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Prosodic structurally conditioned variation
of coarticulatory vowel nasalization in Mandarin

Chinese: Its language specificity and cross-linguistic
generalizability
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Abstract: This study compares prosodic structural effects on nasal (N) duration and coar-
ticulatory vowel (V) nasalization in NV (Nasal-Vowel) and CVN (Consonant-Vowel-Nasal)
sequences in Mandarin Chinese with those found in English and Korean. Focus-induced
prominence effects show cross-linguistically applicable coarticulatory resistance that
enhances the vowel’s phonological features. Boundary effects on the initial NV reduced N’s
nasality without having a robust effect on V-nasalization, whose direction is comparable to
that in English and Korean. Boundary effects on the final CVN showed language specificity
of V-nasalization, which could be partly attributable to the ongoing sound change of coda
nasal lenition in Mandarin. VC 2020 Acoustical Society of America
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1. Introduction

Coarticulation is a physiological, biomechanically driven phonetic process originating from the
inevitable overlap of multiple articulatory gestures (K€uhnert and Nolan, 1999). This low-level
phonetic process, however, can be controlled by the speaker in reference to the higher-order lin-
guistic structures of a given language [e.g., Barlaz et al. (2018), Beddor et al. (2002), Cho (2004),
and Mok (2013)]. Recent studies of English and Korean (Cho et al., 2017; Jang et al., 2018)
have shown that the phonetic granularity of coarticulatory vowel nasalization (V-nasalization) in
CVN (consonant-vowel-nasal) and NVC (nasal-vowel-consonant) is indeed fine-tuned by pro-
sodic structural factors of prominence and boundary, which can engender linguistically meaning-
ful phonetic outputs, as discussed below [see Fletcher (2010) or Cho (2016) for a related review].
Our purpose in the present study is to extend these previous studies to Mandarin Chinese (hence-
forth Mandarin) and compare the extent to which coarticulatory V-nasalization in Mandarin can
be under the speaker’s control in reference to prosodic structural factors with the existing data
for American English (henceforth English) and Korean. This comparison will provide insights
into cross-linguistic similarities and differences in the coarticulatory process that is assumed to go
beyond simple physiological, biomechanical processes. In the rest of this section, we summarize
the findings in English and Korean reported in Cho et al. (2017) and Jang et al. (2018), respec-
tively, and lay out the specific research questions we explored in this study.

English and Korean share comparable focus-induced prominence effects, such that N-
duration is longer and the vowel resists the coarticulatory influence of N under focus, indicating an
enhancement of N’s nasality and the vowel’s [oral] feature, respectively. Based on these cross-
linguistic similarities, it was suggested that the prominence entails coarticulatory resistance in a
cross-linguistically similar way, enhancing phonological contrasts in the language. Our first question
is thus how the focus-induced prominence factor modulates the coarticulatory V-nasalization in
Mandarin in comparison with the findings in English and Korean and the extent to which the results
lend cross-linguistic support to the phonologically informed coarticulatory resistance hypothesis.

English and Korean also show similar boundary effects in the carryover (NV) context: a
domain-initial shortening of the N-duration that leads to less V-nasalization in the following
vowel. Such an initial nasal reduction found across languages is generally considered to come
from domain-initial articulatory strengthening [e.g., Keating et al. (2003)] with a supralaryngeal
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articulatory force that elevates the velum [e.g., Fougeron (2001)]. Our second question is thus
how the boundary strength influences the phonetic realization of NV in Mandarin and the extent
to which the obtained boundary effect reflects the domain-initial articulatory strengthening found
in English and Korean.

Finally, in boundary effects in the anticipatory (VN) context, English and Korean show
both similarities and differences. They share a comparable phrase-final coarticulatory vulnerabil-
ity by which the vowel is more nasalized in the phrase-final than in the phrase-medial position.
The phrase-final coarticulatory vulnerability has been attributed to a cross-linguistically applica-
ble articulatory weakening process toward the end of a phrase that loosens the velic elevation
gesture. On the other hand, English shows a cross-linguistically observed phrase-final lengthening
of the N-duration in VN, whereas Korean shows no phrase-final lengthening effect, showing
language-specificity in the temporal realization of the N-duration. Our third question is thus how
Mandarin modulates V-nasalization and N-duration in the phrase-final CVN context from both
cross-linguistic and language-specific perspectives.

Given the available cross-linguistic evidence, one might expect Mandarin to follow the
cross-linguistic trend toward the phrase-final coarticulatory vulnerability of the vowel and lengthen-
ing of the N-duration in the VN context. But just as Korean showed a language-specific pattern in
the boundary effect on N-nasalization in VN (no phrase-final lengthening), so Mandarin could reveal
its own language-specific phrase-final patterns. This possibility becomes more plausible when we con-
sider the language’s distributional restriction on coda consonants—i.e., only nasal consonants are
allowed, being restricted to /n/ and /˛/ [e.g., Duanmu (2007)]. Moreover, many Chinese dialects,
including Mandarin, undergo a sound change in which the oral constriction of the nasal coda is sub-
stantially lenited [e.g., Duanmu (2007)], with a possible place merger of /n/ and /˛/ (Chen, 1972;
Chen, 2000; Chiu et al., 2019), while the information about nasals can still be preserved in the form
of V-nasalization [cf. Chen (1972)]. In other words, V-nasalization in Mandarin might not be charac-
terized merely as a non-contrastive coarticulatory process; it appears to play a phonological role in
maintaining phonological contrasts among the nasal consonants. It is thus reasonable to predict that
the phrase-final V-nasalization might not simply follow the cross-linguistically observable coarticula-
tory vulnerability, possibly showing no substantial variation in V-nasalization, so that it can main-
tain sufficient phonological information from the nasal consonant.

2. Method

2.1 Participants, speech materials, and recording procedure

Sixteen native Mandarin speakers participated in this study. However, four of them produced
CVN words with no acoustically discernible, clear-cut division between the vowel and the nasal
coda, indicating a weakening of the oral constriction for N that made it difficult to reliably seg-
ment the vowel and the coda. These speakers were therefore excluded from further analysis. The
12 remaining speakers reported no language impairments and had lived in Korea for less than
3 years (6 females and 6 males, Mage¼ 23.4 years, 20–29 years).

Six monosyllabic target words were recorded in the nasal context: two (/ma/, /na/) in NV
and four (/pan/, /tan/, /pa˛, /ta˛/) in CVN. (Note that Mandarin has no NVC words.) The lexical
tone was controlled to be tone 1. Two additional CV words (/pa/, /ta/) were separately recorded
to be used as the control (oral) context for NV and CVN. Each target word was embedded in a
carrier (template) sentence in which the focus and boundary conditions were manipulated. The
carrier sentences consisted of a question-answer pair in a mini discourse situation. The NV target
word was meant to be placed in either an intonational phrase-initial (IP-initial) or an IP-medial
position (with N being word-initial) and to be either focused (in uppercase and bold) with correc-
tive contrast between the target word and a word in the question or unfocused with the contrast
elsewhere. The CVN words were included in carrier sentences in a similar way except that the
boundary condition for CVN was IP-final (rather than IP-initial) versus IP-medial. See the
Supplementary Material1 for a full set of experimental sentences with NV and CVN words. The
full set is also available on the Open Science Framework (Li, 2020).

The discourse situation was intended to be a kind of word game. To obtain natural
speech as much as possible, the full carrier (template) sentences were not shown to the speakers
in written form. Instead, they were cued by pictures, as shown in Fig. 1. A target word was writ-
ten on one side of a cube alongside the copular verb (“be”) that was to be produced together
with the target word. The prompt questions were pre-recorded by a native Mandarin speaker
and played back for the participants. The speakers then responded by producing the target words
(along with the copular verb) in the carrier (template) sentences according to the cues given in
the picture. For example, as shown in Fig. 1(a), two cubes appeared on the screen, and the left
cube had the target word ma (“mom”) written in Chinese alongside the copular verb shi (ma-shi).
The pre-recorded voice asked whether the word on the left cube was pa-shi (“eight-be”) as in pa1
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�i4 tsai4 tswo3 pjEn1 ma? (“Is ‘EIGHT-be’ on the left?”). The speaker would say that the left one
was ma-shi (not pa-shi), inducing a corrective contrastive focus on the target word as in pu2 �i4,
ma1 �i4 tsai4 tswo3 pjEn1 (“No. ‘MOM-be’ is on the left.”). In this condition, the target word was
preceded by another (short) phrase (e.g., [pu2 �i4] “No”) which created an IP boundary between the
target and the preceding phrase. Figure 1(b) shows a visual prompt for a focused condition with a
Wd boundary. The target word was cued by a fruit placed on top of it, and as exemplified in pu2
�i4. thau2 tsai4 �i4 ma1 �A˛4 pjEn1 (“No. The peach is on the top of ‘be-MOM’.”). It was meant to
be embedded in the middle of a phrase. There was a practice session of about 30 min, including the
instructions for the word game, so that the speakers were comfortable producing response sentences
based on the visual prompts.

Acoustic data were recorded in a sound-attenuated booth using a Tascam HP-D2 digital
recorder and a SHURE KSM44 microphone at a sampling rate of 44 kHz. Each dialogue was
repeated three times. In total, 1440 sentence tokens were collected—10 items (6 target words and 4
control words)� 2 boundaries (IP, Wd)� 2 focus conditions (focused, unfocused)� 3 repetitions� 12
speakers. The obtained tokens were checked for their prosodic conditions by all three authors, and
19 tokens were excluded because they were produced with either a clearly wrong placement of focus
or a prosodic boundary before or after a test word in the context of a Wd boundary condition.

2.2 Measurements and statistical analysis

The acoustic duration of the nasal consonant (N-duration) was measured on the spectrogram
along with the waveform. It was taken from the onset of the nasal murmur to the onset of the
vowel in NV and from the offset of the vowel to the offset of the nasal murmur in CVN. V-
nasalization was assessed by A1-P0, following previous studies [e.g., Chen (1997), Zellou (2017),
Cho et al. (2017), and Jang et al. (2018)]. In A1-P0, A1 refers to the amplitude of F1 and P0 to
the amplitude of the nasal peak at 250–450 Hz, with lower A1-P0 values indicating greater nasal-
ization. A1-P0 values were taken at both absolute and relative timepoints in the vowel, as in Cho
et al. (2017) and Jang et al. (2018). The absolute measures were taken at 25, 50, and 75 ms from
the V onset in NV and before the V offset in CVN to examine the extent to which
V-nasalization is related to the physical distance from N as a time-locked low-level process. The
relative measures were taken at 25%, 50%, and 75% relative to the entire vowel duration to
examine the extent to which the coarticulatory influence pervaded into the vowel as a process
beyond a low-level phonetic effect. The A1-P0 values were extracted by using a PRAAT script
(Styler, 2015). Following Zellou (2017) and Jang et al. (2018), the A1-P0 values were normalized
for each participant based on the maximum and minimum nasality values (A1-P0) obtained from
each (near) minimal pair of oral-nasal contexts (NV-CV; CVN-CV). The normalized values in
proportion (%) indicate how much each A1-P0 measure of the target word is considered to be
nasalized relative to the obtained range.

A series of linear mixed-effects models were fitted to each measure by using the lme4
(Bates et al., 2015) packages in R (R Core Team, 2019) to investigate the prosodic influences of
boundary and focus on the two dependent variables: N-duration and V-nasality (A1-P0 propor-
tion). The fixed effects were focus (focused, unfocused), boundary (IP, Wd), and timepoint
(Absolute: 25, 50, 75 ms; Relative: 25%, 50%, 75%) and their interactions. Focus and boundary
were contrast-coded, and timepoint was treatment-coded. The random-effect structure for the
A1-P0 model in the final (CVN) context includes random intercepts and random slopes for par-
ticipant and item. Four items (/pan/, /tan/, /pa˛/, /ta˛/) were included in CVN. For NV, there
were only two items (/ma, /na/) and the A1-P0 model with relative timepoints converged with
both random intercepts and slopes for item. But the A1-P0 model with absolute timepoints did
not converge with random slopes for item, so that only random intercepts for item were included.
Random slopes for timepoint were not included in the A1-P0 models in both CVN and NV

Fig. 1. (Color online) An example of the visual prompts used in the designed word game. In (a), the left cube contains the tar-
get word ma (“mom”) alongside the copular verb shi, used to induce an IP boundary condition under focus. In (b), the right
cube contains the target word ma alongside shi (with a fruit on top of it), used to induce a word boundary under focus. (See
the text for further explanation.)
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because the models failed to converge with them. As timepoint was included in the model fits
mainly to examine how effects of prosodic factors (focus and boundary) would interact with
timepoints, we excluded random slopes for timepoint for the sake of model convergence rather
than those for the two critical prosodic factors. (Note also that although timepoint had three lev-
els, direct comparisons among them were not made for the purpose of the present study, so that
there was no need for family-wise error correction.) Finally, models for N-duration in both NV
and CVN converged with random intercepts and slopes for both participant and item. The R
syntaxes used for the analyses are given in the Supplementary Material1 and on the Open
Science Framework (Li, 2020).

The data (including all the measured values for dependent variables in each condition)
used for model fits and R scripts are available on the Open Science Framework (Li, 2020).

3. Results

3.1 Initial NV (carryover) context

Focus (b¼ 17.73, t¼ 6.95, p< 0.001) and boundary (b¼�31.53, t¼�5.48, p¼ 0.027) had signifi-
cant effects on N-duration in NV, with N being longer in the focused than in the unfocused con-
dition [Fig. 2(a)] and shorter in the IP-initial than in the Wd-initial position [Fig. 2(b)]. There
was also a significant interaction effect between focus and boundary (b¼�22.31, t¼�5.02,
p¼ 0.031), with the focus-induced lengthening effect being smaller in the IP than in the Wd con-
dition [Fig. 2(c)]. For V-nasalization, focus had a significant effect on A1-P0 (normalized) at
both the absolute and relative timepoints (absolute: b¼�16.05, t¼�3.39, p¼ 0.004; relative:
b¼�15.58, t¼�2.38, p¼ 0.035)—i.e., vowels were nasalized less in the focused than the unfo-
cused condition, showing a focus-induced coarticulatory reduction [Fig. 2(d) and 2(f)]. The effect
of boundary was not significant in the absolute measurement (b¼�5.68, t¼�1.47, p¼ 0.160)
[Fig. 2(e)], but there was a trend in the relative measurement (b¼�8.22, t¼�1.47, p¼ 0.077)
[Fig. 2(g)]. Focus and boundary did not interact with each other, nor did they interact with time-
point, indicating that the observed patterns were consistent across the timepoints and were thus
pervasive in the vowel.

3.2 Final CVN (anticipatory) context

Focus and boundary had significant effects on N-duration in CVN, with N being longer in the
focused than in the unfocused condition (b¼ 9.36, t¼ 5.32, p< 0.001) [Fig. 3(a)] and longer in
the IP-final than in the Wd-final condition (b¼ 28.09, t¼ 5.46, p¼ 0.005), consistent with a gen-
eral phrase-final lengthening effect [Fig. 3(b)]. An interaction between focus and boundary was
observed (b¼�18.91, t¼�3.5, p¼ 0.013) [Fig. 3(c)]: the focus-induced lengthening effect was
reliable only in the Wd-final condition, disappearing in the IP-final condition in which the
N-duration was already substantially lengthened, showing a kind of ceiling effect caused by
phrase-final lengthening.

Focus had a significant effect on V-nasalization (normalized A1-P0) in both the absolute
and relative measures (absolute: b¼�24.49, t¼�6.02, p< 0.001; relative: b¼�24.75, t¼�5.97,
p< 0.001). V-nasalization was less in the focused than in the unfocused condition, showing a
reduction of coarticulatory vowel nasalization under focus [Figs. 3(d) and 3(f)]. Although focus
and timepoint showed some statistical interactions in the absolute measures (at 50 ms, b¼ 3.72,
t¼ 2.88, p¼ 0.004; at 75 ms, b¼ 5.82, t¼ 4.45, p< 0.001), no interaction was found in the relative
measures. In fact, as can be seen in Figs. 3(d) and 3(f), the focus effect was largely consistent
across timepoints in the vowel in both the absolute and relative measures, although the effect
appears to be slightly more robust near the nasal consonant, which could account for the focus
� timepoint interactions. Unlike focus, boundary showed no effect on V-nasalization in the abso-
lute measure (b¼�1.08, t¼�0.62, p¼ 0.547) [Fig. 3(e)]. The relative measure revealed a

Fig. 2. Effects of focus and boundary on initial N-duration [(a), (b), (c)] and V-nasalization at the absolute (d), (e) and rela-
tive (f), (g) timepoints in the carryover (NV) context. Not significant (n.s.), p> 0.1; *, p< 0.05; **, p< 0.01; ***, p< 0.001.
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significant effect of boundary (b¼�9.48, t¼�5.29, p< 0.001), but, as shown in Fig. 3(g), the
effect interacted with timepoint in such a way that only the timepoint at 25% (nearest the nasal
source) revealed a significant boundary effect (b¼�9.83, t¼�4.26, p¼ 0.002).

4. General discussion

Mandarin showed focus-induced prominence effects on N-duration and V-nasalization that were
largely consistent with those observed in English (Cho et al., 2017) and Korean (Jang et al., 2018).
N-duration was elongated under focus in both NV and CVN, showing an enhancement of N’s
nasality. The vowel in both the carryover (NV) and anticipatory (CVN) contexts was nasalized less
under focus across the timepoints in the vowel. As in English and Korean, such across-the-board
coarticulatory reduction in Mandarin indicates that the effect goes beyond what could be normally
observed with a localized low-level phonetic process to show an enhancement of the vowel’s phono-
logical [oral] features [cf. de Jong (2004) and Cho (2016); see Kim et al. (2018) for related discussion
on enhancement of stop voicing features in English]. This confirms that prominence modulates the
low-level coarticulatory process in relation to the sound system in much the same way across lan-
guages, lending support to the prominence-induced coarticulatory resistance hypothesis.

The boundary effect in the carryover (NV) context in Mandarin also demonstrated
cross-linguistically comparable patterns. N-duration was shortened IP-initially more than Wd-
initially, as in English and Korean [see also Cho and Keating (2001, 2009) for related results].
The domain-initial reduction of N (the nasal murmur) builds on the cross-linguistic tendency for
nasal reduction to decrease the onset consonant’s sonority. This can be interpreted as showing an
enhancement of its consonantality in NV (the less sonorant, the more consonant-like) and hence
an enhancement of the syntagmatic CV contrast [cf. Fougeron and Keating (1997) and Keating
et al. (2003)], albeit the effect might also be attributed to an articulatory force that applies to the
vocal tract, elevating the velum (Fougeron, 2001). Interestingly, however, despite the robust
phrase-initial reduction of N’s nasality, there was only a weak trend towards a phrase-initial
reduction of V-nasalization. This weak effect differs substantially from the robust phrase-initial
reduction of V-nasalization found in English and Korean. At the moment, we do not have a defi-
nite explanation for this potential cross-linguistic difference, but the trend found in Mandarin is
at least in the same direction as in English and Korean, suggesting that all three languages have
similar phonetic underpinnings that underlie the boundary effect in the carryover (NV) context,
although the fine phonetic detail appears to be determined in a language-specific way.

Finally, and most importantly, the boundary effect in the anticipatory (CVN) context dem-
onstrated both cross-linguistic similarity and difference. N-duration in CVN was elongated IP-finally,
showing a generally observed phrase-final lengthening effect, as was found in English. (Note that
Korean showed no phrase-final lengthening effect on the final N-duration.) Crucially, however, no
substantial boundary effect was observed on V-nasalization in either the absolute or relative measure.
There was only one timepoint (25%) nearest the nasal source in CVN in which the vowel was more
nasalized IP-finally; no other timepoint (absolute or relative) showed any boundary effect. These
results differ categorically from the robust phrase-final effects across timepoints found in both
English and Korean. The almost null boundary effect on V-nasalization in CVN in Mandarin, there-
fore, stands in sharp contrast with the general pattern of phrase-final coarticulatory vulnerability
that can arise with phrase-final articulatory weakening, which attenuates the oral articulatory force
to close off the velopharyngeal port (Cho et al., 2017; Jang et al., 2018).

One way of understanding this cross-linguistic discrepancy is to simply attribute it to a
language-specific phonetic effect internalized in the phonetic grammar of Mandarin [e.g., Keating
(1984), Cho and Ladefoged (1999), and Cho et al. (2019)]. In other words, Mandarin might sim-
ply not follow the presumably biomechanically driven universal phonetic process understood to
underlie the phrase-final coarticulatory vulnerability. The cross-linguistic variation in V-
nasalization (as observed in Mandarin vs English and Korean) can then be understood in terms

Fig. 3. Effects of focus and boundary on final N-duration [(a), (b), (c)] and V-nasalization at the absolute (d), (e) and relative
(f), (g) timepoints in the anticipatory (CVN) context. n.s., p> 0.1; *, p< 0.05; **, p< 0.01; ***, p< 0.001.
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of how languages can differ in the gestural magnitude (and the temporal extent) of the velum lower-
ing gesture for a nasal consonant and its alignment timing with the oral constriction gesture.
Following the insight that variation in V-nasalization is related to the alignment of the velum lower-
ing gesture with the oral constriction gesture of Beddor (2009), Jang et al. (2018) offered a gestural
account for a cross-linguistic difference between English and Korean. Recall that Korean did not
show a phrase-final lengthening of N-duration, whereas both languages showed a similar phrase-
final coarticulatory vulnerability of V-nasalization. The null effect on N-duration in Korean could
be accounted for by a smaller velum lowering gesture in Korean than in English. The assumed
smaller velum lowering gesture in Korean appears to be aligned earlier (shifted to the left) relative to
the oral constriction gesture in VN in the phrase-final position. As a result, N-duration in VN in
Korean might not undergo a phrase-final lengthening (because the velum lowering gesture has been
shifted to the left, thus overlapping less with the oral constriction gesture for N), and the preceding
vowel overlaps more with the velum lowering gesture, showing more V-nasalization in the phrase-
final position. We suggest that a similar mechanism for modulating inter-gestural timing could apply
to Mandarin but in a language-specific way, showing an exact opposite pattern. The phrase-final
velum lowering gesture in Mandarin could be aligned later (rather than earlier as in Korean) so that
it is shifted to the right relative to the oral constriction gesture for N. The resulting increase in over-
lap between the velum lowering and oral constriction gestures could account for phrase-final length-
ening of the N-duration to some extent. Such a later alignment would in turn have caused less V-
nasalization, if the magnitude of the velum lowering gesture remained largely the same as a function
of boundary strength, but the degree of V-nasalization may also remain more or less the same, if the
velum lowering gesture indeed becomes larger at an IP boundary, thus overlapping more with the
consonantal constriction. This inter-gestural timing account for the cross-linguistic variation in V-
nasalization is reminiscent of the inter-gestural timing account proposed by Cho and Ladefoged
(1999) for cross-linguistic variation in VOT—i.e., it is assumed to arise as a consequence of the lan-
guage’s arbitrary use of differential inter-gestural timing between the oral release gesture and the
glottal adduction gesture.

This language-specific effect on CVN could also be related to a language-specific distribu-
tional restriction on the occurrence of consonants in the coda position and a possible sound change
currently in progress in Mandarin. Recall that in many Chinese dialects, the oral constriction for the
coda nasal can be substantially lenited (Duanmu, 2007), possibly leading to a sound change in which
the oral constriction is being elided with a merger between /n/ and /˛/ (Chen, 1972; Chen, 2000;
Chiu et al., 2019). Chen (1972) also suggested that although the oral place features for the two nasal
consonants could be delinked in the coda position in Mandarin, they could still be preserved with
their phonetic trace left in the form of V-nasalization. This is presumably why four of the original
16 speakers who participated in this study did not show a clear-cut division between the nasalized
vowel and the nasal consonant. From the articulatory point of view, the velum lowering gesture
could be more loosely aligned (with less gestural cohesion) with the oral constriction gesture for
CVN in Mandarin than in English, which could eventually have led to a weakening of oral constric-
tion while the V-nasalization carries sufficient information about the presence of the upcoming nasal
coda. The results of the present study thus lend support to the view that V-nasalization in Mandarin
is no longer a mere coarticulatory process but plays a phonological role in preserving information
about the coda. Thus, it is less subject to the putatively universal biomechanically driven weakening
effect in the phrase-final position. It is, however, worth pointing out that the sound change in
Mandarin appears to be still at its embryonic stage. Twelve out of 16 speakers still showed a rela-
tively clear acoustic division between the vowel and the nasal murmur for the consonant. Moreover,
if the V-nasalization was fully phonologized, one might expect a focus-induced enhancement of the
phonological nasal feature, showing more nasalization under focus. But the nasalized vowel in
Mandarin was less nasalized under focus, indicating that the nasal feature is not yet phonologically
linked with the preceding vowel.

In conclusion, we have here demonstrated that although Mandarin Chinese follows cross-
linguistically applicable coarticulatory patterns, some of the effects are attributable to the language’s
specific linguistic structure. The observed cross-linguistic generalizability and language-specificity sup-
port the general view that low-level phonetic processes can be under speaker control in reference to
prosodic structure across languages, but they can also be further fine-tuned in language-specific ways
that depend on the language’s internal phonological and prosodic structures. The results of this
study, however, are based on a limited tonal context. Further research is needed to generalize the
current finding by examining broader tonal contexts and other Chinese dialects.
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