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Abstract

In many motor tasks, optimal performance presupposes that human movement planning is based on an accurate internal
model of the subject’s own motor error. We developed a motor choice task that allowed us to test whether the internal
model implicit in a subject’s choices differed from the actual in isotropy (elongation) and variance. Subjects were first
trained to hit a circular target on a touch screen within a time limit. After training, subjects were repeatedly shown pairs of
targets differing in size and shape and asked to choose the target that was easier to hit. On each trial they simply chose a
target – they did not attempt to hit the chosen target. For each subject, we tested whether the internal model implicit in her
target choices was consistent with her true error distribution in isotropy and variance. For all subjects, movement end
points were anisotropic, distributed as vertically elongated bivariate Gaussians. However, in choosing targets, almost all
subjects effectively assumed an isotropic distribution rather than their actual anisotropic distribution. Roughly half of the
subjects chose as though they correctly estimated their own variance and the other half effectively assumed a variance that
was more than four times larger than the actual, essentially basing their choices merely on the areas of the targets. The task
and analyses we developed allowed us to characterize the internal model of motor error implicit in how humans plan
reaching movements. In this task, human movement planning – even after extensive training – is based on an internal
model of human motor error that includes substantial and qualitative inaccuracies.
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Introduction

Human movement is prone to error. This error may be reduced

after extensive practice or under careful control, but can never be

entirely eliminated. It can have severe consequences when, for

example, the outcome of a surgical procedure hangs on the

accuracy of the surgeon’s movements. Human decisions often

reflect an internal model of the probabilistic regularities of the

world [1]. We would expect to find such an internal model of the

uncertainties in our own movements.

Indeed, the unpredictable error inherent in movement has

provided a rich and precise laboratory model of decision under

uncertainty. Recent studies have shown that human decisions

under visual and motor uncertainty are close to those predicted by

Bayesian Decision Theory, maximizing expected gain [2–9].

However, these studies are not particularly sensitive tests of

subjects’ knowledge of their own distributions.

In one early study, for example, Trommershäuser, Maloney, &

Landy [7] asked human subjects to make speeded reaching

movements to a touch screen. There were two partly overlapped

circular regions on the screen (Figure 1A). A touch within the

green region earned a reward, within the red, a penalty. Any end

points outside of both regions earned neither reward nor penalty.

The challenge to the subject was to decide where he should aim in

order to maximize his expected winnings.

In Figure 1A we illustrate three possible aim points (golden

diamonds) and a realization of movement end points around the

aim point. The aim point in the upper configuration is so close to

the red penalty circle that the penalty is incurred on a high

proportion of trials. In contrast, the aim point in the lower

configuration is far from the penalty area and it is unlikely that the

subject will incur a penalty on any given trial. However, on many

trials, her end point falls outside of both circles and she earns no

reward for her effort.

The aim point that maximizes expected gain for the subject with

this motor error distribution is shown in the middle configuration:

it is away from the center of the rewarding region in the direction

opposite to the penalty region. Its position depends on the subject’s

error distribution, the locations of reward and penalty regions, and

the magnitudes of rewards and penalties. Trommershäuser et al.

[7] found that human subjects shifted their aim points with varying

reward conditions and the amount of rewards they won were close

to that predicted by an optimal choice of aim point, ranging from

92.0% to 106.9% of the latter for different subjects. The

implication is that people can compensate for their motor









Instead, a was always close to one. For 8 out of the 10 subjects, the

a was indistinguishable from one. That is, most of the subjects of

the Gaussian type incorrectly treated their error distribution as

isotropic.

To summarize, there were two patterned biases in subjects’

models in the probability choice task: First, approximately half of









valuable to compare actual to ideal even when people are not

ideal.

What distinguishes our study from previous studies is an

exploration of the most likely model implicit in each individual’s

performances. We broke down the ideal observer into multiple

dimensions (variance and anisotropy) and assessed human

observers on these dimensions. The multi-dimensional tests

accommodate the possibility that a specific individual may deviate

from the ideal observer on some dimensions but not others, which

a one-dimensional test would not afford. The deviation on each

dimension is separable in subjects’ choices. Our task is thus

sensitive to the each particular individual’s possible deviations

from ideal and provides alternative models to ideal.

In a recent article [23] we found people do not have an accurate

model of their own visual uncertainty. Subjects chose between

visual discrimination tasks that could differ in location (retinal

eccentricity) and contrast. By examining subjects’ choices we could

test what they implicitly assumed about their own retinal sensitivity

in the periphery. We found that all but one subject was not even

consistent in their choices: the pattern of choices violated

transitivity of preference, i.e. in some cases they preferred lottery

A over lottery B and lottery B over lottery C but, finally, lottery C

over lottery A.






