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False Counterfactuals



False Counterfactual #1

Participant vs. Non-Participant Comparisons:

• Compares individuals/communities/units/etc that chose
to participate in a program to those that did not

• Treatment effect conflated with . . . ?

The Experimental Ideal:

• Treatment is randomly assigned

• Treatment, control groups similar in terms of observable,
unobservable characteristics (at least in expectation)

• Difference in means = unbiased estimate of treatment effect
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False Counterfactual #2: Before/After Comparison

treatment

post-treatment
outcomes:
Ypost,i

pre-treatment
outcomes:

Ypre,i
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Three Approaches to Estimating Treatment Effects

Any of these can be credible (all require assumptions):

1. The experimental ideal: randomized treatment vs. control

2. Participant vs. non-participant comparisons → selection bias?

3. Pre vs. post comparisons → changes over time?

In each case, we ask:

1. Is there a difference (in means) between groups?

2. Is that difference likely to have occurred by chance?

3. Should we interpret difference as causal effect of treatment?
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Testing H0 : ȲT = ȲC
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Control When ȲT and ȲC are independent:

SE
(
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nT (nT−1)

where nT is treatment observations,

and
∑
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Testing H0 : ȲT = ȲC
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Control When ȲT and ȲC are independent:

SE
(
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√
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⇒ t =
(
ȲT − ȲC

)
/
√

SE 2
ȲT

+ SE 2
ȲC

⇒ p-value – which is what, again?

When ȲT and ȲC are NOT independent, calculate the change, and

test null hypothesis that the mean (change in Y ) is equal to 0
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Testing H0 : ȲT = ȲC in Stata

t = ȲT−ȲC

SE(ȲT−ȲC )

t = −1.4692
0.1956

t = 7.5096

To get p-value (in Stata): display 2*(1 - abs(ttail(98,-7.5096)))
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Testing H0 : ȲT = ȲC in a Regression
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OLS regression on a binary independent variable: Yi = α+ βDi + εi

• Only two possible predicted values of Ŷi : α and α + β
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OLS Regression on a Binary Independent Variable

You may or may not remember that in a bivariate regression:

β̂OLS = COV (X ,Y )
VAR(X )

=
∑

i(Xi−X̄)(Yi−Ȳ)∑
i(Xi−X̄)2

Notice that the numerator can be re-organized:∑
i

(
Xi − X̄

) (
Yi − Ȳ

)
=

∑
i XiYi −

∑
i X̄Yi −

∑
i Ȳ Xi +

∑
i X̄ Ȳ

= Ȳ
∑

i Xi = Ȳ NX̄

= NX̄Ȳ
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OLS Regression on a Binary Independent Variable

You may or may not remember that in a bivariate regression:

β̂OLS = COV (X ,Y )
VAR(X )

=
∑

i(Xi−X̄)(Yi−Ȳ)∑
i(Xi−X̄)2

Notice that the numerator can be re-organized:∑
i

(
Xi − X̄

) (
Yi − Ȳ

)
=

∑
i XiYi −

∑
i X̄Yi

=
∑

i

[
Yi

(
Xi − X̄

)]
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OLS Regression on a Binary Independent Variable

You may or may not remember that in a bivariate regression:

β̂OLS = COV (X ,Y )
VAR(X )

=
∑

i [Yi(Xi−X̄)]∑
i(Xi−X̄)2

When independent variable is binary:

X̄ = nT
N

(nT is # of treated observations)

Assume observations are ordered:{
Y1,Y2, . . . ,YnT−1 ,YnT

treatment group

,YnT+1 ,YnT+2 , . . . ,YN

control group

}

Xi = 1

⇒ Xi − X̄ = 1− X̄

Xi = 0

⇒ Xi − X̄ = −X̄
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OLS Regression on a Binary Independent Variable

You may or may not remember that in a bivariate regression:

β̂OLS = COV (X ,Y )
VAR(X )

=
∑

i [Yi(Xi−X̄)]∑
i(Xi−X̄)2

When independent variable is binary:

X̄ = nT
N

(nT is # of treated observations)

Assume observations are ordered:{
Y1,Y2, . . . ,YnT−1 ,YnT

treatment group

,YnT+1 ,YnT+2 , . . . ,YN

control group

}
Re-write denominator:∑

i

(
Xi − X̄

)2
=

∑nT
i=1

(
1− X̄

)2
+
∑N

i=nT+1

(
−X̄
)2

= nT
(
1− X̄

)2
+ (N − nT )

(
−X̄
)2

= . . . = nT − nT X̄ = NX̄
(
1− X̄

)
(because nt = NX̄ )
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OLS Regression on a Binary Independent Variable

You may or may not remember that in a bivariate regression:

β̂OLS = COV (X ,Y )
VAR(X )

=
∑

i [Yi(Xi−X̄)]∑
i(Xi−X̄)2

=
∑

i [Yi(Xi−X̄)]
NX̄(1−X̄)

Re-write denominator:∑
i

(
Xi − X̄

)2
=

∑nT
i=1

(
1− X̄

)2
+
∑N

i=nT+1

(
−X̄
)2

= nT
(
1− X̄

)2
+ (N − nT )

(
−X̄
)2

= . . . = nT − nT X̄ = NX̄
(
1− X̄

)
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OLS Regression on a Binary Independent Variable

You may or may not remember that in a bivariate regression:

β̂OLS = COV (X ,Y )
VAR(X )

=
∑

i [Yi(Xi−X̄)]∑
i(Xi−X̄)2

=
∑

i [Yi(Xi−X̄)]
NX̄(1−X̄)

∑
i

[
Yi

(
Xi − X̄

)]

“like a weighted average”

(weights sum to 0, not 1)
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OLS Regression on a Binary Independent Variable

You may or may not remember that in a bivariate regression:

β̂OLS = COV (X ,Y )
VAR(X )

=
∑

i [Yi(Xi−X̄)]∑
i(Xi−X̄)2

=
∑

i [Yi(Xi−X̄)]
NX̄(1−X̄)

∑
i

[
Yi

(
Xi − X̄

)]
=
∑nT

i=1

[
Yi

(
1− X̄

)]
+
∑N

i=nT+1

[
Yi

(
−X̄
)]

=
∑nT

i=1 Yi −
∑N

i=1

[
Yi

(
X̄
)]

= nT ȲT − X̄
(
NȲ

)
= NX̄ȲT − NX̄

[
X̄ ȲT +

(
1− X̄

)
ȲC

]
= NX̄

(
1− X̄

) (
ȲT − ȲC

)
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OLS Regression on a Binary Independent Variable

You may or may not remember that in a bivariate regression:

β̂OLS = COV (X ,Y )
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NȲ

)
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OLS Regression on a Binary Independent Variable

You may or may not remember that in a bivariate regression:

β̂OLS = COV (X ,Y )
VAR(X )

=
∑

i [Yi(Xi−X̄)]∑
i(Xi−X̄)2

=
∑
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= ȲT − ȲC
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OLS Regression on a Binary Independent Variable

When we regress Yi on (only) a dummy variable:

=β̂OLS ȲT − ȲC

• Estimated constant α̂OLS is control group mean, also Ŷi

• Predicted Ŷi for treated individuals/units is α̂OLS + β̂OLS
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Why Did We Do This, Again?

“And the end of all our exploring will be to arrive where we started
and know the place for the first time.”

–T.S. Eliot in Four Quartets

Economics 379 (Professor Jakiela) False Counterfactuals, Slide 54



Millennium Villages



The Millennium Villages Project

source: Pronyk et al. (2012)

Economics 379 (Professor Jakiela) False Counterfactuals, Slide 56



The Impacts of the Millennium Villages Project?

source: Pronyk et al. (2012)

source: Pronyk et al. (2012)
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The Impacts of the Millennium Villages Project?

source: Pronyk et al. (2012)
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Critiques of the MVP Evaluation

Bump, Clemens, Demombynes, and Haddad (2012) raise three issues:
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The Impacts of the Millennium Villages Project?

source: Clemens and Demombynes. (2010)
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The Impacts of the Millennium Villages Project?

source: Clemens and Demombynes. (2010)
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The Impacts of the Millennium Villages Project?

source: Clemens and Demombynes. (2010)
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The end!


