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The Ult im atum  Game

• $ 1 0  to d ivide between two p layers

• “Proposer” chooses a d ivision

• “Receiver” can either

– Accept:  both receive proposed amounts

– Reject:  both receive nothing

• How much should the Proposer offer?



The Trolley Prob lem

85%



The Footbridg e Prob lem

12%



Intertemporal choice

• Choice involving  rewards availab le at
d ifferent t im e delays



Example

W ould you rather have $ 1 0  today or $ 1 1  tomorrow?

W ould you rather have $ 1 0  in a year or $ 1 1  in a 
year and a day?



Can behavior be captured by
form al m odels?



The astonishing  hypothesis

• “You,  your joys and your sorrows,  your
memories and your amb it ions,  your sense
of personal identity and free w ill,  are in
fact no more than the behavior of a vast
assembly of nerve cells and their
associated molecules” (Crick)

• W ith m echanist ic / computational m odels
of the brain we m ay be ab le to derive
laws of behavior



Introduction to the brain

• Approxim ately 1 0 0  b illion neurons

• Each w ith up to 1 0 ,0 0 0  connections
w ith other neurons

• Most complicated computat ion device
known in the universe

• Communicat ion via electrical im pulses
and propag ated by chem ical synapses



Brain Record ing  Methods



Brain Stim ulat ion Reward

A neural substrate that rep laces external reward



Midbrain dopam ine system



Sing le-unit Record ing



• Encode a
reward
pred ict ion error

• For a st im ulus
that pred icts
reward ,
dopam ine f iring
ind icates value
of reward

(Schultz et al. ,  1 9 9 7 )



Role for the prefrontal cortex

•  Greatly expanded in peop le compared to other anim als

•  Supports hig her cog nit ive processes (working  m emory)
 
•  Crit ical for decision-making  ( e.g .  shopp ing  experim ent)



Record ing  hum an brain activity :
Functional Mag netic Resonance Im ag ing

•  Allows m easurement of brain
activity at the scale of ind ividual
brain structures (mm )

•  Temporal resolut ion is on the
order of m any cog nit ive processes
( sec)

•  Non-invasive

→ For the f irst t im e we can

measure close to the root cause of
decision m aking



Hypothesis

Dopam ine-related reward system s d iscount
reward at a hig her rate than does the
prefrontal cortex.
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Choose
Early

Choose
Late
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Am yg dala and the Ult im atum  Game
Sanfey et al.  ( 2 0 0 3 )



Medial Frontal Cortex
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fMRI Results
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VMPFC and m orality



People are ut ilitarian w ithout VMPFC



Transcranial Mag netic Stim ulat ion ( TMS)



Stim ulat ing  DLPFC increases
acceptance of unfair offers in the

Ult im atum  Game
16 /4  offers



Are peop le g enerally rat ional?

• “Autom atic” brain responses
create b iases and heurist ics that are
probab ly g enerally correct

• W e also have a prefrontal cortex
to enab le f lexib le behavior and
correct decision errors ( sometim es)


