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In tone languages there are potential conflicts in the perception of lexical tone and intonation, as

both depend mainly on the differences in fundamental frequency (F0) patterns. The present study

investigated the acoustic cues associated with the perception of sentences as questions or statements

in Cantonese, as a function of the lexical tone in sentence final position. Cantonese listeners per-

formed intonation identification tasks involving complete sentences, isolated final syllables, and

sentences without the final syllable (carriers). Sensitivity (d0 scores) were similar for complete sen-

tences and final syllables but were significantly lower for carriers. Sensitivity was also affected by

tone identity. These findings show that the perception of questions and statements relies primarily

on the F0 characteristics of the final syllables (local F0 cues). A measure of response bias (c) pro-

vided evidence for a general bias toward the perception of statements. Logistic regression analyses

showed that utterances were accurately classified as questions or statements by using average F0

and F0 interval. Average F0 of carriers (global F0 cue) was also found to be a reliable secondary

cue. These findings suggest that the use of F0 cues for the perception of intonation question in tonal

languages is likely to be language-specific. VC 2011 Acoustical Society of America.
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I. INTRODUCTION

Intonation is a universal characteristic shared by different

languages. It plays an important role in conveying information

about various characteristics of human communication, such

as the differences between statements and questions, and in-

formation about speakers’ emotions and attitudes (Kohler,

2007; Ladd, 1996). While the signaling of interrogation in

speech communication can be achieved through syntax,

semantics or other means of communication (for example,

wh-questions, tag questions, and yes/no questions) (van

Heuven and Haan, 2000; Kohler, 2004), the present study

focused on intonation and, specifically, the “intonation con-

tour,” as a cue to the perception of interrogation. The intona-

tion contour is most commonly described by characteristics

such as a final rise in fundamental frequency (F0) and a higher

overall F0 level (Hirst and Di Cristo, 1998). Questions that

are only differentiated from statements by means of differen-

ces in intonation contour will be referred to hereafter as

“intonation questions.” This study investigated the contrast

between intonation questions and statements in Cantonese, a

tonal language in which differences in syllabic F0 patterns are

lexically contrastive (Chao, 1947; Bauer and Benedict, 1997).

The use of a final rise in F0 as an intonation cue to the

perception of intonation questions has been shown to be

common across languages (Lieberman, 1967; Remijsen and

van Heuven, 1999; Gussenhoven and Chen, 2000; House,

2003; Schneider and Lintfert, 2003; Peters and Pfitzinger,

2008). Lieberman (1967) stressed that questions and state-

ments can be reliably distinguished based on the F0 contour

during the final 150 to 200 ms within a sentence. A similar

conclusion was reached by Gussenhoven and Chen (2000),

who investigated the significance of final rise in F0 as an

intonation marker for the perception of questions. They

asked three groups of monolingual listeners (Chinese, Dutch,

and Hungarian) to identify re-synthesized CVCVCV

(C = consonant; V = vowel) stimuli of a made-up language

with different pitch heights and timings. They found that

questions were associated with either a later or a higher F0

peak (i.e., F0 maximum) than statements, regardless of the

language background of the listener. These findings were

consistent with those obtained from the studies of intonation

in various languages, including Swedish (House, 2003), Ger-

man (Schneider and Lintfert, 2003), and Dutch (Remijsen

and van Heuven, 1999). Peters and Pfitzinger (2008) investi-

gated the effect of F0 interval (amount of F0 change between

the onset and the offset at the utterance-final syllable) and F0

slope (rate of F0 change over time) of the final increase in

F0 on the perception of questions in German. Listeners were

presented re-synthesized stimuli with varying F0 contour

and voicing duration, embedded at the final position of a

short carrier. The results showed that the perception of
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questions was more strongly associated with F0 interval

position than with F0 slope when the voicing of the signal

was at least 50 ms in duration. In addition to a final rise in

F0, the perception of questions has been associated with

other supplementary cues such as a larger F0 range in a sen-

tence (Hirschberg and Ward, 1992), a higher overall F0

level, and a pre-focal filled pause (i.e., a pause that occurs

prior to the semantically important word in order to signal

hesitation) (House, 2003).

A. Potential conflict in the parallel encoding of lexical
and intonational meanings in tone languages

The perception of intonation in a tonal language can be

potentially confusing, as F0 patterns mark not only intona-

tion at the sentential level but also lexical tone at the syllabic

level. For example, a statement ending with a high-rising

tone could in principle be wrongly perceived as a question

because a final rise in F0 is a cue to the perception of intona-

tion questions. Several studies on the interaction between

intonation and lexical tone in Chinese languages have

focused on the effect that intonation imposes on the acoustic

or perceptual characteristics of lexical tones (Chang, 1958;

Fok-Chan, 1974; Ho, 1977; Rumjancev, cited in Lyovin,

1978; Connell et al., 1983; Shen, 1989; Lee, 2004; Ma et al.,
2006b). Two general findings have been reported. In Man-

darin, the intonation-induced perturbations of lexical tones

mostly affect the F0 level, but the F0 contour remains simi-

lar to that of the canonical form (Chang, 1958; Ho, 1977;

Rumjancev, cited in Lyovin, 1978; Shen, 1989). In Canton-

ese, in addition to the F0 level of the tone being modified,

the F0 contour may also deviate from its canonical form due

to the effect of intonation questions (Fok-Chan, 1974; Lee,

2004; Ma et al., 2006b). For example, Ma et al. (2006b)

found that all six tones in Cantonese, regardless of their ca-

nonical form, had a rising F0 contour when occurring at the

final position of an intonation question. Additionally, the

intonation-induced F0 changes affected the lexical identity

of tones, as a large portion of the intended falling and level

tones at the final position of questions were identified as ris-

ing tones (Ma et al., 2006b).

The effects of lexical tone identity on the perception of

intonation have so far received little attention. The potential

confusion resulting from co-existing F0 patterns of tone and

intonation has been investigated in Mandarin (Yuan,

2004a,b; Yuan and Shih, 2004). In these studies, questions

and statements with a minimal tone contrast at the final syl-

lable were presented. Listeners were asked to identify the

sentences as “statements” or “questions.” The results showed

that the perception of statements was not affected by the

identity of the lexical tone at the final position. However,

questions ending with rising tones were less accurately iden-

tified (i.e., received a higher percentage of “statement”

responses) than questions ending with a falling tone. This

result was rather unexpected, as a final rise in F0 is one of

the cues associated with the perception of question (Lieber-

man, 1967; Gussenhoven and Chen, 2000; House, 2003).

Yuan (2004b) suggested that the intonation contour of the

questions ending with a rising tone may not have been dis-

tinctive enough from the contour of statements ending with a

rising tone, because questions and rising tones share a simi-

lar (rising) F0 contour. Therefore, listeners mistakenly iden-

tified questions ending with rising tones as statements. This

pattern of results would be expected if listeners are biased to-

ward the perception of statements, as suggested by Yuan

(2004b) and Peters and Pfitzinger (2008), although no direct

evidence of such bias was provided.

There are reasons to expect that the effects of lexical tone

identity on the marking of questions and statements in Can-

tonese differ from those observed in Mandarin. First, the tonal

systems of Mandarin and Cantonese differ in the number and

in the F0 patterns of tones. Mandarin has four tones with dis-

tinctive F0 contours (level, rising, falling–rising, and falling).

Cantonese has six contrastive tones: high-level (55), high-ris-

ing (25), mid-level (33), low-falling (21), low-rising (23), and

low-level (22) (the numerical values in parenthesis describe

the pitch level at the beginning and the end point of the tone;

Chao, 1947). While the four Mandarin tones have distinctive

F0 patterns, five of the six Cantonese tones have similar F0

contours but different F0 levels (i.e., the three level tones and

the two rising tones). The effects of lexical tones on the per-

ception of intonation questions in Cantonese are likely to be

based on both F0 level and contour. For example, Ma et al.
(2006a) found that questions ending with a high-rising tone

have a higher F0 peak than questions ending with low-rising

or high-level tones. One might predict that intended questions

ending with a high-rising tone are more likely to be perceived

as questions than intended questions ending with other tones.

Second, there is evidence that questions and statements are

marked differently in Cantonese and in Mandarin. The com-

mand–response model describes the F0 contour of intonation

as a linear superposition of a phrase component and an accent

component on a base level (Fujisaki and Hirose, 1984). Using

this model, the question–statement contrast in Cantonese can

be modeled by local F0 changes (that is, the addition of a

question boundary tone at the end of the final syllable of ques-

tions) (Gu et al., 2005, 2006; Ma et al., 2006a). In contrast,

both Yuan (2004a) and Liu and Xu (2005) argued that the dif-

ference between questions and statements in Mandarin could

be modeled by global F0 changes, such as an overall increase

in F0, because local (tone) structures are largely unaffected

by the intonation of questions in Mandarin (Ho, 1977; Rum-

jancev, cited in Lyovin, 1978; Shen, 1989). It is possible that

intended questions impose different changes on the F0 con-

tours of tones at the final position in Cantonese and in Man-

darin, and that listeners are sensitive to language-specific cues

for the perception of questions and statements. For example, a

rising F0 contour of tones at the final position of sentences

may be a more reliable cue to the perception of questions in

Cantonese than in Mandarin, because all tones at the final

position of intended questions have a rising F0 contour in

Cantonese but not in Mandarin. By contrast, the increase in

overall F0 level may be a stronger cue in Mandarin than in

Cantonese because questions appear to be mainly marked by

global changes in Mandarin. These predictions are consistent

with the hypothesis that listeners are able to make optimal use

of the probability distribution of acoustic cues that define a

speech category within a language (Clayards et al., 2008).
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B. Aims of the study

This study included both perceptual and acoustic analy-

ses of intonation questions and statements in Cantonese. The

first goal of this study was to investigate the acoustic cues

that are used by listeners for the perceptual identification of

intonation questions and statements in Cantonese. A final

rise in F0 is generally regarded as a significant cue for the

identification of questions across languages (Lieberman,

1967; Gussenhoven and Chen, 2000; House, 2003). By con-

trast, the role of the non-final portion of a sentence in the

perception of questions, which is generally assumed to be

less important than the cues at the final position, is rarely dis-

cussed. The fact that F0 cues at the final position of a sen-

tence are also used for the perception of lexical tones might

result in perceptual confusions. It is unknown to what extent

a single F0 pattern can provide reliable cues to the percep-

tion of intonation questions and statements, as well as to the

perception of lexical tones. Therefore, the present study

employed several F0-based measurements in order to (i)

identify the most likely cues used by listeners to perceive

sentences as statements or questions and (ii) determine how

these cues might differ from the cues that are used for the

identification of lexical tones. Ma et al. (2006a,b) found that

tones at the final position for questions had higher F0 level

overall than the same tones in statements. Therefore, the av-

erage F0 of the final syllable was measured as a potential

cue to the perception of statements and questions. Measures

of F0 interval and F0 slope of the final syllable were

included as potential cues to the perception of questions and

statements, following Peters and Pfitzinger’s (2008) findings.

Duration has also been proposed as a cue to the perception

of questions in Mandarin. For example, Ho (1977) and Yuan

(2004a) reported that questions have a longer final syllable

duration than statements. The use of alternative acoustic

cues in the perception of questions and statements is possible

because listeners have been found to trade the use of one cue

(a delayed F0 peak within sentence) for another cue (a higher

F0 peak) for the perception of questions (Gussenhoven,

2002). For example, duration could be used to disambiguate

conflicting F0 information, such as a rising F0 pattern that

could in principle signal either a rising tone within a state-

ment or a level tone within a question. For this reason,

voiced segment duration was also analyzed in this study.

These acoustic measures were subsequently considered as

predictors in a logistic regression analysis, so as to determine

(i) which acoustic variables better explain the perception of

questions and statements and (ii) whether such variables dif-

fer from the acoustic cues that are employed for the percep-

tion of lexical tones in Cantonese.

In the perception of intonation questions, the perceptual

cues at the final position of an utterance have received more

attention than those in non-final position, as shown by the

number of studies focusing on the acoustic cues of questions

at sentence final position (e.g., Lieberman, 1967; House,

2003). However, the relative significance of the perceptual

cues at the final versus non-final portions of a sentence has

not been directly compared. This could be particularly im-

portant in tonal languages, where a conflict of cues at the

final position of a sentence could possibly lead to the use of

acoustic cues in the non-final position. Therefore, the second

goal of this study was to investigate the perception of intona-

tion of statements and questions in three experimental condi-

tions: complete sentences, carriers (i.e., sentences without

the final syllable), and isolated final syllables. Previous stud-

ies based on the command–response model showed that the

contrast between questions and statements in Cantonese is

mainly cued by the final syllable (Gu et al., 2005, 2006;

Ma et al., 2006a). Therefore, it was hypothesized that listen-

ers would be equally accurate in identifying the intonation of

the complete sentences and of the isolated final syllables,

and that they would perform more poorly for the carriers. In

the perception of questions and statements, statements have

been assumed to be a default choice when the acoustic cues

for intonation identification are ambiguous (Yuan, 2004b;

Peters and Pfitzinger, 2008), but no direct evidence has been

provided for such conclusion. Therefore, measures of sensi-

tivity and bias based on signal detection theory were used to

analyze the perceptual results, and to test empirically

whether listeners have a perceptual bias toward the percep-

tion of statements. In addition, this study also aimed at fur-

ther investigating the interaction between lexical tone and

intonation. In the current perceptual experiment, listeners

identified sentences that included all six contrastive Canton-

ese tones. In Mandarin, questions ending with falling tones

were more accurately identified than questions ending with

rising tones (Yuan, 2004a,b; Yuan and Shih, 2004). By con-

trast, Cantonese listeners face the challenge of distinguishing

tonal rising F0 patterns within statements from intonational

rising F0 patterns in questions (Ma et al., 2006b). The out-

comes of the perception experiment were used to determine

the extent to which listeners were able to deal with conflict-

ing tonal and intonational cues.

II. METHOD

A. Listeners

Twenty-four females were recruited as listeners. They

were all first year undergraduate students in the Division of

Speech and Hearing Sciences at the University of Hong

Kong. They were between 18 and 19 years old. They were

considered naı̈ve listeners as the experiment was carried out

within the first 2 months of their enrollment at university,

during which they received no phonetic training on tones or

intonation. Cantonese was the native language and English

was the second language of all listeners. None of the listen-

ers had a reported history of speech or hearing disorders, and

all listeners passed a pure-tone hearing screening conducted

by the first author [�20 dB hearing level (HL) at 250, 500,

1000, 2000, and 4000 Hz for both ears].

B. Speech materials

Speech materials were part of the data collected by Ma

et al. (2006b). A carrier with tonal contrast at the final posi-

tion, /lei55 k

c

33 tsi22 h

a

i22 X/ “This word is X,” was used in

this study. Three sets of target words (X) were obtained by

combining the roots /si/, /ji/, and /j

a

u/ with each of the six
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contrastive Cantonese tones (tone 55, tone 25, tone 33, tone

21, tone 23, and tone 22), giving a total of 18 target words

(see Appendix). Eighteen complete sentences were formed

by combining the carrier with each of the target words. Each

sentence was produced once as a question and once as a

statement. Speech data from two native Cantonese speakers,

one male (M1) and one female (F1), were used in this study.

The utterances from these speakers were selected out of

those produced by 20 speakers who participated in the study

by Ma et al. (2006b), because the F0 patterns of their utter-

ances were closest to the average F0 patterns for speakers of

the same gender. With two intonation patterns (questions

and statements), and three sets of six tonal contrasts, a total

of 36 sentences from each speaker were used as the basic

stimuli for the present study.

The utterances were recorded in a sound-attenuated

room (IAC single-wall booth), with a Sony TCD-D3 DAT

recorder and a Bruel & Kjær (4003) low-noise unidirectional

microphone. A 10 cm mouth-to-microphone distance was

maintained during the recording. In order to obtain naturally

produced speech samples, speakers were engaged in a ques-

tion–answer or statement–question dialog in which the first

author initiated each exchange, and speakers answered with

one of the sentences. The question–answer and statement–

question dialogs were the same for both speakers to ensure

that the same paralinguistic meaning would be encoded in

the speakers’ response for all questions or statements eli-

cited. For example, in order to elicit a question, the first

author would say /lei55 k

c

33 tsi22 h

a

i22 si22/ (This word is

“yes.”), and the speaker was asked to respond with /lei55

k
c

33 tsi22 h
a

i22 si22/ (This word is “yes”?). In each trial, the

dialogs were presented visually on the screen of a G4 Apple

Macintosh computer running a custom HYPERCARD (AppleTM)

software. The order of the dialogs was randomized automati-

cally by the software. Each production was monitored by the

first author, who is a qualified speech and language patholo-

gist, to ensure that the correct intonations and tones were

produced. After the recording, each sentence was low-pass

filtered at 22 kHz, digitized at sampling rate of 44.1 kHz,

and stored onto an Apple PowerMacintosh 7100 computer as

a separate file, using a DigiDesign Audiomedia II DSP card.

Three presentation conditions (complete sentences, car-

riers, and isolated final syllables) were used to investigate the

perception of questions and statements, and the relative signif-

icance of different acoustic markers. In the complete sentence

condition, the stimuli consisted of the original utterances pro-

duced by speakers M1 and F1. As all possible perceptual cues

for intonation identification were present in complete senten-

ces, it was expected that the stimuli in this presentation condi-

tion would be identified most accurately. In the other two

presentation conditions, only part of the utterance (the carrier

or the final syllable) was presented. The speech stimuli for the

carrier condition (that is, the original sentence without the

final syllable) and for the isolated final syllable condition

were manually extracted from the complete sentences by

using the PRAAT software (Boersma and Weenink, 2003). The

boundary between the end of the carrier and the beginning of

the final syllable was selected by inspecting both the ampli-

tude waveform display and the corresponding wide-band

spectrogram; all cutting points were at zero crossings to avoid

introducing transients in the edited stimuli. For each presenta-

tion condition, the perceived loudness of the stimuli was

equalized by the first author by modifying the overall ampli-

tude of each token as necessary using the PRAAT software

(Boersma and Weenink, 2003). The intensity level of the final

syllables of the equalized stimuli was measured by calculating

the mean power (Pa2/s) between the beginning and the end of

each voiced segment using the PRAAT software (Boersma and

Weenink, 2003). All the final syllables were within the inten-

sity range of 62.13–73.40 dB sound pressure level (SPL), with

similar intensity ranges among the six tones.

C. Procedures

The perceptual experiment was carried out in a sound-

attenuated room (IAC single-wall booth). Speech materials

were presented through a Sennheiser HD 545 headset, con-

nected to an Apple Macintosh G4 computer, with an Aard-

vark USB 3 sound card. A custom experimental software,

developed using HYPERCARD (AppleTM) software, was used to

present the stimuli and to collect the responses in each trial.

The stimuli were divided into six blocks according to presen-

tation condition (complete sentences, carriers, and isolated

final syllables) and speaker. Within each block, there were a

total of 108 trials, as each of the 36 stimuli was presented

three times. The order of presentation of blocks was counter-

balanced by stimulus type and speaker across listeners, and

the order of trials within each block was randomized. Task

instructions were displayed visually on the screen and

repeated verbally by the first author before the task began,

explaining the nature of the stimuli for each presentation con-

dition. Listeners were also instructed that the stimuli were

produced as questions or statements, differing in their intona-

tion contours. For each trial, two buttons labeled “question”

and “statement” were presented on the screen. The listeners

were asked to identify the intonation of each stimulus by

clicking on one of the buttons. In cases when sentence intona-

tion could not be easily identified, listeners were asked to

make their best possible judgment. Within a trial, a stimulus

was presented once, after which listeners could opt to listen

to the stimulus a second time by clicking on the “repeat

sound” button. Each block took about 10 min to finish, and

the whole session took about 1 h to complete.

D. Acoustic analysis

Acoustic analyses of the F0, duration and intensity pat-

terns of carriers and final syllables were conducted in order to

estimate the perceptual cues that were used by the listeners in

identifying intonation. Analysis of the complete sentence

stimuli was not included, as previous studies showed that lis-

teners used primarily cues at the final position of a sentence in

intonation identification (Lieberman, 1967; Gussenhoven and

Chen, 2000; House, 2003). For each carrier, the F0 of each

word was measured at nine evenly spaced time points from

the beginning to the end of the voiced segment of the word,

which was identified visually from a wide-band spectrogram

and an amplitude waveform display. The autocorrelation algo-

rithm of the PRAAT software (Boersma and Weenink, 2003)
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was used for the F0 estimates, with the pitch range set to

80–200 Hz for speaker M1, and to 150–400 Hz for speaker

F1. F0 values at the time points of 0%, 25%, 50%, 75%, and

100% of the voiced segment were used for subsequent analy-

sis, as our previous acoustic study showed that five measure-

ment points were sufficient for an accurate representation of

the F0 pattern within a syllable (Ma et al., 2006b). The aver-

age F0 value for each carrier was then obtained by calculating

the mean of the F0 values of the voiced segments of the four

words in the carrier. Additionally, the F0 maxima and minima

of each carrier stimuli were also measured using the “get max-

imum pitch” and “get minimum pitch” functions of the PRAAT

software. The F0 range of each carrier was then calculated as

the difference between the F0 maximum and minimum. The

total duration of the carrier was obtained by calculating the

difference in time between the 0% measurement point of the

first word and the 100% measurement point of the final word

of the carrier. The mean intensity value of each word in the

carrier was measured from the beginning to the end of

the voiced segment by using the “mean power” function of

the PRAAT software (Boersma and Weenink, 2003). The over-

all intensity level of the stimuli was not compared as the loud-

ness of the carriers was equalized before the experiment.

Instead, the intensity variation within each carrier was ana-

lyzed. First, it was empirically determined that 99% of the

carriers had the peak intensity level at one of the first three

syllables, and that 84% of the carriers had the minimum inten-

sity level at the fourth syllable (i.e., the last syllable in the car-

rier). Therefore, the ratio between the peak intensity level of

the carrier and the intensity level of the fourth syllable was

calculated for each carrier, in order to represent the amount of

intensity variation within the carrier.

For the final syllable, the average F0 value was calculated

by averaging the F0 values at the 0%, 25%, 50%, 75%, and

100% time points of the voiced segments as described above.

Additionally, as F0 changes within the final syllable are likely

to be affected by both the intended intonation and lexical tone

(Ma et al., 2006b), F0 interval and F0 slope measures were

included in order to represent the degree of F0 change. The

F0 interval was calculated as the semitone (ST) difference

between the 0% and the 100% time points (F0100%�F00%).

The F0 slope (ST/s) was estimated using the formula: F0

slope¼ 12/log 2� [(log F0100%� log F00%)/(time100%� time0%)]

(Peters and Pfitzinger, 2008). The duration of the voiced seg-

ment was measured by calculating the difference in time

between the 0 and 100% time points. The mean intensity of

the final syllable was not analyzed as the loudness level of

each syllable was equalized before the experiment. Although

an intensity ratio could have been calculated for final syllables

(for example, the ratio between the peak intensity level of the

carrier and the level of the final syllable) such ratios were not

analyzed because they were not representative of the stimuli

that were presented to the listeners in this condition.

III. RESULTS

A. Identification accuracy

Identification accuracy for each stimulus type was calcu-

lated as the percentage of responses identified as the intended

intonation, as a function of presentation condition (complete

sentence, carrier, and isolated final syllable), intonation

(question and statement), and lexical tone (tone 55, tone 25,

tone 33, tone 21, tone 23, and tone 22). For example, for

statements with tone 25 at the final position presented in

complete sentence condition, the intended intonation (state-

ment) was correctly identified in 378 out of 432 trials, result-

ing in an identification percentage of 87.50%. Average

identification accuracy data are displayed in Fig. 1. This fig-

ure shows that accuracy was lower for the carrier than for the

complete sentence and the final syllable conditions. Addition-

ally, these data also show that accuracy was overall lower for

questions than for statements.

B. Sensitivity and response bias in the perception of
statements and questions

The data reported in Fig. 1 suggest that statements were

perceived with higher identification accuracy than questions

for all presentation conditions, and particularly for the carrier

condition. However, the percentage of correct responses is

not an unbiased measure of the ability of listeners to identify

statements and questions. For example, a listener who indis-

criminately identifies all stimuli as “statements” would reach

ceiling performance for intended statements, and yet such a

strategy could hardly be considered as representing highly

accurate performance. In fact, it is possible that “statement”

is the default choice in intonation perception, and that listen-

ers would only identify a stimulus as “question” when there

is strong evidence (such as a final rise in F0) against the pres-

ence of a statement (Yuan, 2004b; Peters and Pfitzinger,

2008). For this reason, the responses were analyzed by using

the theoretical framework of signal detection theory (see

Macmillan and Creelman, 2005, for a review). Hits were

defined as the proportion of “statement” responses for

intended statements; false alarms were calculated as the pro-

portion of “statement” responses for intended questions.

Measures of sensitivity (d0) and response bias (c) were calcu-

lated from the proportion of hits and false alarms using for-

mulas for classification experiments with two stimuli and two

responses (Macmillan and Creelman, 2005). The mean d0 and

c values for each tone in each presentation condition are sum-

marized in Figs. 2 and 3, respectively.

FIG. 1. Mean percentages of correct identification for each presentation

condition and each tone.
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The measures of d0 and c were separately analyzed using

a two-way analysis of variance (ANOVA) with repeated

measures. For both analyses, the factors were the presentation

condition (complete sentence, carrier, and final syllable) and

the lexical tone (six contrastive Cantonese tones). Statistical

analysis on the measure of sensitivity (d0) showed significant

differences between the three presentation conditions,

F(2, 46)¼ 327.88, p< 0.001. Post-hoc analyses showed that

sensitivity was significantly lower for carriers (mean¼ 0.87)

than for both complete sentences (mean¼ 3.08) and final syl-

lables (mean¼ 2.88) [Tukey honestly significant difference

(HSD) tests, p< 0.001 for both comparisons]. Sensitivity was

also significantly different among tones [main effect of lexical

tone, F(5, 115)¼ 27.90, p< 0.001]. Post-hoc analysis showed

that d0 was higher for tone 33 (mean¼ 2.90) than for all other

tones (tone 55 mean¼ 1.93; tone 25 mean¼ 1.89; tone 21

mean¼ 2.27; tone 23 mean¼ 2.29; tone 22 mean¼ 2.38)

(Tukey HSD tests, p< 0.001 for all). Additionally, the d0 val-

ues for tones 55 and 25 were significantly lower than those of

the other four tones (Tukey HSD tests, p< 0.01 for all); no

significant difference was found between tones 55 and 25

(Tukey HSD test, p> 0.05). Analysis of the interaction effect

between presentation condition and lexical tone showed that

the effect of tones differed among presentation conditions,

F(10, 230)¼ 2.97, p< 0.001. Listeners showed similar sensi-

tivity in the perception of complete sentences and isolated

final syllables for all tones (Tukey HSD tests, p> 0.05 for all)

except tone 25. For this tone, sensitivity was higher for com-

plete sentences than for final syllables (Tukey HSD test,

p< 0.001). Carrier stimuli were perceived with lower sensitiv-

ity than complete sentences and final syllables, regardless of

tone (Tukey HSD tests, p< 0.001 for all). Values of d0 for all

carrier stimuli, except for those with tone 33, were lower than

1, indicating poor sensitivity in the carrier condition overall.

A two-way ANOVA for the measure of bias c showed a

significant main effect for presentation condition,

F(2, 46)¼ 7.60, p< 0.001. Post-hoc analysis showed that c

was significantly lower for the carrier condition (mean¼
�0.46) than for complete sentences (mean¼�0.26) and

final syllables (mean¼�0.20) (Tukey HSD tests, p< 0.005

for both comparisons). That is, listeners showed a larger

response bias toward the choice of statements for carrier

stimuli than for the other two presentation conditions. The

main effect of lexical tone showed a significant difference

among the six tones, F(5, 115)¼ 32.99, p< 0.001. Listeners

showed a significantly higher response bias toward

“statement” responses for tones 55 (mean¼�0.42), 21

(mean¼�0.51), 23 (mean¼�0.46), and 22 (mean¼�0.31)

than for tones 25 (mean¼�0.07) and 33 (mean¼�0.05)

(Tukey HSD tests, p< 0.001 for all). Additionally, a signifi-

cant difference in c was found between tones 21 and 22

(Tukey HSD test, p< 0.005). The interaction between presen-

tation condition and lexical tone was significant,

F(10, 230)¼ 24.06, p< 0.001. Post-hoc analysis showed a

similar bias for each tone between the complete sentence and

the final syllable conditions (Tukey HSD tests, p> 0.05 for

all). While no significant differences were found for tones 55,

33, and 22 between the carrier condition and the other two

presentation conditions (Tukey HSD tests, p> 0.05 for all),

significantly larger negative values of c were found for tones

25, 21, and 23 for carriers than for complete sentences or final

syllables (Tukey HSD tests, p< 0.05 for all). Overall, the neg-

ative values observed in most conditions (exceptions were the

complete sentences and the final syllables with tone 25, and

all stimuli with tone 33) supports the idea of a bias toward the

perception of statements.

C. Relationship between perceptual and acoustic
measures of intonation

1. The carrier

Four potential acoustic cues to the perception of questions

and statements were evaluated in the carrier stimuli: average

F0, F0 range, duration, and intensity ratio. Owing to the

FIG. 2. The mean measure of sensitivity (d0) with the standard error bars for

each of the six tones in the complete sentence, final syllable, and carrier

conditions.

FIG. 3. The mean measure of response bias (c) with the standard error bars

for each of the six tones in the complete sentence, final syllable, and carrier

conditions.
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difference in F0 range in male and female speakers, the meas-

urements of average F0 of speakers M1 and F1 were normal-

ized by subtracting the speaker’s average F0 from the F0

measurements in ST (Fant, 2004). The differences between

questions and statements were compared for each acoustic cue

using Wilcoxon matched-pair tests. The average normalized

F0 was significantly higher for questions [mean¼ 0.34 ST,

standard deviation (SD)¼ 0.65] than for statements

(mean¼�0.34 ST, SD¼ 0.50) (T¼ 79, p< 0.001). No statis-

tically significant difference was observed between the F0

range of questions (mean¼ 11.23, SD¼ 1.11) and statements

(mean¼ 10.79, SD¼ 1.29) (T¼ 240, p> 0.05). In terms of

duration, the carrier of statements (mean¼ 667, SD¼ 101.66)

had an average duration significantly longer than the duration

of the carriers of questions (mean¼ 623, SD¼ 83.95) (T ¼79,

p< 0.001). A significantly higher intensity ratio was found for

questions (mean¼ 0.95, SD ¼ 0.02) than for statements

(mean¼ 0.93, SD¼ 0.02) (T ¼ 122, p< 0.001).

The potential use of these acoustic variables in differentiat-

ing questions from statements was explored using logistic

regression analysis. All four variables (average F0, F0 range, in-

tensity, and duration) were included as the predictors of a

forward-stepwise logistic regression; the intended production

was the dependent variable. Table I summarizes the results of

the logistic regression analysis (v2¼ 30.40, df¼ 2, N ¼ 72,

p< 0.001). The prediction of the regression model showed that

questions and statements could be classified by the combination

of average F0 (v2¼ 12.56, p< 0.001) and intensity (v2¼ 6.62,

p< 0.05). The contribution of F0 range and duration to the clas-

sification of questions and statements was not significant in this

model (p> 0.05). The classification matrix of questions and

statements based on this model showed an overall classification

accuracy of 76%. The model accurately classified 72% of the

intended questions and 81% of the intended statements. The pre-

dicted accuracy of this model was higher than the identification

accuracy of the listeners (48% for questions and 79% for state-

ments), suggesting that the listeners were not able to make opti-

mal use of average F0 and intensity in the identification task.

In order to determine the role of the acoustic cues on the

perception of questions and statements, a second logistic

regression was conducted with the four acoustic variables as

the predictor and the “perceived identity” (question, state-

ment, or ambiguous) of each stimulus as the dependent vari-

able. The perceived identity of each token was determined by

using a binomial test (N¼ 72, p¼ 1=2, a¼ 0.05). The results

of a multinomial logistic regression analysis (v2 ¼ 81.56,

df¼ 2, N¼ 72, p< 0.001) showed that average F0 was a sig-

nificant predictor (v2¼ 8.93, p< 0.05). F0 range, intensity ra-

tio and duration were not significant predictors in this model

(p> 0.05). This model provided an accurate estimate of the

perceived identity of the stimuli, as it correctly classified

89% of the stimuli perceived as questions, and 98% of the

stimuli perceived as statements. However, this model cor-

rectly classified only 33% of the ambiguous stimuli.

As only average F0 was the significant predictor of the

perceptual data, an additional logistic model with the

intended intonation as dependent variable was calculated

with average F0 as the sole predictor. The logistic regression

model was statistically significant (v2¼ 22.88, df¼ 1,

N¼ 72, p< 0.001), and showed that average F0 was a signif-

icant predictor of the intended intonation (v2¼ 13.81,

p< 0.001). This model had an overall classification accuracy

of 74% (69% for questions and 78% for statements). The

predicted accuracy of this model was similar to the identifi-

cation accuracy of statements (79%) but was still higher

than the identification accuracy of questions (48%).

2. The final syllable

The perception of statements and questions for final syl-

lables was explored by examining four intonation cues: aver-

age F0, F0 slope, F0 interval, and duration. Figures 4(a)–4(d)

displays the F0 contour of the six Cantonese tones produced

by speakers M1 and F1 at the final position of intended state-

ments and questions. A rising F0 contour was found for all

tones at the final position of questions, while the canonical

forms were maintained at the final position of statements. A

Wilcoxon matched-pair test was used to compare each of the

intonation cues between questions and statements. A signifi-

cantly higher normalized average F0 was observed for final

syllables of questions (mean¼ 1.79 ST, SD¼ 2.29) than for

those occurring at the end of statements (mean¼�1.79 ST,

SD¼ 2.73) (T¼ 0, p< 0.001). For F0 interval, questions

(mean¼ 6.58 ST, SD¼ 3.14) showed larger positive interval

values (i.e., an increase in F0 from the beginning to the end

of the syllable) than statements (mean¼ 0.61 ST, SD ¼ 4.45)

for all tones (T¼ 9, p< 0.001). Of note, the F0 interval for

tones 25 (6.73 ST for speaker M1 and 6.90 ST for speaker

F1) and 23 (1.47 ST for speaker M1 and 3.50 ST for speaker

F1) produced in statements was within the range of the F0

interval of questions (ranging from 0.36 to 12.85 ST). A sig-

nificantly larger positive F0 slope was found for questions

(mean¼ 18.95 ST/s, SD¼ 8.89) than for statements

(mean¼ 0.39 ST/s, SD¼ 16.59) for all tones (T¼ 16,

p< 0.001). The slope of the two rising tones in statements

(tone 25¼ 22.87 ST/s for speaker M1 and 20.50 ST/s for

speaker F1; tone 23¼ 4.29 for speaker M1 and 11.36 ST/s

for speaker F1) was within the range of the F0 slope of the

final syllable in questions for all six tones (ranging from 1.48

to 38.55 ST/s). These results suggest that the perception of

TABLE I. The results of the logistic regression analysis in the carrier for questions and statements in

Cantonese.

Predictor b SE b Wald’s v2 df p eb

Constant �35.05 13.65 6.59 1 0.000 0.00

Average F0 2.23 0.63 12.56 1 0.010 9.26

Intensity 37.31 14.50 6.62 1 0.010 1.590E16
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questions and statements cannot be explained by reference to

a simple perceptual boundary along the F0 interval or F0

slope continua, independent of lexical tone.

An analysis of the average duration data showed that final

syllables produced in questions (mean¼ 340 ms, SD¼ 50)

had a longer duration than those produced in statements

(mean¼ 299 ms, SD¼ 65) (T¼ 91.5, p< 0.001). All six

tones produced by speaker M1, and four of the six tones

(tones 25, 33, 23, and 22) produced by speaker F1 had longer

syllable duration in questions (ranging from 6 to 86 ms) than

in statements, but speaker F1 produced longer syllable dura-

tion in statements for tones 55 (1 ms) and 21 (15 ms). Both

Lehiste (1970) and Bochner et al. (1988) reported a difference

limen of about 40 ms for a standard signal of about 300 ms. A

comparison of the duration of the final syllable within the 36

statement–question pairs (i.e., the same utterance produced

once as a statement and once as a question by the same

speaker) showed that 61% of these pairs differed by less than

the 40-ms difference limen. The final syllable of questions

was 46–263 ms longer than its counterpart in statements in

the remaining 39% statement–question pairs.

Logistic regression analysis was used to determine the

relationship between the acoustic variables of the final syllable

and the production of questions and statements in Cantonese.

Average F0, F0 interval, F0 slope, and duration were included

as the predictors in a forward-stepwise logistic regression.

Because 96% of the final syllables were accurately identified

as questions or statements (binomial test; N¼ 72, p¼ 1=2,

a¼ 0.05), the logistic regression model was calculated by

using the intended productions as the dependent variable, with

FIG. 4. Normalized F0 contour (in STs) for each lexical tone with standard error bars are displayed for (a) statements by speaker M1, (b) questions by speaker

M1, (c) statements by speaker F1, and (d) questions by speaker F1.
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statement coded as 0 and question as 1. The results of the

logistic regression analysis are summarized in Table II. The

regression model was statistically significant (v2¼ 61.49,

df¼ 2, N¼ 72, p< 0.001), and it predicted the classification of

questions and statements by the combination of F0 interval

(v2¼ 11.69, p< 0.005) and average F0 (v2¼ 10.61,

p< 0.005). F0 slope and duration did not make a statistically

significant contribution to the classification of questions and

statements in this model (p> 0.05). The exponential regres-

sion coefficients show that the odds of classifying an utterance

as a question increased by 2.36 times for each 1 ST increase in

average F0, and that the odds of “question” responses

increased by 1.98 times for each 1 ST increase in F0 interval.

The classification matrix of questions and statements based on

this model shows that the model’s overall classification accu-

racy was about 86%, and that 89% of intended questions and

83% of intended statements were classified correctly.

IV. DISCUSSION

A. Acoustic cues for the identification of intonation
questions and statements in final syllables

Overall, the results showed that listeners had equally high

sensitivity in the identification of statements and questions

when presented with complete sentences or with the isolated

final syllable of an utterance. However, sensitivity was signifi-

cantly reduced for carrier stimuli. These findings are in agree-

ment with those of Lieberman (1967) and Gussenhoven and

Chen (2000), who showed that listeners mostly rely on the per-

ception of the final syllable within a sentence for identification

of intonation questions. These results also support the hypothe-

sis that the perception of the intonation of questions in Canton-

ese is mainly based on the perception of local F0 changes.

The contribution of four acoustic variables (average F0,

F0 interval, F0 slope, and duration) at the final syllable to the

identification of statements and questions in Cantonese was

determined using logistic regression analysis. The resulting

model correctly classified about 86% of the stimuli, which was

close to the accuracy achieved by the listeners in the identifica-

tion task (91%). Nonetheless, this discrepancy indicates that

there is a remaining amount of variance in the listener’s

responses that cannot be accounted for by the variables meas-

ured in the present study. The results of the logistic regression

showed that the production of questions and statements could

be classified by the combination of F0 interval and average F0

of the final syllable, but not by F0 slope and duration. The

increased likelihood of question identification associated with

an increase in average F0 was not unexpected, as House (2003)

found that differences in F0 level could be used as a reliable

cue for the identification of questions. The relative significance

of the F0 interval as a perceptual cue for questions has also

been previously discussed. Peters and Pfitzinger (2008) sug-

gested that a constant change in F0 interval was important for

correct identification of questions. They suggested that an F0

interval larger than 2 ST could be used as a reliable cue to the

perception of intonation questions. Our findings are consistent

with this proposal, as we observed F0 intervals larger than 2

ST at the final syllable for 94% of the intonation questions.

F0 slope was not a significant predictor for the identifica-

tion of questions in this study. This result is consistent with

the findings of Peters and Pfitzinger (2008), who concluded

that F0 slope is not likely to be a reliable cue because its

effect is dependent on the duration of the voiced segments.

The use of F0 slope to describe the rate of F0 changes at the

final syllable in the present study was also complicated by

the fact that the F0 contour of Cantonese tones is not always

linear. For example, as shown in Figs. 4(b) and 4(d), the F0

contour of the low-falling tones begins with a slight dip fol-

lowed by rising F0 toward the end. An investigation of the F0

shape of the tone and the classification of questions and state-

ments might be interesting, as recent studies suggest that

intonation contrast is marked not only by a rising–falling F0

contour and by overall F0 level but also by the curvature of

the rising and falling F0 contours of the final syllable. In

investigating the expression of turn-yielding and turn-holding

communicative functions in German, Dombrowski and Nie-

buhr (2005) found that a convex F0 rise occurs at the phrase-

final position for turn-yielding questions, and that a concave

rise was associated with the communicative function of turn-

holding. Similar findings were observed in Estonian (Asu,

2006). Although the current study did not directly explore the

shape of the F0 contour at the final position of questions and

statement, a visual inspection of F0 patterns in Figs. 4(b) and

4(d) indicates that most of the final rises in questions were

associated with a concave shape. The lack of a clear associa-

tion between F0 shape and intonation in the data collected in

the present study might be related to the interaction between

the canonical F0 patterns of the Cantonese tones and intona-

tion. A more systematic investigation of this association in

lexical tone languages such as Cantonese might prove in-

formative about additional F0 cues that might enable speak-

ers to accurately perceive the intonation of questions.

Duration was not a significant predictor for the classifica-

tion of questions and statements in this study. This outcome

is consistent with the observation that the duration of the final

syllables of questions and statements was smaller than the

difference limen in 61% of the statement–question pairs,

although the statistical analysis showed that the duration of

the final syllable of questions was significantly longer than

that of statements. In a study of dysarthric speech in English,

Patel (2003) observed that, when the F0 contour of a sentence

was preserved, listeners were able to correctly identify

TABLE II. The results of the logistic regression analysis in the final syllable for questions and statements in

Cantonese.

Predictor b SE b Wald’s v2 df p eb

Constant �3.46 1.16 8.86 1 0.003 0.03

F0 interval 0.68 0.20 11.67 1 0.001 1.98

Average F0 0.86 0.26 10.61 1 0.001 2.36

1020 J. Acoust. Soc. Am., Vol. 129, No. 2, February 2011 Ma et al.: Cantonese questions and statements perception

Downloaded 29 Feb 2012 to 147.8.21.150. Redistribution subject to ASA license or copyright; see http://asadl.org/journals/doc/ASALIB-home/info/terms.jsp



sentence intonation even though the duration of the final syl-

lable in questions and statements was equalized. Her findings

support the idea that duration of the final syllable does not play

a major role in the identification of questions and statements.

However, it is possible that duration could act as secondary

cue when the primary F0-related cues are not available. For

example, by comparing the perception of questions in phonated

speech and whispered speech, Heeren and van Heuven (2009)

found that duration was a more important cue to question per-

ception in whispered speech than in phonated speech.

The results of the present study showed that, in the identi-

fication of intonation questions, listeners extract salient F0 fea-

tures from the F0 pattern of the final syllable, such as the

average F0 and the F0 interval. The possibility that different F0

cues could be extracted from a single F0 pattern provides an

explanation for how the listeners could cope with the co-exis-

tence of intonation and tone in tonal languages. Gandour and

Harshman (1978) and Gandour (1981) found that the canonical

F0 patterns of lexical tones in Cantonese are perceived accord-

ing to a number of perceptual dimensions (e.g., average pitch,

direction of F0 movement, length, F0 value at the end point,

and F0 slope). Gandour (1981) found that the F0 slope and

direction accounted for 74% of the correct tone identification

in Cantonese. Tone height also made a small but significant

contribution to tone identification. Using a discriminant analy-

sis, Khouw and Ciocca (2006) investigated the relative contri-

bution of five different cues (average F0, F0 change at 25%,

50%, 75%, and 100% of the vocalic segment) to the perception

of lexical tones. Their results generally agreed with those of

Gandour (1981) and highlighted the importance of the percep-

tual dimensions “direction of F0 changes” and “magnitude of

F0 changes” in Cantonese tone perception. They found that the

F0 change at the second half of the syllable accounted for

about 89% of the variance in distinguishing the high-rising

tone (tone 25), the low-rising tone (tone 23), the low-falling

tone (tone 21), and the three level tones (tones 55, 33, and 22).

The remaining 10% of the variance could be explained by the

average F0, which contrasted the six Cantonese tones as four

groups (tone 55; tones 25 and 33; tones 23 and 22; and tone

21). If F0 features are considered the basic units in the percep-

tion process, it is possible that different communicative func-

tions, such as intonation and lexical tone, can be

simultaneously perceived from the multi-layer information car-

ried by a single F0 pattern. To summarize, the results of previ-

ous studies on Cantonese lexical tones indicate that F0 change

and F0 direction are likely to be the most important cues to the

perception of lexical tones. The present study suggests that F0

interval might be the most reliable cue to the perception of

intonation questions. Average F0 cues appear to be involved in

the perception of both lexical tones and intonation questions.

Further studies on the simultaneous identification of question–

statement contrast and lexical tone are needed in order to

increase our understanding of the concurrent transmission of

communicative functions through F0-based cues.

B. Acoustic cues for the identification of intonation
questions and statements in carriers

Sensitivity was poor overall for carriers, compared with

complete sentences or with the isolated final syllables. Values

of the bias measure c showed that listeners were biased to-

ward the perception of statements in most of the conditions of

the present study. Additionally, this response bias was higher

in the carrier condition than in the complete sentence and the

isolated final syllable conditions. The larger bias in the per-

ception of carriers suggests that, in the absence of strong evi-

dence for the perception of interrogation (which is present in

the final syllable), listeners are biased toward the perception

of statements. This conclusion is consistent with previous pro-

posals which suggested that the perception of statement is the

default choice in intonation perception (Yuan, 2004b; Peters

and Pfitzinger, 2008), and that listeners only perceive a ques-

tion in the presence of clear evidence, such as a final rise in

F0 (Yuan and Shih, 2004; Peters and Pfitzinger, 2008).

Although the present results showed that F0 cues in final

syllable were most important for the identification of ques-

tions and statements, the question carrier with tone 33 was

perceived with moderately good sensitivity (d0 of about 1.5).

This finding suggests that listeners can use of intonation cues

in carriers for perceiving intonation questions, even though

such cues are not as important as those present in final sylla-

bles. Four parameters (average F0, F0 range, duration, and in-

tensity ratio) were used to explore the acoustic cues in the

carrier portion of question–statement identification. While

the predicted accuracy of statements (81%) was similar to the

identification accuracy in the carrier-only condition (79%),

the predicted accuracy for questions (72%) was higher than

the listeners’ identification accuracy (48%). The discrepancy

between the predicted accuracy and the identification accu-

racy suggested that some of the statistically significant predic-

tion might not have been perceptually salient to the listeners.

Using only average F0 as the predictor of the intended intona-

tion, a logistic regression model correctly predicted intended

statements with 78% accuracy and intended questions with

69% accuracy. This model outperformed the listeners’, indi-

cating that listeners were not able to make optimal use of av-

erage F0 information to identify questions and statements.

It was not surprising that carriers with a higher F0 level

were associated increase the likelihood of question responses.

This global F0 level cue to intonation marking has been pre-

viously reported for Mandarin by several investigators (Ho,

1977; Yuan, 2004a; Liu and Xu, 2005;). Both Ho (1977) and

Yuan (2004a) reported a higher intensity level for questions

than for statements. The contrast in overall intensity level

was not compared across carriers in the current study as the

loudness level of the carriers was equalized before the experi-

ment. The ratio of peak intensity level to the pre-final syllable

intensity level was used instead. A consistently higher inten-

sity ratio was observed for questions than for statements;

although the difference was small (0.02), this acoustic vari-

able made a significant contribution to the prediction of the

intended intonation. However, the regression model based on

perceived intonation showed that intensity ratio was not

likely to be employed by listeners in distinguishing the ques-

tion–statement contrast. Both F0 range and duration of the

carriers were not significant predictors of the identification of

questions. This may be related to the fact that the most prom-

inent F0 changes in the marking of intonation occur at the

final position. For duration, there was no conclusive evidence
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of durational contrast in the carriers of questions and state-

ments. In a previous study comparing the duration of the cor-

responding syllables in eight-syllable statements and

questions, Yuan (2004a) found that syllable duration differs

between the carrier portion of questions and statements in

Mandarin sentences. By contrast, by measuring the duration

of the duration of each syllable nuclear of the five-syllable

stimuli, Ho (1977) argued that the most prominent duration

contrast between Mandarin questions and statements was at

the final portion of a sentence but not in the carrier.

C. The perception of intonation questions and
statements as a function of lexical tone

In the present study, listeners were most accurate in dis-

tinguishing statements and questions for sentences containing

tone 33 at the final position; sentences containing tones 55

and 25 were least accurately distinguished. The ability of the

listeners to identify statements and intonation questions can

be explained by examining the F0 patterns of tones in

intended questions and statements. First, all tones at the final

syllable of questions have a rising F0 contour regardless of

their canonical form—see Figs. 4(b) and 4(d). A rising F0

contour provides a perceptual cue for listeners in differentiat-

ing statements from questions, as questions are associated

with a high F0 peak (Remijsen and van Heuven, 1999; Gus-

senhoven and Chen, 2000; House, 2003; Schneider and Lint-

fert, 2003; Kohler, 2004), or with a difference of about 2 ST

or more in the F0 interval between the onset and the offset of

the final syllable (Peters and Pfitzinger, 2008; see also present

results). However, the resemblance of the F0 contours of all

tones at the final syllable of questions to the canonical F0 con-

tour of the two rising tones (tones 25 and 23) could lead to

perceptual confusions. There is evidence that such a confusion

occurred in the present study, since tone 25 had overall lower

sensitivity than all other tones, except tone 55. The low sensi-

tivity for tone 25 can be explained by the fact that, by examin-

ing the identification accuracy in the complete sentence

condition, 12.5% of the intended statements with tone 25 as

the final syllable were perceived as questions. That is, the lis-

teners confused the rising F0 contour of tone 25 with the final

rise in questions. Interestingly, the rising F0 contour of tone

23 at the final position of intended statements was not con-

fused with the rising intonation contour of questions. Instead,

tone 23 generated similar d0 values to those of other tones of a

similar onset F0 level (tones 21 and 22). As the main differ-

ence between the two rising tones is the extent of the F0 rise,

these results suggest that listeners do not perceive all senten-

ces ending with a rising F0 as questions. Instead, listeners are

able to exploit seemingly subtle differences in F0 characteris-

tics in order to distinguish between intonation questions and

statements. The reason for the relatively low sensitivity of

stimuli containing tone 55 is likely due to the small difference

in F0 contour between intended questions and statements for

this tone, especially for stimuli produced by speaker M1

[Figs. 4(a) and (b)]. Specifically, two questions containing

tone 55 produced by M1 in the complete sentence condition

were identified with only 31 and 58% accuracy, while the

third question containing tone 55 produced by speaker M1

was identified with 79% accuracy. In contrast, all questions

containing tone 55 produced by speaker F1 were perceived

with 97–100% accuracy. It is unclear why these tone 55 utter-

ances were perceived with such low accuracy, given that the

first author (a native speaker with extensive training in pho-

netic transcription) did not find these stimuli ambiguous. It is

possible that the elicitation procedure employed in this study

encouraged some speakers to simply repeat the elicitation sen-

tence produced by the first author during the simulated dia-

logs. However, the presence of two atypical utterances is

unlikely to affect the validity of the present findings, since all

other utterances used in this study were accurately identified

as the intended sentence type.

Previous reports on the effect of lexical tone on the per-

ception of intonation in Mandarin suggested that the perception

of statements was not affected by the identity of the tone at

the final position (Yuan, 2004a,b; Yuan and Shih, 2004). The

evidence from the current study shows that, in Cantonese,

measures of sensitivity (d0) and response bias (c) were

affected by the identity of lexical tones. Similarly, Yuan

(2004a,b) and Yuan and Shih (2004) found that Mandarin

questions ending with the falling tone were easier to identify

than those ending with the rising tone. Yuan (2004a)

hypothesized that this difference is due to the fact that the F0

contour of the falling tone at the final position is flattened by

a tone-dependent mechanism, making the F0 contour contras-

tive for intonation identification. In Cantonese, a rising F0

contour was observed for all six tones at the final position of

questions. Listeners might have simply perceived all rising

F0 contours in questions as rising tones within a statement,

but they did not. Rather, Cantonese listeners must have been

able to pay attention to F0 characteristics such as F0 interval

and average F0 in order to perceive intonation questions and

statements across the various tonal contexts.

VI. CONCLUSION

In summary, this study explored the question–statement

contrast in a tonal language, Cantonese, using both acoustic

and perceptual analyses. The results showed that the F0 pat-

terns at the final syllable played the most significant role in

the identification of questions, and the distinction between

intonation and lexical tone could be associated with different

perceptual dimensions. While the average F0 appears to be

involved in both the perception of intonation questions and

tone identification, the F0 interval of the final syllable was

found to be a significant predictor for question identification.

Previous studies found that the perception of tones relies pri-

marily on the F0 changes that occur in the second half of the

syllable. The outcomes of the perception experiment showed

that the perception of intonation questions is affected by lexi-

cal tones, and that listeners have a general bias toward the per-

ception of statements. This study contributes to the ongoing

debate regarding potential conflicts between tone and intona-

tion in lexical tone languages, by identifying differential per-

ceptual cues that may be used by listeners in disambiguating

overlapping F0 patterns. The present findings also demon-

strated that the cues that are employed for the perception of

intonation questions may differ among different lexical tone

1022 J. Acoust. Soc. Am., Vol. 129, No. 2, February 2011 Ma et al.: Cantonese questions and statements perception

Downloaded 29 Feb 2012 to 147.8.21.150. Redistribution subject to ASA license or copyright; see http://asadl.org/journals/doc/ASALIB-home/info/terms.jsp



languages, due to the differences in the number and type of

F0 patterns that characterize the specific lexical tone systems.
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