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Abstract

We investigated the prosody of rhetorical questions (RQs) as
compared to string-identical information-seeking questions
(ISQs) in Standard Chinese — a language in which f0 is
considerably constrained by lexical tone. Our results show that
overall RQs have a lower mean f0 than ISQs. FO is also locally
modified (on the first and last constituent) to mark illocution
type. Additionally, RQs have longer durations than ISQs and
show more instances of glottalized voice, mainly towards the
end of the interrogative. Hence, similar to intonation languages,
Standard Chinese uses prosody to distinguish between these
two illocution types. Our findings hence suggest {0, duration,
and voice quality to be cross-linguistic signals of rhetorical
meaning, with their implementation being language-specific.

Index Terms: lexical tone, prosody, intonation, rhetorical
questions, Standard Chinese

1. Introduction

This paper studies the prosodic differences between rhetorical
questions (RQs) and information-seeking questions (ISQs) in
Standard Chinese. ISQs are interrogatives that request
information from the addressee in order to close a knowledge
gap (e.g., [1, 2]). RQs share their syntactic form with ISQs
while clearly serving a different purpose: RQs do not
necessarily require an answer [3, 4] but function to make a point
[5]. RQs have further been defined as committing the
interlocutor to the answer that is presupposed in the RQ [3] —
often of opposite polarity from what was asked [5]. Signals to
rhetorical meaning are, among others, syntactic or lexical cues
(e.g., discourse particles like German schon [6] or Standard
Chinese nandao [7]).

Importantly, prosody has also been shown to distinguish
between the two illocution types. Specifically, recent studies,
which systematically investigated the prosodic differences
between string-identical ISQs and RQs (polar and wh-
questions) in various languages, showed that RQs differ from
ISQs in regard to duration, voice quality, and intonation ([8] on
German, [9] on English, [10, 11] on Icelandic, [12] on French,
[13] on Japanese): RQs are longer in duration [8-10, 12, 13] and
show more instances of breathy voice [8, 9]. In terms of
intonation, RQs may differ from ISQs in the position of the
pitch accent [9], the type of accent [8, 10], as well as the type
of edge tone [8, 9, 12].

The present paper extends this line of research to Standard
Chinese (as spoken in Beijing). Standard Chinese provides an
interesting test case in regard to fO marking of illocution type,
because f0 is considerably constrained by lexical tone. In
Standard Chinese, every syllable carries one of four lexical

tones: Tone 1 (TS5, high-level), Tone 2 (T35, rising), Tone 3
(T214, low-rising) and Tone 4 (T51, falling) — higher numbers
indicate a higher pitch level —, or the neutral tone [14].

While {0 is used to distinguish lexical meaning in Standard
Chinese, it also serves other purposes, such as the marking of
information-structure and interrogativity, cf. [15, 16] for recent
overviews. Under focus, tones are commonly realized with a
larger f0 range; if not focussed, they are compressed, e.g., [17-
20]. Beyond 10, longer durations [21, 22] and hyperarticulated
segmental contrasts [23] also mark focus in Standard Chinese.
In terms of fO marking of interrogativity, polar-ISQs have been
reported to be produced with higher {0 than string-identical
declaratives [24-26]. Moreover, a question-induced final rise
has been discussed in the literature (see [16] for a summary).
The phonetic implementation of the final rise preserves the
overall shape of the lexical tones, but for instance reduces the
range in the falling Tone 4 or enhances the range in the rising
Tone 2 [16]. Furthermore, polar ISQs have shorter durations
than declaratives [24-26]. Likewise, wh-ISQs (where shénme
means 'what') have been shown to exhibit higher f0 compared
to string-identical declaratives (where shénme means 'a little bit
of' or 'whatever'), mostly towards the end [27, 28]. [28] further
showed an increased f0 range in shénme for interrogatives. Wh-
ISQs are also shorter than declaratives [27, 28]. Taken together,
we know that Standard Chinese uses f0 and other prosodic cues
to signal sentence-level linguistic functions — despite fO also
serving a lexical function. Thus far, however, no study directly
compares the prosodic encoding of ISQs and RQs in a tone
language. Given that accent placement and accent type as well
as edge tones are important for non-tonal languages to
differentiate the two illocution types, the remaining question is
how a tonal language like Standard Chinese encodes the
contrast between RQs and ISQs. We predict that:

H1: Standard Chinese ISQs and RQs differ in their prosodic
realization with respect to fO-related features, both globally
(overall fO contour) and locally (f0 modifications on specific
constituents).

H2: Given the constraints of lexical tone on possible f0
modifications for illocutionary acts, Standard Chinese ISQs vs.
RQs are also distinguished by other prosodic cues (i.e., duration
and voice quality).

2. Production experiment

To test HI and H2, a production experiment was designed (cf.
[8]) and adapted to Chinese. Participants read short contexts
presented on screen (triggering either an ISQ reading or an RQ
reading). These contexts were followed on screen by the target
interrogatives (polar and wh-questions), which the participants
produced. The experiment was run in Beijing in spring 2018.
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2.1. Methods

2.1.1. Materials

Twenty-two polar and 22 wh-questions were constructed, along
with two contexts for each question (one context eliciting an
ISQ reading, the other an RQ reading), resulting in 22 context-
question quadruplets, see Tab. 1. Quadruplets were translated
from [8] by a native speaker of Standard Chinese (2nd author)
and adapted where necessary. In the ISQ version of the context,
the answer was not known to the speaker but would have filled
a knowledge gap (you would like to know). By contrast, in the
RQ version of the context, the answer was obvious from the
context (it is known that). The interrogatives were felicitous in
both illocutions and contained an object noun that was non-
constraining as to one of the readings (e.g., lemons), as verified
by a pre-test. The particle me is commonly used in polar
questions [29] and was thus included in both polar ISQ and RQ.

Table 1: Exemplar question-context quadruplet. For
convenience, contexts are given in English.
Polar question
Context for ISQ Context for RQ

At a party, you offer cake made  Your aunt offers lemons to her
with lemons. You would like to  guests. However, it is known
know which of the guests like this  hat this fruit is too sour to be
fruit and whether they would like  eaten on its own.

some or not.

You say to your guests:

You say to your cousin:

EEPN Iz g A2
Yourén cht ningméng me?
Anyone eat lemon PRT?

‘Does anyone eat lemons?’
Wh-question

Context for ISQ Context for RQ
At a party, you offer cake made  Your aunt offers lemons to her
with lemons. You would like to  guests. However, it is known
know which of the guests like this  hat this fruit is too sour to be
fruit and would like some of it.  eaten on its own.
You say to your guests: You say to your cousin:

it e, RS
Shéi chi ningméng
Who eat lemon

‘Who eats lemons?’

The first constituent (i.e., yourén 'anyone' in polar and shéi
'who' in wh-questions) was the same across the board, but verbs
and object nouns varied — also in terms of number of syllables
and lexical tones. Moreover, the same predication (e.g., eating
lemons) was used for polar and wh-questions. For the object
noun, lexical tone was distributed such that all four tones
occurred in the last syllable of the noun (6 times Tone 1, 6 times
Tone 2, 4 times Tone 3, and 6 times Tone 4, in both polar and
wh-questions). Additionally, 34 fillers (structurally ambiguous
declaratives, exclamatives, alternative questions and neutral
polar questions), and their contexts, were translated from [8].

2.1.2. Procedure

Two experimental lists were constructed, each containing both
question types and both illocution types. Each list contained
half of the polar questions (N =22; 11 in an ISQ and 11 in an
RQ reading) and half of the wh-questions (N =22; 11 in an ISQ
and 11 in an RQ reading) and all 34 fillers. One of the two lists
was randomly assigned to each participant. Each participant
received a randomized order of items, with the constraint of
separating the same question (in the 2 readings) by at least 4

other items. Three practice trials preceded 78 trials (44
experimental and 34 fillers). Participants received oral
instructions by the experimenter (2nd author). The experiment
was controlled in Presentation [30] and lasted 25 to 30 minutes.

On each trial, participants silently read a context displayed
on screen. Upon button press, the target interrogative appeared
on screen and the recording started. Participants were instructed
to read each context carefully and to produce the subsequent
interrogatives in a way that they were suitable in the given
context. In case of a mistake, they were allowed to produce the
sentence again. Upon another button press, a new trial started
and the recording for the previous target stopped. The
productions were recorded using a headset microphone (Shure
SM10A) and digitized on a computer (44.1 kHz, 16 Bit, stereo).

2.1.3. Participants

Ten native speakers of Standard Chinese (all female, av. age =
26.5 years; SD = 2.0), born and raised in Beijing, participated.
The data of two additional speakers was not considered as they
did not speak the Beijing variety of Standard Chinese. This was
done to minimize the influence of dialectal variation.

2.1.4. Data treatment

In total, 440 target interrogatives were produced (44 contexts x
10 participants). 17 interrogatives (3.9%) were excluded from
the analysis because of technical errors (2), mispronunciation
(3), or pauses between the constituents (12). The final data set
comprised 216 polar questions (107 ISQs, 109 RQs) and 207
wh-questions (103 ISQs, 104 RQs). All interrogatives were
annotated in Praat [31], see Fig. 2 (ISQ top, RQ bottom panel).
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Figure 2: Example wh-question pair (by participant09) and
annotation (ISQ top panel, RQ bottom panel).

Word and syllable boundaries were manually set based on
standard segmentation criteria [32] by a native speaker of
Standard Chinese (2nd author), see tiers 1 and 2 in Fig. 2.
Another native speaker annotated voice quality on the first and
last constituent in the interrogative (tier 3), based on perceptual
classification (modal, breathy, glottalized voice), cf. [8].
Reliability checks for voice quality analysis showed “almost
perfect” agreement (k = 0.94; 98% agreement) [33-35] (based
on 50% of data additionally annotated by the 1st author). Pitch
tracking errors were manually corrected (1st author), i.e.,
erroneous pitch points were removed in the Praat Manipulation
editor [31] and the corrected Manipulation object was saved as
a wav-file (Pitch overlap-add). From these files, mean {0,
constituent durations, and voice quality labels were



automatically extracted using a Praat script. Furthermore, fO
values (10 per syllable) were extracted using Prosody Pro [36].

Mean f0 and durations were statistically analysed using
linear mixed effects models (/mers) in R [37]. Each model
contained question type and illocution type as fixed effects
(interaction term and main effects) and subjects and items as
crossed random factors [38]. Random slopes were added and
retained if the model fit improved [39] (based on a comparison
of LogLikelihoods). Voice quality labels were analysed using
logistic mixed effects models (g/mers) coding glottalized voice
as 1 and modal voice as 0 (breathy voice did not occur). The
glmer modelling procedure was the same as for /mers. In both
types of models, p-values were obtained using the Satterthwaite
approximation implemented in ImerTest [40] and subsequently
adjusted based on the Benjamini-Hochberg correction [41].
Below we will report both original and adjusted p-values (pag;)-
Note that interactions between illocution type and question type
were not significant in any of the models, which is why we
report main effects only.

For the investigation of local modifications in the f0
contour, we fitted general additive mixed models (GAMMs)
[42, 43] for the first and last constituents. GAMMSs can account
for the continuous nature of the f0 contour via smooth
functions, which predict the data as closely as possible. The
visualization of the predicted values by the GAMMs gives the
time period in which two contours differ as a function of a
predictor. In our GAMMs, the response variable was the raw f0
value at different time points (10 measurements per syllable
extracted by ProsodyPro [36]). The models included illocution
type as a parametric effect, along with a factor smooth for the
interaction of illocution type over time, s(Normtime, by =
illocution type). A smooth for subjects (random intercept) was
also included. All models were corrected for auto-correlation in
the data using the acf resid()function from the package itsadug
[44]. For model fitting of the GAMM s, we used the R package
mgcv [42, 45], for visualization of the model itsadug [44].

2.2. Results

2.2.1. Global and local f0 characteristics

Globally, RQs were produced with significantly lower mean fO
in both question types (3 =-25.14, SE = 5.26, df = 15.26,t = -
4.79, p < 0.001, pagj < 0.01): polar-ISQs: 261.2Hz (SD = 26.0)
vs. polar-RQs: 239.3Hz (SD = 30.7); wh-ISQs: 262.1Hz (SD =
28.3) vs. wh-RQs: 233.5Hz (SD =31.7).

Regarding local fO modifications, we concentrate on the
first constituent, i.e., yourén 'anyone' in polar and shéi 'who' in
wh-questions, which has the same tone, and the last syllable in
the object noun, in which all four lexical tones were equally
distributed. For the first constituent (yourén in polar, shéi in wh-
questions), Fig. 3 shows the estimated f0 values in the two
illocution types (left panel) and the estimated difference in fO
(RQ minus ISQ, right panel), as predicted by the GAMMs. The
grey band indicates the 95% confidence interval (CI) of the
mean difference. Values below 0 indicate lower fO in RQs. The
difference in fO between RQs and ISQs is significant if the 95%
CI does not include 0 (see red interval(s) on the x-axis). The
difference curves (Fig. 3, right) reveal that the contours differ
significantly for the whole constituent. The predicted values
(Fig. 3, left) suggest that RQs are significantly lower and show
a greater f0 range than ISQs for both yourén and shéi. The
increased range seems to be due to a lowering of the low target
(~ Normtime 10 for polar and Normtime 7 for wi-questions).

For the final part of the interrogatives, we analysed the last
syllable of the noun together with the particle me for polar
questions, and the last syllable of the noun in wh-questions —
split by lexical tone in the final syllable of the noun, see Fig. 4
for GAMM results. The analyses revealed an interaction
between lexical tone and illocution type for both question types
(all p < 0.01), suggesting that the difference in fO differed
depending on tone. The predicted values (Fig. 4, left panels)
suggest RQs to be overall lower, with the shape of the lexical
tone being preserved. The difference in fO across illocution
types is smallest for Tone 3.
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Figure 3: Predicted f0 values by the GAMMs (left columns)
and predicted difference (RQ-ISQ, right columns) for yourén
in polar (top) and shéi in wh-questions (bottom).

Polar questions (last syllable in noun + me) Wh-questions (last syllable in noun)

s i RQand ISQ sa i RQand ISQ
one in noun: Tone 1 un: Tone 1

Tone 1
0
)
€t oferonce 10
st oeronce 10

nnnnnnn

Tone 2
©

Est aferenco 0
)
0

sssssss

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Tone 3
o

st aference 10
0

Tone 4
o
|
I
0

columns) and predicted difference in f0 (RQ-1SQ, right figure
columns) for the last two syllables in polar questions (final
syllable in noun together with particle me) and the final
syllable in wh-questions.

2.2.2. Duration

There was an effect of illocution type on overall interrogative
duration (3 =163, SE=0.03, df =8.75,t=15.17, p <0.001, pagj
<0.01), with RQs being longer than ISQs (polar-ISQs: 1337ms
(SD = 265) vs. polar-RQs: 1501ms (SD = 309); wh-ISQs:
1114ms (SD = 248) vs. wh-RQs: 1281ms (SD = 302)), which



was independent of the last lexical tone in the object noun
(interaction fone X illocution type: p = 0.58; pag; = 0.73). All
constituents were longer for RQs than for ISQs (all p < 0.05;
Pagj < 0.05) except for the sentence-final particle me in polar
questions (p = 0.23, pag; = 0.36), see Fig. 6. In both question
types, the relative difference across illocution type was biggest
for the sentence-initial constituent, with yourén 'anyone' being
24% longer in polar-RQs, and shéi 'who' being 28% longer in
wh-RQs (lengthening in other constituents for RQs < 11%).

lllocution type: [1 1SQ @ RQ
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Constituents

object noun

Figure 6: Average constituent durations in polar questions
(top) and wh-questions (bottom) in the two illocution types.

2.2.3. Voice quality

The first constituent (yourén in polar and shéi in wh-questions)
was realized with glottalized voice in 7% of the cases in polar-
ISQs, in 14% of the cases in polar-RQs, in 3% in wh-ISQs, and
in 8% in wh-RQs. All other instances were realized with modal
voice. This difference in glottalized instances across illocution
type was significant (3 =-1.04, SE = 0.44, z =-2.36, p < 0.05,
Pagj < 0.05). The final constituent (me in polar, object noun in
wh-questions), in turn, was realized with glottalized voice in 5%
of the cases in polar-ISQs, in 18% of the cases in polar-RQs, in
21% in wh-ISQs, and in 43% in wh-RQs. All other instances
were modal. This difference in glottalized instances across
illocution type was also significant (B =-1.67, SE=0.54, z= -
3.08, p <0.01, pagj < 0.01). Figure 7 shows the distribution of
voice quality labels in the last constituent for wh-questions, split
by the final lexical tone in the object noun. In the last
constituent in wh-questions, glottalized voice is more frequent
in Tone 3 and Tone 4, as compared to Tone 1 or 2 (all p <0.01,
Pagj < 0.01). The difference in glottalization across illocution
type is smallest for Tone 3 (p = 0.42, pagj = 0.58); it is significant
for Tone 4 (p < 0.01, pagj < 0.05) and approaches significance
for Tone 1 (p = 0.09, pagj = 0.17). For Tone 2 it could not be
calculated as in ISQs there were no glottalized instances.

Tone 1 Tone 2 Tone 3 Tone 4
o0

oo
aon
san Voice quality
<% glottalized
O modal
2 o5
10

RQ ISQ  RQ

Percentage

ISQ  RQ 1ISQ RQ 1SQ
Illocution type

Figure 7: Distribution of voice quality for the last constituent
in wh-questions, split by final lexical tone in the object noun.

3. Discussion and Conclusions

We studied the prosodic marking of illocution type (ISQ vs.
RQ) in Standard Chinese. Confirming H1, RQs were globally
realized with lower fO than ISQs. Given that such a difference
is also found between Standard Chinese declaratives and
interrogatives [24-28, 46], it will be interesting to compare
Standard Chinese RQs to string-identical declaratives in future
studies. Along with the difference in overall f0, there were local
f0 modifications, further confirming H1: The first constituent
showed a wider pitch range in RQs than in ISQs, mainly due to
alowering in the low tonal target. At the end of the interrogative
(last two syllables in polar questions and last syllable in wh-
questions), RQs also showed lower pitch while preserving the
overall shape of the tone (cf. [47]). For interrogatives ending in
Tone 3, the difference in fO in the last syllable(s) across
illocution type was smallest. This lack of fO0 demarcation for
Tone 3 might have to do with the shape of the tone itself, which
is a) the most complex and b) involves the lowest tonal target.
It might hence be more difficult to lower fO even further in RQs.
The increased occurrence of glottalized voice in this tone might
have enhanced the perceptual low tone and in that way represent
a strategy to encode illocution type (cf. [21] on the smaller
capacity for fO range change under focus for Tone 3). From the
perspective of perception, it will be interesting to test whether
the identification of illocution type in Standard Chinese differs
across lexical tones. Supporting H2, we found that Standard
Chinese uses both duration and voice quality to distinguish
between illocution types: Replicating findings on duration in
other languages [8-13], RQs were produced with longer
duration, with the first constituent showing the largest relative
difference across illocutions. RQs also showed more instances
of glottalized voice, especially for the final constituent (particle
me in polar and object in wh-questions). Future research will
clarify whether this phenomenon is caused by the lowered f0 in
RQs and thus a byproduct of f0 modifications [48]. In sum,
Standard Chinese clearly uses fO and other prosodic cues to
encode illocution type, similar to the marking of focus [17-22]
and interrogativity [24-28]. Gender-specific differences have
not been found (or explicitly tested) in previous studies [24-28].
Future research will have to include male speakers and examine
potential gender-specific differences for the realization of RQs.

The current findings, together with those from other
languages [8-13], allow conclusions about the use of prosodic
cues to RQs in typologically different languages. Specifically,
longer duration seems to be a stable cue to RQs. FO and voice
quality are also consistently used to distinguish between ISQ
and RQ, but their implementation seems to underlie language-
specific principles (for fO: pitch accent type and edge tone in
intonation languages vs. global and local f0 modifications in a
tone language; for voice quality: breathy voice in some,
glottalized voice in other languages to signal RQs). Clearly,
research on other tone languages is needed to corroborate our
findings. Taken together, on the basis of RQs, our study
contributes to our understanding of the prosody-pragmatics
interface from a cross-linguistic perspective.
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