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Abstract

In virtual reality environments, bare-hand 3D rotation may lead to user fatigue and decreased task
performance due to interaction duration, motion methods, and control demands. Motion gain offers
a method to reduce operational amplitude by altering the correspondence between real-world
movements and virtual object motion; however, whether this reduction in movement translates to
reduced physical burden cannot be directly inferred from completion time or subjective preference
alone. Adopting a topic-driven narrative review approach, this paper synthesizes research on 3D
rotation, mid-air gestures, and forearm surface electromyography (sEMG), integrating findings
from studies on motion mapping, fine manipulation, pseudo-haptics, upper-limb fatigue models,
and EMG-based input. Research indicates that non-one-to-one mapping can improve motion effi-
ciency for specific tasks but may increase terminal correction and alter the sense of control and
perceived object weight. This trade-off is jointly influenced by the axis of rotation, posture, opera-
tion phase, input device, and tracking quality. Furthermore, sEMG amplitude, cumulative EMG ex-
posure, local exertion, and sustained fatigue reflect distinct phenomena and should not be used in-
terchangeably. Current evidence does not directly answer whether different axes of rotation re-
quire different gains when task goals align with physical constraints, nor whether changes in preci-
sion are accompanied by alterations in local EMG exposure. Addressing this gap, this paper con-
structs an analytical framework linking task and constraints, gain strategies, motion and control
performance, physiological burden and experience, and measurement validity. Based on this frame-
work, three testable hypotheses are proposed, and a design checklist oriented towards seated 3D
model inspection and editing is presented.
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Figure 1. An analysis framework of motion gain, control performance, and forearm burden in frechand 3D rotation
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Table 1. Differences in motion mapping strategies
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Table 3. Interaction design checklist for freehand 3D rotation
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