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Abstract

Eccentric training, which involves muscle lengthening from a contracted state, requires
an appropriate movement speed to maximize training effectiveness. Specifically, lowering
a weight, such as a dumbbell, slowly over 3 to 5 seconds is considered effective. However,
in actual training, muscle fatigue often causes movement to unintentionally accelerate,
making it difficult to maintain the proper speed. To address this, we propose an auditory
feedback system that uses a ”charging sound,” inspired by sci-fi games, to indicate
movement speed. Specifically, the system plays a charging sound to encourage speed
maintenance when the speed is appropriate, and a ”power-down” sound, evoking a loss of
energy, to prompt deceleration when the movement becomes too fast. This design aims
to allow users to intuitively grasp and adjust their movement speed.

To verify the effectiveness of the proposed method, we first compared it with
traditional methods: a numerical count method and a no-feedback condition. The
results showed that the proposed method increased movement duration and effectively
suppressed the increase in movement speed, even in the latter half of sets where
fatigue accumulates. Additionally, subjective evaluations indicated improvements in
"enjoyment” and ”willingness to continue.”

Next, we compared the proposed speed-based feedback with a position-based feedback
method that changes pitch according to arm position. The results revealed that while
the position-based feedback tended to result in excessively long movement times and
variability, the proposed speed-based method enabled stable training movements within
the target time range.

Finally, we examined the long-term effects of the proposed method and whether these
effects are retained even when feedback is removed. We measured movement changes
over one month, alternating between training with and without feedback. The results
confirmed that long-term use of the system led to increased movement duration and

reduced variability even in the absence of feedback, demonstrating that movement control



is retained. These results suggest that the proposed auditory feedback method is an
effective means of improving the quality of eccentric training, not only by providing

temporary support but also by helping users acquire a sense of speed themselves.
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