Observations on the Relation Between Auditory Feedback and Vocal Vibrato
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Vocal vibrato is the periodic oscillation of voice fundamental frequency (F0) at a rate of 4-7 Hz which may be caused by periodic contractions of laryngeal, neck and jaw muscles.   It is uncertain whether singers can voluntarily contract these muscles at this rate, and if they cannot, some other mechanism must drive the observed muscle activity.  One such mechanism may be under the control of the auditory system.  Support for this is evidenced by findings that manipulation  of auditory feedback alters the frequency and extent of non-singers' vocal vibrato (Deutsch & Clarkson, 1959; Clarkson & Deutsch, 1966).  However, research on the role of the auditory system in mediating vibrato is inconclusive suggesting that further study of the relationship between auditory feedback and vibrato is warranted.  

In the present study we hypothesized that pitch-shifted auditory feedback alters the extent and frequency of fluctuations in the vibrato range.  It was hypothesized that the pitch-shifted auditory signal would provide the trigger necessary to initiate fluctuations in F0 which would be perceived as vibrato.   Recent studies using the pitch-shifting auditory feedback technique have demonstrated that a pitch-shifted auditory signal triggers a reflexive vocal response with a latency of about 100 ms.  For example, an increase in auditory feedback pitch triggers a reflexive reduction in voice F0 with a 100 ms latency.  This reduction in F0 leads to a reflexive increase in F0 in another 100 ms.  Thus, once a fluctuation in F0 has been triggered by a pitch-shifted  auditory signal, the pitch-shift reflex causes an increase in F0 every 200 ms, or equivalently, at a frequency of 5 Hz, the frequency of vibrato.  

In preliminary studies, three subjects with no formal training in singing sustained /u/ vocalizations at three different pitch levels (low, comfortable and high) under modulated feedback conditions. Thirty second samples were obtained for each subject at each pitch.  While subjects vocalized, their voice signal was recorded with a microphone and processed through an Eventide Ultraharmonizer.  The harmonizer randomly modulated the pitch of the vocal feedback  signal at rates of 1 to 25 Hz and ±19 cent amplitude excursions.  The modulated signal was fedback to the subject via headphones at 80 dBSPL.  As a control, each subject also provided a 30 s sample of vocalization with no modulation in pitch feedback.  The vocal signal and modulated feedback signals were low pass filtered at 5 kHz and digitized at 10 kHz per channel, and a signal representing the analog of the F0 was derived using a threshold crossing technique.  Fourier transformations were obtained, and Bode plots representing the transfer function of the system were derived.

Results showed an increase in gain in voice F0 signals centered in the 5–6 Hz frequency region under modulated feedback conditions.  In some cases there was a clear tendency for the phase between the feedback and vocal signals to become negative in this frequency range indicating that the reflex was following, rather than preceding, the F0 modulations.  Often the phase reversal was obscured by variability in the phase signal.  There was no peak in tremor frequency in the 5–6 Hz in the control trials.


These results suggest that the audio-vocal system has a natural tendency to oscillate in the 5-6 Hz frequency range.  This is in agreement with the Titze et al (1994) proposition that vibrato involves excitement of a peripheral oscillator with a natural frequency of 5 Hz.  The peripheral oscillator is believed to consist of a mechanical element and a reflex loop element.  Our findings suggest that the auditory feedback system may be one component of the reflex loop.  We speculate that trained singers can adjust the resonant frequency of muscles of the neck, larynx, and jaw such that they will oscillate in phase with the input frequency from auditory feedback.  
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