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Abstract
There is increasing evidence that many Chinese dialects, in
comparison to Beijing Mandarin, exhibit distinct focus and in-
tonation patterns. This study investigates how tone, focus and
sentence-type-related intonation contribute to shaping F0 con-
tours in Changli-Town Mandarin. Acoustic analysis of short
sentences, produced by seven native speakers, was conducted,
where sentence-final focus and declarative/interrogative intona-
tion were considered as variables. The results reveal that (1)
sentence-type-related intonation regulates the F0 curve through
compulsory boundary targets, indicating a low target for declar-
ative sentences and a high target for interrogative sentences,
where incompatible tonal targets must be adjusted accordingly;
(2) sentence-final focus modulates the global shape of the F0
curve by expanding the F0 range of on-focus syllables and oft-
elevating the F0 register of all pre-focus syllables, where the
pre-focus pitch elevation is argued primarily as a co-effect of
focus and pragmatic purposes, enhancing listeners’ attention
to key information; (3) neutral tone emerges as the most com-
mon agent serving to coordinate tonal and intonational targets.
Those findings suggest that in Changli-Town Mandarin, tone,
focus and intonation interact to encode the F0 curve of a sen-
tence by coordinating respective targets, with the boundary tar-
get exerting dominance. Those insights hold implications for
prosodic typology.
Index Terms: Changli-Town Mandarin, tonal target, pre-focus
elevation, boundary target compulsion

1. Introduction
The prosodic surface of a speech utterance in Standard Chi-
nese (i. e., Beijing Mandarin) conveys multiple levels of pitch-
related information such as lexical tone, focus, and sentence
type. While tone determines the local F0 (i. e., fundamental fre-
quency) contour of a syllable, focus and sentence-type-related
intonation modulate the global shape and the boundary target of
the F0 curve, which in turn affect the register, range and slope
of local contours [1, 2, 3, 4].

A widely-observed intonation pattern is that declarative
sentences are associated with low or falling pitch, and interroga-
tive sentences associated with high or rising pitch [5]. Standard
Chinese, as a tonal language, conforms to that pattern gener-
ally. Pitch manifestations distinguishing the interrogative from
the declarative include an overall higher F0 utterance curve, and
an increased first derivative of the F0 contour of the sentence-
final syllable (i. e., flattens the falling slope of the falling tone
and steepens the rising slope of the rising tone), without alter-
ing tonal category [6]. Acoustic and perceptual evidence indi-
cate that the sentence-final F0 contour (i. e., boundary tone) is
more critical [3, 4, 6, 7, 8], which also holds for interrogative
sentences ended with the particle “ma” [9, 10].

Narrow focus [11], prosodicly, can be implemented as pitch
range variations imposed on different regions of an utterance,
i. e., pre-focus, on-focus and post-focus [1]. In either sentence
type above, in Standard Chinese, focus-related pitch modulation
typically involves expansion at on-focus syllables, suppression
at post-focus, and neutral in pre-focus ones [1, 7]. Since the
sentence-final position is where the greatest pitch distinction
between sentence type occurs, pitch range modification by any
other function (e. g., focus) at the end would directly compete
with the interrogative intonation [7]. While listeners are able
to detect both sentence-final focus and interrogative intonation
simultaneously, confusions arise from the competing F0 rising
by interrogative meaning and focus at sentence final [7, 12], in
lack of the help of post-focus compression (PFC) [13].

Investigations on Chinese dialects reveal further diversity.
In terms of interrogative intonation, Guangzhou Cantonese
manifests a rising ending attached to the end of F0 curve of the
sentence-final syllable, independent of tonal categories [14, 15].
In terms of focus, dialects such as Taiwan Mandarin and Taiwan
Min manifest overall utterance pitch elevation [16], Chongqing
Mandarin [17], Dali Mandarin [18] and Quanzhou Min [19] dis-
play no pitch variations, while Hong Kong Cantonese exhibits
both patterns depending on tonal types [20].

From a typological point of view, however, issues emerge.
Studies on focus are limited to local regions, especially PFC,
while the global pitch manifestations are not equally investi-
gated. Due to attentions on the PFC debate [13], studies on
interactions of focus and intonation at sentence-final, especially
in Chinese dialects, are limited. How tone, focus and intonation
integrate together shaping the surface F0 curve while keeping
their features distinct, therefore, is yet to be fully revealed.

A recent study [21] brought in Changli-Town Mandarin as
an intriguing example for typological discussion. Three main
findings regarding F0 variations were reported: (1) the F0 curve
of declarative sentences all pointed to a low boundary target, in-
dependent of local tonal targets; (2) the focus-related F0 mod-
ulation not only involved on-focus expansion and post-focus
compression, but also a distinct register elevation for all pre-
focus syllables; (3) the sentence-final syllable often lost its lex-
ical target and derived to a neutral form.

The present study, therefore, would further investigate those
manifestations of Changli-Town Mandarin by systematically
manipulating the sentence-final focus and sentence type condi-
tions. In particular, the following questions are to be addressed.
First, what is the prosodic difference between declarative and
interrogative sentences, especially of the boundary target? Sec-
ond, how does sentence-final focus affect local and global F0
contours in both type of sentences, especially of the pre-focus
elevation? Third, how do tonal, focal and intonational targets
collaborate in shaping the surface F0 curve?
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2. Methods
2.1. Materials

Changli-Town Mandarin has four lexical tones, including T1
/41/, T2 /243/, T3 /213/ and T4 /453/ [22], marked in five-point
scale [23]. The basic structure of sentences employed is Zhang
Jun + Chu San + Fei (i. e., Name + Time + fly to) + PLACE,
where Zhang Jun + Chu San + Fei is controlled as carrier, and
PLACE is a disyllabic word variable. The PLACE word consists
of 16 city names formed by tonal combinations (4 × 4) of the
first and second syllables, e. g., Tian Jin (T1T1), where tone
sandhi rules [24] are applied. All syllables in the carrier, due
to tonal co-articulation [25], are realized as high level tones,
providing an ideal condition for observing F0 manifestations.

Four groups of sentences were derived from the above
basic forms, mixing intonational conditions of declara-
tive/interrogative and focal conditions of broad/narrow. During
the recording, context and target sentences of a pair were dis-
played in separate lines, as demonstrated in Table 1. While the
context sentence was employed to elicit the target expression,
a “▶” marker indicated the targeted line. Where focus was to
elicited, a pair of square brackets “[]” marked the stressed word,
and speakers were instructed to make emphasis accordingly.

Target sentences (TG) of the broad-focus declarative (BD)
and interrogative (BI) groups were elicited by a preceding ques-
tion context (CT), inquiring the general information of the sen-
tence. TG of the narrow-focus declarative (ND) was elicited by
a preceding question CT with marker on the PLACE word. TG
of the narrow-focus interrogative (NI) was elicited by a follow-
ing statement CT with marker on the PLACE word.

Table 1: Example of context and target sentences.

Group Role Displayed text

BD CT Ni Gang Gang Shuo Shen Me?
(What did you just say?)

TG ▶ Zhang Jun Chu San Fei Tian Jin.

BI CT Ni Gang Gang Wen Shen Me?
(What did you just ask?)

TG ▶ Zhang Jun Chu San Fei Tian Jin?

ND CT Zhang Jun Chu San Fei [WU HAN]?
TG ▶ Zhang Jun Chu San Fei [TIAN JIN].

NI TG ▶ Zhang Jun Chu San Fei [TIAN JIN]?
CT Zhang Jun Chu San Fei [WU HAN].

Eight native speakers, residing in the town center, with clear
pronunciation and no language or hearing impairments, partic-
ipated in this study. Recordings, sampled at 22.05 kHz, were
conducted using a laptop and a headset microphone in a quiet
room. One random pair of context and target sentences were
displayed at a time on the computer screen, using xRecorder
[26], and speakers were instructed to read the target sentence
only. Each target sentence was produced once. Practice ses-
sions were performed in advance to ensure that the speakers
understand the recording procedure.

After recording, a random set of samples selected from the
recorded sentences were played back to the speaker for identi-
fying whether there was an emphasized word in the sentence,
and where was the emphasis if existed. Sentences from a male
speaker were mainly realized as dual foci, so data from that
speaker was excluded from further analysis. Finally, data from
seven speakers, including 4 males and 3 females, aged 28.4 ±
2.1 years, were retained for further processing.

2.2. Data processing

Data was annotated and processed in Praat [27]. The F0 raw
data was measured with 10 equidistant samples from the finals
of each syllable. To reduce speaker differences, z-score normal-
ization was applied to the F0 raw data on a per-speaker basis, as

Fz = (f0 − µ)/σ (1)

where f0 represents the measured values of the F0 raw data, and
µ and σ are the mean and standard deviation, respectively, of all
the measured values of that speaker.

Due to the variability of tone sandhi rules in Changli-Town
Mandarin, the same word may exhibit different tonal patterns
among speakers [24]. Sentences, therefore, were grouped and
analyzed based on surface F0 patterns of the PLACE word.

3. Results
3.1. Declarative and interrogative boundary targets

Analysis on sentence type is based on sentences with broad fo-
cus only. It is observed that, independent of tonal categories, the
F0 curves of declarative sentences all point to a low boundary
target with a falling pitch at the sentence-final syllable, while
those of the interrogative ones all point to a high boundary tar-
get with a rising pitch. Leaving F0 curves at the rest syllables
largely consistent, therefore, the main difference between the
two sentence types lies in the final boundary target, and that tar-
get dominants the F0 manifestations at sentence final position.

By further examining how global intonational manifesta-
tions are achieved at sentence boundary through the implemen-
tation of local tonal pitch target, two mechanisms are revealed.

Firstly, boundary targets can be achieved by implementing
lexical tones as neutral alternatives through applying a sandhi
pattern with neural tone on the second syllable of the disyllabic
word, based on the fact that disyllabic words ended with neu-
tral and non-neutral tones have different tone sandhi patterns in
Changli-Town Mandarin [24]. F0 curves of sentences with dif-
ferent underlying tonal categories (i. e., T1, T2, T3 and T4) at
the sentence-final syllable, which are realized as neutral tone on
a phonological level, in two sentence types, are plotted in Fig-
ure 1. In total, a majority of 80% of the declarative and 67% of
the interrogative sentences employ that mechanism.

Secondly, boundary targets can be achieved by directly
modulating certain part of the tonal F0 contour, if the final syl-
lable maintains its lexical tonal target phonologically. If the
lexical tone ends with a falling pitch (i. e., T4 /453/) in declar-
ative sentences or a rising pitch (i. e., T3 /213/) in interrogative
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Figure 1: F0 curves of selected (a) declarative and (b) interrog-
ative sentences, with second syllable of the PLACE word real-
ized as neutral. The PLACE words end with four different un-
derlying tonal categories: Hang Zhou (T2T1), Xia Men (T4T2),
Heng Shui (T2T3) and Da Qing (T4T4). Curves display the av-
erage of speakers. Duration of each syllable is normalized.
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sentences, the local falling/rising part of the F0 contour helps
shaping the global F0 curve by directly approaching the corre-
sponding boundary targets. In total, 17% of the declarative and
19% of the interrogative sentences employ that mechanism.

If the lexical tone ends with a rising pitch (i. e., the sandhi
form of T2 /243/→/213/) in declarative sentences or a falling
pitch (i. e., T2 /243/ and T4 /453/) in interrogative sentences,
in order to maintain the corresponding boundary targets, con-
flicted local pitch targets are inhibited, so that only the first half
with the falling/rising pitch is kept accordingly, in shaping the
surface F0 contour. In total, only 3% of the declarative and 10%
of the interrogative sentences employ that mechanism.

In some cases of the interrogative sentences, particularly,
the local low ending target (i. e., T1 /41/) can be fully realized. It
is then compulsory to implement a rising ending when shaping
the surface F0 contour, in order to generate a rising pitch and
achieve the high boundary target (as demonstrated in Figure 2d).
Only 4% of the interrogative sentences employ that strategy.

3.2. Sentence-final focus

It was reported that, in Changli-Town Mandarin, some speakers
might apply different tone sandhi rules on the same word ac-
cording to focus conditions [21]. Thus, focus can sometimes be
marked by the alternation of tone sandhi patterns. That, how-
ever, is beyond the scope of the current study. In the following
analysis, therefore, sentence pairs with tone sandhi pattern al-
ternation between focus conditions are excluded.

It is observed that, independent of sentence type, the lo-
cal and global F0 contours of the sentences with narrow focus
are modulated through pitch prominence. By further examining
how those pitch variations are imposed on different regions of
the F0 curve, two phenomena are observed.

Mainly, the sentence-final focus is implemented as a combi-
nation of F0 expansion at on-focus syllables and F0 elevation at
all pre-focus syllables, where the former modulates local targets
and the later performs on a more global range (Figure 2a-b).

In some cases, however, the pre-focus elevation absents.
The sentence-final focus is then implemented as F0 expansion
at on-focus syllables alone, primarily at the non-final sylla-
ble, leaving the final syllable largely untouched (Figure 2c-d).
In the interrogative sentence, especially, two salient high tar-
gets emerge at the sentence final portion, where the anterior is
mainly implemented as a local target manipulated by focus, and
the posterior is mainly as a global target regulated by intonation.

In either phenomenon above, independent of sentence type,
the primary intonational boundary targets are not affected by fo-
cus modulation. In particular, with narrow focus, the F0 curves
in declarative sentences all point to the low boundary target with
a falling pitch, and those of the interrogative ones all point to the
high boundary target with a rising pitch.

Linear mixed-effects (LME) models are built using R [28]
to further examine how focus condition and sentence type affect
the F0 manifestations at pre-focus and on-focus regions.

To investigate pre-focus elevation, separate models are built
to predict the mean F0 and F0 range of the carrier respectively,
estimated on a total of 58 declarative and 52 interrogative sen-
tence pairs of 2 focus conditions each. The focus condition and
sentence type are fixed effects, and speaker is the random effect,
where no interaction effects are considered. Results (Table 2)
show that, the mean F0 of the carrier has significant difference
between broad and narrow focus, but the F0 range of the carrier
does not have significant differences between either broad and
narrow focus or declarative and interrogative intonation. It in-
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Figure 2: F0 curves of selected (a, c) declarative and (b, d)
interrogative sentences, with on-focus expansion and with or
without pre-focus elevation. The PLACE words are marked by
the [Place] tag. Curves display the average of speakers.

Table 2: LME model estimates on the carrier. Satterthwaite’s
method is used for t-tests. Significance is in boldface. Abbre-
viations are: DV, Dependent Variable; FE, Fixed Effects; Est,
Estimate; SE, Standard Error; Int, Intercept; FC (N), Focus
Condition (Narrow); ST (I), Sentence Type (Interrogative).

DV FE Parameter estimates

Est SE df t p
Int -0.103 0.055 14.479 -1.877 0.0808

Mean F0 FC (N) 0.310 0.047 211.241 6.606 <0.0001
ST (I) 0.087 0.047 213.715 1.849 0.0658

Int 0.868 0.090 6.886 9.648 <0.0001
F0 range FC (N) 0.044 0.033 211.022 1.322 0.1880

ST (I) 0.021 0.034 211.419 0.628 0.5310

dicates that, independent of sentence type, the F0 contour varia-
tion of the carrier manifests mainly as a pitch register elevation,
but not pitch expansion, in sentences with narrow focus.

To investigate focus prominence, separate models are built
to predict the mean F0 and F0 range of the PLACE word re-
spectively, estimated on either 35 declarative or 48 interroga-
tive sentence pairs (sentence pairs in the above analysis with
creaky voice on the PLACE word are excluded) under 2 focus
conditions, respectively. The focus condition and the word to-
ken (i. e., city name) are fixed effects, and speaker is the ran-
dom effect, where no interaction effects are considered. Results
of declarative sentences (Table 3) show that, the F0 range of
the PLACE word has significant differences between broad and
narrow focus, while the effect on mean F0 is marginal. Results
of the interrogative (Table 4) show that, both mean F0 and F0
range have significant differences between broad and narrow
focus. It indicates that, the modulation of focus on local pitch
target mainly manifests as pitch range expansion, and the inter-
rogative boundary target also raises the F0 register locally.

4. Discussion
4.1. Pitch target regulation at sentence finals

In terms of boundary target, Changli-Town Mandarin conforms
to the general intonation pattern — declarative sentences are
associated with low or falling pitch, and interrogative ones with
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Table 3: LME model estimates on the PLACE word in the
declarative. Parameter estimates for the effect of the word token
are not reported. Others refer to the caption of Table 2.

DV FE Parameter estimates

Est SE df t p

Mean F0
Int -0.880 0.247 53.712 -3.568 0.0008

FC (N) 0.159 0.081 53.655 1.967 0.0543

F0 range Int 4.241 0.763 27.780 5.557 <0.0001
FC (N) 0.707 0.187 50.973 3.784 0.0004

Table 4: LME model estimates on the PLACE word in the inter-
rogative. Parameter estimates for the effect of the word token
are not reported. Others refer to the caption of Table 2.

DV FE Parameter estimates

Est SE df t p

Mean F0
Int 0.205 0.158 36.064 1.292 0.2045

FC (N) 0.433 0.082 72.945 5.285 <0.0001

F0 range Int 2.702 0.545 15.090 4.961 0.0002
FC (N) 1.011 0.213 73.144 4.751 <0.0001

high or rising pitch [5]. Inconsistent with Standard Chinese,
where lexical tone determines the local F0 contour with intona-
tion targets only modulating F0 register and range [3, 4, 6, 7, 8],
however, in Changli-Town Mandarin, intonation takes the dom-
inance by regulating the F0 curve through compulsory boundary
targets, so that local tonal targets must be adjusted accordingly.

Neutral tone is employed as the most common agent serv-
ing to coordinate tonal and intonational targets. It is still under
debate that, in Standard Chinese, whether the neutral tone at
boundaries is aligned with a mid target generally [8, 29, 30], or
a low one in the declarative and a mid one in interrogative sen-
tences [31]. In Changli-Town Mandarin, however, the surface
F0 realization of the neutral tone aligns with boundary targets
more tightly. In declarative sentences, particularly, all final syl-
lables of T1 /41/ or T3 /213/ are realized as neutral in imple-
menting the low boundary target, instead of utilizing their low
tonal target directly. It suggests that, by leaving the final sylla-
ble free of lexical tonal target, boundary targets are more easily
achievable on the F0 surface, especially at interrogative finals.

In addition to inhibiting rising and falling pitch targets at
declarative and interrogative sentence finals respectively, the
turning of falling pitch at interrogative finals (Figure 2d) is a
more solid evidence of the boundary target compulsion.

A rising ending, in the interrogative of Standard Chinese,
which was found to only affect the last syllable by appending an
intonational portion after the tone proper [32], is only supple-
mentary in signifying incredulity [32, 33]. It can further serve
as a mandatory method to express questioning, in Guangzhou
Cantonese, when sentence-final particle absents [14, 15]. In
Changli-Town Mandarin, however, sentence-final syllable with
an bounced rising ending is not significantly longer than those in
other cases [t(106)=-1.302, p=0.196]. It indicates that the rising
ending is not, as defined by the P 27 particle [32], the attached
rising portion of a prolonged morpheme, but implemented as an
intonational F0 regulation upon the local tonal target.

4.2. Pre-focus elevation

The global F0 curve of sentences with narrow focus, in Changli-
Town Mandarin, exhibits a notable pitch elevation before the
on-focus syllables, independent of sentence type. That is less

common and seldom reported in other dialects or languages.
In fact, however, similar phenomena can be observed in data
provided by other studies, such as Hong Kong Cantonese [20]
and Uygur [34]. Unfortunately, most researchers have discussed
only the pitch manifestations at ranges of on-focus and post-
focus syllables, overlooking those before the focus.

Production and perception evidences show that, apart from
the on-focus pitch prominence, PFC is effective in encoding fo-
cus [16]. Without PFC, therefore, it is hard to tell sentence-final
focus and its broad form apart [7, 16, 13]. Quanzhou Bilinguals
are found, in speaking Standard Chinese, to even compress F0
in pre-focus constituents, making extra effort to realize focus as
clearly as possible [19]. Given those, what motivates speakers
of Changli-Town Mandarin to elevate F0 at pre-focus syllables?

It was reported that marginal pre-focus elevation, argued as
an effect of expansion of focus prominence to neighboring syl-
lables, could be found in Tianjin Mandarin [35] and Standard
Chinese [1]. In comparison, the elevation, in Changli-Town
Mandarin, is more of a global effect where all syllables before
the focus are lifted in register. Topic typically has higher pitch
register in isolated and discourse-initial sentences [36]. It is
reasonable to propose that, the pre-focus elevation is triggered
as a signal to highlight key information (i. e., focus) from the
beginning. Since the boundary targets are compulsory, the ex-
pansion on local F0 contour is more easily achievable when the
sentence-final syllable is stressed. Thus, speakers would have
more flexibility in manipulating the pitch register before the fo-
cus to signal key information. Nevertheless, there are certain
cases where the non-final syllable is stressed (e. g., Figure 2c-
d). Accordingly, the pre-focus elevation would be inhibited, in
order to assist the pitch prominence of focus realization.

4.3. Interactions between tone, focus and boundary targets

In general, lexical tone, focus and boundary targets in Changli-
Town Mandarin coordinate with each other, with the boundary
target taking a dominant role, where the local F0 targets of tone
and focus must be accommodated accordingly.

The boundary position in declarative sentences cannot carry
a focus with a high target, and that in interrogative ones cannot
hold a focus with a low target. Consequently, focus does not
manipulate local target at sentence-final position, leaving the
final syllable free to bear F0 modulations of pragmatic functions
(e. g., intonation). That kind of coordination effectively reduces
competition between high and low targets at the sentence-final
boundary, and indeed avoids the confusion between the narrow-
focus declarative and the broad-focus interrogative sentences.

5. Conclusions
This study reveals that, in Changli-Town Mandarin, tone, focus
and sentence-type-related intonation operate in an interactive
yet coherent way in shaping the F0 curve of a speech utterance.
Different from the parallel encoding mechanism of Standard
Chinese [7], the surface F0 realization is under the mandatory
control of the boundary target, and the pitch targets of tones
and focus must be realized within that preset framework. Those
insights hold implications for prosodic typology.
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