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Modeling Perceived Force of Electrical Muscle Stimulation to Improve User’s Recall
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Interactive electrical-muscle-stimulation (EMS) supports motor- skills by actuating the user’s
muscles. However, existing EMS- interfaces have not investigated EMS for skills requiring precise
force application (e.g., operating force-sensitive tools). Our user study found that when EMS-
interfaces demonstrate a force, participants trying to recall this force, overshoot significantly. This
force mismatch renders EMS-interfaces unable to accurately demonstrate forces—drastically
limiting the growing potential of EMS for HCI. To significantly improve on this, we modeled users'
recall of EMS-demonstrated forces. This model allows to adjust EMS-interfaces to render a target
force that, when recalled, matches the intended force best—in our study, this improved their force
recall.
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can we accurately perceive force
demonstrated by EMS?



only some works have explored forces




none explore if we can perceive and recall exact forces
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why is replicating EMS force difficult?
limitation: rapid force build-up
involuntary contraction with unnatural muscle fiber recruitment



user stud%/: can users accurately
replicate force demonstrated by EMS?
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10 trials x
3 forces

users tend to overshoot, recalling a significantly higher force.
median user recall error = +19%

the greatest overshoots are seen with low forces.
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our proposal: can we model user
perception of force from EMS and
compensate for the offset?
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power all participant personalized- personalized- personalized-
g linear quadratic power
i P1 624.6 603.2 819.4
,/ P2 4219.2 3067.3 5356.5
4 P3 3293.5 3811.2 3989.3
P4 996.1 1219.9 1585.9
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P12 4777.9 4805 4841.2
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model-adjusted EMS significantly reduced recall error
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we can add forces to this list
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recall intended
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conclusion & takeaways
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users overestimate force from EMS.

we compensate for this by modeling their perception.
how can we further improve EMS systems?

a) design with multiple modalities

b) if limited to EMS, consider modeling force perception

future work

precision of perceptual model

retention of target forces

across more situations and muscle groups
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