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Our daily life is full of choice and decision-making based on sensory 

data and a stored representation of world structure with action.



You’re really only as good as your last decision.



What is the best decision-making strategy? 



How do animals make rational decisions?

Cambridge biologist, David Harper’s experiment (1979)

throws bread-ball 

every 5 seconds

(double speed)

throws bread-ball 

every 10 seconds

33 ducks



The result is…



Animals do make rational decisions!

• Ducks achieve optimal solution within 90 sec.

throws bread-ball 
every 5 seconds

throws bread-ball 
every 10 seconds

22 : 11







MicroEconomics has investigated individual 

decision-making: Game Theory  



Homo Economicus: Rationality



Theory of Games and Economic 
Behavior (1944), with Oskar 
Morgenstern





Nash equilibrium

• In game theory, the Nash equilibrium (named after John 

Forbes Nash, who proposed it) is a solution concept of a 

game involving two or more players, in which no player 

has anything to gain by changing only his or her own 

strategy unilaterally. 

• If each player has chosen a strategy and no player can 

benefit by changing his or her strategy while the other 

players keep theirs unchanged, then the current set of 

strategy choices and the corresponding payoffs constitute 

a Nash equilibrium.







Frame: Humans are not rational!

With Amos Tversky and Daniel Kahneman established a cognitive 

basis for common human errors using heuristics and biases and 

developed Prospect theory. Kahneman was awarded the 2002 Nobel 

Prize in Economics for his work in Prospect theory. 



Winner's Curse : Paradoxes and 
Anomalies of Economic Life



Preference reversal

A,            B,             C

B,            C,             D

Preference is not stable, constant, and consistent. 

The preference can be changed by the frame  



Inter temporal choice (temporal discounting)

Offered a choice of $100 
today and $110 in a month, 
subjects might prefer to 
have $100 today. 

However, if the delay for 
both rewards is increased 
by a year (i.e., subjects are 
offered a choice of $100 in 
a year or $110 in a year 
and one month), they 
might prefer the $110.



Status Quo Bias



Loss aversion

• "A bird in hand is worth two in the bush" describes one action a 

person might take to minimize risk and maximize utility—the real or 

perceived ability of a product or service to satisfy a need or desire. 



Loss aversion and ‘post promotion dip’

• "A bird in hand is worth two in the bush" describes one action a 

person might take to minimize risk and maximize utility—the real or 

perceived ability of a product or service to satisfy a need or desire. 





Neuroeconomics



Brain: 

The most complex system in the universe









Shopping center in the brain?

(Knutson et al., NEURON, 2006)



Era of Mind-reading Technology
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Loss aversion

• "A bird in hand is worth two in the bush" 

describes one action a person might take 

to minimize risk and maximize utility—

the real or perceived ability of a product or 

service to satisfy a need or desire. 



Status Quo Bias

A selective increase in subthalamic nucleus (STN) activity was found when the 
status quo was rejected in the face of heightened decision difficulty. Analysis 
of effective connectivity showed that inferior frontal cortex, a region more 
active for difficult decisions, exerted an enhanced modulatory influence on 
the STN during switches away from the status quo. 





Keith Jensen at the Max Planck Institute for Evolutionary 
Anthropology in Leipzig, Germany.

Revenge for unfairness



Chimpanzee version of the Ultimatum game



Sarah Brosnan, Psychology
Georgia State University



Fairness and Revenge are rewarding
(최후통첩게임, 제3자 응징 게임)

Tabibnia and Lieberman; “Fairness and 
cooperation are rewarding: Evidence 
from social cognitive neuroscience”; 
Annals of New York Academy of 
Sciences, Volume 1118 (2007); p. 90-
101.



Ultimatum game: 최후 통첩 게임



Ultimatum game: 최후 통첩 게임

METHODS



Responder’s brain has been scanned during the 

Ultimatum game: unfairness aversion 

Responders rejected the offer Responders accepted the offer 





Methodology: EEG hyperscanning

Hyperscan server
and database

Client Client

Controller Controller



Advantages of Hyperscanning 

• Simultaneous functional MRI or EEG (i.e., hyperscanning) 
has been used to assess performance in human 
behavioral experiments in which participants can interact 
with each other (King-Casas et al., 2005; Montague et 
al., 2002).

• Hyperscanning has the potential to reveal a dynamic 
relationship between the brain activities of two 
individuals during social interactions. 

• This approach allows us to find important underlying 
neural mechanisms and information transmission 
between brains during social exchange. 
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Proposers: Extremely high rates of 5:5 offer 
(fair offer) due to face-face interactions
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Responders: Extremely low rates of acceptance
for 8:2 and 9:1 offers (unfair offer)

Participants behaved to valuate more on fairness and 
reputation than on motivation for economic maximization, 
(face-to-face social interactions). 



Proposer

Responder

Proposer offer  (5:5)

Responder decision  (accept)

49

Fair offer (5:5) Temporoparietal Frontocentral

Frontocentral Temporal
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Fair offers correlate with market integration (top), 

cooperativeness in everyday life (bottom)



Serial decision dynamics (Patterns)





Preference-based serial decision dynamics



Preference-based serial decision dynamics



스시 문제
The sushi problem

we define ‘the sushi problem’ as a straightforward means to 
examine “how we serially choose multiple items of different 
degrees of preference” when multiple sequences are possible, 
and no particular order is necessarily better than another, given 
that all items will eventually be chosen.



The relationship between the eating order and the 
degree of preference for 7 sushi pieces at the lunch table (11 
AM – 1 PM). 



Potential hypothesis I: Random picks

• Total sum of rewards is identical, regardless of the eating 
order. 

• They do not remember the preference-order of the sushi 



Potential hypothesis II: Temporal discounting

• Much evidence suggests that 
people, like other animals, 
discount the value of future 
events (Mazur, Learning and 
behavior, 2005). 

• Temporal discounting refers to 
the phenomenon in which the 
subjective value of some reward 
loses its magnitude when the 
given reward is delayed. 



Potential hypothesis III: Peak-end bias 

• When experiencing a series of events, some evidence suggests 
that people have a “peak-end bias” in that they prefer the 
overall experience to end well (Kahneman et al., When more 
pain is preferred to less: Adding a better end. Psychol Sci, 
1993). 



‘Sushi problem’ Experiment

The 148 subjects (Male : Female = 78 : 70) participated in 
the behavioral experiment in groups of two, and the setting was 
designed to emulate a normal dining atmosphere. 

A main plate with 20 varieties of sushi was provided, and the 
subjects chose 7 pieces.



The 148 subjects (Male : Female = 78 : 70) participated in 
the behavioral experiment in groups of two, and the setting was 
designed to emulate a normal dining atmosphere. 



Degree of preference  

In each round, the winner was allowed to firstly choose a sushi 
piece based on preference; then, the loser picked one of the 
remaining pieces in the main plate. This process was repeated 7 
times until each subject had 7 pieces of sushi. 



The majority of the subjects were first pickers of either the most 
preferred sushi (group 1) or the least favorite one (group 7). 

Jeong et al. PLoS ONE (2014)



The subjects who ate their most favorite sushi first had a general 
eating sequence based on descending preference

The subjects who ate their least favorite sushi first tended to save 
their favorite until the end.
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The eating order in sushi problem is not associated with 
economic status, but the order in siblings of participants. 



School cafeteria problem

• The school cafeteria problem is “given the same daily menu 
with limited, multiple food options, how do people 
choose foods across days?”



Foraging decision experiment for rats



0.74 ± 0.076 





Reward systems vs. Habit systems

Exploration and Exploitation







Which one do you choose in a Chinese 
restaurant?

This is not a hard problem. You have your own answer for it. 



Why do we need to study decision 
dynamics (patterns)?



Clinical application: foraging decision 
patterns of alcohol, water, and food in binge 

and social drinkers.



Monkey number Group

86 Non-binge

87 binge

88 binge

89 binge

91 Non-binge

92 Non-binge

93 binge

94 Non-binge

95 Non-binge

96 Non-binge



Experiment

6 months : individual 6 months : Social

86 87 88

89 91

92 93 94

95 96

86_1

87_2

88_4

96_2

89_3

95_4

92_1

91_2

93_3

94_4

A

B

C

Experimental procedure



Cross - correlation
Cross-correlation: linear relationship between two 
variables, a measure of similarity between two 
variables.

(1> r > -1, L : lag)

Kim et al., (in preparation)



Individual housing condition



Individual housing : 86 (social drinker)



Individual housing : 87 (binge drinker)



Individual housing : 88 (binge drinker)



Individual housing : 89 (binge drinker)



Individual housing : 91 (social drinker)



Social housing condition



Social housing : 86 (social drinker)



Social housing : 87 (binge drinker)



Social housing : 88 (binge drinker)



Social housing : 89 (binge drinker)



Social housing : 91 (social drinker)



Kim et al., (in preparation)






