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• Voice quality cues contribute to tone perception

• In Mandarin, creaky voice and its related characteristics can facilitate 
identification of the low-dipping Tone 3

• Low f0 helps T3 identification whereas resynthesized period doubling 
hinders all tone identification (Huang 2020)

• 20 naturally produced tokens per tone = 80 tokens from 5 female speakers 
from a Mandarin read speech corpus (Huang 2024)

• 4 varying voice qualities: modal, vocal fry, period doubling (AM, FA) balanced 
across tokens 

• VQ verified in both electroglottographic (EGG) and audio waveforms 👉
• 35 university students (24F) who are native speakers of Mandarin

• The low-dipping Tone 3 with vocal fry was more natural than with 
modal → low-pitch percept for vocal fry (Kuang & Liberman 2016)

• Tone 3 produced with PD-FA was more natural → low-tone bias of 
the combined modulation (Huang 2023)

• The effect of PD-FA was corroborated by lowering the naturalness 
ratings across other tones, along with vocal fry (Huang 2020)

• PD-AM patterned with modal for the high Tone 1 (more natural) 
and low Tone 3 (less natural) but with vocal fry for the rising Tone 2 
and falling Tone 4 (both less natural) → ambiguous or bitonal 
percept (Huang 2023)

1. OVERVIEW Two commonly occurring  types of creaky voice
vocal fry Low pitched, constricted
period doubling Low pitched, can be ambiguous 

based on modulation types

VQ IN EGG & AUDIO FORMS2. METHODS

3. RESULTS 4. DISCUSSION & CONCLUSIONS
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• Visual sort-and-rate task on a scale
https://voicelab.ucsd.edu/voicelab/
(in Chinese)
• Task is gradient, not categorical
• Each token presented as an icon
(following Granqvist 2003 & Kreiman et al. 2015)

Q: How natural or representative does 
each token sound for Tone X ?

Hypotheses confirmed: T3 with vocal fry and other tones with modal voice 
sound more natural. The effects of PD depend on the modulation type. Most naturalLeast natural
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T3 

FA T3
AM T3

Expected for T3:

Avg. naturalness ratings of each tone conditioned by voice quality types.

Research questions:

• How does naturally-occurring creaky voice including vocal 
fry and period doubling (PD) affect tone perception?

• What is the role of phonetic details of creaky voice in tonal 
representation in terms of naturalness?

Ø The use of period doubling is versatile in different tone 
contours and may be used to improve naturalness in 
speech synthesis.

Ø Creaky voice is integrated in Mandarin Tone 3.

amplitude modulation = AM 
frequency + amplitude modulation = FA

https://voicelab.ucsd.edu/voicelab/

