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Background Research questions Results

Effects of vowel quality and tone

+ The source-filter theory of speech production (Fant, 1960) + Do Mandarin vowels of differing quality (height, backness, and Vowel categories were clearly separated in F1-F2 space.
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Figure 3. Formant frequencies (Lobanov-normalised) of Mandarin Chinese iyuyoa iyuyoa
vowels in this study.

Mandarin Vowel and Tone systems
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Figure 2. Pitch contours of Mandarin Tones on Chao’s (1968 )scale. afa) ! o wish & 9 9 o T %Em 9 ,
Table 1. Partial wordlist used to elicit vowels. Y e Y owe
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Lexical tone in Mandarin is realised through f, modulation Figure &. Acoustic measures (median, IQR, min and max values) of female voice Vowel Vowel Vowel Vowel

and is linked to different phonation types, particularly creaky « Elicited both in citation form and in a carrier phrase: by Vowel (Tone 1 data only).

Figure 5. Acoustic measures (median, IQR, min and max values) of female

voice in Tone 3 (Esling, 2005; Kuang, 2013; 2017; Davison, 1991). Previous BT B Simplified Chinese Characters
study of Mandarin (shu et.al, 2024) reported vowel-related Z3ib4  shud vibian Pin w: * Close vowels /i/, /y/, /u/ showed higher f,, higher HNR, and voice by vowel and tone.
differences in jitter, shimmer, HNR, and CPP, but were limited -7 v <. X lower jitter and shimmer than /a/ (=more regular phonation). L

Say _ again English Translation « Vowel /u/ showed significantly lower CPPS than other vowels. The vowel /u/ showed significantly lower CPPS values than

to Tone 1 and did not examine vowel-tone interactions.

Discussion

« Significant vowel-tone interactions indicate dynamic
interaction between the vocal tract filter and laryngeal source.
Non-open vowels show higher f, than /a/, while /a/ exhibited
higher jitter and shimmer and lower HNR.

Close vowels are associated with more regular vocal fold
oscillation and open vowels with less stable phonation.
Significant vowel-tone interactions indicate that articulatory
configuration influences how tonal targets are realised.

Tone 1 shows the most stable phonation, and Tone 3 shows
the greatest perturbation and lowest periodicity, consistent
with descriptions of creaky phonation.

Tone-related instability is weaker in close vowels but stronger

Three repetitions; 1,728 tokens in total.

Recorded in a semi-anechoic chamber using Audacity®
(Audacity Team, 2024) and @ Neumann TLM 103 microphone, with
a sampling rate of 44.1 kHz, saved in .wav format.

fo jitter, shimmer, HNR, CPPS, and formant frequencies (F1,
F2) extracted in Praat (8oersma & Weenink, 2024).

Linear mixed-effects models in R (R core Team, 2025) fitted to
each acoustic parameter, with vowel quality, lexical tone
and their interactions as fixed effects and participant and
word as random intercepts.

Conclusions

Dynamic measures (qualitative analysis)
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« Tones 1, 2,and 3 CPPS are
relatively stable across
vowel duration.

« Tone 4 shows arising
CPPS trajectory
corresponding with
increasing f, across the
vowel.

Figure 6. Mean contour plots of CPPS (dB) by tone.

other vowels across tones.
Tones 2, 3, and 4 showed lower f, and reduced periodicity
compared to Tone 1. (Tone 1 = stable phonation patterns)
Tone 3 showed the greatest phonatory instability (higher
jitter/shimmer, lower HNR and CPPS).
Vowel-tone interactions observed:
* Close vowels showed reduced tone-related instability.
* Close-mid back vowels /x/, /0/ showed greater
instability under certain tones.
Tone-related instability was weaker for close vowels but
stronger for close-mid back vowels /x/, /o/.

Tone 3 produces the greatest phonatory instability
Significant vowel-tone interactions indicated that articulatory
configuration influences how tonal targets are realised.

in close-mid back vowels /x/, /0/, suggesting interaction
between articulatory configuration and tonal realisation.
The findings support models of speech production in which
source and filter are dynamically interconnected.

Close vowels are associated with more stable phonation
Close vowels (/i/, /u/, /y/) showed higher f, and HNR and lower
jitter and shimmer than the open vowel /a/.

Vowel quality and lexical tone jointly shape phonation
Phonatory behaviour in Mandarin depends on the interaction
between vowel articulation and tonal context.




