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Aim of the project

Improve the Copenhagen experiment.

Ergodicity-breaking reveals time optimal decision making in
humans

David Meder?, Finn Rabe’?, Tobias Morville*, Kristoffer H. Madsen®?, Magnus T. Koudahl*#, Ray J. Dolan® Hartwig R.
Siebner®’#, Oliver J. Hulme**

e validate ergodic theory of decision making

® address criticism, replicate findings
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Day* (multiplicative)
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Discriminating between models
risk attitude

Expected utility theory Ergodicity economics

dynamic




EE

EUT

Risk aversion: multiplicative (n)

Risk aversion: multiplicative (n)

ra

05

_ Dynamic-invariant risk aversion

Time optimal risk aversion

Risk'aversio;\: additi\;e (n)

Risk aversi<“>n: addilive (n) y

Results

Risk aversion: multiplicative (n)

N

o
o

(=]

o
o

-
n

n

~

Joint distribution of risk aversion

-1 0 1
Risk aversion: additive (n)

n



Aim of the project

Improve the Copenhagen experiment.

® add more wealth

dynamics

® show outcomes & realize all trials

® optimize a design
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Wealth dynamics

wealth dynamic utility function (ergodicity transformation)

r(t) - u(x)

transformed wealth change at a constant rate

du(x(t))
dt
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Wealth dynamics

wealth dynamic utility function (ergodicity transformation)

r(t) - u(x)

transformed wealth change at a constant rate

r(t+ At) = u (u(x(t)) + yAt)



Wealth dynamics

wealth dynamic utility function (ergodicity transformation)
x(t) - u(z)
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Wealth dynamics

wealth dynamic utility function (ergodicity transformation)
X (t) - U ( gj)
=11
1
isoelastic utility u(x) = =y 7
Inx n =
( 1
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Wealth dynamics




Wealth dynamics

r(t+At) = 4




Wealth dynamics

z(t+AL) = <

wealth

o 25 50 75
time

100

) ’]7 p—

75

400

50

wealth
wealth

25

time




wealth

3001

2001

risk attitude 7

600 1

4001

wealth

200

—0.5 0

wealth

25 50 75 100

0.5

square-root dynamic

time

VoA
75 1 v
e,
< s
1 <
s 50 %

o oV i .
= V@g&g LR
25 S e

0..
T T T

4001

wealth




wealth

risk attitude 7
N\

3001

2001

100 1

risk-seeking dynamic

time

75

100

—0.5 0 0.

additive dynamic

751 4
< '.'afﬁéﬁ
© 0%
s

251

O L T T T T

0 25 50 75 100
time

wealth

multiplicative dynamic

4001

time



Aim of the project

Improve the Copenhagen experiment.

® add more wealth

dynamics

® show outcomes & realize all trials

® optimize a design
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Fully realized paradigm

pros

realistic
engaging
temporal effects

wealth dependency effects

challenges

difficult to control bankruptcy
difficult to control payout
potential confounds from

emotions & probability matching



Cost bounds

When subjects bankrupt or exceed max payout intended for single participant
the experiment ends.
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Aim of the project

Improve the Copenhagen experiment.

® add more wealth

dynamics

® show outcomes & realize all trials

® optimize a design




Disagreement

Good experiment would provide data allowing to discriminate between
competing models.
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Disagreement

Simulated EE agent responses should differ from EUT agent responses.




Optimization framework

simulate responses disagreement

improve experiment

experimental
design
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Gamble space
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The end



