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Electrical muscle stimulation (EMS) can assist in learning motor skills. However, existing EMS
systems provide static demonstration—actuating the correct movements, regardless of the user’s
learning progress. Instead, we propose a novel adaptive-EMS that changes its guidance strategy
based on the participant’s performance. The adaptive-EMS dynamically adjusts its guidance: (1)
demonstrate by playing the entire sequence when errors are frequent; (2) correct by lifting incorrect
fingers and actuating the correct one when errors are moderate; and (3) warn by lifting incorrect
fingers when errors are low. We found that adaptive-EMS improved learning outcomes (recall)
compared to traditional EMS—leading to improved “muscle memory”.
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practice by feeling one’s body moving
rather than just by seeing other bodies
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but how shall we design
this muscle assistance? 
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our proposal: adaptive
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user study
learning with adaptive vs. static muscle stimulation
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results

+ adaptive-EMS enhanced the participants’ 
learning experience. (P1-3, P6-9, P12, P14) 

+ adaptive was more engaging (P1, P2, P8, P10, P11, P13, P15)

+ adaptive-EMS “reduced guesswork” (P9) 

+ adaptive-EMS helped to identify and improve mistakes (P6)
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results

- adaptive-EMS needs more context for corrections (P5)



results

+ adaptive-EMS enhanced the participants’ 
learning experience. (P1-3, P6-9, P12, P14) 

+ adaptive was more engaging (P1, P2, P8, P10, P11, P13, P15)

+ adaptive-EMS “reduced guesswork” (P9) 

+ adaptive-EMS helped to identify and improve mistakes (P6)

- adaptive-EMS needs more context for corrections fix (P5)

- adaptive-EMS can interfere when correcting (P10, P13) 



Reducing potential interferences caused by corrective movements
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conclusion & take-aways
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