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Abstract

We report results of a speech production experiment about the
prosody of wh-indeterminates and three types of sentences in
Hong Kong Cantonese, and discuss our results in relation to the
characteristics of focus prosody and the prosodic-syntactic
effects on sentence final particles (SFPs). Wh-indeterminates
refer to wh-phrases that are ambiguous between interrogative
and indefinite readings. Chinese languages do not
morphologically differentiate the meanings of wh-
indeterminates, but they can be differentiated in some types of
sentences marked by SFPs. In this study, we used statements as
the baseline to systematically study the sentential prosody of
wh- and yes/no questions as well as the constituent prosody
expressed by wh-indeterminates therein. The results show that
wh- and yes/no questions were distinguished from statements
by the prosody of SFPs, and that the two readings of wh-
indeterminates were distinguished in the regions of wh-phrases.
We also found that wh-phrases and SFPs together formed a
specific duration pattern that distinguishes questions from
statements. Our results suggest that the speech prosodic
organization considers and interacts with syntax-semantics.

Index Terms: wh-indeterminates, sentence final particles,
focus prosody, syntax, Cantonese

1. Introduction

In this study, we examined the prosodic characteristics of a
special lexical category — wh-indeterminates — which refers to
wh-phrases that are ambiguous between interrogative and
indefinite readings ( [1] [2] [3]). For example, a wh-phrase in
Cantonese like matje ‘what’ can be interpreted as a wh-
interrogative ‘what’ in a wh-question (e.g., (l1a)), or as an
indefinite ‘something’ in a yes/no question (e.g., (1b)) or a
statement (e.g., (1c)), although speakers often tend to use a
reduced form (mat/me or je) in expressing the indefinite
meaning ‘something/anything’ to avoid ambiguity.

(1) a.Zoengsaam maai-zo matje  aa?

Zoengsaam  buy-ASP  what WH-PARTICLE
‘What did Zoengsaam buy?’
. Zoengsaam  maai-zo matje

Zoengsaam buy-Asp  what
‘Did Zoengsaam buy something?’

c. Zoengsaam maai-zo (mat)je (gw)aa.
Zoengsaam  buy-ASP  what S-PARTICLE
‘Zoengsaam probably bought something.’

Concerning Chinese languages, previous studies have
identified that the occurrence of sentence final particles
(henceforth SFPs) specifies the sentence types [4] [5] and
functions and SFP is one of the contexts that licenses the
indefinite reading of wh-phrases ( [2] [3]). Therefore, Chinese
wh-indeterminates not only are lexically ambiguous but are also

aa?
Y/N-PARTICLE
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relevant to structural ambiguity [3] (cf. [6] for Mandarin), since
SFPs are not obligatory, and sentence types and information
structure are not often prosodically specified in Cantonese (e.g.,
[7]). Some phonology-syntax studies proposed that sentences
are not necessarily distinguished by acoustic prominence, since
Chinese languages use lexical tones and clausal types are
already expressed by syntax [8] [9], while some studies
reported that wh-questions generally had higher FO contours
than that of statements [10] [11].

Crosslinguistically, some studies have reported that wh-
indeterminates while functioning as wh-interrogatives manifest
more acoustic prominence than wh-indefinites in languages
such as Korean [12], Japanese [13] [14] [15], and German [16].
Different results were reported for wh-indeterminates in
Mandarin Chinese. Hu [17] reported that Mandarin speakers
expressed wh-interrogatives acoustically different from wh-
indefinites, and the verb phrase of a sentence showed higher
mean FO in yes/no questions. In this study, only descriptive
statistics were reported for mean F0, duration and amplitude
(with SD), and some inter-participant differences were found.
For Taiwan Mandarin (henceforth TwM), Shyu and Tung [18]
reported two main findings; first, they reported some
differences between wh-interrogatives and indefinites based on
eight tokens (from a speech corpus [19]), but the syntactic and
the phonetic contexts where these tokens occurred were
different. Second, their own production study showed that
participants did not acoustically disambiguate wh-
interrogatives from indefinites. However, since all participants
in their second study responded to the same two items for one
context, it is difficult to draw a general conclusion for TwM.
Hsu and Xu [6] reported that wh-interrogatives in TwM are
acoustically distinguished from indefinites, in which wh-
interrogatives’ prosody is partially similar to what has been
reported about focus prosody in Mandarin varieties ( [20] [21]
[22][23] [24]), due mostly to the co-occurrence of the SFPs. In
particular, [6] showed that wh-phrases and the SFPs form
specific patterns that differentiate statements from questions.

To the best of our knowledge, no study has investigated
whether prosody is used to differentiate wh-interrogatives from
indefinites in Cantonese, and most prior studies about
Cantonese focus prosody used experimental items without
SEPs. Prior studies about Chinese focus prosody have examined
the acoustic prominence on the answer to a wh-question
(without SFP in the experimental items) (e.g., [21] [22]); few
studies are about the wh-phrases themselves that induce focus
interpretations [25] [6]. Moreover, while different acoustic
devices are used to express focus, it has been consistently
reported for Chinese languages that focus units show on-focus
FO rising and lengthening [22] [23] [24].

The phenomenon of wh-indetermintates provides us a new
context to systematically examine linguistic theoretical
proposals and experimental acoustic findings, and to explore
whether sentential prosodic organization interacts with focus
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marking in this new syntactic context (cf. [24]). Therefore, we
used a speech production experiment to study whether and how
native speakers of Hong Kong Cantonese (HKC) prosodically
differentiate wh-interrogative from the indefinite readings of
wh-phrases, and whether and how HKC speakers prosodically
distinguish focus units and sentence types.

2. Method

2.1. Stimuli

We examined the prosody of wh-questions and yes/no questions
containing a wh-indeterminate by using statements as the
baseline, as shown in Table 1. Target wh-questions and
statements were with 8-9 syllables in the same tonal format, i.e.,
a monosyllabic subject pronoun in Tone5 (i.e., ¥R nei5 ‘you’
and 3 ngo5 ‘T°) followed by a disyllabic modal auxiliary 7] PA
ho2yi5 ‘can’, and a disyllabic helping verb #F bonglsau2
‘help’. Next, the main verb immediately before the target wh-
phrase was a Tone3 monosyllabic verb (e.g., #{ gaau3 ‘teach’,
and f& je3 ‘borrow’). The tonal environment of yes/no
questions’ is identical to that of wh-questions and statements,
except that the auxiliary was formed in the A-not-A form (7] I&
] LA ho2-m4-ho2-yi5). These choices were made due to our
three Cantonese consultants’ suggestions and due to the lexicon
limitation of the verbs while we considered the need of having
enough parallel stimuli across sentence types and maintaining
the same tonal contexts that hosted the wh-indeterminates.
Right after the main verb was the wh-indeterminate target and
it was immediately followed by a Tone3 monosyllabic SFP
(i.e., aa3 for questions, and gwaa3 for statements).

Table 1: Examples of target sentences with ‘what’.

Format of Target Sentences

Sentence TS T2-TS TI-T2 T3 Wh T3
Types subj ‘can’  ‘help” V SFP
wio % WU T H bW WP

‘What can you help to teach?’

YesmoQ _ VK FIF . WM W
‘Can you help to teach something?’

Statement # AT e BT o I o

‘I probably can help to teach something.’

Four wh-phrases of different lengths were used (one
monosyllabic mel ‘what’, and three disyllabic wh-phrases:
matlye5 ‘what’, binldou6 ‘where’, and binlgo3 ‘who/which
one’) to construct each of the three types of sentences by using
five versions of Tone3 verbs. In total, 60 target sentences (3
sentence types x 4 wh-phrases x 5 verbs) and 40 filler sentences
(in different structure with no SPFs) were used in an
experimental session. As shown in (2)-(4), each target trial
consisted of a pre-recorded leading context (A) (18 character
long), and a target sentence (B) that participants used to
respond. The leading contexts were pre-recorded by a female
speaker of Cantonese born and raised in-Hong Kong.

(2) Wh-Q
A WefERIK R 5 LL R 2 SRESAAH, 407 #RHR .

‘Is this an advertising competition? I know photography

and filming.’
B: /0] LA F4H-LWFIT 2 What can you help to film?’

377

(3) Yes/noQ
A: (Same leading context as the one in the wh-question)
B: VRATHE AT LLE FHIMIF 2 <Can you film something?’
(4) Statement
Ar TEAAREMR W, A IS8 W LU R T2
‘I plan to make some videos. Is there anyone who can help?’
B: FAT LR A
‘I probably can help [you] to film something.’

2.2. Participants

10 female native Cantonese speakers born and raised in Hong
Kong (mean age 21.2 (+ 1.03 SD) years), who were university
students, joined our study. None reported any reading-hearing
problems. Participant were paid HK$50 after the experiment.

2.3. Procedure

Each participant first signed an informed consent form and
filled out a background questionnaire. The experiment was
conducted in Hong Kong in a sound-attenuated speech lab with
a Focusrite Scarlett 2i2 sound interface, and a Telefunken M-
80 dynamic microphone that was calibrated to measure
intensity. Each participant was seated in front of a computer
screen and wore headphones. Stimuli were presented one at a
time (self-paced) on the screen. The order of trials was pseudo-
randomized, so that no similar target item occurred immediately
adjacent. Participants were asked to listen to the leading
context, and then read the target sentence aloud as casually and
naturally as possible. No instructions were given regarding
focus or emphasis. Participants produced each sentence twice,
and additional repetitions were only allowed in cases of
mispronunciation or hesitation. Their speech was recorded in
the .wav format at a sampling rate of 44.1 kHz with 16-bit
quantization. Three practice trials were before the main trials.
Each experiment lasted about 25 to 30 minutes.

2.4. Acoustic measurements

The acoustic measurements were generated by ProsodyPro
5.7.6 [26] for duration, intensity, and time normalized
fundamental frequency (F0). Syllable boundaries were
determined by using both visual (the waveform and
spectrogram) and auditory information. The vocal pulses were
manually checked and corrected when there were creaky voice
and pitch halving or doubling. Linear Mixed Effects models
were conducted on the duration and the intensity of SFPs and
each syllable of wh-phrases in all items using the Ime4 package
[27] in R [28]. The model first included random intercepts for
item and speaker and also by-speaker, by-item, by-speaker-
item-interaction random slopes for the sentence type
(statement, wh- and yes/no questions). Sentence type was then
added as a potential fixed effect. The significance of the main
effect was evaluated by likelihood ratio tests.

FO was time-normalized across tokens by dividing each
syllable into 10 intervals equal in time and the trimmed FO
values were calculated. To observe the FO realization during
production, the speed of fundamental frequency shift, i.e., FO
velocity (in semitone/s) was also measured. The graphical
analysis of FO and FO velocity were performed by Smoothing
Spline ANOVA (SS-ANOVA) [29]. When the Bayesian 95%
confidence intervals indicated by transparent ribbons around
the means do not overlap, the FO curves are significantly
different from each other. Only the FO (velocity) curves of
statements and wh-questions were reported, because the items
of yes/no-questions had more syllables.



3. Results

3.1. F0 contours

Figure 1 shows SS-ANOVA statistic-estimates (central solid
and dashed lines) and confidence intervals (color ribbons) for
FO of statements and wh-questions containing four different wh-
phrases (“wh”, i.e., the monosyllabic ‘whatl’ and three
disyllabic wh-phrases: ‘what2’, ‘where’, and ‘who’). The
overall FO patterns across four wh-phrases showed that
statements were prosodically distinguished from questions. In
the sentence-initial position, the statements with ‘where’ had
marginally higher FO than wh-questions, while little
divergences were found for sentences with the other three wh-
phrases. In the sentence-medial position, only wh-questions
with ‘what2’ showed marginally higher FO at the regions of the

auxiliary ‘can’ and the adverb.
a.What1

300

wh | SFP

can' 'help' A%

subj

250

FO (Hz)

200

150
b. What2

subj can' 'help' \% SFP

can' 'help' \'% wh SFP

'help' \

Normalized time
= statement == wh-question

Figure 1: SS-ANOVA results of time-normalized F0 of
statements and wh-questions with different wh-phrase.
Vertical lines indicate syllable boundaries.

In the regions of “wh” and “SFP”, statements with ‘where’
was significantly higher than that in wh-questions, and
marginally higher FO was found in statements with ‘what1’
and ‘what2. The lenghth of wh-phrases (monosyllabic vs.
disyllabic) did not show effects on F0 (velocity) patterns. The
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transition of FO velocity was the most prominent in items with
‘what2’ and marginally with ‘who’, as shown in Figure 2.

a.What1

601 subj ‘can’ ‘help' v wh  SFP
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b. What2
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2 30
)
2

60~
d. Who
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2 301
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Normalized time
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Figure 2: SS-ANOVA results of time-normalized FO
velocity contours of statements and wh-questions.
Vertical lines indicate syllable boundaries.

3.2. Duration

Among items with ‘whatl’, the main effect of sentence type
was significant in the region of the SFP (y*= 8.504, df =2, p =
.014) but not in the region of the wh-phrases () = 4.022, df =2,
p=.134). The duration of the SFP was longer in statements than
wh-questions (p = .015) and yes/no-questions (p = .021), while
the two questions did not differ significantly (p = .980).

Among items with ‘what2’, the sentence type did not
significantly inflauence the duration of the first syllable of the
wh-phrases (y*>= 2.853, df = 2, p = .240), while the effect was
significant on their second syllable (y* = 14.149, df = 2, p <
.001), i.e., the second syllable was longer in wh-questions (p =
.025) and yes/no-questions (p < .001) than the one in the
statements. Sentence type also significantly affected the
duration of SFP (y2 = 13.191, df = 2, p = .001). SFPs were
longer in statements than in yes/no-questions (p <.001).

When the wh-phrase was ‘where’ (Figure 1), the FO cues
were evident in the region of the wh-phrase and the SFP. Here,
similar tendency was observed in syllable duration. The main
effect of sentence type was significant on both the first (32 =
13.215, df = 2, p = .001) and the second (¥2 = 9.882, df =2, p
=.007) syllable of ‘where’. The duration of the first syllable of
‘where’ in wh-questions was longer than that in both yes/no-
questions (p = .005) and statements (p < .001). Its second
syllable was longer in wh-question (p <.001) and yes/no-
questions (p <.001) than that in statements. Sentence types
influenced the duration of the SFP (¥2 = 10.501, df =2, p =
.005). The SFP in statements had significantly longer duration
than wh-questions (p = .002) and yes/no-questions (p <.001).



For sentences with ‘who’, the main effect of sentence types
was likewise significant in both the first (y2 = 8.848, df =2, p
=.012) and the second syllable (32 = 15.736, df =2, p <.001)
of the wh-phrase. The duration of the first syllable of ‘who’ in
yes/no-questions was longer than the one in the statements (p =
.006) and wh-questions (p =.036). The second syllable of ‘who’
was longer in the wh-questions (p <.001) and yes/no-questions
(p <.001) than the statements. Moreover, the main effect of
sentence type was significant on the duration of the SFP (32 =
14.921,df=2, p <.001). The SFP in statements was longer than
the one in yes/no-questions (p < .001). The results of duration
across four types of wh-words showed that focus prosody
interacted with the organization of sentence prosody: On-focus
lengthening and the shortening of question-SFPs were found to
distinguish questions from statements.
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Figure 3: Boxplots for the duration (in ms) of wh-
phrases in statements, wh- and yes/no-questions.

3.3. Intensity

Table 2 shows results of linear mixed models. Unlike the
duration, the intensity did not differentiate sentence types or
different readings of wh-phrases (see the boxplots in Figure 4).

Table 2: Results of LMM. Wh-s1 and wh-s2 indicate
the I° syllable and the 2" syllable of the wh-phrase.

X2 | df p *2 df p
Whatl What2
wh-word | 324 2 .20 wh-sl = .24 2 .89
SFP 149 2 48 wh-s2 136 2 @ .51
NA SFP 32 2 85
Where Who
wh-s1 247 2 .29 wh-sl 529 2 .07
wh-s2 232 2 31 wh-s2 271 2 .26
SFP 361 2 .165  SFP 075 2 .96

. iR b Wl:/?”ntjahrasel wh_phrase2
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d.who
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Figure 4: Boxplots for the intensity (in dB) of wh-
phrases in statements, wh- and yes/no-questions.

4. Discussion

We explored whether Hong Kong Cantonese speakers
prosodically distinguish wi-focus from indefinite readings, and
whether the organization of sentential prosody interacts with
focus marking. Our results show some support to these inquires.
Concerning acoustic measurements, intensity did not seem to
be used to distinguish wh-interrogatives from the indefinite
readings, nor did intensity signal the sentence types. The length
of wh-phrases also did not show influences. While no
significant differences of FO were found across most of the
syllables in a sentence, SFPs of wh-questions showed lower FO
than SFPs of statements but the effect was only significant
when the wh-phrase was ‘where’. The speed shift of FO was also
more obvious in the regions of SFPs (Figure 2). In addition to
FO, our results show an interesting and consistent pattern of
duration modulated across four wh-phrases.

Duration was used to distinguish wh-interrogatives from
indefinite readings. However, unlike the on-focus lengthening
effect reported in previous studies, in our study, only the 2
syllable of the disyllabic wh-phrases in questions was
significantly longer than that one in statements, while the 1%
syllable was lengthened in items of ‘where’ and ‘who’, but not
in items of ‘what2’; no lengthening effects were found with the
monosyllabic ‘whatl’, despite the fact that the 1% syllables of
these wh-phrases are all Tonel. This might seem rather
surprising until we looked at the results of the SFPs (which
immediately followed the wh-phrases), that is, SFPs in both
questions were all significantly shorter than the SFPs in
statements. Considering the duration patterns of wi-phrases and
SFPs together, we think that these two phrases may cooperate
in marking focus prosody in Cantonese, i.e., the occurrence of
SFPs explicitly defines the sentence types, and while there is a
need to maintain lexical tones, the information indicated by
SFPs requires the prosodic organization to comply with focus
marking, as it was shown by the acoustic differences of the
Tone3 SFPs between statements and questions. This influence
from SFPs may be a reason why not every syllable of the wh-
interrogatives were lengthened as reported in other studies.

In sum, our results suggest that the internal organization at
different structural levels (syntax and information structure)
may interact with the prosody organization. We would expect
to see similar inter-level interactions in other tone languages in
future studies. The results will advance our understanding
further about the human language system.
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