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Introduction and Methods
• It remains controversial how variability affects motor learning:

 It has been argued that variability reflects workspace 

exploration that facilitates motor learning [1].

 Others have disputed that argument and showed detrimental 

effects of variability on motor learning [2].

• Here, we tested how variability affects speech auditory-motor 

learning by artificially attenuating or magnifying the variability of 

auditory feedback prior to introduction of a formant-shift 

perturbation.
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Variability manipulation

Difference between currently produced formant (𝐹𝑐) and Pre-test formant 

median (𝐹𝑚) scaled by a factor (ρ) in the feedback (𝐹𝑓𝑏):

𝐹𝑓𝑏 = 𝐹𝑚 + ρ × (𝐹𝑐 − 𝐹𝑚)

Attenuation

• ρ = 0 ⟹ 𝐹𝑓𝑏 = 𝐹𝑚

• Feedback formant fixed to Pre-

test medians

Magnification

• ρ = 2.5

• Difference between produced 

formant and Pre-test median 

increased by 250%

Results 

Feedback manipulation results

Effect of feedback manipulation on production 

variability: do speakers regulate variability?

Manipulation of variability did not affect subsequent adaptation

Conclusions
• The experimental manipulations (variability attenuation and magnification) 

achieved the desired effect on auditory feedback in the Variability task.

• Increase of production variability in the Attenuated condition may be 

consistent with the hypothesis that speakers actively regulate production 

variability based on feedback [3] [4].

• However, manipulating feedback variability had no effect at all on rate or 

amount of adaptation to a subsequent formant-shift perturbation. 

References and Acknowledgment
1. Wu, H. G., Miyamoto, Y. R., Castro, L. N. G., Ölveczky, B. P., & Smith, M. A. (2014). Temporal structure of motor variability 

is dynamically regulated and predicts motor learning ability. Nature Neuroscience.

2. He, K., Liang, Y., Abdollahi, F., Fisher Bittmann, M., Kording, K., & Wei, K. (2016). The Statistical Determinants of the 

Speed of Motor Learning. PLOS Computational Biology.

3. Van Beers, R. J. (2009). Motor Learning Is Optimally Tuned to the Properties of Motor Noise. Neuron.

4. Wong, J., Wilson, E. T., Malfait, N., & Gribble, P. L. (2009). The Influence of Visual Perturbations on the Neural Control of 

Limb Stiffness. Journal of Neurophysiology.

Funded by the National Institute on Deafness and Other 

Communication Disorders (R01DC014510). 


