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• Immediately exploit new information 
• Integrate across observations 
• Rich inference, leveraging past experience  
• Strategic exploration 
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See also:  
Barraclough et al., Nat. Neuro. 2004 
Seo & Lee, J. Neurosci 2007 
Shima & Tanji, Science 1998 
Matsumoto et al., Nat. Neuro. 2007  
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Effects of past outcome and choice on next choice 

Lau and Glimcher, J. Exp. Analysis Behavior 2005

Meta-RL

05

Trial lag
1015

0

1

2

3

4

C
oefficient

05

Trial Lag
1015

0

0.2

0.4

0.8

1.2

-0.2

0.6

1 C
oefficient

05

Trial lag
1015

-1

0

1

C
oefficient

-2

05

Trial lag
1015

-1 C
oefficient

0

1

-2

2

3

4

5

6



A

B

0 20 40 60 80 100 120 140 160 180 200
Step

0

0.2

0.4

0.6

0.8

1

0

0.2

0.4

0.6

0.8

1

0 20 40 60 80 100 120 140 160 180 200

Step

Reward probability 

Inferred/decoded volatility
Learning rate

action feedback

Stable 2Volatile 2Volatile 1Stable 1
0.05

0.2
0.25

0.3

Le
ar

ni
ng

 ra
te

0.17

0.11
0.14

0.09
0.07
0.06

0.36
0.43

Stable 2Volatile 2Volatile 1Stable 1

Le
ar

ni
ng

 ra
te

0.1

0.2

0.3

0.4

0.5
0.6

Units coding for volatility

Behrens et al., Nature Neuroscience, 2007
Wang et al. (under review)



Bromberg-Martin et al, J Neurophys, 2010



Miller, Botvinick & Brody (under review); Daw et al., Neuron, 2011



Daw et al., Neuron, 2011

Model-based RPE

Stage 2

1

0

-1

1-1 0

M
et

a-
R

L 
R

P
E

Reward

r2 = 0.89



Harlow, Psychological Review, 1949

Ceiling performance

Training 
episodes



Harlow, Psychological Review, 1949

Training 
episodes

Harlow, Psychological Review, 1949

Meta-RL

Training 
episodes

65

Trial
4321

65

Trial

Training
Quantile

4321

P
er

fo
rm

an
ce

 (
%

)

100

50

P
er

fo
rm

an
ce

 (
%

)

Final

1st
2nd
3rd
4th
5th
6th

Episode 
Range

257-312

9-16
1-8

17-24
25-32
1-100
101-200
201-256

100

50



Stopper et al., Neuron, 2014

DA blocked upon 
food reward from 
large/risky option

DA blocked upon  
food reward from 

small/certain option 

DA triggered upon 
food omission from  
large/risky option
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