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Agenda for Today

 Workshop 2 on Tuesday (structuring to be group work)
 Homework 2 due Tuesday?

 Review potential alternative solution from last class
 Where have we been? How did we get here?

 Decision Making Under Uncertainty
Bayes Theorem



Alternative solution to example problem



Example 2:

A non-profit is deciding whether to open a new location or not. It can afford to do so only if the maximum 
population that it serves is greater than 450,000 people (if it serves less, it will be ineligible for a grant, so 
this is critical). The city is currently re-designing the bus routes, and the traffic from the bus routes would 
be a huge boost to the client population that the non-profit could serve.

If there was a bus stop that opened on High St., 1M clients would walk past the non-profit’s doors each 
day and they estimate that 70% of the people would be interested in their services. If there was no bus 
stop, the potential cliental would be 500,000 (and still 70% would be interested). There is a 25% chance 
that the city puts the bus line on High St.

If there was a bus stop that opened on Main St., 750,000 clients would walk past the non-profit’s doors, 
and they estimate that 60% would be interested in the services. If there was no bus stop, the potential 
cliental would be 300,000 (and still 60% would be interested). There is a 45% chance that the bus route 
would run on Main St.

Which location (if any) should the non-profit choose?
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Rational decision making 
with uncertainty

What if your ability to make 
friends (or earnings after 
college) is not known, but is 
a random variable with some 
non-uniform distribution?

Can we still make decisions 
even if we don’t necessarily 
know what the outcome will 
be?

We use expected value. Given 
some known probability of an 
event occurring, we can make 
optimal decisions based on our 
expectation of the outcome.



Context:
Cum GPA is 3.00
- > 3.0 yields $75,000
- < 3.0 yields $50,000
- 3.0 yields $60,000

Problem:
Should I take for grade or 
pass fail?

Grade

P/F

p=1/3

p=1/3

p=1/3

p=1/3

p=1/3

p=1/3

Matthew

Matthew

Rohan

Zak

Rohan

Zak

P

P

P

A

B

D (still 
pass)

3.0

3.0

3.0

3.03

3.0

2.94

3.0

2.99

Grade Cum GPA Ex CGPA
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What’s new is that we are introducing the idea that individuals 
might not have perfect information on these probabilities and 
they’re deducing them from past experiences and beliefs. This 
will lead us into part 2 of this course.
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 A conditional probability is the probability of something occurring, given some piece of relevant information.

 Example: The risk of lung cancer is about 1/17 (~5.8%).

 Should you really expect that 6 of the next 100 people that you meet will get lung cancer? Or rather that you 
will get cancer with 6% likelihood?



Conditional probabilities

 A conditional probability is the probability of something occurring, given some piece of information.

 Example: The risk of lung cancer is about 1/17 (~5.8%).

 Should you really expect that 6 of the next 100 people that you meet will get lung cancer?
Probably not. In fact, the risk of lung cancer is highly dependent on your smoking behavior.

Risk of Lung Cancer
Never smoker 1.5%
Current Smoker 13%

P(Lung Cancer) = 6%

P(Lung Cancer | Smoker) = 13%

P(Lung Cancer | Non-Smoker) = 2%
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 In research it’s more common than you would think that people don’t think about this.

 What’s wrong here?

 Red wine is positively correlated with wealth and education.

 Wealthy and educated people have more time and money to spend on [other] healthy activities and food.

 So maybe you’re just picking up on a wealth phenomenon --- not really much to do with wine itself. 
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 Pr(Miscarriage | Coffee) is high. So if you reduce prevalence of coffee drinking, you’re reduce miscarriage.
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 Another example from Emily Oster in Expecting Better…

 Women who drink coffee are more likely to miscarriage during pregnancy. Should you avoid coffee?

 Pr(Miscarriage | Coffee) is high. So if you reduce prevalence of coffee drinking, you’re reduce miscarriage.

 What’s the potential issue here?

 Coffee drinking increases with age. Women who are older tend to have more pronounced issues during pregnancy.

 So is coffee related to miscarriage? Probably not.



Bayes Theorem

Bayes Theorem is an incredibly powerful formula that relates [absolute] event probabilities and conditional 
probabilities. And perhaps more powerfully, it allows us to inverse conditional probabilities. (for more, see 
Hastie & Dawes Chapter 8)

 This is especially useful for updates beliefs on something.

  Bayes Rule:   𝑃𝑃 𝐴𝐴 𝐵𝐵 = 𝑃𝑃 𝐵𝐵 𝐴𝐴 ∗𝑃𝑃(𝐴𝐴)
𝑃𝑃(𝐵𝐵)

Belief of the probability 
that the food at 
restaurant is good 
given a good Yelp 
review you’ve read.

Belief of the 
probability of a 
good Yelp review 
given the food is 
actually good. 

Probability of a 
good Yelp review.

Prior belief that 
the food is good.
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Bayes Theorem

Bayes Theorem is an incredibly powerful formula that relates [absolute] event probabilities and conditional 
probabilities. And perhaps more powerfully, it allows us to inverse conditional probabilities. 

 This is especially useful for updates beliefs on something.
When you receive new information, you update your beliefs in some way
based on how much you believe the information is credible.

  



Bayes Theorem (Policy example: “Ban the Box”)



Pr(Felony|Black)=
Pr(Black|Felon) ∗ Pr(Felon)

Pr(Black)

Previously: People being hired were asked whether they were a felon (convicted of felony) or not.
•  Article finds that before BTB, applicant is 62% more likely to be called back if had no felony record.

Now: Employers can no longer use criminal status as criterion for employment. So employers use 
‘heuristics’ based on their prior beliefs.
•  Central idea is that employers believe (no matter how correct or not) that someone’s race makes him 

more likely to be felon. By removing the ability to ask about felony, employers are making decisions on 
the basis on race as a heuristic for criminality.

Result: Conditional on felony-status, prior to BTB, 
white applicants received 7% more callbacks than 
black applicants. After BTB, this gap grew to 45%.

Bayes Theorem (Policy example: “Ban the Box”)
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