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Abstract

Weak elements in Tianjin Mandarin are often assumed to have
distinct origins and functions across subcategories, yet acoustic
differences among them remain underexplored. This study
analyzes the first two formants (F1, F2) and fundamental
frequency (F0) of weak elements produced by six Tianjin
Mandarin speakers. Results reveal: (1) Vowel quality shows
minimal variation across subcategories, with F1 reduction and
F2 centralization in monophthongs, and F1 centralization and
compression in diphthongs. (2) Tone realization varies: affixes,
locative prepositions, directional verbs, reduplicated words and
optional weak elements exhibit a fixed mid-low pitch target,
achieved through target-setting. In contrast, structural particles,
aspectual particles, habitual weak elements, and functional
weak elements rely on contextual tone spreading. These
findings highlight two coexisting patterns of tone realization in
Tianjin Mandarin weak elements.

Index Terms: weak elements, tone spreading, target setting,
Tianjin Mandarin

1. Introduction

1.1. The representation of weak elements

Weak elements, often termed unstressed elements [1], appear in
various languages and exhibit distinct phonetic representations
across linguistic systems. In Mandarin, weak elements occur in
8.6% of continuous speech [2].

In non-tonal languages, weak elements typically manifest
as unstressed syllables, such as the schwa in English and
German [3, 4]. These elements are characterized by duration
reduction and vowel quality changes, including a decrease in
the first formant (F1) [5, 6]. In tonal languages, weak elements
similarly display duration reduction and vowel quality changes
compared to their non-weak counterparts [7, 8, 9, 10]. Studies
quantify this reduction, showing that weak elements are 50-
60% shorter in duration. Vowel quality changes are marked by
centralization in both F1 and F2 [9, 10, 11]. Additionally, tonal
changes in weak elements are classified as either tone loss or
tone reduction [12].

1.2. The realization of weak elements

Research on the realization of weak elements in Mandarin
primarily focuses on the mechanisms of tone realization, with
two dominant explanatory frameworks: target-setting [1] and
tone spreading. These frameworks provide insights into the
underlying processes of tone realization in weak elements.

The target-setting approach posits that tone alterations in
Mandarin weak elements result from modifications in tonal
target, leading to shifts in tone categories [1]. Studies indicate
that Mandarin generally exhibits a mid target, while Taiwanese
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Mandarin and Xiamen Mandarin display a mid-low target [13].
In Tianjin Mandarin, the neutral tone, a subcategory of weak
elements, also demonstrates a mid-low target [14].

In contrast, the tone spreading model emphasizes the
influence of adjacent tones on weak element realization. This
perspective suggests that the acoustic properties of neighboring
tones extend to weak elements, altering their realization. This
phenomenon has been supported by research on Mandarin and
Beijing Mandarin, where adjacent tonal properties significantly
impact weak element realization [15, 16].

As Mandarin is a tonal language, understanding tone
realizations is crucial. In non-tonal languages, unstressed
syllable realization involves vowel quality changes. Earlier
research debates whether unstressed have an articulatory target.
Some argue they are targetless, produced through passive
movement towards a neutral tongue position [17, 18]. However,
other studies reveal language-specific articulatory targets for
unstressed vowels [17, 19]. For instance, in German, unstressed
vowels typically target [s] in weak realization [20].

1.3. The characteristics of Tianjin Mandarin

Tianjin Mandarin has a different tonal system compared to
Standard Mandarin. Specifically, Tianjin Mandarin features
four tones for monosyllabic words: Tone 1 (T1) is a low-falling
tone, Tone 2 (T2) a high-rising tone, Tone 3 (T3) a low-dipping
tone, and Tone 4 (T4) a high-falling tone [8]. This unique tonal
system in Tianjin Mandarin offers a crucial perspective for
evaluating the applicability of the two underlying mechanisms
—target-setting and tone spreading—in tonal realization.

Despite the contributions of existing studies, there remains
no consensus on the mechanisms governing the realization of
weak elements, both in terms of phonetic realization and tonal
realization. Given the distinct tonal system of Tianjin Mandarin,
further investigation is needed to explore the realization
mechanism and the presence of specific tonal targets in this
dialect. The specific research questions addressed in this study
are as follows:

(1) Are there phonetic differences among various
subcategories of weak elements in Tianjin Mandarin, and how
these differences are represented in weak elements?

(2) Does the realization of weak elements vary across
different subcategories, and what methods are employed in their
realization?

2. Methodology

2.1. Participants

The experiment recruited six participants, comprising three
males and three females, with an average age of 34.0. All
participants were native speakers of Tianjin Mandarin, born and
raised in the Tianjin area, and had lived there continuously for
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at least 18 years. They reported using the Tianjin dialect
regularly to communicate with family members in their daily
lives. Furthermore, all participants confirmed that they had no
history of hearing impairments or developmental language
disorders.

2.2. Materials

Weak elements in this study were categorized into nine groups
based on their semantic classifications [7], as illustrated in
Table 1. Each weak element was placed as the second syllable
within a disyllabic word group.

Table 1: Subcategories of weak elements and examples.

Groups Subcategories Weak Elements (examples)
Co1 Structural particles B [einl 0] new
C02 Aspectual particles RE [t ts¥0] staying
Co03 Affixes [EF [jyen2 tsi0]  garden
C04 Locative prepositions B [tuonl eia0] crouch down
CO05 Directional verbs HZ  [tsul tety0] go out
C06 Reduplicated words 438 [mal ma0] mother
Co7 Habitual weak elements B [tshul €i0] achievement
C08 Optional weak elements TEMF  [tsu3 fu0] advise
C09  Functional weak elements 7P [tun] €i0] things

For the syllables preceding the weak element, it is ensured
that each of the four full tones in Tianjin Mandarin (T1 to T4)
was represented across all subcategories. These disyllabic
groups were then embedded into carrier sentences, with each
containing only one weak element positioned in the middle.

2.3. Procedures

Participants were recorded in a soundproof studio. They were
instructed to read sentences from the established corpus at a
normal speaking rate in Tianjin Mandarin, with specific
guidance to maintain natural intonation and rhythm. The audio
was recorded with xRecorder [22] at a sampling rate of 22,050
Hz with a 16-bit depth and saved in WAV format using a mono
channel configuration.

2.4. Data processing and measurements

A total of 1,962 tokens were included in the analysis. The
segmentation process was initially automated using
xSegmenter [22], followed by manual adjustments to ensure
accuracy. Data analysis and visualization were conducted using
R 4.3.3 [23].

Measurements of the first (F1) and second (F2) formants
were performed. For diphthongs, the duration was segmented
into ten equal parts, and ten data points for both F1 and F2 were
extracted. For monophthongs, the average values of F1 and F2
were calculated for each labelled segment.

To adjust for individual vocal tract differences, z-scores [24]
were applied to the formant data using Formula (1):

e
=F o
where x represents the standardized formant value, p is the
mean of the formant dataset, and o is the standard deviation of
the dataset.

To quantify vowel quality, vowel formant dispersion (VFD)
was calculated using Formula (2):

VFD = \/(Fl - Flcentroid)2 - (FZ - cmentroid)2 (2)

where F1centroid and F2cenroid represent the centroid values for
F1 and F2, respectively. These centroid values are calculated as
the mean F1 and a weighted mean F2 [25, 26].
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The analysis of fundamental frequency (FO0) involved
collecting ten equally-spaced data points for the FO of each
vowel, including both weak elements and their preceding
syllables. These FO were then converted into semitones relative
to a reference frequency of 50Hz using Formula (3):

)

where F0 is the standardized original pitch value being, and Fier
is the reference frequency set at SOHz. The semitone data were
normalized into z-score. The normalized pitch data were
interpreted as corresponding to low, mid-low, mid, mid-high,
and high targets [13]. Raw semitone values were used for
statistical analyses. To compare pitch slope and contour across
different subcategories, linear mixed-effects models were
employed [27, 28].

st=12 x log, FF—O
ref

3. Results and discussion
3.1. Acoustic representation of weak element subcategories

3.1.1. Vowel distribution

In exploring the acoustic properties of weak elements in Tianjin
Mandarin, the analysis primarily focuses on F1 and F2, which
are crucial for characterizing vowel quality and spatial
distribution within the vowel space.

The results for F1 and F2 across different subcategories of
monophthongs in this study are illustrated in Figure 1. The
figure displays the normalized F1 and F2 scores for various
vowels ([a], [¥], [i], [1], [, [o), [ul, [y]) across multiple
subcategories of weak elements. To compare the F1 and F2
values of non-weak elements with those of each corresponding
subcategory, the Wilcoxon rank-sum test was employed.

Subcategories
o | Affixes
o | Directional verbs
o | Functional weak elements
| ¢ | Habitual weak elements
| '+ | Non-weak elements

0 | '+ | optional weak elements
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Figure 1: Distribution of monophthongs in different subcategories.

As illustrated in Figure 1, the analysis of F1 for
monophthongs reveals a predominant trend of significant
reduction in F1 values across nearly all subcategories of weak
elements examined in this study. This reduction suggests that
weak elements tend to feature higher vowel articulation,
resulting in higher F1 values. For F2 of monophthongs, the data
reveal a trend of centralization compared to the F2 range of non-
weak elements. Unlike the uniform reduction observed in F1,
F2 displays a more complex pattern with significant variations:
back vowels like [0] and [u] show a statistically significant
increase in F2 values (p < .01 and p < .05, respectively),
suggesting a fronting of these vowels within the vowel space.
In contrast, front vowels such as [a], [i], [1], and [] (p < .005,
p <.005, p <.005, and p <.01 respectively), as well as the back
vowel [¥] (p <.001), demonstrate a significant reduction in F2
values, indicating a movement towards centralization. Overall,



the observed trend in F2 changes aligns with findings from
other studies on tonal languages [9, 10, 12], suggesting that this
may be a common feature in F2 realization in tonal languages.
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Figure 2: Diphthongs distribution of different subcategories.

The distribution of diphthongs, as shown in Figure 2,
reveals that diphthongs exhibit patterns of reduction and
centralization similar to those observed in monophthongs. In
the analysis of diphthongs, the variation in F1 and F2 formants
between non-weak and weak elements across different
subcategories manifests in two primary ways: first, through
compression relative to the F1 or F2 ranges of non-weak
elements, and second, through shift in their upper and lower
limits. Figure 2 illustrates these variations for each diphthong,
providing a comparison between non-weak elements to their
weaker counterparts.
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Figure 3: VFD results among different subcategories.

The Vowel Formant Dispersion (VFD) results reflect the
overall behavior of the vowel system. As depicted in Figure 3,
compared to non-weak elements, all subcategories, except for
optional weak elements, show that the VFD is greater for non-
weak vowels than for weak elements. This suggests that the
vowels of weak elements tend to be positioned closer to the
centroid of the vowel space, indicating reduced dispersion [26].

In summary, the analysis reveals that subcategories
generally do not significantly influence vowel distribution, as
similar changes, especially the same directional trends, are
observed across different categories. Furthermore, a consistent
reduction in F1 and centralization of F2 are evident among
monophthongs in weak elements. A similar centralization trend
is also observed across diphthongs.

3.1.2. Tone realization

Figure 4 presents the pitch curves of the different subcategories,
along with the average normalized pitch contours of the weak
elements conditioned by varying preceding lexical tones. The
x-axis represents normalized duration.
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Figure 4: The pitch curves of weak elements and their preceding
syllables in different subcategories.

In the analysis of pitch target for weak elements, Figure 4
highlights variations in tone target conditions across different
subcategories. Significant differences in pitch targets are
observed for weak elements within specific categories:
structural particles (p < .01), aspectual particles (p < .000),
habitual weak elements (p <.05), and functional weak elements
(p < .01). These differences are evident in the distinct pitch
convergence points at the end of the utterance for each
subcategory. As shown in Table 2, the analysis of pitch
contours for weak elements employs a polynomial equation that
yields three key parameters for characterizing each contour [27,
28]. The intercept represents the overall height of the FO
contour, serving as a baseline measurement of pitch. The linear
trend captures the general directional movement of the contour
over time, while, the quadratic trend qualifies the curvature of
the pitch contour, reflecting its convexity or concavity. The
results of the significance tests for these parameters are
presented in Table 2.

Table 2: Results of linear mixed regression model with second-order
polynomials on pitch points of weak elements across subcategories (CO1 -
C09) and tonal contexts (Tone I - Tone 4).

Trends Factors NumDF DenDF  F value Pr(cF)
Intercept  subcategories 8 18559 3.3823 <.001  F**
preceding tones 3 18559 204.8485 <.001  ***
Linear subcategories 8 18559 5.8214 <.001  F**
Trend preceding tones 3 18559 4.737 <.01 *E
Quadratic subcategories 8 18559 4.5889 <.001  F**
Trend preceding tones 3 18559 1.442 0.228 ns

Table 2 presents the results of a linear mixed-effects
regression model using second-order polynomials to analyze
the pitch points of weak elements across various subcategories
and tonal contexts. The model evaluates the effects of two
primary factors, on three key aspects of the pitch contour:
overall height (Intercept), directional trend (Linear Trend), and
curvature (Quadratic Trend).

For the intercept, significant effects are observed for both
subcategories (p <.001) and preceding tones (p <.001). The
strong significance of preceding tones suggests that the overall
pitch height of weak elements is heavily influenced by the
surrounding tonal environment.

The linear trend shows significant effects for both
subcategories (p <.001) and preceding tones (p <.05). This
indicates that the general direction of the pitch contour over
time is influenced by both the category of the weak element and
the surrounding tonal context influence.



In the analysis of the quadratic trend, significant effects are
found for subcategories (p <.001), but not for preceding tones
(p = 0.228). The significant effect of subcategory suggests that
the curvature of the pitch contour varies considerably across
different types of weak elements, reflecting their distinct
phonetic characteristics.

From the analysis, it is evident that the subcategories of
weak elements significantly influence their tonal contours. To
further investigate the significant interaction subcategories and
preceding tone, post-hoc pairwise comparisons of the pitch
shape were conducted using Tukey-adjusted tests. The results
reveal significant difference (p <.05) between pairs of
preceding tones for structural auxiliary particle, aspectual
particle, and reduplicated word subcategories.

In summary, the findings highlight a distinct tonal feature
among weak elements subcategories in Tianjin Mandarin.
Certain subcategories exhibit a noticeable influence of the
preceding tones on their tonal features, while others appear to
be less affected.

3.2. Realization of weak elements subcategories

3.2.1. Segmental features of weak elements

From the analysis of acoustic features, including vowel
distribution and vowel formant dispersion (VFD) results, no
discernible differences are observed among the different
subcategories of weak elements in Tianjin Mandarin.

In terms of segmental features, the realization of weak
elements shows a consistent low F1 target, similar to vowels in
non-tonal languages. This phenomenon in Tianjin Mandarin
aligns with patterns observed in non-tonal languages, where
unstressed syllables often exhibit a lowering of F1.

However, the realization of F2 shows a different pattern.
Unlike the F2 shift typically observed in unstressed syllables in
non-tonal languages, the results indicate a centralization of F2
in both monophthongs and diphthongs. This centralization is
consistent with previous observations in tonal languages [9, 10,
11] and reflects a linguistic adaptation where vowels in weak
syllables tend to gravitate towards a centralized vowel space.

In summary, the segmental features reveal that all
subcategories of weak elements use similar vowel quality
changes, albeit to varying degrees, to achieve their realization.
In monophthongs, weak elements are phonetically realized
through a reduction in F1, while they are further distinguished

by a more pronounced centralization of the second formant (F2).

This centralization is consistently observed across
subcategories, indicating that the primary goal of this phonetic
adjustment is to achieve a uniform modification.

3.2.2. Suprasegmental features of weak elements

Contrary to the uniform vowel distribution shifts observed in
weak elements, tonal variation differs significantly across
various subcategories. Specifically, in subcategories such as
structural auxiliary particle, aspectual particle, habitual weak
elements, and functional weak elements, distinct tonal patterns
emerge depending on the preceding tones in disyllabic words.
When preceded by T2 and T3, weak elements generally target
a mid-high to mid pitch range. In contrast, when preceded by
T1 and T4, they tend to achieve a mid or mid-low to mid pitch
range. Moreover, an ordering pattern is evident in these
subcategories, with the preceding tones of weak elements
typically following the sequence of T2, T3, T4, and then T1.
The pitch contour further differentiates the subcategories,
particularly in how weak elements are realized through tone
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spreading. Following T2 and T3, weak elements typically
exhibit a falling pitch, whereas after T1 and T4, they display a
level or rising pitch. This variation arises from differences in
pitch slope between T1 and T4 compared to T2 and T3,
respectively. These discrepancies align with the pitch contours
and targets of preceding tones in Tianjin Mandarin.
Consequently, despite clear pitch targets at the end of the tones,
the realization of weak elements remains influenced by the
preceding tones in these subcategories.

In contrast, subcategories such as affixes, locative
prepositions, directional verbs, reduplicated words, and
optional weak elements exhibit a consistent final target. Unlike
the other subcategories, the overall pitch height in these cases
does not consistently align with the targets of preceding tones
in Tianjin Mandarin, indicating that their realization is not
influenced by the preceding tone. Instead, these subcategories
employ a target-setting strategy, aiming for a mid-low pitch
target for weak elements. This observation aligns with previous
research, highlighting similar patterns in certain subcategories
of weak elements in Tianjin Mandarin [14].

In summary, Tianjin Mandarin demonstrates a co-existence
of different realization strategies for weak elements. Both tone
spreading and target-setting are observed in the realization
process, reflecting the diverse phonetic adaptations within the
language.

4. Conclusions

This study investigates the acoustic representation and
realization of weak elements subcategories in Tianjin Mandarin,
using acoustic data collected from six speakers. The
participants were instructed to read sentences containing weak
elements from various subcategories, allowing for a detailed
analysis of their phonetic and tonal characteristics. The major
findings are as follows.

First, the analysis of the first two formants (F1 and F2)
reveals no significant differences in vowel distribution shifts or
vowel quality among the subcategories in Tianjin Mandarin. To
realize the weakness of syllables, F1 shows a reduction, while
F2 exhibits centralization in monophthongs and a combination
of centralization and compression in diphthongs.

Second, the tonal features of weak elements vary
significantly across subcategories, indicating that they realize
through different mechanisms. The experimental results
confirm the co-existence of two distinct patterns of tone
realization for weak elements in Tianjin Mandarin: (1) affixes,
locative prepositions, directional verbs, reduplicated words and
optional weak elements exhibit a fixed mid-low pitch target,
realized through a target-setting mechanism, and (2) structural
particles, aspectual particles, habitual weak elements,
functional weak elements are contextually dependent, adhering
to a tone spreading pattern to realize syllable weakening.

In the future we would expand the participant pool to fully
capture the variability present in the broader population.
Investigating weak elements in conversational contexts could
yield additional insights into their realization in everyday
communication. Additionally, while the study identifies two
primary realization strategies—target-setting and tone
spreading—the underlying phonological or cognitive
mechanisms driving these patterns remain unclear. Future work
could incorporate perceptual experiments or neuroimaging
techniques to explore how listeners process and interpret weak
elements, as well as how these elements are represented in the
mental lexicon.



5. Acknowledgements

This research is supported by the Key Laboratory of Linguistics,
Chinese Academy of Social Sciences (Project 2024SYZHO001)

and

the Social Science Foundation of Tianjin, China “The

Acquisition of Prosodic Focus Marking in Tianjin Mandarin-
speaking Children” (Grant TJYYQN24-002).

(1]

[12]

[13

—

[14]

[15]

[16]

[17]

[18

=

[19]

6. References

Y. Chen and Y. Xu, “Production of Weak Elements in Speech —
Evidence from FO Patterns of Neutral Tone in Standard Chinese,”
Phonetica, vol. 63, no. 1, pp. 47-75, 2006, doi: https://doi.org/
10.1159/000091406.

J. Sun, H. Ni, F. Mo, and C. Li, “Statistical characteristics of
Mandarin tones and their combinations,” Acta Acustica, no. 1, pp.
45-50, 1996.

D. Recasens, “Acoustic characteristics and placement within
vowel space of full schwa in the world’s languages: A survey,”
Journal of the International Phonetic Association, vol. 52, no. 1,
pp. 1-36, Mar. 2021, doi: https://doi.org/10.1017/s0025100320
000122.

E. Flemming, “The phonetics of schwa vowels,” Phonological
weakness in English, no. 493, pp. 78-95, 2009.

U. C. Priva and E. Strand, “Schwa’s duration and acoustic
position in American English,” Journal of Phonetics, vol. 96,
2023.

P. Strycharczuk, M. Cavar, and S. Coretta, “Distance vs time.
Acoustic and articulatory consequences of reduced vowel
duration in Polish,” Journal of the Acoustical Society of America,
vol. 150, no. 1, pp. 592-607, Jul. 2021, doi: https://doi.org/10.1
121/10.0005585.

J. Huang and A. Li, “Light-heavy continuum between neutral tone
and lexical tone,” Chinese Teaching In The World, vol. 3, pp.
369-387, 2023, doi: https://doi.org/10.13724/j.cnki.ctiw.202
3.03.008.

Q. Li and Y. Chen, “Prosodically conditioned neutral-tone
realization in Tianjin Mandarin,” Journal of East Asian
Linguistics, vol. 28, no. 3, pp. 211-242, Jun. 2019, doi:
https://doi.org/10.1007/s10831-019-09194-4.

Z. Wu and M. Lin, An outline of experimental phonetics. Higher
Education Press, 1989.

J. Zhao, The root of Manchu language and “neutral tone” and
“rhoticity” in Beijing dialect. Beijing Yanshan Press, 1996.

Y. Peng and X. Li, “Utilizing Praat to identify neutral tone
features of Mandarin learners with L1 as Longshan Dialect,” in
2022 International Conference on Educational Innovation and
Multimedia Technology, Atlantis Press, 2022, pp. 88-97.

P. Kratochvil, “Stress Shift Mechanism and its Role in Peking
Dialect,” Modern Asian Studies, vol. 8, no. 4, pp. 433458, Jul.
1974, doi: https://doi.org/10.1017/s0026749x0000559x.

K. Huang, “Phonological Identity of the Neutral-tone Syllables in
Taiwan Mandarin: An Acoustic Study,” Acta Linguistica Asiatica,
vol. 8, no. 2, pp. 9-50, Jul. 2018, doi: https://doi.org/10.431
2/ala.8.2.9-50.

Q. Li, “The production and perception of tonal variation,” Leiden
University, 2016.

W.-S. Lee and E. Zee, “Prosodic characteristics of the neutral tone
in Beijing Mandarin,” Journal of Chinese linguistics, vol. 36, no.
1, pp. 1-29, Jan. 2008.

Y. Sun and C. Shih, “Boundary-conditioned anticipatory tonal
coarticulation in Standard Mandarin,” Journal of Phonetics, vol.
84, p. 101018, Jan. 2021, doi: https://doi.org/10.1016/j.woc
n.2020.101018.

C. P. Browman and L. Goldstein, “Articulatory phonology: an
overview,” Phonetica, vol. 49, no. 3—4, pp. 155-180, 1992, doi:
https://doi.org/10.1159/000261913.

S. Moisik, “The L2 phonetic acquisition of nuclear /r/: The case
of English and German,” University of Calgary, 2006.

B. Gick, “An X-Ray Investigation of Pharyngeal Constriction in
American English Schwa,” Phonetica, vol. 59, no. 1, pp. 3848,
2002, doi: https://doi.org/10.1159/000056204.

708

[20]

[21]

[22]

(23]

[24]

(25]

[26]

(27]

[28]

W. J. Barry, “Schwa vs. Schwa + /1/ in German,” Phonetica, vol.
52, no. 3, pp. 228-235, May 1995, doi: https://doi.org/1
0.1159/000262175.

Z. Xiong, “xRecorder [Computer program],” Version 22.03.20,
2022.

Z. Xiong, “xSegmenter [Computer program],” Version 22.03.20,
2022.

R Core Team, “R: The R Project for Statistical Computing,” R-
project.org, 2024. https://www.r-project.org

P. Rose, “Considerations in the normalisation of the fundamental
frequency of linguistic tone,” Speech Communication, vol. 6, no.
4, pp. 343-352, Dec. 1987, doi: https://doi.org/10.1016/0167-
6393(87)90009-4.

F. Karlsson and J. van Doorn, “Vowel formant dispersion as a
measure of articulation proficiency,” The Journal of the
Acoustical Society of America, vol. 132, no. 4, pp. 2633-2641,
Oct. 2012, doi: https://doi.org/10.1121/1.4746025.

G. G. Severijnen, H. R. Bosker, and J. M. McQueen, “Your
‘VOORnaam’ is not my ‘VOORnaam’: An acoustic analysis of
individual talker differences in word stress in Dutch,” Journal of
phonetics, vol. 103, pp. 101296-101296, Mar. 2024, doi:
https://doi.org/10.1016/j.wocn.2024.101296.

P. Tang, I. Yuen, R. Xu, L. Gao, and K. Demuth, “Acquisition of
weak syllables in tonal languages: acoustic evidence from neutral
tone in Mandarin Chinese,” Journal of Child Language, vol. 46,
no. 1, pp. 24-50, Aug. 2018, doi: https://doi.org/10.1017
/s0305000918000296.

D. Mirman, Growth curve analysis and visualization using R.
Boca Raton: Crc Press/Taylor & Francis Group, 2014.



