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Mechanisms of Audio-Motor Integration during Keyboard Instrument Playing
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We conducted an experiment using a MIDI keyboard instrument. The purpose of this study was to reveal what kind of auditory

feedback is helpful for controlling finger force. Participans were asked to control the force of fingertips depending on auditory feedback,

and the brain activities related to the force control were measured with functional magnetic resonance imaging (fMRI). As a result, it

was shown that “Normal condition,” in which the intensity of feedback sound increased as the finger force was strengthened, is more

effective in controlling the fingertip force than “Reverse condition.” Furthermore, we found brain activity associated with adjustment

of force control in the left angular gyrus and right superior parietal lobule. In addition, we observed activation patterns specific to

feedback sound in the left dorsal premotor cortex and bilateral primary auditory cortex. This study will give an insight into adaptive

mechanisms of auditory-motor integration.
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Fig. 1. Comparison of Normal condition and Reverse condition.

a) The change of average accuracy from 1st to 10th trial. b) The

change of average delta from 1st to 10th trial. Delta is the

distance between target velocity and subjects’ velocity. Error

bar is standard error.
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Fig. 2. Correlation between brain activities and delta. a) Positive
correlation between activity and delta value. The statistical
threshold was set at FWE-corrected p < 0.05. b) Negative
correlation between activity and delta value. The statistical
threshold was set at FWE-corrected p < 0.05.

Table 1. Correlation between brain activities and delta.

Brain Region L/R x y Z 7 k
a) Positive correlation with delta (p < 0.05, FWE)
Supramarginal gyrus R 58 -28 46 499 o6
Precentral gyrus L -48 2 18 488 1
Inferior parietal gyrus R 42 -38 46 487 1
b) Negative correlation with delta (p < 0.05, FWE)
Angular L -44 -70 34 571 113
Superior temporal pole L -28 4 -22 562 9
Middle occipital gyrus R 40 -82 20 536 14
Middle frontal gyrus L -26 28 52 522 12
Postcentral gyrus R 36 -30 70 5.06 3
Amygdala L 20 2 -20 501 6
Precuneus L -6 -5 18 499 10
Insular gyrus L -30 14 -20 499 3
Superior occipital gyrus R 26 -8 30 490 5
Lingual gyrus R 12 -52 4 487 2
Fusiform gyrus L -32 -338 -14 484 1
Superior occipital gyrus R 24 -72 30 484 1
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Fig. 3. Correlation between brain activities and trial.

a) Positive correlation between activity and trial value. The
statistical threshold was set at FWE-corrected p < 0.05. b)
Negative correlation between activity and trial value. The
statistical threshold was set at FWE-corrected p < 0.05.

Table 2. Correlation between brain activities and trial.

Brain Region LR x y z Z k
a) Positive correlation with trial (p <0.05, FWE)
Insular gyrus L -32 -16 22 587 10
Middle occipital gyrus L -44 -82 32 5206 13
Middle occipital gyrus L -48 -78 40 510 1
Superior frontal gyrus medial part L -4 68 20 495 1
b) Negative correlation with trial (p <0.05, FWE)
Precentral gyrus L -62 4 30 643 82
Precentral gyrus R 62 10 20 594 128
Postcentral gyrus L -62 -18 34 572 67
Postcentral gyrus R 64 -16 32 552 32
Postcentral gyrus R 60 -18 44 522 5
Postcentral gyrus L -36 -22 54 5.06 18
Precentral gyrus R 60 10 44 503 2
Precentral gyrus L -40 -20 60 5.01 2
Inferior frontal gyrus opercular part L -54 6 10 4.99 4
Inferior parietal gyrus L -42 -40 40 495 1
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Fig. 4. Brain activity in areas related to audio-motor
integration process during Normal and Reverse conditions.
a) The ROI analysis data of left dorsal premotor cortex
(dPMC). b) Activities in dPMC during each trial. Error bar
is standard error. ¢) The ROI analysis data of left primary
auditory cortex (A1l). d) The ROI analysis data of right
primary auditory cortex (Al). * p <0.05, without correction
for multiple comparisons.
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Fig. 5. Brain area related to auditory feedback. a) An area
activated both in large feedback error and large MFB. b) An
area activated both in small feedback error and small MFB.
The statistical threshold was set at FWE-corrected p < 0.05.
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