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Abstract
This study aimed at identifying acoustic cues in
intonation perception in Cantonese. Carriers and final
syllables contrasting in intonation were selected from a
previous study in which listeners identified the stimuli as
either questions or statements. Acoustic analyses were
used to determine the F0, duration and intensity variation
of the carriers and the F0 and duration contrasts of the
final syllables. Results showed that carriers consistently
identified as questions or statements contrasted in F0
patterns but not in duration or intensity variations.
Carriers perceived as questions with above-chance-level
accuracy had a higher average F0 level than the other
stimuli.  At the final position of an utterance, differences
were found in both F0 contour and level. The final
syllables of questions showed a rising F0 contour,
regardless of the original tone and a higher F0 level than
their counterparts in statements. These findings are
discussed in the context of ‘biological codes’.
Index Terms: intonation perception, F0, duration,
intensity, Cantonese

1. Introduction
Intonation is a universal feature shared by languages of
different origins.  It plays an important role in conveying
both linguistic and paralinguistic meanings in
communication.  Although the final rise in fundamental
frequency (F0) is generally regarded as a significant cue
for the identification of questions across languages [1, 2],
a few other concomitant cues, such as pitch range [3], F0
level [2] and pre-focal pause [2] have been discussed as
cues for the identification of questions.  Listeners have
been shown to substitute one perceptual cue with another
cue that is indirectly related to it; for example,
substituting a high F0 peak by a delayed peak [4].  It i s
possible that cues other than final rise in F0 are used to
mark the question-statement contrast in tone languages, as
the F0 contour at the final position is used to carry
information on both intonation and lexical tone.  As a
result, the objective of the present study was to investigate
the perceptual cues exploited for intonation identification
in Cantonese, by comparing acoustic correlates with the
identification of intonation.

In our previous study on intonation perception in
Cantonese [5], the significance of perceptual cues in the
final versus non-final portions of a sentence was studied.
Stimuli contrasting in intonation (questions and
statements consisting of the same monosyllabic words)
were presented in three conditions: ‘complete sentence’,
‘final-syllable-only’ (i.e., only the last word in the
sentence) and ‘carrier-only’ (i.e., sentence without the final
word).  The results showed that listeners were able to
identify the intonation of the stimuli when only the final
syllable was presented as accurately as in the complete
sentence condition. However, although listeners performed

significantly poorer in the carrier-only condition, some of
the question carriers were accurately identified at above-
chance-level.  This finding is particularly intriguing
because of the absence of an obvious final rise in F0 in the
carrier, which would normally take place in the (missing)
final word.  Yuan [6] suggested that the perception of a
statement is a default choice in intonation perception, and
that listeners will only perceive a stimulus as a question
when there is enough evidence in the form of intonation
markings (e.g., final rise in F0).  The above-chance-level
perception of question carriers suggested the presence of
perceptual cues in the non-final portion of the sentence for
the marking of question intonation.

Previous acoustic analyses have provided evidence
that F0, duration and intensity contrasts between
questions and statements can be found in both final and
non-final portions of sentences.  As shown in the results of
previous studies in Cantonese [7, 8] and Mandarin [6, 9],
questions have a higher F0 level than statements across
the entire utterance.  Yuan [6] also reported that syllables
in questions had shorter duration than those in statements,
except at the final position where syllable duration was
longer in questions.  On the other hand, although longer
syllable duration was also observed at the final position of
questions, Ho [9] found that syllables in the non-final
sentence position had similar duration in both questions
and statements.  A higher intensity level was reported for
questions when compared with statements in both the non-
final and in the final portions of the sentences [6, 9].  As a
result, the acoustic contrasts in F0, duration and intensity
in both the carriers and the final syllable were explored.

2. Method

2.1. Speech materials

The speech materials used in this experiment were the same
as those reported in Ma and colleagues [5].  Stimuli were
collected from two native Cantonese speakers, one male
(M1) and one female (F1).  A carrier phrase with tonal
contrast embedded at the final position was used (/lei55

k33 tsi22 hi22      X     / ‘This word is      X     ’).  This sentence could be
produced as either a question or a statement.  Three sets of
words, derived from the roots /si/, /ji/ and /ju/ were
embedded at the final position.  Each set consisted of six
words that contrasted only in tone [high-level (55), high-
rising (25), mid-level (33), low-falling (21), low-rising
(23) and low-level (22)].  With two intonations and 18
words, a total of 36 stimuli were collected from each
speaker.   

In our previous experiment [5], an intonation
identification task was carried out with 12 native
Cantonese speakers.  These stimuli were presented in three
presentation conditions: ‘complete sentence’ (CS), ‘final-
syllable-only’ (FS) and ‘carrier-only’ (CO).  The
identification accuracy for each of the 36 stimuli across
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the 12 listeners was compiled separately for each
presentation condition, and was then compared with the
calculated chance level using a binomial test (N = 36, p =
1/2, α = 0.05).  This was to show whether each stimulus
was identified with (a) above-chance-level accuracy (63%
or above); (b) below-chance-level accuracy (36% or
below); or, (c) at-chance-level accuracy (37% to 62%).
Stimuli were classified into three groups according to the
identification accuracy: (i) stimuli consistently identified
as questions, which comprised questions identified with
above-chance-level accuracy (Qa) and statements with
below-chance-level accuracy (Sb); (ii) stimuli consistently
identified as statements, which consisted of statements
identified with above-chance-level accuracy (Sa) and
questions with below-chance-level accuracy (Qb); and (iii)
stimuli equally likely to be identified as either a question
or a statement, which included statements identified at-
chance-level (Sc) and questions identified at-chance-level
(Qc).  The percentage of stimuli identified at different
chance levels in each presentation condition i s
summarized in Table 1.

Table 1. Percentage of questions and statements
perceived with above, below and at chance level.

Presentation Condition
Stimuli CS FS CO

Statement
Sa 100 94.44 80.56
Sb 0 0 2.78
Sc 0 5.56 16.67

Question
Qa 97.22 94.44 44.44
Qb 0 0 13.89
Qc 2.78 5.56 41.67

Note. CS = complete sentence, FS = final-syllable-only, CO
= carrier-only

2.2. Acoustic analysis

Acoustic analyses of the F0, duration and intensity of the
carrier and the final syllable were conducted in order to
evaluate the perceptual cues that might have been
exploited by the listeners in identifying the intonation.
For the 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.  An autocorrelation
algorithm of the Praat software [10] was used for the
estimate.  F0 values at the time points of 0%, 25%, 50%,
75% and 100% of the voiced segment were used for
subsequent analysis. The average F0 value for each carrier
was then obtained by calculating the mean of the F0 values
of the four words in the carrier.  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 an averaging method using the
algorithm in the Praat software [10].  The overall intensity
level of the stimuli was not compared as the loudness of
the carriers was equalized before the perceptual
experiment.  Instead, the intensity variation within each
carrier was analyzed.  It was determined that 99% of the
carriers had the peak intensity level at one of the first three
syllables and 84% of the carriers had the minimum
intensity level at the fourth syllable (i.e., the last syllable
in the carrier).  Therefore, the ratio of the peak intensity
level of the carrier to the intensity level of the fourth
syllable was calculated for each carrier 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 nine measurements
obtained by an autocorrelation algorithm of the Praat
software [10].  Duration of the vowel was measured by
calculating the difference in time between the 0% and
100% time points.  The average intensity of the final
syllable was not compared as the loudness level of each
syllable was equalized before the perceptual experiment.

3. Results

3.1. The carrier

As described earlier, by comparing the identification
accuracy of each stimulus to the calculated chance level,
the stimuli were classified into three groups: (i) stimuli
consistently identified as questions (Qa and Sb); (ii)
stimuli consistently identified as statements (Sa and Qb);
and, (iii) stimuli equally likely to be identified as either a
question or a statement (Sc and Qc).  The acoustic measures
in the carrier were analyzed according to these three
groups, using the identification accuracy in the carrier-
only condition.  The average F0 value, duration and the
intensity variation ratio for the carriers for the three
groups are displayed separately for speakers M1 and F1
(owing to differences in F0 range) in Table 2.  The missing
values in the table for statements identified at below-
chance-level (Sb) for speaker F1 are due to the fact that all
statement carriers produced by speaker F1 were identified
either above- or at-chance-level accuracy.  The acoustic
measures between different intonation identities were
compared using descriptive statistics, as there were
different numbers of stimuli categorized within each
group.  

In terms of the average F0 value, carriers consistently
identified as questions (Qa and Sb) showed the highest
average   F0   value  for  both  speaker  M1  and  F1.    These

Table 2. Average F0, duration and intensity ratio of carriers with different intonation identity.

Average F0 (Hz) Total Duration (ms) Intensity RatioIntonation
identity M1 F1 M1 F1 M1 F1

Qa 134.66 259.81 528 694 0.94 0.96
Sb 135.44 -- 560 -- 0.87 --

Sa 126.26 236.88 586 758 0.93 0.97
Qb 126.64 244.82 571 706 0.93 0.96

Sc 130.38 249.03 561 719 0.95 0.98
Qc 130.27 249.50 527 690 0.95 0.97
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carriers had an average F0 value 4 Hz to 10 Hz higher than
those equally likely to be identified as questions or
statements (Sc and Qc), while carriers consistently
identified as statements (Sa and Qb) had the lowest average
F0 value among all stimuli.  The difference between
carriers consistently identified as statements (Sa and Qb)
and carriers equally likely to be identified as questions or
statements (Sc and Qc) ranged from 4 Hz to 13 Hz.

The average duration of the carrier ranged from 527 ms
to 586 ms for speaker M1 and from 690 ms to 758 ms for
speaker F1.  There was no clear pattern of duration
difference across stimuli of different intonation identities.
For example, in comparing the duration between carriers
consistently identified as statements (Sa and Qb) and
question carriers identified above chance (Qa), a perceived
duration contrast was observed between Sa and Qa (58 ms)
and Qb and Qa (43 ms) for speaker M1.  However, for
speaker F1, the same perceived duration contrast between
carriers of different identities was found between Sa and Qa
(64 ms) but not between Qb and Qa (12 ms).

For intensity, similar mean intensity ratios were
observed within each speaker for all carriers identified
above, at or below-chance-level accuracy.  However, for
speaker M1, the peak intensity level of the carrier to the
pre-final syllable intensity level ratio for Sb was only
0.87.  It should be noted that this ratio was obtained from
only one stimulus, as only one statement carrier by
speaker M1 was identified below-chance-level. Overall, the
differences in intensity between the peak and the pre-final
syllable averaged about 1 dB for speaker M1 and 3 dB for
speaker F1.

3.2. The final syllable

Table 3 summarizes the average F0 and duration of the
final syllable of questions and statements produced by
speaker M1 and F1.  For average F0 value, all targets at the
final position of questions showed a higher average F0
value than within statements.  The F0 contour of the six
tones at the final position of questions and statements was
compared individually.  As reported in Ma and colleagues
[8], 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 for both
speakers.  The F0 contour of the final syllable of speaker
F1 is displayed in Figure 1.

In terms of duration, syllables at the final position
of questions showed a longer syllable duration (330 ms
and 344 ms) than their counterparts in statements (279 ms
and 311 ms).  However, when the duration of each final
syllable pair was compared across intonations, the
duration contrast for some pairs could be as short as 3 ms.
This difference in duration between intonations may not
have been perceived by the listeners, as the difference in
duration between some tone pairs in questions and
statements was smaller than the difference limens in
duration perception [11, 12].  

Table 3. Average F0 and duration of the final
syllables of questions and statements

Average F0 (Hz) Total
Duration (ms)

M1 F1 M1 F1
Questions 122.95 269.73 330 344
Statements 106.31 202.85 279 311

4. Discussion
The aim of this study was to determine the acoustic cues
associated with the perception of statements and questions
in Cantonese.  A previous study had indicated that the
acoustic cues in both the carrier and the final syllable may
be exploited by listeners in intonation identification [5].
Three acoustic cues at the final position were investigated
in this study for the distinction between statements and
questions: the F0 level, the F0 contour and the duration.
The significance of these three acoustic cues in marking
the question-statement contrast can be explained by the
biological codes proposed by Ohala [13, 14] and
elaborated by Gussenhoven [4].  According to the
proposal, intonation meanings are related to the non-
linguistic and innate knowledge of humans.  Using the
frequency code, lower pitch voice is interpreted as more
authoritative and higher pitch voice is more submissive.
Linguistically, utterances with high F0 level are associated
with the intention of questioning and appealing, while a
low F0 level is related to assertiveness.  Production code
associates higher pitch at the start of a sentence with a new
topic and a lower start for continuation.  According to the
production code, the rising F0 contour at the final
position is used to mark continuation, which i s
characterized as an initiative to invite the communication
partner to answer the question.  The prolonged duration at
the final syllable is viewed as a hint for the high peak at
the end of the utterance, as a high F0 peak takes longer
time to achieve than a low F0 peak [4].  The increased
syllable duration could substitute for the high F0 peak
feature of the frequency code, which is associated with
questions [4].
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Figure 1. The F0 contour of the final syllable of
questions and statements (speaker F1).

Although all three acoustic correlates could be used
in perception to signal questions, the relative significance
of each of the three cues in the perception of intonation
might differ as not all acoustic changes are necessarily
exploited by listeners in perception.  The relative
significance of final rise in F0 as a perceptual cue for
questions has been previously discussed [1, 2, 15].
Lieberman [15] stressed that questions and statements can
be reliably distinguished based on the rising F0 contour
of the final 150 to 200 ms of a sentence.  House [2] found
that the difference in F0 level could be used as a
supplementary cue for the identification of questions.
However, the role of duration of the final syllable on
perception of intonation has been less explored.  In the
present study, although tones at the final position of
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questions generally had a longer syllable duration than
their counterparts in statements, a detectable duration
contrast was not consistently observed between all final
syllables pairs.  Hence, it is unlikely that duration contrast
was used as a reliable cue in the identification of
intonation in Cantonese.  In a study of dysarthric speech
in English, Patel [16] observed that, when the F0 contour
of a sentence was preserved, listeners were able to correctly
identify sentence intonation even though the duration of
the final syllable in questions and statements was
equalized.  Her findings support that duration has a less
significant role in the identification of intonation.
    In the carrier portion of the utterance, the differences
between carriers consistently identified as questions (Qa
and Sb) or statements (Sa and Qb), and those equally likely
to be identified as questions or statements (Sc and Qc)
contrasted mainly by the F0 pattern, but not by differences
in duration or intensity ratio.  For both speakers, carriers
perceived as questions (Qa and Sb) had a higher overall F0
level than those consistently perceived as statements (Sa
and Qb) and than those equally likely to be perceived as
questions or statements (Sc and Qc); those consistently
perceived as statements had the lowest overall F0 level.
This is in agreement with the frequency code which
suggested that a high F0 level is associated with questions
[4].  The analysis of duration showed that similar duration
was observed for carriers of different intonation identities,
and there was a perceivable difference in duration between
carriers of the same intonation identity.  In Mandarin
studies, although Yuan [6] reported different syllable
duration for questions and statements in the non-final
portion of a sentence, Ho [9] pointed out that the most
prominent duration contrast between questions and
statements was at the final portion of a sentence.  Hence,
duration contrast in the carriers is unlikely to be a
contributing factor for intonation identification.  Both Ho
[9] and Yuan [6] 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 experiment.  The ratio of peak
intensity level to the pre-final syllable intensity level was
used instead.  The results revealed a similar intensity ratio
for carriers with different perceptual accuracy, suggesting
that intensity difference was not likely to be exploited by
the listeners in identifying the intonation of the carriers.

5. Conclusion
The results of the present study showed distinctive
contrasts in both F0 level and F0 contour at the final
syllable between questions and statements, which are the
primary markings for question-statement contrast.  The F0
level of the final syllable in questions was higher than in
statements, with a rising F0 contour towards the end of the
questions.  One intriguing finding is that the F0 level of
the carriers may also be used by the listeners in intonation
identification. Carriers consistently identified as
questions (i.e., Qa and Sb) showed a higher average F0
level than those consistently identified as statements (i.e.,
Sa and Qb).  However, based on the identification accuracy
for the ‘carrier-only condition’ [5], it is unlikely that the
contrast in F0 level in the carrier can be reliably used for
intonation identification; rather, it may be exploited as an
additional cue in the question-statement contrasts.
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