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• In a panel setting, Difference-in-differences (DD) estimation implies 

measuring outcomes and covariates for both participants and non-

participants in pre- and post-intervention periods

• DD compares treatment and comparison groups in terms of outcome 

changes over time:

where T1=1 denotes treatment at t=1, T1=0 otherwise; Yt
T,Yt

C are 

potential outcomes at time t

DD = E(Y1

T -Y0

T |T1 =1)-E(Y1

C -Y0

C |T1 = 0)

Introduction
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• Unlike PSM as we studied it, the DD estimator allows for unobserved 

heterogeneity (i.e., the unobserved difference in mean counterfactual 

outcomes between treated and control units) leading to selection bias

• For example, one may want to account for factors unobserved by the 

researcher, such as differences in innate ability across treated and 

control subjects

• DD assumes this unobserved heterogeneity is time invariant, so the 

bias cancels out through time differencing

• This is weaker than the strict exogeneity assumption from 

before, as the assumed counterfactual is a time-difference

E(Y1

T -Y0

T |T1 = 0)
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DD = (Y4 -Y0 )- (Y3 -Y1) =Y4 -Y2

Assumption :Y3 -Y2 =Y1 -Y0
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• The DD estimate can be calculated within a regression framework:

where the coefficient β on the interaction between the post-program 

treatment variable and time gives the DD effect of the program

• Let’s use the DD definition (suppressing subscript i) to interpret the 

regression coefficients:

Yit =a +bTi1t +rTi1 +gt +eit

E(Y1

T -Y0

T |T1 =1) = (a + b + r +g )- (a + r) = b +g

E(Y1

C -Y0

C |T1 = 0) = (a +g )-a = g

E(Y0

T |T1 =1)-E(Y0

C |T1 = 0) = (a + r)-a = r

E(Y1

T |T1 =1)-E(Y1

C |T1 = 0) = (a + b + r +g )- (a +g ) = b + r

E(Y0

C |T1 = 0) =a

DD = E(Y1

T -Y0

T |T1 =1)-E(Y1

C -Y0

C |T1 = 0) = b

Theory
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• For the DD regression estimator to be interpreted correctly, the 

following conditions must hold:

• The model in the regression equation is correctly specified 

(namely the additive structure is correct)

• The error term is uncorrelated with the other variables in the 

equation

The last assumption is the most critical, also named as the

parallel-trend assumption, which imposes that unobserved

characteristics affecting the outcome do not vary over

time with treatment status

cov(eit,Ti1) = 0

cov(eit, t) = 0

cov(eit,Ti1t) = 0
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• We can add individual fixed effects in the above regression, which 

control for unobserved time-invariant heterogeneity

• And we can also control for heterogeneity in observed characteristics 

over time

where Xit is a vector of potentially time-variant observed 

characteristics, and ηi is an individual fixed effect

• Note that time-invariant terms are dropped with individual fixed 

effects, namely Ti alone and potentially parts of Xit

Yit =a +bTit +rTi +gt+dXit +hi +eit
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• Differencing both sides of the previous equation over time (t and t-1):

• The preceding two-period model can be generalized with multiple 

time periods, which is called the panel fixed-effects model:

Yit -Yit-1 = (a + bTit + rTi +gt +dXit +hi +eit )-

-(a + bTi(t -1)+ rTi +g (t -1)+dXit-1 +hi +eit-1) =

DYit = bTi +g +dDXit + Deit

Yit = fTit +dXit +hi +mt +eitÛ

ÛYit -Yit-1 = (fTit +dXit +hi + mt +eit )-

-(fTit-1 +dXit-1 +hi +mt-1 +eit-1) =

DYit = Dmt +fDTit +dDXit + Deit
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• We can always run OLS on the time differenced equation and 

estimate the unbiased effect of the program (analogously to using fixed 

effects)

• Still, we are assuming that the treatment is not correlated with the 

error term, i.e., with time-variant unobservables

•  This is still a strong assumption in some applications

•  However it may be reasonable in others

•  And actually, it can be the best identifying assumption in many 

applications
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• Bertrand, Duflo, and Mullainathan (QJE, 2004) draw attention to the 

possibility of serial correlation in the generalized DD model:

• OLS produces inconsistent standard errors

• They generate placebo interventions in an American panel and 

find that conventional standard errors severely understate the 

standard deviation of the estimators: they find a significant effect 

at the 5 percent level for up to 45 percent of the placebo 

interventions

• Parametric assumptions on the autocorrelation process do not 

perform well 

• Solutions: Block bootstrap (taking into account autocorrelation) 

and collapsing of time into pre and post work well; Huber-White 

clustered standard errors (at the state-level) do not work well 

with a low number of states
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• Controlling for initial conditions

• This is appropriate in the case where public investments depend 

on initial preprogram local area conditions; without these initial 

conditions the DD treatment effect could be biased

• PSM with DD

• Provided that rich data on treatment and control areas exist, PSM 

can be combined with DD to better match treatment and control 

units on pre-program characteristics

• The propensity score can be used to match participant and 

control units in the pre-program year

• The treatment impact is calculated across participant and non-

participant units within the common support

Alternative DD models
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•  For two time periods, the DD estimate using PSM would be 

given by:

where ω(i,j) is the weight using the PSM approach given to the jth 

control area matched to treatment area i

• Triple-difference methods

• E.g., adjusting for differential time trends

DDPSM =
1

NT
(Yi2

T -Yi1
T )- w(i, j)(Yj2

C -Yj1
C )

jÎC
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DDD = [E(Y1

T -Y0

T |T =1)-E(Y1

C -Y0

C |T = 0)]-

-[E(Y0

T -Y-1

T |T =1)-E(Y0

C -Y-1

C |T = 0)]
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• Duflo (AER, 2001)

• This paper exploits a dramatic change in policy to evaluate the 

effect of building schools on education and earnings in Indonesia

• Between 1973-74 and 1978-79 more than 61,000 primary school 

buildings (an average of two schools per 1,000 children aged 5-14 

in 1971) were built

• Enrollment rates among children aged 7-12 were 69 percent in 

1973; these increased to 84 percent (males) and 82 percent 

(females) in 1978

Example: Building Schools in Indonesia
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• The identification strategy of the paper uses the fact that exposure to 

the school construction program varied by region and date of birth

• Substantial variations existed in program intensity across 

regions, due to the government’s efforts to allocate more schools 

to regions where initial enrollment was low

• Difference-in-difference: education should be higher for younger 

(in school when program was launched) vs. older cohorts for all 

regions; but this difference should be larger in the regions that 

received more schools
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Duflo (AER, 2001) - results

• The estimates suggest that the construction of primary schools led to 

an increase in education and earnings for children aged 2-6 in 1974 

(for each school constructed per 1,000 children in their region of birth)

• received 0.12 to 0.19 more years of education

• received 1.5 to 2.7 percent higher wages

• Robustness: test exogeneity of interaction of age cohort with region 

by checking whether the program is correlated with the outcomes 

(educational attainment and wages) for older cohorts
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• Difference-in-differences relaxes the assumption of selection on 

observables, since it proposes parallel-trends and allows for selection 

on time-invariant unobservables

• However, selection on time-variant unobservables is plausible in 

many applications

• Alternative DD models:

• DD with PSM

• Triple-difference

What have we learnt?
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Exercise: Follow the instructions in chapter 14 of Khandker et al 

(2009). You should produce a do file and a log file, which should be 

commented to show that you understood the results. These should be 

emailed to the grader (Matilde Grácio): only one email per group, 

please. 

Note: We should be able to run the do file on a computer given the 

original datafile and produce the raw log file.

Due date: Tuesday, March 8.

Problem Set 3
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