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The big picture
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Key Concepts for This Course

Sample vs Population: the data we actually observe

Target Parameter: what we actually want to know about the

population. In...

Yit = αi + γXit +W ′
itβ + ϵit (1)

What happens to Y if we move/ implement X, after controlling

for everything that matters (W)? The answer is γ!

When we don’t know, we can use data to estimate γ: Esti-

mator vs Estimand
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Why is it Hard to Answer these Questions with

Surveys?

We often only observe a sample from the population we want
to describe
E.g.: we want to know how the distributions of X or Y have
changed. But we only observe them for a survey of workers

Best case scenario: Sample is randomly selected
E.g. surveyed workers drawn out of hat. If random, just need
to account for the fact that the sample might have different
characteristics from the population by chance: use weighting
matrices

Worst case scenario: Sample is not representative of the pop-
ulation
E.g. certain types of individuals are more likely to respond to
surveys
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In 1948, the Chicago Tribune writes that Thomas Dewey de-

feats Harry Truman in the 1948 presidential election, based on

a survey of voters. But their survey was conducted by phone.

In 1948, only rich people had phones
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Selection Bias
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Why is it Hard to Answer Causal Questions even if we
have Data on the Population?

Causal questions involve both a descriptive component (how
are things in reality?) and a counterfactual component (how
would things have been under different circumstances?)

E.g.: what is the effect on your earnings (or other outcomes)
from going to ISEG instead of going to Harvard?
Descriptive: how much do ISEG students earn after gradua-
tion?
Counterfactual: how much would ISEG students have earned
if they had instead gone to Harvard?

Counterfactuals can’t be learned from seeing data alone. We
need additional assumptions to learn about them! It involves
”ceteris paribus” thinking

Is it a missing data problem? ”Not everything that matters
can be measured” (Einstein)
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One classic example

Becker (1957)’s theory of human capital hypothesizes a posi-

tive causal effect of going to college on later-life earnings

Formalize this using potential outcomes notation (Rubin model)

Let Di be a “dummy” variable for the college “treatment”: Di

= 1 (0) if individual i went (did not go) to college

For each i, we imagine two potential earnings outcomes:

Yi(1) = outcome if “treated” (earnings if i went to college)

Yi(0) = outcome if “untreated” (earnings if i didn’t go)

Yi(1)− Yi(0): i’s “treatment effect” (returns to college)

Observed earnings is Yi(1) if Di = 1 and Yi(0) if Di = 0

Our target parameter is the average effect: E[Yi(1)-Yi(0)]
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From Estimator to Estimand

Statistical inference in large (enough) samples:

• Sample means are “close to” population means (by the

Law of Large Numbers)

• Deviations between sample and population means tend to

follow a known distribution (by the Central Limit Theo-

rem)

• We can use these facts to make inferences about popula-

tion means from observed sample means (e.g. form 95%

CIs)
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From Estimand to Parameter

Suppose we were somehow able to see the entire population

People who do/don’t go to college (Di) have different poten-
tial earnings with/without college due to:
Differences in (academic) ability, personality, family background,
career goals (ambition), etc.
Sometimes referred to as omitted variable bias (OVB) or con-
founding factors. If they are correlated with both Y and X,
then we have an endogeneity problem!

Identification challenge: Only observe Yi(1) among those with
Di = 1 and Yi(0) among those with Di = 0; counterfactual
Yi(d)’s are unobserved

Side note: In Psychology, counterfactual thinking is a term to
describe the tendency to imagine alternatives to reality
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More on this from a Nobel Prize winner

https://www.youtube.com/watch?v=iPBV3BlV7jk&list=PL-uRhZ_p-BM5ovNRg-G6hDib27OCvcyW8&

index=2

https://www.youtube.com/watch?v=6YrIDhaUQOE&list=PL-uRhZ_p-BM5ovNRg-G6hDib27OCvcyW8&

index=3
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Other source of endogeneity

On top of selection bias and OVB, Simultaneity!

Classic example: monthly shark attacks and ice cream sales

Funnier examples in https://www.tylervigen.com/spurious-correlations

(but I am not so sure about the Nicholas cage example...)
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Before-after conclusions can be very tricky!
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Some historical perspective: “Let’s take the con out of

econometrics” Leamer (1983)
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What can we do then to evaluate public policy?

One possibility: Identification through Randomization

The gold standard is a randomized controlled trial (RCT), aka
an experiment (e.g., vaccine vs placebo; A-B tests in market-
ing). Suppose that we were somehow able to randomize who
went to college

This makes Di statistically independent of (Yi(0),Yi(1)): same
potential outcomes

Randomization eliminates selection bias:
E[Yi | Di = 1]-E[Yi | Di = 0]
= E[Yi(1) | Di = 1] - E[Yi(0) | Di = 0] (in potential outcomes)
= E[Yi(1)]-E[Yi(0)]
= E[Yi(1)-Yi(0)]

https://www.youtube.com/watch?v=eGRd8jBdNYg&list=PL-uRhZ_p-BM5ovNRg-G6hDib27OCvcyW8&

index=4
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Technical note: SUTVA

The Stable Unit Treatment Value Assumption implies no un-

modeled spillovers, i.e., potential outcomes for a given ob-

servation respond only to its own treatment status; potential

outcomes are invariant to random assignment of others

One could write out potential outcomes in a more extensive

fashion, taking into account both one’s own treatment status

and the treatment status of other types of units

E.g., housemates, friends, relatives, neighbors, competitors,

etc.

Implications for standard errors (cluster? bootstrap?)
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Potential violations of SUTVA: spillovers

Contagion: the effect of being vaccinated also depends on

other’s being vaccinated

Displacement: interventions designed to affect one location

may have effects on other locations (e.g., crime)

Communication from treated to control

Social comparison and Signalling

Anticipation effects

All these effects can be arguably more important when we

scale interventions!
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Abhijit Banerjee, Esther Duflo, and Michael Kremer have in-
troduced a new approach to obtaining reliable answers about
the best ways to fight global poverty. It involves dividing this
issue into smaller, more manageable, questions. Since the mid-
1990s, they have been able to test a range of interventions in
different areas using field experiments.
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What to do when we cannot randomize?
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Many of the big questions in the social sciences deal with
cause and effect. Some of these questions are possible to
answer using natural experiments, in which chance events or
policy changes result in groups of people being treated dif-
ferently. Using natural experiments, David Card has analysed
the labour market effects of minimum wages, immigration and
education. The results showed, among other things, that in-
creasing the minimum wage does not necessarily lead to fewer
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jobs. Joshua Angrist and Guido Imbens showed what conclu-

sions about causation can be drawn from natural experiments

in which people cannot be either forced or forbidden to par-

ticipate in the programme being studied.



Internal vs External validity

Internal validity: validity of a causal effect in a given setting

Degree to which an evaluation establishes the cause-and-effect

relationship

External validity: generalizing from this causal effect to some

other situation of interest

Informative for (i) larger or different pop, (ii) different time

”Will results obtained somewhere generalize elsewhere?” (Du-

flo)
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Research: more vocabulary

First step: Formulate a clear study question, with a cause-

and-effect focus

The results chain sets out the sequence of inputs, activities,

and outputs that are expected to improve outcomes

Inputs: Resources (staff & budget)

Activities: Actions taken to convert inputs into outputs

Outputs: Tangible goods and services produced

Outcomes: Use of outputs by targeted population, typically

achieved in the short-to-medium term
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Results chain: an example

Consider that the Ministry of Education aims to introduce a
new approach to teach math in high schools

Inputs: Staff from the ministry, high school teachers, federal
budget, and the municipal training facilities

Activities: Designing new curriculum; teacher training pro-
gram; commissioning, printing, and distributing textbook

Outputs: No. of teachers trained, no. of textbooks delivered,
and the adaptation of standardized tests

Outcomes: Teachers’ use of the new methods & textbooks;
application of new tests
In the Medium-run: Improvements in student performance on
the standardized mathematics tests
In the Long-run: Increased high school completion rates; higher
employment rates and earnings for graduates

25



Formulate hypothesis and select indicators

Consider the example from above:

Is the new curriculum superior to the old one in imparting

knowledge of mathematics?

Are Trained teachers using the new curriculum? In a more

effective way than other teachers?

Good indicators (not just outputs!) are SMART

Specific: measure the info required as closely as possible

Measurable: information can be readily obtained

Attributable: indicator is linked to the policy’s efforts

Realistic: data can be obtained in a timely fashion, with rea-

sonable frequency, and at reasonable cost

Targeted: to the objective population
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