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Clamped	visual	feedback

Training	with	a	big	target	attenuates	adaptation Implicit	task	success	signal	attenuates	adaptationBackground
In sensorimotor adaptation tasks, task performance error (TPE) can 
engage explicit learning processes, whereas sensory prediction error 
(SPE), the difference between predicted and actual sensory feedback, 
drives implicit adaptation (Mazzoni & Krakauer 2006, Ivry & Taylor 2011). 
An open question is whether, and to what degree, the adaptation system 
is sensitive to TPE. Since both TPE and SPE are contingent on behavior 
in many studies, it is difficult to disentangle the effects of reward on 
different implicit learning processes. Here we divorce task performance 
feedback from behavior and manipulate target size in order to better 
understand how TPE signals may influence adaptation from SPE.

Task	Structure

Conclusions
Unambiguous target hits, even when non-contingent on performance, attenuate adaptation. 
The total magnitude of learning appears to be affected more than the initial rate, making it 
qualitatively different than a change of error size. Our results suggest that the underlying 
mechanism is not isolated engagement of reinforcement processes by an implicit task 
success signal, but may be a combination of reinforcement and modulation of adaptation.

Experiment	1 Experiment	2

Unambiguous	target	hits	attenuate	adaptation
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During the clamp, the cursor 
matches the radial speed of 
the hand but follows an 
invariant trajectory on every 
trial. Participants are fully 
informed of the manipulation 
and instructed to ignore the 
feedback and always aim to 
the target. Despite the task 
irrelevant nature of the 
feedback, this method 
consistently induces 
sensorimotor adaptation 
(Morehead et al. 2017).

Clamped error = 1.75°

Clamp falls outside 
target in small target 
condition

Clamp straddles the 
target In the medium 
target (9.7 mm) 
condition

Clamp is fully 
embedded within the 
target In the big 
target condition, 
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Small target
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Target	size	effect	is	not	due	to	differences	in	movement	
planning	or	perceptual	uncertainty

Both groups demonstrated similar mean movement 
error (p=.81) and variability (p=.23) during baseline 
reaches.

RTs and MTs for 
both groups 
were also similar
(p=.63,.46). 

A total of 116 healthy, young adults (age: 18-30) participated in these experiments.

Clamp = 1.75°

The purpose of the line was 
to minimize perceptual 
uncertainty. 
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A recent study has shown that initial 
learning rates scale with error size 
for errors ranging from 0°-5°, but 
adaptation in response to a wide 
range of errors converges at 
asymptote (Kim et al. 2017). 

Despite removal of 
perceptual 
uncertainty, 
the big target group 
again showed 
attenuated 
adaptation.

Experiment	3

n = 16/group n = 16/group

n = 12/group

Phase 1 Phase 2 Phase 1 Phase 2

Hypothesis: The fully embedded cursor acts
as an implicit reward and activates reinforcement 
processes. 

Hypothesis: The fully embedded cursor acts
as an implicit reward and directly modulates 
activity within the adaptation system.

Reliable differences in aftereffects were 
observed between the big target and both 
the small and medium target groups. 

Results are consistent with modulation of adaptation.

A control group trained with 
a big target which had a 
thick bisecting line spanning 
its center.

Changing to small target removes inhibition.

Cursor 
feedback

Forward 
model

AdaptationS

+

-

Task success

Reinforce
action

SPE

Clamped error = 1.75°

Clamped error = 3.5°

OR

Implicit	reward	may	simultaneously	reinforce	successful	
action	and	modulate	adaptation

Both groups changed slower than model predictions 
(dashed lines), suggesting action reinforcement.

State-space equation:	xn+1	=	Axn +	U(e),
where x represents motor output, A is a retention factor, and
U is the update size as a function of error, e.

n.s.
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