus-induced changes in F0 and intensity [4], [5]. 

However, there is still no consensus as to whether and how 

prosodic focus influences the production of vowels. In 

American English, for example, Fourakis found that focus has 

a marginal effect on vowel formants [6], but Erickson suggested 

that focused high vowels have lower first formant (F1) values 

and higher second formant (F2) values than unfocused ones [7]. 

In a prominence rating task of American English, Mo et al. 

demonstrated a positive correlation between F1 values and 

perceived vowel prominence as well as a negative correlation 

between F2 values and perceived vowel prominence for nearly 

all of the vowels tested [8]. 

It is predicted that speakers need to hyper-articulate their 

speech in order to maintain the distinction between the focused 

and unfocused portions [9]. According to this hypothesis, 

focused vowels will be less central than their unfocused 

counterparts, resulting in a larger vowel space. This hypothesis 

has been partially supported by data from European languages 

[3], [10], but little is known about the effects of focus on vowels 

in Chinese languages [11].  

To fill this gap in the research, the present study aimed to 

investigate the potential interaction between prosodic focus and 

vowels and to test whether the effect of focus functions 

differently in Cantonese and Mandarin, two closely related 

Chinese languages. Specifically, three research questions are to 

be examined in this study: 1) Is there a difference between 

Cantonese and Mandarin in how prosodic focus influences 

vowel duration? 2) Is there a difference between Cantonese and 

Mandarin in how prosodic focus influences vowel formants? 

and 3) Is there a difference between Cantonese and Mandarin 

in how prosodic focus influences vowel distances? 

2. Methods 

2.1. Participants 

Forty-two participants were invited to attend a recording 

session at the Hong Kong Polytechnic University. Half of the 

participants are native speakers of Hong Kong Cantonese (10 

females, 11 males; aged: 20.78 ± 2.56), who were born and 

raised up in Hong Kong; the second half are native speakers of 

Mandarin (11 females, 10 males; aged: 25.23 ± 3.72), who were 

born in Northern China and reported having spent most of their 

lives in Mandarin-speaking regions. The Mandarin speakers 

had little, if any, exposure to Cantonese, and none of them 

spoke Cantonese. No participants had any history of speaking, 

hearing or language difficulties. 

2.2. Materials and procedures 

The data presented in this paper were collected in a previous 

study [12], which only explored prosodic focus. In the present 
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study, the data were reanalysed and the interactions between 

prosody and segment were tested. The open vowel /a/ was 

chosen as a target, as it is a common vowel shared by Cantonese 

and Mandarin. Next, an actual action verb, which is a 

monosyllabic word with a combination of an alveolar initial 

consonant and this vowel, was selected in each language (/tsa/ 

in Cantonese and /ta/ in Mandarin). Although Cantonese and 

Mandarin are tone languages, the syllables were restricted to the 

high level Tone 1 only in order to eliminate the potential effects 

of lexical tones on vowel production. The verbs were then 

embedded in meaningful simple SVO (subject-verb-object) 

sentences, which conform to the canonical word order in 

Chinese languages. 

Table 1: Sample dialogues in Cantonese. 

Focus 

types 
Precursor questions Target sentences 

Broad 
focus 

nei5 waa6 mat1je5  

you say what 
‘What did you say?’ 

go2 go3 si1gei1 zaa1 cyun1baa1 

that CL driver drive residential_bus 
‘The driver drives the residential 

bus.’ 

Subject 

focus 

bin1go3 zaa1 cyun1baa1 

who drive residential_bus 

‘Who drives the residential 

bus?’ 

go2 go3 si1gei1 zaa1 cyun1baa1 

that CL driver drive residential_bus 

‘The driver drives the residential 

bus.’ 

Verb 

focus 

go2 go3 si1gei1 mat1je5 

cyun1baa1 

that CL driver what 

residential_bus 

‘What does the driver do to 
the residential bus?’ 

go2 go3 si1gei1 zaa1 cyun1baa1 

 

that CL driver drive residential_bus 

 

‘The driver drives the residential 
bus.’ 

Object 

focus 

go2 go3 si1gei1 zaa1 

mat1je5 

that CL driver drive what 

‘What (type of) bus does the 

driver drive?’ 

go2 go3 si1gei1 zaa1 cyun1baa1 

 

that CL driver drive residential_bus 

‘The driver drives the residential 

bus.’ 

 

To examine the effects of prosodic focus on Cantonese and 

Mandarin vowels, four focus types were manipulated, with 

focus placed on the whole sentence (broad focus), on the subject 

position (subject focus), on the verb position (verb focus) and 

on the object position (object focus). The broad focus condition 

was always the baseline condition for comparisons with the 

remaining three focus conditions (subject, verb and object, each 

corresponding to post-, on- and pre-focus). The different focus 

types were elicited with precursor questions asked by the 

experimenter, as illustrated in Table 1 (the focused constituents 

have been underlined). The question and answer pairs were 

randomly presented on a computer screen in E-Prime 2.0 [13]. 

The participants were briefed about the question and answer 

pairs prior to the recording and were instructed to answer the 

questions as naturally as possible. The dialogues were recorded 

at a sampling rate of 44,100 Hz in Audacity [14] on another 

computer.  

This project has been reviewed and approved by the Human 

Subjects Ethics Sub-committee of the Hong Kong Polytechnic 

University (Reference #: HSEARS20190102001). All 

participants gave written consent prior to the recording 

sessions. 

2.3. Data processing and analysis 

The segmentation of the vowel /a/ was manually performed by 

trained phoneticians in Praat [15]. Subsequently, duration was 

measured for each vowel token, and values of the first, second 

and third formants (F1, F2 and F3) were extracted over the 

middle 50ms of each vowel interval with the Burg algorithm 

[16] using a Praat script. To capture the distances between the 

baseline condition (broad focus) and the remaining three focus 

conditions, the Euclidean distances were calculated using 

Equation 1 [17]: 

 𝑑(𝑏, 𝑥) =  √(𝐹1𝑏 − 𝐹1𝑥)2 + (𝐹2𝑏 − 𝐹2𝑥)2 (1) 

where d is the distance between two points in a two-

dimensional Euclidian vowel space defined by F2 on the x-axis 

and F1 on the y-axis, and b and x stand for the baseline vowel 

under broad focus condition and the target vowel under one of 

the remaining three focus conditions, respectively. 

The duration and formant values were first analysed with 

linear mixed-effects modelling using the ‘lme4’ package [18] 

in R [19], [20], wherein focus type, language and gender were 

the fixed effects, and speaker and repetition were included as 

the random effects. The broad focus type was always the 

baseline condition. Post-hoc tests were employed to test further 

effects when a main effect was found in the linear mixed-effects 

models. The figures were plotted using the ‘ggplot2’ package 

in R [21]. 

3. Results 

3.1. Effect of focus on vowel duration 

Linear mixed-effects models were first fitted to examine the 

effect of focus on vowel duration. There were main effects of 

focus (χ2[3] = 69.544, p < .001) and language (χ2[1] = 25.424, 

p < .001) but no effect of gender (χ2[1] = .574, p = .449), 

suggesting that focus influences vowel duration in both 

languages regardless of gender. There was also an interaction 

between focus and language (χ2[3] = 9.303, p < .001), which 

suggests that prosodic focus functions differently when 

influencing duration in Cantonese and Mandarin. The mean 

duration values of the vowels under different focus conditions 

have been plotted in Figure 1, with different colours 

representing different focus types. 

 

Figure 1: Duration by focus type and language. 

Tukey's post-hoc tests were used to compare the effects of 

focus on duration in each language and examine if there were 

differences of mean duration under the various focus types. In 

Cantonese, the vowel of the verb was lengthened by 19.374 ± 

4.557 ms and 39.780 ± 5.956 ms under subject focus (p = .002) 

and verb focus (p < .001), respectively, but there was no 

significant difference between broad focus and object focus (p 

= .477). In Mandarin, the vowel of the verb was lengthened by 

24.894 ± 2.384 ms under verb focus (p < .001), but the focus 

effect was not significant under subject focus (p = .568) or 

object focus (p = .976). 
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3.2. Effect of focus on vowel formants 

Linear mixed-effects models showed main effects of language 

(χ2[1] = 47.292, p < .001) and gender (χ2[1] = 149.320, p < .001) 

as well as a marginal effect of focus (χ2[1] = 7.467, p = .058) 

on F1 values. For F2 values, there was only a main effect of 

gender (χ2[1] = 203.920, p < .001). The main effects of language 

(χ2[1] = 12.529, p < .001) and gender (χ2[1] = 45.726, p < .001) 

reached significance for F3 values. The gender effect on the 

formants may have been a result of female speakers having 

consistently higher formant values than the male speakers. 

Therefore, in the following analysis, the data were not divided 

into gender groups. The formant values of the vowels produced 

by the Cantonese and Mandarin speakers have been plotted in 

Figure 2. 

 

Figure 2: Formant values by focus type and language. 

Next, further statistical tests were employed for the F1, F2 

and F3 values of each focus pair for each language. For F1, 

post-hoc tests showed no difference between subject focus (p = 

.534), verb focus (p = .972) or object focus (p = .445) compared 

with broad focus in Cantonese. In Mandarin, verb focus raised 

the F1 values by 31.566 ± 10.670 Hz (p = .044), but neither 

subject focus (p = .326) nor object focus (p = .937) made 

changes to the F1 values. 

For F2, there was no focus effect on the formant values 

under subject focus (p = .863), verb focus (p = .980) or object 

focus (p = .308) in Cantonese. In Mandarin, no focus effect was 

found for subject focus (p = .585) or verb focus (p = .118), but 

there was a marginal effect of focus under object focus (p = 

.053), which lowered the F2 by 31.421 ± 31.374 Hz. 

For F3, there was a lowering of the formant values by 

71.199 ± 30.520 Hz under subject focus (p = .023) but not under 

verb focus (p = .335) or object focus (p = .165) in Cantonese. 

An effect of subject focus was found in Mandarin (p = .026), 

lowering the formant values by 53.391 ± 23.343 Hz. However, 

no difference was found for the F3 of verb focus (p = .151) or 

object focus (p = .257) compared with broad focus in Mandarin. 

3.3. Effect of focus on vowel distances 

The Euclidean distances between the vowels under broad focus 

and the vowels under other focus types were calculated using 

Equation 1. The distances for each vowel pair, between broad 

focus and other focus types, were then submitted to linear 

mixed-effects models to test if there were any main effects of 

language, focus or gender. No effect of language (χ2[1] = .022, 

p = .882), focus (χ2[2] = .430, p = .430) or gender (χ2[1] = 1.718, 

p = .190) reached significance, suggesting that the vowels under 

different focus types had similar distances with the vowels 

under broad focus, regardless of language or gender. The 

Euclidean distances between broad focus and the other focus 

types have been plotted in Figure 3. 

 

Figure 3: Euclidean distances by focus type and language 

(with broad focus as the baseline). 

Again, post-hoc tests were used to investigate if there were 

any differences between the distances of each focus type with 

broad focus as the baseline. In Cantonese, the differences in 

distance between subject focus and verb focus (p = .091) and 

between subject focus and object focus (p = .098) reached 

marginal significance. No differences were found for the 

differences of distance between verb focus and object focus (p 

= .628). In Mandarin, there were no differences in the distances 

between subject focus and verb focus (p = .512), subject focus 

and object focus (p = .735) or verb focus and object focus (p = 

.854). 

 

Figure 4: Vowels under different focus types. 

Lasty, the Euclidean directions between each focus type 

and broad focus were compared. To clearly present the vowel 

676



space, the vowels under different focus conditions have been 

plotted with double error bars in Figure 4. It is evident from the 

figure that although the Euclidean distances were similar for 

each focus type compared with broad focus, the actual 

Euclidean directions were very different. In Cantonese, the pre- 

and post-focus vowels (under object focus and subject focus) 

were higher than broad focus and the on-focus vowels (under 

verb focus) overlapped with the vowels under broad focus. The 

pre-focus vowels were also more frontal than the baseline 

vowels. In Mandarin, however, the three focus types each had 

a separate direction away from broad focus, with pre- and on-

focus vowels moving lower and more backward and the post-

focus vowels becoming higher and more frontal than the 

baseline vowels.  

4. Discussion and Conclusion 

This study aimed to examine whether and how prosodic focus 

influences the open vowel /a/ differently in Cantonese and 

Mandarin, concentrating on the focus effects on vowel duration, 

formants and distances. 

With regard to the first research question, the data presented 

evidence for focus-induced durational changes. Moreover, the 

two-way interaction of focus and language further suggests that 

native speakers of Cantonese and Mandarin manipulate vowel 

duration differently according to focus conditions. Whereas the 

Cantonese speakers lengthened both on- and post-focus vowels 

and also shortened pre-focus vowels, the Mandarin speakers 

lengthened on-focus vowels only and left the pre- and post-

focus vowels unchanged. The lengthening of on-focus vowels 

in both languages found in this study is consistent with the 

results of previous studies in that vowels receiving prominence 

were longer than the baseline vowels (e.g., [22]–[24]). Even 

when both languages expanded the vowel duration under focus, 

the extent to which the vowels were expanded was different, 

with Cantonese expanding the vowels to a larger extent. This 

points to the possibility that Cantonese makes more use of 

duration than Mandarin when marking prosodic focus, which is 

supported by the manipulation of pre- and post-focus duration 

in Cantonese but not in Mandarin. Previous studies on focus 

production also supported this claim. Duration is a crucial 

acoustic cue in Cantonese focus marking [25] while F0 is used 

more extensively than duration in Mandarin focus marking 

[26]. A plausible explanation is that Cantonese has a much more 

complex tonal system (six lexical tones plus three checked 

tones) than Mandarin (four lexical tones). Consequently, 

Mandarin speakers are allowed to manipulate F0 in focus 

marking, while Cantonese speakers can only resort to duration 

because they must make the least possible change to F0 to 

maintain the tonal contrasts. Note that there was also post-focus 

lengthening of duration in Cantonese. This has been interpreted 

as a carryover effect from the lengthening of the preceding 

constituent (the subject position under subject focus) [27], but 

the nature of contextual effects on syllable and word duration 

remains to be explored. 

The second research question was concerned with the effect 

of prosodic focus on the F1, F2 and F3 values of the open vowel 

/a/. If the hypothesis regarding hyper-articulated vowels is true, 

then the focused vowels should have been lower and more 

frontal in terms of the vowel height and backness. Namely, the 

F1 and F2 values should have tended to be higher for the 

focused vowels. The vowels in this study were treated as front 

vowels because of the influence from the initial alveolar 

consonants, namely, assimilation of place of articulation. In the 

data, there was an increase of on-focus F1 values in Mandarin 

but not in Cantonese. Also, there was a post-focus decrease of 

F1 values in Cantonese and Mandarin. For F2 values, no effect 

of focus was found. This contrast suggests differences in 

prosody-vowel interactions in Cantonese and Mandarin: the 

Mandarin low vowel is lower when it receives the most 

prominence and it is more central when it receives the least 

prominence; Cantonese does not seem to change the F1 or F2 

depending on prominence. Although both Cantonese and 

Mandarin are syllable-timed languages, Cantonese lacks lexical 

stress [28], whereas Mandarin has lexical stress and unstressed 

syllables [29]. Consequently, Mandarin speakers are 

accustomed to producing reduced unstressed syllables and are 

able to manipulate vowel formants according to different 

conditions. Because Cantonese does not have unstressed 

syllables, Cantonese speakers are expected to be more 

conservative when producing the segments, as is demonstrated 

in our data. Also, the absence of a focus effect on F2 values may 

be explained by the fact that the vowel /a/ in both languages is 

preceded by alveolar consonants, which brings about some 

consonant-to-vowel co-articulation in terms of place of 

articulation. As a result, there may be no space left for the 

vowels to move forward. Future studies should include different 

consonant and vowel pairs to better test these focus effects. For 

F3 values, there was only post-focus lowering, suggesting that 

the vowels are more rounded in the post-focus position. 

Rounded vowels should be used to gain a better understanding 

of the relationship between prosodic focus and vowel 

roundedness. 

To answer the third research question, Euclidean distances 

between broad focus and the remaining focus types were 

calculated, and there were no differences between the focus 

pairs. This is not surprising, given that focus effects on F1 and 

F2 were minimal in Section 3.2. Further plotting of the vowels 

under different focus conditions indicates focus-induced 

different directions of movement from the baseline broad focus 

condition, although the differences of the Euclidean distances 

were not significant. As a case study, only the low vowel /a/ 

was included in this investigation, and the surrounding 

environment was not carefully controlled, which may explain 

the non-significant results obtained in the analyses. To provide 

a fuller picture of vowel movement caused by prosodic focus, 

studies with more vowels and various surrounding contexts are 

needed. 

To conclude, this study showed that prosodic focus 

influences the open vowel /a/ differently in Cantonese and 

Mandarin. Focus increased the vowel duration in both 

languages, but the on-focus vowels were lengthened to a greater 

extent in Cantonese. The effect of focus was minimal on the 

vowel formants and vowel distances, especially in Cantonese. 

These results suggest that, although speakers of both languages 

hyper-articulate on-focus vowels, there are more differences 

than similarities between the two languages in terms of 

prosody-segment interaction, as has been shown in other areas 

of speech production (e.g., divergence in F0 patterns in 

Cantonese and Mandarin statements [30]).  
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