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Correlations and Causes

• You’ve (hopefully) heard throughout your education to not 
make the mistake of thinking that a correlation implies a 
causal relationship

– unfortunately, far too many people haven’t had your education
– you’ll find the mistake made very frequently (e.g.) in journalism (but not 

only in journalism)
• In this lecture, we’ll invent a few spurious inferences of 

causality just to remind ourselves of the issue
• And then we’ll tackle the harder (senior-level!) question: 

can we actually ever infer causality?  If so, how?
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Mistaking Correlation for Cause

• Let’s take a moment to invent some examples
• I’ll ask each of you to think up an example and write it in the 

chat box
• To help seed the process, here’s one that I invented:

A Martian arrives on planet Earth, and after a year of study 
announces the discovery of a correlation between the wearing of a 
coat and the common cold:  people who wear a coat have a higher 
probability of having a cold than people who don’t wear a coat.  
The Martian infers that the wearing of a coat causes the common 
cold.
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Another Example (from Wikipedia)

• Europeans in the Middle Ages believed that lice were beneficial to your 
health, since there would rarely be any lice on sick people. The reasoning 
was that people got sick because the lice left.
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Another Example (from Wikipedia)

• Europeans in the Middle Ages believed that lice were beneficial to your 
health, since there would rarely be any lice on sick people. The reasoning 
was that people got sick because the lice left.

• The real reason that the lice left is because they are extremely sensitive to 
body temperature.
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Another Example
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Spurious Correlations

• Correlations found in empirical data need not reflect “true 
correlations”

• That doesn’t prevent humans from trying to find causal 
interpretations not only for real, but non-causal correlations, 
but also for spurious correlations…
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Spurious Correlations (tylervigen.com)
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Spurious Correlations (tylervigen.com)
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From Correlation to Cause

• It’s easy and fun to come up with such examples
• How do humans avoid making this mistake much of the 

time?  How do they infer causes?
– briefly, they often have “background knowledge”
– but, particularly in new scientific fields, such knowledge is absent
– also, humans have many biases and gaps that they are unaware of and 

mistake for actual knowledge
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From Correlation to Cause

• It’s easy and fun to come up with such examples
• How do humans avoid making this mistake much of the 

time?  How do they infer causes?
– briefly, they often have “background knowledge”
– but, particularly in new scientific fields, such knowledge is absent
– also, humans have many biases and gaps that they are unaware of and 

mistake for actual knowledge
• One way to infer causality is to do a random experiment

– for example, deciding whether a vaccine causes an immune response 
can be achieved by randomly assigning people to vaccine or control in 
a clinical trial

• But arguably humans (e.g., children) can infer causes by 
merely observing events in the world

University of California, Berkeley



Latent Variables

• Many of the errors in mistaking correlation for cause come 
from the presence of an unmeasured “latent variable” that 
is the real cause and which affects both of the measured 
variables

– in my example, the weather is the unmeasured variable
– cold weather causes people to wear coats, and it also leads to more of 

the virus circulating, which causes the common cold
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Latent Variables

• Marginalizing over the underlying latent variable induces an 
association between the observed variables:
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Treatments, Controls, and Outcomes

• For simplicity, let’s focus on assessing causality with respect 
to a binary variable, and refer to its two values as the 
treatment and the control
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Treatments, Controls, and Outcomes

• For simplicity, let’s focus on assessing causality with respect 
to a binary variable, and refer to its two values as the 
treatment and the control

• We use the integer variable                           to denote the 
experimental units 
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Treatments, Controls, and Outcomes

• For simplicity, let’s focus on assessing causality with respect 
to a binary variable, and refer to its two values as the 
treatment and the control

• We use the integer variable                           to denote the 
experimental units 

• To each experimental unit we apply either the treatment or the 
control, but not both

•
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Treatments, Controls, and Outcomes

• For simplicity, let’s focus on assessing causality with respect 
to a binary variable, and refer to its two values as the 
treatment and the control

• We use the integer variable                           to denote the 
experimental units 

• To each experimental unit we apply either the treatment or the 
control, but not both

• We let                   denote the event that unit    is given the 
treatment, and let                  denote the event that unit    is 
given the control
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Treatments, Controls, and Outcomes

• For simplicity, let’s focus on assessing causality with respect 
to a binary variable, and refer to its two values as the 
treatment and the control

• We use the integer variable                           to denote the 
experimental units 

• To each experimental unit we apply either the treatment or the 
control, but not both

• We let                   denote the event that unit    is given the 
treatment, and let                  denote the event that unit    is 
given the control

• The measured outcome associated with unit    is denoted        
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Potential Outcomes

• Inferential thinking often starts by considering what could have 
happened, and then trying to go backwards from data

• We define potential outcomes,                       , as the 
hypothetical values that would be observed for unit   if that unit 
were assigned to the control or the treatment, respectively

• In reality, we only get to observe one of the potential outcomes, 
but conceptually both exist

• We can define the observed outcome as follows:
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⇢
Yi(0) if Zi = 0
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The Individual Causal Effect

• We define the individual causal effect to be:

– e.g., does a person live longer if they’re given the drug versus a control?
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The Individual Causal Effect

• We define the individual causal effect to be:

– e.g., does a person live longer if they’re given the drug versus a control?

• Since we can observe either           or           , but not both, it’s 
pretty clear that with no further information we’re not able to 
estimate the individual causal effect 

• Instead, we aim to estimate the average causal effect (also 
known as the average treatment effect)

University of California, Berkeley

⌧i = Yi(1)� Yi(0)

<latexit sha1_base64="7JhjtomzBOTJnL0+ygl2fUhjRJw=">AAACA3icbZDLSsNAFIYn9VbjLepON4NFaBeWRArqQii6cVnBXqQNYTKdtEMnkzAzEUoouPFV3LhQxK0v4c63cZJ2oa0/DHz85xzOnN+PGZXKtr+NwtLyyupacd3c2Nza3rF291oySgQmTRyxSHR8JAmjnDQVVYx0YkFQ6DPS9kfXWb39QISkEb9T45i4IRpwGlCMlLY866CnUOJReAnvPVp2KvAkB7timp5Vsqt2LrgIzgxKYKaGZ331+hFOQsIVZkjKrmPHyk2RUBQzMjF7iSQxwiM0IF2NHIVEuml+wwQea6cPg0joxxXM3d8TKQqlHIe+7gyRGsr5Wmb+V+smKjh3U8rjRBGOp4uChEEVwSwQ2KeCYMXGGhAWVP8V4iESCCsdWxaCM3/yIrROq06tenFbK9WvZnEUwSE4AmXggDNQBzegAZoAg0fwDF7Bm/FkvBjvxse0tWDMZvbBHxmfP9FslGw=</latexit>

Yi(1)

<latexit sha1_base64="XvtquDexUb9g8Oknzqpx2Xxs4d8=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXCuqt6MVjBfsh7VKyabYNzWaXJCuUpT/CiwdFvPp7vPlvzLZ70NYHA4/3ZpiZ58eCa+M436iwtr6xuVXcLu3s7u0flA+P2jpKFGUtGolIdX2imeCStQw3gnVjxUjoC9bxJ7eZ33liSvNIPphpzLyQjCQPOCXGSp3HAa+656VBueLUnDnwKnFzUoEczUH5qz+MaBIyaaggWvdcJzZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvnZ87w2dWGeIgUrakwXP190RKQq2noW87Q2LGetnLxP+8XmKCKy/lMk4Mk3SxKEgENhHOfsdDrhg1YmoJoYrbWzEdE0WosQllIbjLL6+S9kXNrdeu7+uVxk0eRxFO4BSq4MIlNOAOmtACChN4hld4QzF6Qe/oY9FaQPnMMfwB+vwBoqiOeQ==</latexit>

Yi(0)

<latexit sha1_base64="uXq+bL8o15Zz/DmQvqmIxtHLDrM=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXCuqt6MVjBfsh7VKyabYNzWaXJCuUpT/CiwdFvPp7vPlvzLZ70NYHA4/3ZpiZ58eCa+M436iwtr6xuVXcLu3s7u0flA+P2jpKFGUtGolIdX2imeCStQw3gnVjxUjoC9bxJ7eZ33liSvNIPphpzLyQjCQPOCXGSp3HAa8656VBueLUnDnwKnFzUoEczUH5qz+MaBIyaaggWvdcJzZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvnZ87w2dWGeIgUrakwXP190RKQq2noW87Q2LGetnLxP+8XmKCKy/lMk4Mk3SxKEgENhHOfsdDrhg1YmoJoYrbWzEdE0WosQllIbjLL6+S9kXNrdeu7+uVxk0eRxFO4BSq4MIlNOAOmtACChN4hld4QzF6Qe/oY9FaQPnMMfwB+vwBoSKOeA==</latexit>



The Causal Inference Problem

• How can we infer something about the difference between 
treatment and control when we never observe them together?

University of California, Berkeley

Yi(0)

<latexit sha1_base64="uXq+bL8o15Zz/DmQvqmIxtHLDrM=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXCuqt6MVjBfsh7VKyabYNzWaXJCuUpT/CiwdFvPp7vPlvzLZ70NYHA4/3ZpiZ58eCa+M436iwtr6xuVXcLu3s7u0flA+P2jpKFGUtGolIdX2imeCStQw3gnVjxUjoC9bxJ7eZ33liSvNIPphpzLyQjCQPOCXGSp3HAa8656VBueLUnDnwKnFzUoEczUH5qz+MaBIyaaggWvdcJzZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvnZ87w2dWGeIgUrakwXP190RKQq2noW87Q2LGetnLxP+8XmKCKy/lMk4Mk3SxKEgENhHOfsdDrhg1YmoJoYrbWzEdE0WosQllIbjLL6+S9kXNrdeu7+uVxk0eRxFO4BSq4MIlNOAOmtACChN4hld4QzF6Qe/oY9FaQPnMMfwB+vwBoSKOeA==</latexit>

Yi(1)

<latexit sha1_base64="XvtquDexUb9g8Oknzqpx2Xxs4d8=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXCuqt6MVjBfsh7VKyabYNzWaXJCuUpT/CiwdFvPp7vPlvzLZ70NYHA4/3ZpiZ58eCa+M436iwtr6xuVXcLu3s7u0flA+P2jpKFGUtGolIdX2imeCStQw3gnVjxUjoC9bxJ7eZ33liSvNIPphpzLyQjCQPOCXGSp3HAa+656VBueLUnDnwKnFzUoEczUH5qz+MaBIyaaggWvdcJzZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvnZ87w2dWGeIgUrakwXP190RKQq2noW87Q2LGetnLxP+8XmKCKy/lMk4Mk3SxKEgENhHOfsdDrhg1YmoJoYrbWzEdE0WosQllIbjLL6+S9kXNrdeu7+uVxk0eRxFO4BSq4MIlNOAOmtACChN4hld4QzF6Qe/oY9FaQPnMMfwB+vwBoqiOeQ==</latexit>

Zi

<latexit sha1_base64="VJwXQm1rZi4WHg/MxmHPq4XiBf0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/YhrLZTtqlu5uwuxFK6V/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSy4sa777RTW1jc2t4rbpZ3dvf2D8uFRy0SJZthkkYh0J6AGBVfYtNwK7MQaqQwEtoPxbea3n1AbHqkHO4nRl3SoeMgZtZn02OelfrniVt05yCrxclKBHI1++as3iFgiUVkmqDFdz42tP6XaciZwVuolBmPKxnSI3ZQqKtH40/mtM3KWKgMSRjotZclc/T0xpdKYiQzSTkntyCx7mfif101seOVPuYoTi4otFoWJIDYi2eNkwDUyKyYpoUzz9FbCRlRTZtN4shC85ZdXSeui6tWq1/e1Sv0mj6MIJ3AK5+DBJdThDhrQBAYjeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2vujdo=</latexit>

0

<latexit sha1_base64="n1IC+bUEuk1qiwewQ8OTjDvxgOQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsR/QhrLZTtqlm03Y3Qil9B948aCIV/+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj28xvP6HSPJaPZpKgH9Gh5CFn1FjpwS31yxW36s5BVomXkwrkaPTLX71BzNIIpWGCat313MT4U6oMZwJnpV6qMaFsTIfYtVTSCLU/nV86I2dWGZAwVrakIXP198SURlpPosB2RtSM9LKXif953dSEV/6UyyQ1KNliUZgKYmKSvU0GXCEzYmIJZYrbWwkbUUWZseFkIXjLL6+S1kXVq1Wv72uV+k0eRxFO4BTOwYNLqMMdNKAJDEJ4hld4c8bOi/PufCxaC04+cwx/4Hz+ALE1jNQ=</latexit>

0

<latexit sha1_base64="n1IC+bUEuk1qiwewQ8OTjDvxgOQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsR/QhrLZTtqlm03Y3Qil9B948aCIV/+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj28xvP6HSPJaPZpKgH9Gh5CFn1FjpwS31yxW36s5BVomXkwrkaPTLX71BzNIIpWGCat313MT4U6oMZwJnpV6qMaFsTIfYtVTSCLU/nV86I2dWGZAwVrakIXP198SURlpPosB2RtSM9LKXif953dSEV/6UyyQ1KNliUZgKYmKSvU0GXCEzYmIJZYrbWwkbUUWZseFkIXjLL6+S1kXVq1Wv72uV+k0eRxFO4BTOwYNLqMMdNKAJDEJ4hld4c8bOi/PufCxaC04+cwx/4Hz+ALE1jNQ=</latexit>

...

<latexit sha1_base64="HIslKo9eEemCqRod1k9vn3onj2Q=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lEUG9FLx4r2A9oQ9lsNu3SzW7c3RRK6Z/w4kERr/4db/4bN20O2vpg4PHeDDPzwpQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRS8tMEdokkkvVCbGmnAnaNMxw2kkVxUnIaTsc3eV+e0yVZlI8mklKgwQPBIsZwcZKnd44kka7br9S9WreHGiV+AWpQoFGv/LViyTJEioM4Vjrru+lJphiZRjhdOb2Mk1TTEZ4QLuWCpxQHUzn987QmVUiFEtlSxg0V39PTHGi9SQJbWeCzVAve7n4n9fNTHwdTJlIM0MFWSyKM46MRPnzKGKKEsMnlmCimL0VkSFWmBgbUR6Cv/zyKmld1PzL2s3DZbV+W8RRhhM4hXPw4QrqcA8NaAIBDs/wCm/Ok/PivDsfi9aSU8wcwx84nz88ro92</latexit>

...

<latexit sha1_base64="HIslKo9eEemCqRod1k9vn3onj2Q=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lEUG9FLx4r2A9oQ9lsNu3SzW7c3RRK6Z/w4kERr/4db/4bN20O2vpg4PHeDDPzwpQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRS8tMEdokkkvVCbGmnAnaNMxw2kkVxUnIaTsc3eV+e0yVZlI8mklKgwQPBIsZwcZKnd44kka7br9S9WreHGiV+AWpQoFGv/LViyTJEioM4Vjrru+lJphiZRjhdOb2Mk1TTEZ4QLuWCpxQHUzn987QmVUiFEtlSxg0V39PTHGi9SQJbWeCzVAve7n4n9fNTHwdTJlIM0MFWSyKM46MRPnzKGKKEsMnlmCimL0VkSFWmBgbUR6Cv/zyKmld1PzL2s3DZbV+W8RRhhM4hXPw4QrqcA8NaAIBDs/wCm/Ok/PivDsfi9aSU8wcwx84nz88ro92</latexit>

...

<latexit sha1_base64="HIslKo9eEemCqRod1k9vn3onj2Q=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lEUG9FLx4r2A9oQ9lsNu3SzW7c3RRK6Z/w4kERr/4db/4bN20O2vpg4PHeDDPzwpQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRS8tMEdokkkvVCbGmnAnaNMxw2kkVxUnIaTsc3eV+e0yVZlI8mklKgwQPBIsZwcZKnd44kka7br9S9WreHGiV+AWpQoFGv/LViyTJEioM4Vjrru+lJphiZRjhdOb2Mk1TTEZ4QLuWCpxQHUzn987QmVUiFEtlSxg0V39PTHGi9SQJbWeCzVAve7n4n9fNTHwdTJlIM0MFWSyKM46MRPnzKGKKEsMnlmCimL0VkSFWmBgbUR6Cv/zyKmld1PzL2s3DZbV+W8RRhhM4hXPw4QrqcA8NaAIBDs/wCm/Ok/PivDsfi9aSU8wcwx84nz88ro92</latexit>

...

<latexit sha1_base64="HIslKo9eEemCqRod1k9vn3onj2Q=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lEUG9FLx4r2A9oQ9lsNu3SzW7c3RRK6Z/w4kERr/4db/4bN20O2vpg4PHeDDPzwpQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRS8tMEdokkkvVCbGmnAnaNMxw2kkVxUnIaTsc3eV+e0yVZlI8mklKgwQPBIsZwcZKnd44kka7br9S9WreHGiV+AWpQoFGv/LViyTJEioM4Vjrru+lJphiZRjhdOb2Mk1TTEZ4QLuWCpxQHUzn987QmVUiFEtlSxg0V39PTHGi9SQJbWeCzVAve7n4n9fNTHwdTJlIM0MFWSyKM46MRPnzKGKKEsMnlmCimL0VkSFWmBgbUR6Cv/zyKmld1PzL2s3DZbV+W8RRhhM4hXPw4QrqcA8NaAIBDs/wCm/Ok/PivDsfi9aSU8wcwx84nz88ro92</latexit>

...

<latexit sha1_base64="HIslKo9eEemCqRod1k9vn3onj2Q=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lEUG9FLx4r2A9oQ9lsNu3SzW7c3RRK6Z/w4kERr/4db/4bN20O2vpg4PHeDDPzwpQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRS8tMEdokkkvVCbGmnAnaNMxw2kkVxUnIaTsc3eV+e0yVZlI8mklKgwQPBIsZwcZKnd44kka7br9S9WreHGiV+AWpQoFGv/LViyTJEioM4Vjrru+lJphiZRjhdOb2Mk1TTEZ4QLuWCpxQHUzn987QmVUiFEtlSxg0V39PTHGi9SQJbWeCzVAve7n4n9fNTHwdTJlIM0MFWSyKM46MRPnzKGKKEsMnlmCimL0VkSFWmBgbUR6Cv/zyKmld1PzL2s3DZbV+W8RRhhM4hXPw4QrqcA8NaAIBDs/wCm/Ok/PivDsfi9aSU8wcwx84nz88ro92</latexit>

...

<latexit sha1_base64="HIslKo9eEemCqRod1k9vn3onj2Q=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lEUG9FLx4r2A9oQ9lsNu3SzW7c3RRK6Z/w4kERr/4db/4bN20O2vpg4PHeDDPzwpQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRS8tMEdokkkvVCbGmnAnaNMxw2kkVxUnIaTsc3eV+e0yVZlI8mklKgwQPBIsZwcZKnd44kka7br9S9WreHGiV+AWpQoFGv/LViyTJEioM4Vjrru+lJphiZRjhdOb2Mk1TTEZ4QLuWCpxQHUzn987QmVUiFEtlSxg0V39PTHGi9SQJbWeCzVAve7n4n9fNTHwdTJlIM0MFWSyKM46MRPnzKGKKEsMnlmCimL0VkSFWmBgbUR6Cv/zyKmld1PzL2s3DZbV+W8RRhhM4hXPw4QrqcA8NaAIBDs/wCm/Ok/PivDsfi9aSU8wcwx84nz88ro92</latexit>

1

<latexit sha1_base64="hMNRKeSprxnvuunJyeEtosor6+A=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBU0mkoN6KXjxWtB/QhrLZbtqlm92wuxFK6E/w4kERr/4ib/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaSec3OZ+54kqzaR4NNOEBjEeCRYxgo2VHnzXHVSqXs2bA60SvyBVKNAcVL76Q0nSmApDONa653uJCTKsDCOcztx+qmmCyQSPaM9SgWOqg2x+6gydWWWIIqlsCYPm6u+JDMdaT+PQdsbYjPWyl4v/eb3URFdBxkSSGirIYlGUcmQkyv9GQ6YoMXxqCSaK2VsRGWOFibHp5CH4yy+vkvZFza/Xru/r1cZNEUcZTuAUzsGHS2jAHTShBQRG8Ayv8OZw58V5dz4WrSWnmDmGP3A+fwDnA4zp</latexit>

1

<latexit sha1_base64="hMNRKeSprxnvuunJyeEtosor6+A=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBU0mkoN6KXjxWtB/QhrLZbtqlm92wuxFK6E/w4kERr/4ib/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaSec3OZ+54kqzaR4NNOEBjEeCRYxgo2VHnzXHVSqXs2bA60SvyBVKNAcVL76Q0nSmApDONa653uJCTKsDCOcztx+qmmCyQSPaM9SgWOqg2x+6gydWWWIIqlsCYPm6u+JDMdaT+PQdsbYjPWyl4v/eb3URFdBxkSSGirIYlGUcmQkyv9GQ6YoMXxqCSaK2VsRGWOFibHp5CH4yy+vkvZFza/Xru/r1cZNEUcZTuAUzsGHS2jAHTShBQRG8Ayv8OZw58V5dz4WrSWnmDmGP3A+fwDnA4zp</latexit>

⇥

<latexit sha1_base64="fxMvBEF+dOMORS/ZVo4t+V9jDqc=">AAAB8HicbVBNS8NAEN3Urxq/qh69LBbBU0mkoN6KXjxWsB/ShrLZbtqlu5uwOxFK6K/w4kERr/4cb/4bN20O2vpg4PHeDDPzwkRwA5737ZTW1jc2t8rb7s7u3v5B5fCobeJUU9aisYh1NySGCa5YCzgI1k00IzIUrBNObnO/88S04bF6gGnCAklGikecErDSYx+4ZMZ13UGl6tW8OfAq8QtSRQWag8pXfxjTVDIFVBBjer6XQJARDZwKNnP7qWEJoRMyYj1LFbF7gmx+8AyfWWWIo1jbUoDn6u+JjEhjpjK0nZLA2Cx7ufif10shugoyrpIUmKKLRVEqMMQ4/x4PuWYUxNQSQjW3t2I6JppQsBnlIfjLL6+S9kXNr9eu7+vVxk0RRxmdoFN0jnx0iRroDjVRC1Ek0TN6RW+Odl6cd+dj0Vpyiplj9AfO5w9d+o98</latexit>

⇥

<latexit sha1_base64="fxMvBEF+dOMORS/ZVo4t+V9jDqc=">AAAB8HicbVBNS8NAEN3Urxq/qh69LBbBU0mkoN6KXjxWsB/ShrLZbtqlu5uwOxFK6K/w4kERr/4cb/4bN20O2vpg4PHeDDPzwkRwA5737ZTW1jc2t8rb7s7u3v5B5fCobeJUU9aisYh1NySGCa5YCzgI1k00IzIUrBNObnO/88S04bF6gGnCAklGikecErDSYx+4ZMZ13UGl6tW8OfAq8QtSRQWag8pXfxjTVDIFVBBjer6XQJARDZwKNnP7qWEJoRMyYj1LFbF7gmx+8AyfWWWIo1jbUoDn6u+JjEhjpjK0nZLA2Cx7ufif10shugoyrpIUmKKLRVEqMMQ4/x4PuWYUxNQSQjW3t2I6JppQsBnlIfjLL6+S9kXNr9eu7+vVxk0RRxmdoFN0jnx0iRroDjVRC1Ek0TN6RW+Odl6cd+dj0Vpyiplj9AfO5w9d+o98</latexit>

⇥

<latexit sha1_base64="fxMvBEF+dOMORS/ZVo4t+V9jDqc=">AAAB8HicbVBNS8NAEN3Urxq/qh69LBbBU0mkoN6KXjxWsB/ShrLZbtqlu5uwOxFK6K/w4kERr/4cb/4bN20O2vpg4PHeDDPzwkRwA5737ZTW1jc2t8rb7s7u3v5B5fCobeJUU9aisYh1NySGCa5YCzgI1k00IzIUrBNObnO/88S04bF6gGnCAklGikecErDSYx+4ZMZ13UGl6tW8OfAq8QtSRQWag8pXfxjTVDIFVBBjer6XQJARDZwKNnP7qWEJoRMyYj1LFbF7gmx+8AyfWWWIo1jbUoDn6u+JjEhjpjK0nZLA2Cx7ufif10shugoyrpIUmKKLRVEqMMQ4/x4PuWYUxNQSQjW3t2I6JppQsBnlIfjLL6+S9kXNr9eu7+vVxk0RRxmdoFN0jnx0iRroDjVRC1Ek0TN6RW+Odl6cd+dj0Vpyiplj9AfO5w9d+o98</latexit>

⇥

<latexit sha1_base64="fxMvBEF+dOMORS/ZVo4t+V9jDqc=">AAAB8HicbVBNS8NAEN3Urxq/qh69LBbBU0mkoN6KXjxWsB/ShrLZbtqlu5uwOxFK6K/w4kERr/4cb/4bN20O2vpg4PHeDDPzwkRwA5737ZTW1jc2t8rb7s7u3v5B5fCobeJUU9aisYh1NySGCa5YCzgI1k00IzIUrBNObnO/88S04bF6gGnCAklGikecErDSYx+4ZMZ13UGl6tW8OfAq8QtSRQWag8pXfxjTVDIFVBBjer6XQJARDZwKNnP7qWEJoRMyYj1LFbF7gmx+8AyfWWWIo1jbUoDn6u+JjEhjpjK0nZLA2Cx7ufif10shugoyrpIUmKKLRVEqMMQ4/x4PuWYUxNQSQjW3t2I6JppQsBnlIfjLL6+S9kXNr9eu7+vVxk0RRxmdoFN0jnx0iRroDjVRC1Ek0TN6RW+Odl6cd+dj0Vpyiplj9AfO5w9d+o98</latexit>

?

<latexit sha1_base64="X02KELP8JFFnUE/mk5N1VrACm+o=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnqy6MVjBfuB7VKyabYNzSZLkhXL0n/hxYMiXv033vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Cbz249UaSbFvZnE1I/wULCQEWys9NCLAvmUXk1LpX654lbdGdAy8XJSgRyNfvmrN5AkiagwhGOtu54bGz/FyjDC6bTUSzSNMRnjIe1aKnBEtZ/OLp6iE6sMUCiVLWHQTP09keJI60kU2M4Im5Fe9DLxP6+bmPDCT5mIE0MFmS8KE46MRNn7aMAUJYZPLMFEMXsrIiOsMDE2pCwEb/HlZdI6q3q16uVdrVK/zuMowhEcwyl4cA51uIUGNIGAgGd4hTdHOy/Ou/Mxby04+cwh/IHz+QOrxJBH</latexit>

?

<latexit sha1_base64="X02KELP8JFFnUE/mk5N1VrACm+o=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnqy6MVjBfuB7VKyabYNzSZLkhXL0n/hxYMiXv033vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Cbz249UaSbFvZnE1I/wULCQEWys9NCLAvmUXk1LpX654lbdGdAy8XJSgRyNfvmrN5AkiagwhGOtu54bGz/FyjDC6bTUSzSNMRnjIe1aKnBEtZ/OLp6iE6sMUCiVLWHQTP09keJI60kU2M4Im5Fe9DLxP6+bmPDCT5mIE0MFmS8KE46MRNn7aMAUJYZPLMFEMXsrIiOsMDE2pCwEb/HlZdI6q3q16uVdrVK/zuMowhEcwyl4cA51uIUGNIGAgGd4hTdHOy/Ou/Mxby04+cwh/IHz+QOrxJBH</latexit>

?

<latexit sha1_base64="X02KELP8JFFnUE/mk5N1VrACm+o=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnqy6MVjBfuB7VKyabYNzSZLkhXL0n/hxYMiXv033vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Cbz249UaSbFvZnE1I/wULCQEWys9NCLAvmUXk1LpX654lbdGdAy8XJSgRyNfvmrN5AkiagwhGOtu54bGz/FyjDC6bTUSzSNMRnjIe1aKnBEtZ/OLp6iE6sMUCiVLWHQTP09keJI60kU2M4Im5Fe9DLxP6+bmPDCT5mIE0MFmS8KE46MRNn7aMAUJYZPLMFEMXsrIiOsMDE2pCwEb/HlZdI6q3q16uVdrVK/zuMowhEcwyl4cA51uIUGNIGAgGd4hTdHOy/Ou/Mxby04+cwh/IHz+QOrxJBH</latexit>

?

<latexit sha1_base64="X02KELP8JFFnUE/mk5N1VrACm+o=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnqy6MVjBfuB7VKyabYNzSZLkhXL0n/hxYMiXv033vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Cbz249UaSbFvZnE1I/wULCQEWys9NCLAvmUXk1LpX654lbdGdAy8XJSgRyNfvmrN5AkiagwhGOtu54bGz/FyjDC6bTUSzSNMRnjIe1aKnBEtZ/OLp6iE6sMUCiVLWHQTP09keJI60kU2M4Im5Fe9DLxP6+bmPDCT5mIE0MFmS8KE46MRNn7aMAUJYZPLMFEMXsrIiOsMDE2pCwEb/HlZdI6q3q16uVdrVK/zuMowhEcwyl4cA51uIUGNIGAgGd4hTdHOy/Ou/Mxby04+cwh/IHz+QOrxJBH</latexit>



The Average Causal Effect

• We define the average causal effect to be:

– where the expectation refers to independent and identical draws of the 
experimental units from an underlying population 

– and thus the value of     is actually independent of  

• Can we estimate    from data? 

University of California, Berkeley

⌧ = E[Yi(1)� Yi(0)]

<latexit sha1_base64="NZ15MoBfqLzKPnrvs1DB6F8McfQ=">AAACDXicbZDLSsNAFIYnXmu8RV26GaxCu7AkUlAXQlEElxXsRZIQJtNJO3RyYWYilNAXcOOruHGhiFv37nwbJ20W2vrDwMd/zmHO+f2EUSFN81tbWFxaXlktrenrG5tb28bOblvEKcekhWMW866PBGE0Ii1JJSPdhBMU+ox0/OFVXu88EC5oHN3JUULcEPUjGlCMpLI849CRKIUX0AmRHPh+dj227z1asarwGOZgVl1d94yyWTMngvNgFVAGhZqe8eX0YpyGJJKYISFsy0ykmyEuKWZkrDupIAnCQ9QntsIIhUS42eSaMTxSTg8GMVcvknDi/p7IUCjEKPRVZ760mK3l5n81O5XBmZvRKEklifD0oyBlUMYwjwb2KCdYspEChDlVu0I8QBxhqQLMQ7BmT56H9knNqtfOb+vlxmURRwnsgwNQARY4BQ1wA5qgBTB4BM/gFbxpT9qL9q59TFsXtGJmD/yR9vkDuFCYxw==</latexit>

⌧

<latexit sha1_base64="wdellb8+5e7c3nE7dIGKbuAsp+0=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3SzSbsToRS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8MJXCoOd9O6W19Y3NrfK2u7O7t39QOTxqmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g7Hd7nffuLaiEQ94iTlQUyHSkSCUbRSu4c0I67br1S9mjcHWSV+QapQoNGvfPUGCctirpBJakzX91IMplSjYJLP3F5meErZmA5511JFY26C6fzcGTmzyoBEibalkMzV3xNTGhsziUPbGVMcmWUvF//zuhlG18FUqDRDrthiUZRJggnJfycDoTlDObGEMi3srYSNqKYMbUJ5CP7yy6ukdVHzL2s3D5fV+m0RRxlO4BTOwYcrqMM9NKAJDMbwDK/w5qTOi/PufCxaS04xcwx/4Hz+AOfdjqY=</latexit>

i

<latexit sha1_base64="ORt+SBLiKRsVkHf5kHzpZ6FB0Ik=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsR/QhrLZTtqlm03Y3Qil9B948aCIV/+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj28xvP6HSPJaPZpKgH9Gh5CFn1FjpgZf65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8KVWGM4GzUi/VmFA2pkPsWipphNqfzi+dkTOrDEgYK1vSkLn6e2JKI60nUWA7I2pGetnLxP+8bmrCK3/KZZIalGyxKEwFMTHJ3iYDrpAZMbGEMsXtrYSNqKLM2HCyELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBiE8wyu8OWPnxXl3PhatBSefOYY/cD5/AAfhjQ0=</latexit>

⌧

<latexit sha1_base64="u7dJ2F6E1BXxyAzsLr3xtYqmtE4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7Hd7nffuLaiEQ94iTlQUyHSkSCUbSS30OaVfrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuisGUahRM8lmllxmeUjamQ961VNGYm2A6P3ZGzqwyIFGibSkkc/X3xJTGxkzi0HbGFEdm2cvF/7xuhtF1MBUqzZArtlgUZZJgQvLPyUBozlBOLKFMC3srYSOqKUObTx6Ct/zyKmld1L3L+s3DZa1xW8RRhhM4hXPw4AoacA9N8IGBgGd4hTdHOS/Ou/OxaC05xcwx/IHz+QNaxY5o</latexit>


