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How rational is human decision making 
and how does it work? 

Limits of optimization: 
A boundedly rational brain 

Optimization:  
A Bayesian brain 



Heuristics are … 

•  Second-best (necessary 
because of cognitive 
constraints); myriad 
cognitive illusions versus  

•  Indispensable for good 
decisions (e.g., computational 
intractability, competing & 
incommensurable goals, time 
pressure, high uncertainty)  

•  System 1’s tools (vs. 
System 2) 

•  Used intuitively and 
deliberately 

•  Unsuited to explain 
complex behaviors  

•  Can also account for 
complex phenomena 

•  Better decisions 
require nudging 
(Thaler & Sunstein, 
2008) 

•  Better decisions require 
boosting of competences 
(Grüne-Yanoff & Hertwig, 
2016)  





How to make investment decisions? 

Harry Markowitz 

Optimal asset allocation policy 
“mean-variance model” (1952) 
 
Investor’s goal is to optimize the 
tradeoff between the mean and 
the variance of portfolio returns 



Optimize or naively diversify? 

Harry Markowitz 

Optimal asset allocation policy 
“mean-variance model” (1952) 
 
1/N-heuristic 
Allocate your money equally to  
each of N assets available for 
investment 



Asset-allocation strategies 

DeMiguel, Garlappi, & Uppal (2009). Review of Financial Studies 

Models deliver portfolio weights: estimates of the N×N variance‒covariance 
matrix and the expected return on the risky asset 
 

1/N heuristic: No optimization or estimation! 



DeMiquel,	Garlappi,	&	Uppal	(2009)	

DeMiguel, Garlappi, & Uppal (2009). Review of Financial Studies 
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When is 1/N better than optimization? 

Harry Markowitz 

1/N works well if 
 
1. Predictive uncertainty is large 
 
2. Many options: large N  
(e.g., N = 50 requires 500 years  
for MV to surpass 1/N) 
 
3. Small learning sample 

DeMiguel, Garlappi, & Uppal (2009). Review of Financial Studies 



January 15th, 2009 

Time pressure 



 
 
 
“It’s not so much a mathematical calculation as 
visual, in that when you are flying in an airplane, 
a point that you can’t reach will actually rise in 
your windshield. A point that you are going to 
overfly will descend in your windshield.” 
 
Jeffrey Skiles 
Co-pilot, US Airways Flight 1549 

Can we make it to Teterboro? 





... like this? 

“When a man throws a ball high in the air and 
catches it again, he behaves as if he had solved 
a set of differential equations in predicting the 
trajectory of the ball... At some subconscious 
level, something functionally equivalent to the 
mathematical calculation is going on.” 

Dawkins (1996). The selfish gene. 
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Gaze heuristic 
Fixate your gaze on the ball, start running, 
and adjust your running speed so that the 
angle of the gaze remains constant    

Calculating the parabola 
•  initial distance 
•  initial velocity 
•  projection angle 
•  spin 
•  speed and direction of 
    wind air resistance 
 
 

McLeod & Dienes (1996). Journal of Experimental Psychology: Human Perception and Performance 
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The gaze heuristic as an interception 
heuristic (Hamlin, in press, TiCS) 

Major factor in RAF‘s 
victory in the Battle of 
Britain (despite Luftwaffe’s 
superior technology) 





Equity heuristic (1/N heuristic) 
 

Divide resources (e.g., time, attention, money, 
medicine, food) equally among your N 
children at any given point in time 

Hertwig, Davis, & Sulloway (2002). Psychological Bulletin 



Do parents use 1/N? 

Price (2008). Journal of Human Resources 



Allocation patterns of parental time 

Hertwig, Davis, & Sulloway (2002). Psychological Bulletin 

 
 



1970‒74 

1975‒79 

1980‒84 

1985‒89 

1990‒94 

1995‒99 



Cumulative resources: U-shaped trend 

Middle-born resource 
handicap 



Hertwig, Davis, & Sulloway (2002). Psychological Bulletin 

 
 



Heuristics are … 

•  Second-best (necessary 
because of cognitive 
constraints); myriad 
cognitive illusions versus  

•  Indispensable for good 
decisions (e.g., computational 
intractability, competing & 
incommensurable goals, time 
pressure, high uncertainty)  

•  System 1’s tools (vs. 
System 2) 

•  Used intuitively and 
deliberately 

•  Unsuited to explain 
complex behaviors  

•  Can also account for 
complex phenomena 

•  Better decisions 
require nudging 
(Thaler & Sunstein, 
2008) 

•  Better decisions require 
boosting of competences 
(Grüne-Yanoff & Hertwig, 
2016)  
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