
How We Decide
(or: being wrong about the future)



How We Decide
^

Should

?

Expected Value
odds of gain 

x 
value of gain

$18 if you 
call it right!

Would you pay 
$4 to play?

Odds of gain: 1/2

Value of gain: $18

Expected Value: $9

Greater than 
$4, so let’s play!



Expected Value
odds of gain 

x 
value of gain

$18 if you 
call it right!

Would you pay 
$4 to play?

Odds of gain: 1/6

Value of gain: $18

Expected Value: $3

Less than $4, so 
let’s not…

Expected Value
odds of gain 

x 
value of gain

end of story?



Pay $1

Pick 6 #s between 1-75

Get 5 right, win $1,000,000!

Odds: 1 in >18,000,000

Expected Value
$1 million / 18 million = ~$0.05

(a bit more with secondary prizes)

But we still play!

Expected Value
odds of gain 

x 
value of gain

errors of odds errors of value

Daniel 
Kahneman

Amos 
Tversky



“heuristics”
cognitive shortcuts 
that (usually) work



Expected Value
odds of gain 

x 
value of gain

errors of odds errors of value

Expected Value
odds of gain 

x 
value of gain

errors of odds errors of value

400 babies are born each day in a large 
hospital, and 40 babies are born each day in a 
small hospital. For any day in which more than 
60% of the births at a hospital are girls, that 
hospital hands out free girl scout cookies.

Which hospital will have 
more free-cookie days?



400 babies are born each day in a large 
hospital, and 40 babies are born each day in a 
small hospital. For any day in which more than 
60% of the births at a hospital are girls, that 
hospital hands out free girl scout cookies.

Which hospital will have 
more free-cookie days?

A
400

B
40

C
Same

400 babies are born each day in a large 
hospital, and 40 babies are born each day in a 
small hospital. For any day in which more than 
60% of the births at a hospital are girls, that 
hospital hands out free girl scout cookies.

Which hospital will have 
more free-cookie days?

“They’ll be the same!”

Errors of Odds
Sample Size Neglect



Law of Small Numbers
smaller #s of observations: 

greater chance of “weird” results

Coin flips
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400 babies are born each day in a large 
hospital, and 40 babies are born each day in a 
small hospital. For any day in which more than 
60% of the births at a hospital are girls, that 
hospital hands out free girl scout cookies.

Which hospital will have 
more free-cookie days?

“They’ll be the same!”

Law of Small Numbers
smaller #s of observations: 

greater chance of “weird” results

Counties with the lowest incidence of kidney cancer
rural, sparsely populated, religious

Counties with the highest incidence of kidney cancer
rural, sparsely populated, religious

Errors of Odds
Sample Size Neglect



Ron is an opera buff who enjoys touring art 
museums when on vacation. Growing up, he loved 
listening to classical music and playing chess with 

friends and family.

Which is more likely?
- Ron plays trumpet in a major symphony orchestra
- Ron is a farmer

Trumpeters in major symphony orchestras: ~300

Farmers: ~2,000,000

Ron is 6’7” tall.

Which is more likely?
- Ron starts for an NBA team
- Ron is a teacher

NBA starters: 150

Teachers: ~3,200,000

Errors of Odds
Sample Size Neglect

Base Rate Neglect



Ron is an opera buff who enjoys touring art 
museums when on vacation. Growing up, he loved 
listening to classical music and playing chess with 

friends and family.

Which is more likely?
- Ron plays trumpet in a major symphony orchestra
- Ron is a farmer

The representativeness heuristic
the description seems more representative 

of a classical musician than a farmer

Errors of Odds
Sample Size Neglect

Base Rate Neglect

Which has More?

r_ _ _ …

_ _ r _ … 

Are there more English words with “r” as the first letter, 
or with “r” as the third letter?

A

B



Which is More Likely?

The availability heuristic
a dog on a leash comes to mind more easily than 

a pig on a leash, so it’s probably more likely

r_ _ _ …

_ _ r _ … 

Are there more English words with “r” as the first letter, 
or with “r” as the third letter?

A

B

Which has More?

r_ _ _ …

_ _ r _ … 

Are there more English words with “r” as the first letter, 
or with “r” as the third letter?

A

B

2370

5580

easy to think of ring, rope, road
hard to think of bare, dirt, tire

Which has More?



Errors of Odds
Sample Size Neglect

Base Rate Neglect

Availability Bias

It’s happened so many times…why not me?



Errors of Odds
Sample Size Neglect

Base Rate Neglect

Availability Bias

Pres. Daniels plays LeBron James in a one-on-
one game of basketball. What are the odds that:

The first scoring play of the game 
is a layup by President Daniels, but 

then King James takes over and 
crushes President Daniels

The first scoring play of the game 
is a layup by President Daniels

Prez Daniels scores 
first, but then King 

James takes over and 
crushes the Prez

Prez Daniels 
scores first

A A & B
Probability of A & B can’t be greater 

than the probability of A! 



Errors of Odds
Sample Size Neglect

Base Rate Neglect

Availability Bias

Conjunction Fallacy

Prez Daniels scores 
first, but then King 

James takes over and 
crushes the Prez

Prez Daniels 
scores first

doesn’t feel representative

does feel representative

A A & B
Probability of A & B can’t be greater 

than the probability of A! 

Prez Daniels scores 
first, but then King 

James takes over and 
crushes the Prez

Prez Daniels 
scores first



Errors of Odds
Sample Size Neglect

Base Rate Neglect

Availability Bias

Conjunction Fallacy



Errors of Odds
Sample Size Neglect

Base Rate Neglect

Availability Bias

Conjunction Fallacy

Planning Fallacy
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easy to imagine what it will be like to do the work 
(availability!)

hard to imagine all the distractions

Errors of Odds
Sample Size Neglect

Base Rate Neglect

Availability Bias

Conjunction Fallacy

Planning Fallacy

Expected Value
odds of gain 

x 
value of gain

errors of odds errors of value



Expected Value
odds of gain 

x 
value of gain

errors of odds errors of value

You want to buy a car stereo.
You can buy one near your house for $248, 
or you can go to DC to get the same exact 

stereo for just $48.

Would you spend two 
hours to save $200?

You want to buy a car.
You can buy one near your house for $30,348, 
or you can go to DC to get the same exact car 

for just $30,148.

Would you spend two 
hours to save $200?



This mug is for sale at the JHU Barnes & Noble.

What is it worth?

This mug is for sale at the JHU Barnes & Noble.

What would you pay for it?

This mug belongs to you.

What would you sell it for?
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Endowment Effect



losses

experience

if we were “rational”…

gains

how we really are!

losses are felt 
more than gains

both asymptote!

losses

experience

gains

$10 now $12 in 2 
weeksvs

$10 in 50 
weeks

$12 in 52 
weeksvs

Temporal Discounting



What can we do 
about this?

1.  Try not to make these mistakes to begin with

2.  Exploit these biases to improve society!

What can we do 
about this?

1.  Try not to make these mistakes to begin with

2.  Exploit these biases to improve society!

think 
slower!



Cognitive 
Reflection 

Test
(CRT)

(Frederick, 2005)

A bat and a ball cost $1.10.  The bat 
costs a dollar more than the ball. 
How much does the ball cost?

5 cents!
But 10 cents “feels” like the right answer

(and 21% of you said it!)



It takes 5 machines 5 minutes to 
make 5 widgets; how long will it take 
100 machines to make 100 widgets?

5 minutes!
But 100 minutes “feels” like the right answer

(and 18% of you said it!)

In a lake, there is a patch of lily pads. Every day, 
the patch doubles in size. If it takes 48 days for 
the patch to cover the entire lake, how long 

would it take for the patch to cover half the lake?

47 days!
But 24 days “feels” like the right answer

(and 12% of you said it!)

Scores on the CRT 
correlate with…

…patience in general

…low temporal discounting

…better alignment with expected value



What can we do 
about this?

1.  Try not to make these mistakes to begin with

2.  Exploit these biases to improve society!

What can we do 
about this?

1.  Try not to make these mistakes to begin with

2.  Exploit these biases to improve society!
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(Johnson and Goldstein, 2003)



How We Decide
(or: being wrong about the future)


