v Neural Basis of Sensorimotor Adaptation in the Speech Production System
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Introduction Results Results (cont.)

Background Behavioral vocal responses Vocalizatjon Onset Correlation analysis

Vocal pitch output during baseline condition was relatively stable. Downward pitch

h oroduction i diated b ¢ of ~all . . . ' P Distinct ERP response patterns that significantl correlated with the magn-
Speech production is mediated by a series of motor movements shifts in auditory feedback were compensated for with a progressive change in voice - | T Fam tiude of vocal motor adaptation pre- and post-vocalization.

developed for communicative intent. Vocal production is an im- pitch in the upward direction during adaptation that was maintained during washout. X = Washout o

portant SIchomponent of Speech thaI enables individual§ 1o con- On average, subjects compensated for 60.9% of pitch shifts in the auditory feedback
trol the pitch and loudness of their voice through controlling the during adaptation onset and 73.5% during adaptation offset. Vocal pitch output re-
movement of respiratory and laryngeal muscles. Recent models of mained at 57.2% above baseline level during washout.

Pre-Vocalization

the vocal system have emphasized the role of auditory and soma-

tosensory feedback mechanisms in motor control of vocalization a) 120 Lol all . R,
[e.g., 1, 2, 3]. Evidence from previous studies has supported the - L N ——
notion that motor behaviors can be shaped temporarily with cor- > Time [ms]

rective intent (adaptive behaviors) and new behaviors can be de-

veloped with lasting effects (learned behaviors) following changes
in sensory feedback stimuli [4, 5].
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ObJECtlve 40 4l | _ | Figure 5. a) Topographical distribution maps of correlation between absolute ERP amplitudes and the mag-
. . . . "1 Pitch Shift: 0 cents Pitch Shift: 0 cents | ' 1 _ | i i itch-shi i i i i ithi
The oresent StUdy mvestlgated the underlylng neural mechanisms \ et oot / 7 o 6f & S nitudes of vocal motor adaptation responses to pitch-shifted auditory feedback in 100 ms time bins within a

60! window from 100 ms before to 500 ms after the onset of vocalization. b) The trend line plots of the significant

of behavioral res ponses involved in sensorimotor ada ptation to 50 | Pitch Shift: -100 cents .  Post-vocalization: 200-300 ms _ Post-vocalization: 300-400ms _Post-vocalization: 400-500 ms correlation results in representative contacts before and after the onset of vocalization.

pitch-shifted auditory feedback. L 2| | o]
Trial 2} |

B | Discussion

| 0.6 WBaseine | We propose that our findings support the following:

Il Adaptation onset
| —O.7}| M Adaptation offset

z - Z -WaShou z ° ° ° ° ° ° °
MEthOd — = o8 — Behavioral vocal motor adaptation is indicative of sensorimotor

ERP responses Figure 3. a) Profile of the grand-average (n=12) ERP responses in CPz (centro-parietal) electrode remapping of feedforward motor commands in response to pitCh-
from -200 ms before to 500 ms after the onset vocalization overlaid across baseline, adaptation shifted auditory feedback.

EXperimentaI task During baseline trials, a left-lateralized ERP component over the temporal area was onset, adaptation offset and washout conditions. b and c) Bar plot representation of the post-hoc

elicited in a time window from -100 ms to 200 ms after vocalization onset. This activ- statistical analysis for the differences between grand-average ERP activities across all conditions in . . . . . . .
: C .. : : 100 ms time bins within a window from 100 ms before to 500 ms after the onset of vocalization. (* This is consistent with previous studies on altered audltory feedback
ity was diminished during adaptation and washout.

p<0.05) [e.g., 4 - 10]. Moreover, modulation of ERP activity supports that:

Figure 1. Results of the behavioral vocal response analysis: a) trial-by-trial profile of the grand-average (n=13) vocal
responses during baseline, adaptation onset, adaptation offset and washout conditions. b) Bar plot representation of
the statistical analysis for the differences between the mean of the grand-average vocal responses during baseline, ad-
aptation onset, adaptation offset and washout conditions (** p<0.01).

ERP Amplitude [uV]

12 healthy subjects with no reported history of voice or musical train-
ing (2 males, age range: 22-27 years, mean age: 24.8 years) repeatedly
produced steady vocalizations of the vowel sound /a/ while receiving

voice auditory feedback across four vocalization phases:

Pre-vocalization ERP activity was elicited from -100 to O ms prior to the onset of vocal
oroduction with centro-parietal distribution. a)  Vocalization Onset b) Distinct neural substrates in the auditory (temporal), motor

Post-vocalization ERP activity was elicited within 0-100 ms with parietal distribution v (central), and sensorimotor (parietal) cortical areas are involved in

| | | | and within 100-200 ms with central distribution after voice onset. ERP activities were ottt Post-Vocalization (0-100 ms) motor adaptation during vocal production under pitch-shifted
2) Adaptation (onset): Auditory feedback pitch shifted by -100 cents of larger amplitude during adaptation onset. — Adaptation (onset) auditory feedback.

— Adaptation (offset) |

)
3) Adaptation (offset): Continuation of the prevpus adaptatlon. phase Post-vocalization ERP activity was also elicited with fronto-central distribution from - o
4) Washout: Auditory feedback returned to baseline (no alteration)

200-500 ms with no significant difference in amplitude among all conditions.

1) Baseline: Voice auditory feedback not altered

Early stages of sensorimotor adaptation to pitch-shifted feedback in-
volves increased contribution of the parietal cortex to incorporate audi-
tory feedback for error detection and remapping of feedforward motor
commands for error correction. However, as learning proceeds the error
correction is internalized within the feedforward motor mechanisms of

. o e | O pr——y W | | sl o = the frontal cortex and the contribution of the auditory feedback, and
Pitch Shift Stimulus (PS3) | Baseline o |8l s T @ O e N 5 0 i — [ subsequently the interfacing parietal cortical mechanisms, are declined
e O Qo TR A=) = 200-100 0 09 200 300 400/500 during vocal motor adaptation. Furthermore, we suggest that the proc-
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a) ERP Responses during Vocal Motor Adaptation
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EEG signals were sampled at 1 kHz and recorded by 64 electrodes.




