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Abstract

Pre-low Raising (PLR) is a tone coarticulation phenomenon, in
which the pitch of a high-tone syllable is higher before a low
tone than before a high tone. Although PLR is observed in var-
ious languages in read speech [1, 2], its occurrence in sponta-
neous speech remains understudied. The current study exam-
ines the presence of PLR in spontaneous Hong Kong Cantonese
using the CantoMap Map-Task dataset [3] and explores the in-
fluences of prosodic boundaries and information structure (the
givenness of a word in the discourse) using generalized additive
mixed models (GAMMs).

The findings confirm the presence of PLR in spontaneous
speech. Moreover, the study demonstrates that PLR is stronger
in the absence of a prosodic boundary, indicating the substantial
influence of prosodic boundaries on tonal coarticulation. Fur-
thermore, the study examines how the fO of the following sylla-
ble impacts the f0 realization of the preceding syllable, reveal-
ing a correlation between the phonetic context and the realiza-
tion of tonal coarticulation.

Index Terms: tonal coarticulation, Pre-low Raising, prosodic
boundary, givenness

1. Introduction

Following the definition of coarticulation as a contextual vari-
ation influenced by the phonetic contexts [4, 5], we consider
tonal coarticulation as the variation in the realization of funda-
mental frequency (f0) of a specific tone, dictated by the effects
of its surrounding context. In the current study, we investigate
how different contextual elements affect the realization of fO for
a specific tone. The analysis investigates the phonological and
phonetic characteristics of the following syllable and considers
the impact of prosodic and information structure components
within the context.

Research suggests that the strength of prosodic boundaries
significantly influences tonal coarticulation. For instance, re-
search has shown that in Tianjin Mandarin, the fO realization of
neutral tone is affected by the tone of the subsequent syllable;
however, this effect of tonal coarticulation is dependent on the
strength of the syntactic-prosodic boundary between the neutral
tone and the following tone — a Subject-Predicate boundary can
block the tonal coarticulation effect from the subsequent tone
[6]. Similarly, in Standard Mandarin, the strength of the syntac-
tic boundary impacts the anticipatory effect on tonal articulation
in sequences with a neutral tone, as indicated by [7].

Moreover, givenness is related to prosodic reduction, as dis-
cussed in [8]. Specifically, the repetition of a word or word se-
quence, or the prior activation of a motor plan for a particular
word, is a significant factor contributing to prosodic reduction
[9]. There are significant differences in the phonetic realization
of a word when it is mentioned for the second time, compared
to its first mention, as evidenced in studies on Indian English
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and Korean [10]. Additionally, verbal repetition has been found
to cause a phonetic reduction in word onsets as well as dura-
tion [11]. Furthermore, a production experiment demonstrated
a phonetic reduction in the fO peak of given constituents [12].
Given these findings, it is reasonable to infer that givenness also
affects tonal coarticulation.

2. “Pre-low Raising” in Cantonese

“Pre-low Raising” (PLR) describes a phenomenon where the {0
realization of a high-tone syllable is raised when preceding a
low tone, as opposed to when it precedes a high tone [1]. This
phenomenon is cross-linguistically observed in various tonal
languages, including Cantonese [1, 13, 14], Ibibio [15], Man-
darin [16], Thai [17, 14], Triqui [18], Vietnamese [19], as well
as in pitch-accent languages like Japanese [20].

Research also indicates that other factors modulate PLR.
For example, speech rate and vowel quality influence the de-
gree of tonal coarticulation in PLR with a sentence-reading
experiment [14]. While PLR is well-documented across lan-
guages in read speech, its presence in spontaneous speech is
less understood. Therefore, our study examines PLR in con-
versational Hong Kong Cantonese, focusing on the effects of
prosodic factors and information structure, specifically bound-
aries and givenness.

Cantonese is a tonal language in which each syllable is as-
sociated with a lexical tone. In Hong Kong Cantonese, there
are six unchecked tones, as illustrated in Figure 1. To narrow
down the scope of our research and focus more on the explo-
ration of factors influencing tonal coarticulation, in the current
study, we examine the f0 realization of Tone 1 (T1) in contexts
where it precedes either another T1 or a Tone 4 (T4). Namely,
it involves comparing the FO in the first syllable of the “T1-T1”
and “T1-T4”.

Normalized f0
@

e

Normalized time

Figure 1: Time-normalized fO contours of the six unchecked
tones in Hong Kong Cantonese from this study’s dataset [3].

Because T1 is the highest tone while T4 is the lowest tone in

10.21437/SpeechProsody . 2024-80



Hong Kong Cantonese,' if PLR phenomenon exists, we would
expect to observe that the fO realization of the first T1 in “T1-
T1” is lower than that in “T1-T4”.

Since the fO realization of a syllable is influenced by the
tone category of the following syllable, it seems reasonable to
suggest that this variation stems from the abstract phonological
influence of the context. This implies an abstract processing of
dissimilatory tonal coarticulation from the speaker’s perspec-
tive to enhance contrast. However, [13] considered a percep-
tual account for PLR as unlikely due to its occurrence in the
high-register of Cantonese, where ambiguity is minimal. In-
stead, they suggested a physiological rationale: PLR facilitates
achieving a high maximum fO change velocity for the second
syllable’s fO target. A lower fO target in the second syllable re-
quires the first syllable to rise higher. In this case, we should ex-
pect PLR’s dissimilatory effect to stem from the phonetic con-
text of the subsequent syllable.

To assess the sources of variations in PLR, we examine the
effects of both phonological contexts and phonetic contexts on
tonal articulation in this study.

3. Methods
3.1. Dataset

In this study, we used CantoMap, a corpus containing approx-
imately 13 hours of conversational data in Hong Kong Can-
tonese, collected from 40 speakers. This data was gathered
through a map task specifically designed to prompt natural con-
versation. The corpus is manually transcribed and includes seg-
mented word boundaries [3].

The map task includes a small number of nonce proper
names. Considering their limited quantity, we chose to exclude
them from our analysis. A total of 2,458 “T1-T1” and 898 “T1-
T4” sequences were analyzed in the current study.

3.2. Data analysis

An in-house Cantonese Forced Aligner was used to synchronize
the audio recordings with their transcripts, achieving alignments
at both the phone and syllable levels [21]. Due to technical
limitations, sentence-final particles and code-switching words
were omitted from our dataset.

After obtaining the forced-aligned results, f0 measurements
from the “T1-T1” and “T1-T4” sequences were taken at every
10% interval of sonorant segments. For each speaker, we nor-
malized their fO by converting the raw f0 values into semitones.
This was achieved by dividing the raw fO values by the median
fO of the respective speaker.

In addition to fO measurements, our data analysis involved
extracting two additional types of information from the corpus.
This includes word boundary information, particularly identi-
fying if a word boundary exists between disyllabic sequences,
and givenness information, determining whether a sequence is
mentioned for the first time in the current conversation. Both
these factors served as predictors in our analysis.

Statistical modeling of the data was done using two gen-
eralized additive mixed models (‘GAMM’; [22]): one for the
phonological context, and one for the phonetic context. Both
models had the normalized f0 as the dependent variable.

Tone 6 (T6) is also a low-register tone in Hong Kong Cantonese;
however, “T1-T6” sequences were not included in our analysis due to
the prevalent use of the phrase gan/ zyu6 (meaning “and then”) in the
corpus, which is predominantly found in utterance-initial positions.
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The phonological model included fixed effects for tonal
category (T1 through T6, deviation-coded), prosodic bound-
ary (present vs absent, deviation-coded), and givenness (first vs
non-first mention, deviation-coded). Smooth terms, defined as
thin-plate regression splines, were added for ‘time’; since there
are eleven time samples per trial, these were allowed maximally
eleven basis functions. We additionally included smooth terms
for ‘speech rate’ and ‘location’; these were again defined as
thin-plate regression splines and were afforded 30 basis func-
tions (which we verified to be sufficient by means of mgcv’s
gam. check function) and are not of interest, but serve to con-
trol for these potential nuisance factors. In addition, we in-
cluded random effects for speakers by tonal category, random
smooths for speakers along time by tonal category (with the
customary first-derivative penalty), random smooths for speak-
ers by speech rate, and random smooths for speakers by location
(both with first-derivative penalties).

To represent the phonetic context, we calculated the aver-
aged normalized fO within the initial 30% of the second syllable
in disyllabic sequences. This approach is based on the hypoth-
esis that the early part of the second syllable, rather than the
entire syllable, has a more direct impact on the f0 realization of
the preceding syllable.

The GAMM for the phonetic model included fixed effects
for prosodic boundary and givenness as above. It similarly
shared the general and random smooth terms for speech rate
and location. The key term of interest, however, was differ-
ent: instead of fitting a 1-D smooth over time by the six tonal
categories, the phonetic model fitted a 2-D tensor product of
“f0 at 30%° and ‘time‘. This fits a two-dimensional surface (a
‘bendy sheet’, according to [22]), which bends nonlinearly over
(coarticulatory) fO values at 30% and time simultaneously. The
two margins of the tensor product had 30 and 11 basis func-
tions, respectively; furthermore, the tensor product was con-
structed by each of the four combinations of prosodic bound-
ary and givenness. The random-effects part of the model com-
prised random effects for speakers by these same four levels of
boundary and givenness. We also included random smooths for
speakers along the fO at 30% by these boundary-and-givenness
combinations, and random smooths for speakers along time by
boundary—givenness, with the appropriate penalties.”> As be-
fore, we additionally included random smooths for speakers
along speech rate and along location.

Based on exploratory fits, the two models were fit to scaled-
t errors and included an autoregressive process of order 1 with
p = .3. Significance of differences between conditions was
assessed by means of Bayesian credible intervals, using the ap-
proach by [22]. Differences are considered significant wherever
the credible interval excludes zero.

4. Results

The first question we address is the presence of PLR in con-
versational Cantonese. Figure 2 displays the fO contours for
“T1-T1” and “T1-T4” sequences, where the dashed line differ-
entiates the first and second syllables. A noticeably higher fO
realization is observed for the first syllable in the “T1-T4” se-
quence compared to the “T1-T1”, providing evidence of PLR in
spontaneous conversational speech.

2Due to technical limitations, it was necessary to split out the tensor
product into these two separate 1-D splines; in current mgcv versions,
fitting random tensor products is only possible in very specific circum-
stances, which did not apply to our model.
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Figure 2: FO contours of “T1-T1” and “T1-T4” sequences.

4.1. The phonological contexts

First, we explore whether and how the phonological context,
namely the tone category of the second syllable, impacts the
realization of PLR. Figures 3-5 present the relevant smooth
curves fit by the GAMM, as well as the difference between
them. Figure 3 illustrates the fO difference in the first syllable
between “T1-T1” and “T1-T4.” Negative values on the y-axis
signify a lower f0 in the first syllable of “T1-T1” compared to
“T1-T4,” effectively illustrating the PLR pattern.

0o 2’5 50 75 160
Time

Figure 3: FO difference “T1-T1” minus “T1-T4” from GAMM:
Negative values show lower f0 in “T1-T1".

Figure 4 shows that prosodic boundary presence signifi-
cantly affects PLR realization between “T1-T1” and “T1-T4.”
It displays the fO differences in the first syllable of “T1-T1” and
“T1-T4” sequences, with the x-axis representing the normal-
ized time of the first syllable. Notably, the absence of an inter-
syllable boundary amplifies the fO difference in the first syllable
between “T1-T1” and “T1-T4” sequences in the second half of
the vowel. This suggests that phrasal boundary presence has
a significant effect on the PLR realization in the phonological
context.

Moreover, we examined whether givenness, as an infor-
mation structure element, plays a role in PLR in spontaneous
speech. Figure 5 suggests that later mentions resulting in larger
fO differences between T1-T1 and T1-T4 than first mentions,
particularly towards the end of the first syllable of the sequence.
credible interval for the difference includes zero throughout.
This finding suggests that in our dataset, the givenness of infor-
mation alone could not account for the variation in the phonetic
realization of PLR in spontaneous and conversational speech.

In a midway recap, the GAMM for the phonological context
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Figure 4: Boundary effect on f0 difference “T1-T1” minus “T1I-
T4” sequences.

T1-T1 minus T1-T4

[+first mention]

e \/
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Figure 5: Givenness effect on f0 difference “T1-T1” minus “T1-
T4” sequences.

reveals a higher fO realization in the first syllable of T1-T4 se-
quences compared to T1-T1 in conversational Hong Kong Can-
tonese, confirming the presence of the PLR phenomenon. This
effect is stronger when there is no prosodic boundary within the
sequence.

4.2. The phonetic contexts

Next, we investigate whether the phonetic context, like the
phonological context, can produce a similar dissimilatory effect
on the fO realization of the first syllable in disyllabic sequences.

Figures 6 and 7 visualize the tensor product smooth (i.e., the
2-dimensional surface of f0-at-30%-by-time values), as well as
the difference between these two tensors, respectively as func-
tions of prosodic boundary and of givenness. All instances an-
alyzed in 4.1 are involved here, namely from both “T1-T1” and
“T1-T4” sequences. The y-axis in the plots denotes the aver-
age f0 of the initial 30% of the second syllable, while the x-axis
denotes the time point. Color reflects the effects on the first syl-
lable’s f0 realization; where the color is fully opaque (i.e., not
translucent), the 95% credible interval excluded zero (i.e., the
effect is significant).

Should a dissimilatory effect from the phonetic context in-
fluence the first syllable’s fO, we would expect more fO increase
(shown by color) with lower f0 in the second syllable (y-axis
values). However, figures 6 and 7 reveal the contrary: the first
syllable’s fO increases more with higher fO in the second sylla-
ble. This suggests that the phonetic context leads to assimila-
tion, not dissimilation, in the first syllable’s fO. Thus, the pho-
netic context’s influence in our data is opposite to the phonolog-
ical context’s; while the latter shows PLR’s dissimilatory effect,
the former demonstrates assimilation.

The presence of phrasal boundaries and the givenness of in-
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Figure 6: Phonetic context impact on f0 by prosodic boundary.
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Figure 7: Phonetic context impact on fO by givenness.

formation generally do not significantly affect how the phonetic
context influences the realization of tonal articulation. This is
evident in the “difference” panels (the right-most panels) in fig-
ures 6 and 7.

5. Discussion
5.1. PLR in spontaneous speech

This study explored the realization of tonal coarticulation in
spontaneous speech using a map task corpus of Hong Kong
Cantonese with conversational and spontaneous speech. The
analysis involved comparing the fO realization of the T1 syl-
lable when placed before T1 or T4 syllables. First, we fit a
GAMM to assess the effect of phonological tonal categories
from the surrounding context. The results indicate significant
fO differences in the first syllable between “T1-T4” and “T1-
T1” sequences, providing evidence for the presence of PLR, a
phonological tonal coarticulatory phenomenon, in spontaneous
speech. Furthermore, we investigated the effect of the phonetic
context of surrounding syllables on the fO realization. The re-
sults suggest that the phonetic context of surrounding syllables
can influence f0 realizations.

5.2. Influence of prosodic and information structure on
tonal coarticulation

Another goal of this research was to explore how tonal coartic-
ulation is influenced by prosodic and information structure ele-
ments. Existing research suggests both prosodic boundaries and
givenness influence phonetic realization [6, 10]. To address this
research question, we first looked into the impact of a prosodic
boundary on PLR, in the phonological context. This was inves-
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5
0
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tigated by comparing the PLR in disyllabic sequences in scenar-
ios with and without a prosodic boundary between the syllables.
The findings indicated that PLR is stronger in the absence of a
prosodic boundary, indicating the influence of prosodic bound-
aries on tonal coarticulation. On the other hand, the givenness
of a sequence does not significantly affect PLR realization. Ad-
ditionally, the study examined how the phrasal boundary pres-
ence and givenness of a sequence affect the phonetic context
effect on fO realization. No significant effect of boundary or
givenness has been observed in the data.

The absence of a notable effect of givenness on the phono-
logical context (i.e., on PLR realization), and the lack of effects
from boundary and givenness on the phonetic context could
be attributed to the nature of a spontaneous and conversational
speech corpus used in this study. Speech in such a corpus is
subject to a multitude of influencing factors, making it diffi-
cult to control variables as precisely as in laboratory-based sen-
tence reading experiments. Despite extensive efforts to model
various influencing factors, the control remains incomplete. In
this context, even if systematic effects of boundaries and given-
ness exist, they might not be detectable with the current model-
ing approaches. Further exploration of the interaction between
prosody and information structure on phonetic feature realiza-
tions in spontaneous speech is necessary and will provide addi-
tional insights into this question.

5.3. Sources of variations: phonological vs. phonetic con-
texts

The current research also found that the phonological and pho-
netic contexts have opposite impacts on the fO realization of the
first syllable in disyllabic sequences in the current research. The
influence of the phonological context aligns with the dissimila-
tory pattern of PLR: a higher tone in the subsequent syllable
results in a lower fO in the preceding syllable, and vice versa.
However, the phonetic context showed an assimilatory effect,
where a higher f0 in the subsequent syllable led to a higher fO
in the preceding syllable.

[13] proposed a physiological explanation for PLR, sug-
gesting that raising the pitch in the first syllable enables a higher
fO velocity to achieve a lower f0 target in the subsequent sylla-
ble. Under the assumption that PLR is purely physiologically
driven, one would expect that the phonetic context would induce
a dissimilatory effect on the fO, mirroring the phonological con-
text. However, the current study contradicts this expectation.

Therefore, our findings suggest that PLR is not purely a re-
sult of physiological factors. Because the processing of the sec-
ond syllable’s tone involves the handling of abstract categories,
we propose that PLR likely involves a level of processing by the
speaker that is more abstract in nature. The mechanisms of this
processing require further exploration in future studies.

6. Conclusion

This study investigated tonal coarticulation in conversational
speech, particularly focusing on PLR. By examining the fO pat-
terns of a high tone (T1) preceding either another high tone or
a low tone (T4), we confirmed the existence of PLR in spon-
taneous speech. Our findings also revealed that prosodic struc-
ture significantly influence tonal coarticulation. Additionally,
the study found opposite effects of phonological (dissimilatory)
and phonetic (assimilatory) contexts on fO variations.
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