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The internal models of pitch in tone speakers and adult second language learners: Evidence from 
sensorimotor responses in the pitch-shift paradigm
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Adult second language learners of Mandarin have to acquire new perceptual categories for discriminating and identifying 
lexical pitch variation of lexical tones, along with new sensorimotor skills to produce the rapid tone changes. Pitch-shift 

paradigm in which a short and artificial change in pitch is fed back to speakers during vocalization has been used to investigate 
how sensory information affects the way we control our speech motor activities. The pitch-shift response (i.e., vocal responses 
to auditory perturbation, PSR for short) is a reflex-like auditory-vocal response elicited by artificial shifts in auditory feedback. 
Speakers typically respond to the pitch stimulus by shifting the fundamental frequency (F0) of their voice in a compensatory 
direction. The pitch-shift paradigm can also be used to understand the stability of internal models for tone production. 
Controversy exists in the literature regarding whether this rapid response can be volitionally suppressed, which would suggest 
speakers can modulate the reflex-like aspects and reduce short-term pitch fluctuations. My previous research suggests that 
native Mandarin speakers demonstrate reduced PSR gain when producing Mandarin tones and even non-linguistic vowel 
vocalizations relative to native English speakers. The results suggest that Mandarin speakers have more stable internal models 
for tones, as their ability to control F0 is in general (in both linguistic and nonlinguistic domains) superior to native English 
speakers. The L2 learners bear some resemblance to Mandarin speakers in terms of PSR suppression. However, they may 
require more learning in order to reshape their internal models and make them more native-like. Trained vocalists reduced 
PSR gain compared to non-musicians. However, although trained vocalists have the potential to produce tonal contours, 
regulation of voice F0 in a linguistic domain may still require intensive tone training. On the other hand, online visual F0 
feedback on the magnitude and timing of the PSR could facilitate suppression of the PSR. The results show that augmenting 
F0 feedback via online visual monitoring contributes to suppression of the PSR in both Mandarin and English speakers. 
Apparently, the auditory-vocal integration system of the human brain can be modified rapidly to suppress F0 fluctuations in 
comparison with typical auditory feedback conditions. Visual F0 feedback offers opportunities for pitch control that may have 
application to musical training and language learning.
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