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C A U S A L  E F F E C T

• Goal: Estimate causal effect of X on Y 
• Y: outcome variable, dependent variable 
• X: treatment variable, independent variable



C A U S A L  E F F E C T

• Goal: Estimate causal effect of college 
attendance on future earnings



C A U S A L  E F F E C T

• Goal: Estimate causal effect of college 
attendance on future earnings 
• outcome variable: earnings at age 30 
• treatment variable: attended college or not



I N D I V I D U A L  C A U S A L  E F F E C T

• Earnings of Mary if attended college - Earnings 
of Mary if did not attend college



AV E R A G E  C A U S A L  E F F E C T

• Take average of: 
• Earnings of Mary if attended college - Earnings of 

Mary if did not attend college 
• Earnings of Joe if attended college - Earnings of 

Joe if did not attend college 
• Earnings of Lisa if attended college - Earnings of 

Lisa if did not attend college 
• Earnings of Bob if attended college - Earnings of 

Bob if did not attend college 
• …



F U N D A M E N TA L  P R O B L E M

• Fundamental problem of causal inference: We 
can only observe outcome in factual scenario, 
but never observe outcome in counterfactual 
scenario 
• Observe either income if someone attended college 
• Or observe income if they did not attend college 
• But never both



A LT E R N AT I V E ?

• Mary and Joe attended college, Lisa and Bob 
did not 

• Average earnings of Mary and Joe - average 
earnings of Lisa and Bob 
• Does this capture casual effect of attending college 

on earnings?



P R O B L E M

• Mary and Joe chose to attended college, Lisa 
and Bob chose to not attend 

• People who choose to attend college are 
different from people who choose not to 
attend college 

• These differences interfere with our ability to 
compute the causal effect of attending college



P R O B L E M
Academic 
aptitude

EarningsAttending college  
or not



P R O B L E M
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EarningsAttending college  
or not

• People with higher academic aptitude are more likely 
to attend college



P R O B L E M
Academic 
aptitude

EarningsAttending college  
or not

• People with higher academic aptitude are more likely 
to have higher earnings



P R O B L E M

• So if people who attend college have higher 
earnings, this could be due to: 
• Attending college 
• Having higher academic aptitude 
• Some mix of the two



P R O B L E M

Parent wealth

EarningsAttending college  
or not

• Many other potential confounders



E X P E R I M E N T

• Randomly assign treatment 
• Randomly assign people to either attend 

college or not



E X P E R I M E N T

• People who are randomly assigned to attend 
college on average will be the same as people 
randomly assigned not to attend college on 
everything (except attending college) 
• Similar academic aptitude 
• Similar parental wealth 
• etc.



AV E R A G E  C A U S A L  E F F E C T

• Average earnings of people randomly assigned 
to attend college - Average earnings of people 
randomly assigned to not attend college 
• Average causal effect 
• Also known as average treatment effect (ATE)



W H AT  W E  WA N T  T O  K N O W

Academic 
Outcomes

Smaller vs. 
larger class size



P R O B L E M

Academic 
Outcomes

Smaller vs. 
larger class size

Parents socio-
economic 

background



E X P E R I M E N T

• Students who are randomly assigned to be in 
smaller classes will be the same as students 
randomly assigned to larger classes on 
everything (except class size) 
• e.g. similar parental wealth 
• Similar gender composition 
• etc.



AV E R A G E  C A U S A L  E F F E C T

• Average score of students randomly assigned 
to small classes - Average score of students 
randomly assigned to larger classes 
• Average causal effect 
• Also known as average treatment effect (ATE)



D ATA S E T:  S TA R . C S V



D ATA S E T:  S TA R . C S V

• What kind of variable is classtype?



D ATA S E T:  S TA R . C S V

• What kind of variable is graduated?


