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Learning on multiple time scales

Slow learning: skill acquisition Fast learning: adaptation
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A visuomotor integration task to study learning
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Chronic imaging of climbing fiber inputs to identified Purkinje cell
populations during task acquisition and adaptation
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Climbing fiber inputs to Purkinje cells in Lobules V and Simplex arise
from different olivary regions and exhibit distinct task encoding

Cerebellar cortex

Cerebellar nuclei
(outputs)

Inferior olive
(inputs)

%
I0p 10m 500 pm

Purkinje cell dendrite number

250

Event rate
R (spk/s)
[6)] o o N N ()]

o

Movement
(cm/s)

Lobule simplex

Movement

Trial reward

i SN

50

100

150

Lobule V

Movement

Trial reward

[o2)

[ .
(spds)
ajel Juang

Lobule V climbing fiber inputs preferentially signal movement

Simplex climbing fibers inputs preferentially signal trial outcome
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Dynamic climbing fiber signals during task acquisition

Random reward Movement onset Trial reward
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Unpredictable events like random rewards evoke strong responses at all stages
Signals predicting task events such as movement onset emerge with learning

Responses to predictable events such as operant reward signals are suppressed with learning
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Dynamic climbing fiber signals during sensorimotor adaptation

Adaptation late

O-

Object trajectory
(aligned to endpoint)

(spk/s)

Lobule simplex

Population reward response

N
o

20 40 60 80 100 120
f Trial number (blocked)

Gain increase (1.6x)

140 160 180

1s

True position
Gain-scaled position

f Trial blocks (rolling average)
Gain increase (1.6x)

Reward-related signals increase transiently during learning phase of adaptation



Summary
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Lobule V climbing fibers preferentially signal movement
Simplex climbing fibers preferentially signal trial outcome
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