Movement drift istheresult of optimal sensory combination
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It iswell known thatif you move your hand repetitively betweenseveral targets, the endpoints of your
handOsnovemerts gradually drift away from the target positions'. This pheromeron haseither been
explainedasbeing cawsed by drift in sersory alignmert? or asthe result of the accumulation of
execution errars'. We here show thatthis drift canbe undergood asbeing caused by optimally
combining® discrepart visual and propriocegtive information.

Our hypothessisthatthe visual egimate of hand position doesnot disappearwhenthe hard
disappearsfrom view. It perdstsand is updated with visual and/or efferert information about the
handOsnterded movemerts. However, eachmovemert of the unseenhand adds uncertainty to this

visual edimate, becaise the actual movemert might differ from the intended one (execttion variance
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)+ The optimal combination of visual (v) and proprioceptive (p) informaton leads to anedimated

position of the hand:
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A similar rea®ning holds for the target (for which we assumethat anedimate in proprioceptive terms
exsts). If propriocegtion and vision differ systematically®® (x,! X,), the perceivedlocaiions of hard
and targetwill drift apart, after n movemerts the diff erence will be:
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Wetededequation (2) by aking subjects to move 50 timesbetweenfour targetsin a virtual
ernvironmert without seeing their hand. Thisfirst block yielded anexperimenal edimate for the
sersory mismatch (x, - x,) and precision (o2 + 02). We subsequertly gave subjects 20 trials with
veridical feedback The measiredvariancein this secand block (2 ) isthe lag parameter neededto
predct the drift after remaoving visual feedack (curvesin the figure 1). The actual drift that we

observed mathedthe thearetically predcteddrift rather well, both in amplitude and time-course (see
figure 1).

The mismatch betweenvision and propriocegtion differed considerablly (in amplitude and direction)
between subjecs. However, individual subjecsCdrift wasreproducible across blocks of trials both
within sessions and over days. As predcted the drift after 50 trials wasin the same direction and
slightly smallerthanthe systematic error in thefirst block (figure 2).

The predctions of our model of optimal sensory integration for the drift of movemert endpoints does
not only de<cribe our datavery well, it is also compati ble with various other experimertal reports on
movemert drift. For instance,our model pred cts that the amount of drift depends on the number of
maovemens made, and not on the time the hand is out of view. Thisisin line with the reaults of
Desnurget el al.®. The well-egablishedfinding that fager movemerts are more variade than slow
ones leads to another predction of our model. The larger variancein execution (" gx) of fag
movemerts should leadto fager drift. This hasindeedbeenobserved. The importart conclusion that
follows from this model is that one cansee drift in motor performance without any drift in the
underlying percepual edimates
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Figure 1: The absolute errar during the experiment, averaged over all subjects and repetitions. The
two curvesarethe (identical) predctions of equation (2) for the two blocks after feecback basedon
the errarsin the first two blocks.
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Figur e 2: The three componerts of the systematic error for individual subject. The dashedlinesare
the model predctions. A: Thedrift in 50 trials after feedback asa function of the systematc error
before feedback B: The errarsin the second sessions as afunction of the errars in the first one.
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