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P L A N  F O R  T O D A Y

The Four Horsemen of Validity

Potential outcomes

Questions!



P O T E N T I A L  
O U T C O M E S



P O T E N T I A L  O U T C O M E S

� = (Y |P = 1)� (Y |P = 0)
<latexit sha1_base64="JUQ4gSUkkm/21R82gxzmR/Xkjyc=">AAACC3icbZDLSgMxFIbP1Futt1GXbkKL0C4sM1XQjVB047KCvUg7lEwmbUMzF5KMUMbu3fgqblwo4tYXcOfbmLYDausPgS//OYfk/G7EmVSW9WVklpZXVtey67mNza3tHXN3ryHDWBBaJyEPRcvFknIW0LpiitNWJCj2XU6b7vByUm/eUSFZGNyoUUQdH/cD1mMEK211zXzHo1xhdI6Kt+ge1TTYJXT0c7NKXbNgla2p0CLYKRQgVa1rfna8kMQ+DRThWMq2bUXKSbBQjHA6znViSSNMhrhP2xoD7FPpJNNdxuhQOx7qhUKfQKGp+3siwb6UI9/VnT5WAzlfm5j/1dqx6p05CQuiWNGAzB7qxRypEE2CQR4TlCg+0oCJYPqviAywwETp+HI6BHt+5UVoVMr2cblyfVKoXqRxZOEA8lAEG06hCldQgzoQeIAneIFX49F4Nt6M91lrxkhn9uGPjI9vS3WWGg==</latexit>

δ = Causal impact of program

P = Program

Y = Outcome

� = Y1 � Y0
<latexit sha1_base64="Y3246V1lNJpRUthV/7KKaxLrH0s=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgxpJUQTdC0Y3LCvYhbQiTybQdOpmEmRuxhP6KGxeKuPVH3Pk3TtsstPXAvRzOuZe5c4JEcA2O820VVlbX1jeKm6Wt7Z3dPXu/3NJxqihr0ljEqhMQzQSXrAkcBOskipEoEKwdjG6mfvuRKc1jeQ/jhHkRGUje55SAkXy73AuZAIKv8IPv4lPTHd+uOFVnBrxM3JxUUI6Gb3/1wpimEZNABdG66zoJeBlRwKlgk1Iv1SwhdEQGrGuoJBHTXja7fYKPjRLifqxMScAz9fdGRiKtx1FgJiMCQ73oTcX/vG4K/Usv4zJJgUk6f6ifCgwxngaBQ64YBTE2hFDFza2YDokiFExcJROCu/jlZdKqVd2zau3uvFK/zuMookN0hE6Qiy5QHd2iBmoiip7QM3pFb9bEerHerY/5aMHKdw7QH1ifPxVjkoQ=</latexit>



Fundamental problem of causal inference

�i = Y 1
i � Y 0

i
<latexit sha1_base64="6honxTkUB64g6L3bUQhexACzE10=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR3FiSKuhGKLpxWcE+pI1hMrlph04ezEyEEurGX3HjQhG3/oU7/8Zpm4W2Hhju4Zx7uXOPl3AmlWV9G4WFxaXlleJqaW19Y3PL3N5pyjgVFBo05rFoe0QCZxE0FFMc2okAEnocWt7gauy3HkBIFke3apiAE5JexAJGidKSa+51feCKuAxf4Lt7W9djXS2XuWbZqlgT4Hli56SMctRd86vrxzQNIVKUEyk7tpUoJyNCMcphVOqmEhJCB6QHHU0jEoJ0sskFI3yoFR8HsdAvUnii/p7ISCjlMPR0Z0hUX856Y/E/r5Oq4NzJWJSkCiI6XRSkHKsYj+PAPhNAFR9qQqhg+q+Y9okgVOnQSjoEe/bkedKsVuyTSvXmtFy7zOMoon10gI6Qjc5QDV2jOmogih7RM3pFb8aT8WK8Gx/T1oKRz+yiPzA+fwCpaJUW</latexit>

Individual-level effects are 
impossible to observe



Average treatment effect

ATE = E(Y1 � Y0) = E(Y1)� E(Y0)
<latexit sha1_base64="pN7mJOGZdI4pMNJmbJ2I7RQyEFU=">AAACDXicbVDLSgMxFM3UV62vUZduglVoF5aZKuhGqErBZYU+aYchk2ba0MyDJCOUoT/gxl9x40IRt+7d+Tdm2hG09UDg3HPu5eYeJ2RUSMP40jJLyyura9n13Mbm1vaOvrvXFEHEMWnggAW87SBBGPVJQ1LJSDvkBHkOIy1ndJP4rXvCBQ38uhyHxPLQwKcuxUgqydaPrupVeAmrhY5twhPYsY3iT1lUdUKMoq3njZIxBVwkZkryIEXN1j97/QBHHvElZkiIrmmE0ooRlxQzMsn1IkFChEdoQLqK+sgjwoqn10zgsVL60A24er6EU/X3RIw8Icaeozo9JIdi3kvE/7xuJN0LK6Z+GEni49kiN2JQBjCJBvYpJ1iysSIIc6r+CvEQcYSlCjCnQjDnT14kzXLJPC2V787yles0jiw4AIegAExwDirgFtRAA2DwAJ7AC3jVHrVn7U17n7VmtHRmH/yB9vENh0KWKQ==</latexit>

Difference between expected value when program 
is on vs. expected value when program is off



Average treatment effect
Can be found for a whole population, on average

� = (Ȳ |P = 1)� (Ȳ |P = 0)
<latexit sha1_base64="togvVy7XxoWsr9z5bpvtjw7BhDE=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VoF4akCroRim5cVrAPaUKZTCbt0MkkzEyEEvsXbvwVNy4Ucas7/8Zpm4W2Hrhw5px7mXuPnzAqlW1/G4Wl5ZXVteJ6aWNza3vH3N1ryTgVmDRxzGLR8ZEkjHLSVFQx0kkEQZHPSNsfXk389j0Rksb8Vo0S4kWoz2lIMVJa6pmWGxCmELyAFddHIrsbwwfY0E+nCo/nNbvaM8u2ZU8BF4mTkzLI0eiZX24Q4zQiXGGGpOw6dqK8DAlFMSPjkptKkiA8RH3S1ZSjiEgvm941hkdaCWAYC11cwan6eyJDkZSjyNedEVIDOe9NxP+8bqrCcy+jPEkV4Xj2UZgyqGI4CQkGVBCs2EgThAXVu0I8QAJhpaMs6RCc+ZMXSatmOSdW7ea0XL/M4yiCA3AIKsABZ6AOrkEDNAEGj+AZvII348l4Md6Nj1lrwchn9sEfGJ8/YUmbpA==</latexit>



Person Sex Treated?
Outcome with 

program
Outcome without 

program Effect
1 M TRUE 80 60 20
2 M TRUE 75 70 5
3 M TRUE 85 80 5
4 M FALSE 70 60 10
5 F TRUE 75 70 5
6 F FALSE 80 80 0
7 F FALSE 90 100 -10
8 F FALSE 85 80 5



Person Sex Treated?
Outcome with 

program
Outcome without 

program Effect
1 M TRUE 80 60 20
2 M TRUE 75 70 5
3 M TRUE 85 80 5
4 M FALSE 70 60 10
5 F TRUE 75 70 5
6 F FALSE 80 80 0
7 F FALSE 90 100 -10
8 F FALSE 85 80 5

� = (Ȳ |P = 1)� (Ȳ |P = 0)
<latexit sha1_base64="togvVy7XxoWsr9z5bpvtjw7BhDE=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VoF4akCroRim5cVrAPaUKZTCbt0MkkzEyEEvsXbvwVNy4Ucas7/8Zpm4W2Hrhw5px7mXuPnzAqlW1/G4Wl5ZXVteJ6aWNza3vH3N1ryTgVmDRxzGLR8ZEkjHLSVFQx0kkEQZHPSNsfXk389j0Rksb8Vo0S4kWoz2lIMVJa6pmWGxCmELyAFddHIrsbwwfY0E+nCo/nNbvaM8u2ZU8BF4mTkzLI0eiZX24Q4zQiXGGGpOw6dqK8DAlFMSPjkptKkiA8RH3S1ZSjiEgvm941hkdaCWAYC11cwan6eyJDkZSjyNedEVIDOe9NxP+8bqrCcy+jPEkV4Xj2UZgyqGI4CQkGVBCs2EgThAXVu0I8QAJhpaMs6RCc+ZMXSatmOSdW7ea0XL/M4yiCA3AIKsABZ6AOrkEDNAEGj+AZvII348l4Md6Nj1lrwchn9sEfGJ8/YUmbpA==</latexit>

ATE = 5



Conditional average treatment effect
CATE

Effect in subgroups

Is the program more effective 
for specific sexes?



Person Sex Treated?
Outcome with 

program
Outcome without 

program Effect
1 M TRUE 80 60 20
2 M TRUE 75 70 5
3 M TRUE 85 80 5
4 M FALSE 70 60 10
5 F TRUE 75 70 5
6 F FALSE 80 80 0
7 F FALSE 90 100 -10
8 F FALSE 85 80 5

CATEMale = 10� = (ȲMale|P = 1)� (ȲMale|P = 0)
<latexit sha1_base64="AtyJpDfsbDc/ahR6OGWMg0RxUag=">AAACL3icfVDLSgNBEJz1bXxFPXoZDEJyMOyqoBdBFMSLEMFEJRtC76Sjg7MPZnrFsOaPvPgrXkQU8epfOIk5aBQLGoqq7pnuChIlDbnuszMyOjY+MTk1nZuZnZtfyC8u1UycaoFVEatYnwdgUMkIqyRJ4XmiEcJA4VlwfdDzz25QGxlHp9RJsBHCZSTbUgBZqZk/9FuoCPguL/oB6Oyi2/QJbyk7BoVdfscr1vJKfP0/3y018w W37PbBfxNvQApsgEoz/+i3YpGGGJFQYEzdcxNqZKBJCvtwzk8NJiCu4RLrlkYQomlk/Xu7fM0qLd6Ota2IeF/9PpFBaEwnDGxnCHRlhr2e+JdXT6m908hklKSEkfj6qJ0qTjHvhcdbUqMg1bEEhJZ2Vy6uQIMgG3HOhuANn/yb1DbK3mZ542SrsLc/iGOKrbBVVmQe22Z77IhVWJUJds8e2Qt7dR6cJ+fNef9qHXEGM8vsB5yPT+6DpoI=</latexit>

� = (ȲFemale|P = 1)� (ȲFemale|P = 0)
<latexit sha1_base64="t/jYDUPLDO/9g8Md3K1n3X3RTI4=">AAACM3icfVDJSgNBFOxxjXGLevTSGAQ9GGZU0IsgCiKeIhgXMiG86bxok56F7jdiGPNPXvwRD4J4UMSr/2BnObhhQUNRVa+7XwWJkoZc98kZGh4ZHRvPTeQnp6ZnZgtz86cmTrXAiohVrM8DMKhkhBWSpPA80QhhoPAsaO13/bNr1EbG0Qm1E6yFcBnJphRAVqoXjvwGKgK+w1f8AHR20an7hDeUHWAICjv8lpet6a3ytf8T7m q9UHRLbg/8N/EGpMgGKNcLD34jFmmIEQkFxlQ9N6FaBpqksBfn/dRgAqIFl1i1NIIQTS3r7dzhy1Zp8Gas7YmI99SvExmExrTDwCZDoCvz0+uKf3nVlJrbtUxGSUoYif5DzVRxinm3QN6QGgWptiUgtLR/5eIKNAiyNedtCd7PlX+T0/WSt1FaP94s7u4N6sixRbbEVpjHttguO2RlVmGC3bFH9sJenXvn2Xlz3vvRIWcws8C+wfn4BFYPqEA=</latexit>

CATEFemale = 0



Average treatment on the treated
ATT / TOT

Effect for those with treatment

Average treatment on the untreated
ATU / TUT

Effect for those without treatment



Person Sex Treated?
Outcome with 

program
Outcome without 

program Effect
1 M TRUE 80 60 20
2 M TRUE 75 70 5
3 M TRUE 85 80 5
4 M FALSE 70 60 10
5 F TRUE 75 70 5
6 F FALSE 80 80 0
7 F FALSE 90 100 -10
8 F FALSE 85 80 5

ATT = 8.75
ATU = 1.25

� = (ȲTreated|P = 1)� (ȲTreated|P = 0)
<latexit sha1_base64="GtJed9vipYNzsE6Pf4U60/XfzNA=">AAACNXichVC7SgNBFJ2NrxhfUUubwSBoYdhVQRshaGNhESEvyYYwO3tjBmcfzNwVw5qfsvE/rLSwUMTWX3DyKDQKHhg4nHPuzNzjxVJotO1nKzM1PTM7l53PLSwuLa/kV9dqOkoUhyqPZKQaHtMgRQhVFCihEStggSeh7l2fDvz6DSgtorCCvRhaAbsKRUdwhkZq589dHyQyeky3XY+p9LLfdhFuMa2YWxD8Pr2jZeM6O3T3n4 i9084X7KI9BP1NnDEpkDHK7fyj60c8CSBELpnWTceOsZUyhYJL6OfcREPM+DW7gqahIQtAt9Lh1n26ZRSfdiJlToh0qH6fSFmgdS/wTDJg2NWT3kD8y2sm2DlqpSKME4SQjx7qJJJiRAcVUl8o4Ch7hjCuhPkr5V2mGEdTdM6U4Eyu/JvU9orOfnHv4qBQOhnXkSUbZJNsE4cckhI5I2VSJZzckyfySt6sB+vFerc+RtGMNZ5ZJz9gfX4BYCSpUg==</latexit>

� = (ȲUntreated|P = 1)� (ȲUntreated|P = 0)
<latexit sha1_base64="FD4EnJ8lTIMymoELTRPkKZAWBmc=">AAACOXichVDLSgMxFM3UV62vqks3wSLowjJTBd0IRTcuK1gfdErJZG7b0ExmSO6IZexvufEv3AluXCji1h8wrV34Ag8EDuecm+SeIJHCoOs+OLmJyanpmfxsYW5+YXGpuLxyZuJUc6jzWMb6ImAGpFBQR4ESLhINLAoknAe9o6F/fgXaiFidYj+BZsQ6SrQFZ2ilVrHmhyCR0QO66QdMZ5eDlo9wjVldob0HIRzQG1qzvrdFt/ 8NuVutYsktuyPQ38QbkxIZo9Yq3vthzNMIFHLJjGl4boLNjGkUXMKg4KcGEsZ7rAMNSxWLwDSz0eYDumGVkLZjbY9COlK/TmQsMqYfBTYZMeyan95Q/MtrpNjeb2ZCJSmC4p8PtVNJMabDGmkoNHCUfUsY18L+lfIu04yjLbtgS/B+rvybnFXK3k65crJbqh6O68iTNbJONolH9kiVHJMaqRNObskjeSYvzp3z5Lw6b5/RnDOeWSXf4Lx/ACEdq0A=</latexit>



ATE = weighted average of ATT and ATU

(8.75 × 0.5) + (1.25 × 0.5)

4.375 + .625

5



Selection bias

ATT and ATE aren’t always the same

ATE = ATT + Selection bias

5 = 8.75 - x

x = 3.75

Randomization fixes this, makes x = 0



T H E  F O U R  H O R S E M E N  
O F  V A L I D I T Y



https://www.youtube.com/watch?v=7DDF8WZFnoU



T H R E A T S  T O  V A L I D I T Y

Internal validity

External validity

Construct validity

Statistical conclusion validity



I N T E R N A L  V A L I D I T Y

Omitted variable bias

Trends

Study calibration Contamination

Selection Attrition

Maturation Secular trends Testing Regression

Measurement error

Time frame of study

Seasonality

Hawthorne John Henry

Spillovers Intervening events



S E L E C T I O N

If people can choose to enroll in a 
program, those that enroll will be 
different than those that do not

How to fix

Randomization into 
treatment and control groups





S E L E C T I O N

If people can choose when to 
enroll in a program, time might 

influence the result

How to fix

Shift time around





Married young

Married later
Never married



Is this gap the 
happiness bump?





https://vimeo.com/83228781



A T T R I T I O N

If the people who leave a program or 
study are different than those that 

stay, the effects will be biased

How to fix

Check characteristics of those 
that stay and those that leave



Fake microfinance program results
ID Increase in income Remained in program
1 $3.00 Yes
2 $3.50 Yes
3 $2.00 Yes
4 $1.50 No
5 $1.00 No

ATE with 
attriters = $2.20

ATE without 
attriters = $2.83



M A T U R A T I O N

Growth is expected naturally, like 
checking if a program helps child 
cognitive ability (Sesame Street)

How to fix

Use a comparison group to 
remove the trend





S E C U L A R  T R E N D S

Trends in data are happening 
because of larger global processes 

How to fix

Use a comparison group to 
remove the trend

Recessions Cultural shifts Marriage equality



S E A S O N A L  T R E N D S

Trends in data are happening because 
of regular time-based trends

How to fix

Compare observations from 
same time period or use 
yearly/monthly averages
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T E S T I N G

Repeated exposure to questions or 
tasks will make people improve

How to fix

Change tests, don’t offer pre-
tests maybe, use a control 

group that receives the test



R E G R E S S I O N  T O  T H E  M E A N

People in the extreme have a tendency 
to become less extreme over time

How to fix

Don’t select super high or 
super low performers

Luck Crime and terrorism Hot hand effect



M E A S U R E M E N T  E R R O R

Measuring the outcome incorrectly 
will mess with effect

How to fix

Measure the outcome well



T I M E  F R A M E

If the study is too short, the effect might 
not be detectable yet; if the study is too 

long, attrition becomes a problem

How to fix
Use prior knowledge about the thing 

you’re studying to choose the right length



H A W T H O R N E  E F F E C T

Observing people makes them behave 
differently

How to fix

Hide? Use completely 
unobserved control groups



J O H N  H E N R Y  E F F E C T

Control group works hard to prove 
they’re as good as the treatment group

How to fix

Keep two groups separate



S P I L L O V E R  E F F E C T

Control groups naturally pick up what 
the treatment group is getting

How to fix

Keep two groups separate, 
use distant control groups

Externalities Social interaction Equilibrium effects





I N T E R V E N I N G  E V E N T S

Something happens that affects one 
of the groups and not the other

How to fix
¯\_(ツ)_/¯



I N T E R N A L  V A L I D I T Y

Omitted variable bias

Trends

Study calibration Contamination

Selection Attrition

Maturation Secular trends Testing Regression

Measurement error

Time frame of study

Seasonality

Hawthorne John Henry

Spillovers Intervening events



Your turn!



F I X I N G  I N T E R N A L  V A L I D I T Y

Randomization fixes a host of big issues
Selection Maturation Regression to the mean

Randomization doesn’t fix everything!
Attrition Contamination Measurement



E X T E R N A L  V A L I D I T Y

Findings are generalizable to the 
entire universe or population



E X T E R N A L  V A L I D I T Y

Laboratory conditions vs. real world

Study volunteers are weird 
(Western, educated, from industrialized, rich, and democratic countries)

Not everyone takes surveys
Amazon Mechanical TurkOnline surveys Random digit dialing



E X T E R N A L  V A L I D I T Y

Different circumstances in general

Does a study in one state 
apply to other states?

Does a mosquito net trial in 
Eritrea transfer to Bolivia?



C O N S T R U C T  V A L I D I T Y

The Streetlight Effect



C O N S T R U C T  V A L I D I T Y

You’re measuring the thing you 
want to measure

Test scores measure how 
good kids are at taking tests

Do test scores work for school evaluation?

This is why we spent so much time on 
outcome measurement construction



S T A T I S T I C A L  C O N C L U S I O N  V A L I D I T Y

Are your stats correct?
Statistical power

Violated assumptions 
of statistical tests

Fishing and p-hacking and error rate problem

If p = 0.05, and you measure 20 outcomes, 
1 of those will likely show correlation



T H R E A T S  T O  V A L I D I T Y

Internal validity

External validity

Construct validity

Statistical conclusion validity

Omitted variable bias Trends

Study calibration Contamination



I N T E R N A L  V A L I D I T Y

Omitted variable bias

Trends

Study calibration Contamination

Selection Attrition

Maturation Secular trends Testing Regression

Measurement error

Time frame of study

Seasonality

Hawthorne John Henry

Spillovers Intervening events



Q U E S T I O N S


