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· Normal trials: – No effect of the expected haptic angle and gain whatsoever on the initial haptic speed, suggesting a lack of anticipation of the visuomotor gain being used (Fig. a) – Manipulation with a gain of ½ was slower than with other gains [1], but this is the only significant difference (Fig. b) – No effect of the gain on the number of interceptions, suggesting the same level of precision across gains (Fig. c) · Blind trials: analysis of the used / trained gain ratio (Fig. d) – Different ratio then 1 for all gains but γ=2 [2] – Larger ratio than 1 for γ=1, which does not differ from that of γ=½ [3] 30
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These findings show on the one hand that training the participants with a given visuomotor gain does alter the performance between gains with the continuous visual feedback (no anticipation or precision increase). On the other hand, when the visual feedback is suppressed, there is a rather good correction for these new gains, though a global overestimation is found even for the gain of 1 (cf. blind trials). This suggests that for such simple visuomotor tasks, an internal model of the new mapping is indeed constructed, though as long as the visual feedback remains available an automatic and possibly generic dynamic control process takes place, which does not rely on internal models. Learning blocks (yaw rotations)
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Experiment 2 – Open-loop training
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· Learning block (yaw): – Exponential fits for learning curves – Learning does occur for both gains: – Very rapidly for γ=3/2 (|λ|=9.5) – ~30 times slower for γ=2/3 (|λ|=0.28) · Control, Adaptation test and Extinction blocks (yaw): – Control: slow decrease of the simulated gain to adapt to the “natural” gain γ=1 1.2
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· Adaptation and transfer vs. baselines (Fig. a & b): – ANOVAs on average performance of the last 6 trials of each condition – Simulated gains when trained with γ=3/2 (resp. γ=2/3) were higher (resp. lower) for adaptation (yaw) and transfer (pitch) trials than for both control and extinction trials [4] (resp. [5]), which did not differ a)
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These findings show that it is possible to construct an internal model with just post-manipulation visual feedback. The resulting visuomotor adaptation transfers to some extent to another type of rotations (from yaw to pitch). The induced gain for pitch rotations is partially but significantly updated, although contrarily to the yaw adaptation gain, this transferred gain decays rapidly (cancellation of the new mapping).
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· Closed-loop trials: manipulation latency (∆t), initial haptic speed (ωinit) and number of intersections (see figure above) · Open-loop trials: signed final error and simulated gains References



Experiment 2 – Open-loop training Break



· Task: reorient the initially rotated teapot with a translucent clone of the teapot always presented in a canonic orientation · Closed-loop control: continuous visual feed-back is available during adjustments (exp. 1 except blind trials) · Open-loop control: no visual feedback during manipulation (black screen) with a final performance visual feedback provided (learning and extinction trials of exp. 2) or not (blind trials of exp. 1 and adaptation/transfer test trials of exp. 2)
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· Display: large screen (250cm x 180cm) at 120cm backprojection · Haptics: HaptionTM Virtuose force feedback robotic arm (6D34-45)
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Experiment 1 – Closed-loop training
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· 11 subjects (exp. 1) and 20 subjects (exp. 2)
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– For γ=3/2 (Fig. a): stable adaptation and fast extinction (|λ|=1.7) but ~17 times slower than learning – For γ=2/3 (Fig. b): stable adaptation and fast extinction (|λ|=3.8) but ~14 times faster than learning · Control, Transfer test and Extinction blocs (pitch): – For γ=3/2 or 2/3 (Fig. c & d): gradual decay of the adaptation leading to the absence of extinction (already back to baseline)
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Experiment 1 – Closed-loop training



Manipulation lattency (s)



subjects were asked to adjust the orientation of a virtual teapot using a force feedback robots’ arm. We manipulated the visual feedback to assess how it affects the mechanisms employed by the motor system to compensate for the imposed new wrists’ visuomotor gain. In a first experiment, a continuous visual feedback was provided to subjects during the learning of the new visuomotor gains while in the second experiment, only post-manipulation visual feedback was provided. In the latter, we also tested weather adaptation to yaw wrists rotations could transfer to pitch rotations, as suggested in earlier work [13-15].



and the visual space were the action’s feedback is available [5]. Two types of visual feedback for adaptation were investigated [6]: a continuous feedback of the hand position (closed-loop control) or a post-trial visual feedback (open-loop control). Contradictory results have been reported in the literature. Some found that only continuous visual feedback could induce adaptation [7-10], while others found that adaptation depended on post-trial feedbacks [11, 12]. In two experiments we examined the adaptation of wrists’ motor control to new visuomotor gain in rotation in a task where
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Mechanisms involved in the production of visually guided reaching movements have been extensively investigated but little is known on the motor control of the wrist’s rotation. Previous studies found that the central nervous system plans the motor commands by processing independently amplitude and direction of the movement through feed forward mechanisms [1-4]. Changes in the feed forward motor commands that take the perturbation into account were interpreted as the updating or construction of internal models of new visuomotor mappings between the physical space where the motor action occurs
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