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Difference in Difference



Basic Setup
• 𝑡𝑡 ∈ {0,1}: t=0 if before the treatment time; t=1 if after
• 𝑟𝑟 ∈ {0,1}: r=0 if in control group; r=1 if in treated group
• 𝜏𝜏 = 𝑡𝑡 � 𝑟𝑟 is the treatment. So τ=1 only if t=1 and r=1.
• Like in experiments, only treated group after the treatment is treated.
• 𝑌𝑌𝜏𝜏𝑡𝑡is the potential outcome in time t when treatment status is τ.
• So, 𝐸𝐸 𝑌𝑌11 − 𝑌𝑌01 𝑟𝑟 = 1 is the interested ATT.
• There’re four observed volumes (two groups in two times):
𝐸𝐸 𝑌𝑌11 𝑟𝑟 = 1 ：treatment group + after the treatment
𝐸𝐸 𝑌𝑌00 𝑟𝑟 = 1 ：treatment group + before the treatment
𝐸𝐸 𝑌𝑌01 𝑟𝑟 = 0 ：control group + after the treatment
𝐸𝐸 𝑌𝑌00 𝑟𝑟 = 0 ：control group + before the treatment
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Identification
• We use the control group to infer the time effect of treated group. Then we

can figure out the treatment effects.
DID
= E Y r = 1, t = 1 − E Y r = 1, t = 0 − E Y r = 0, t = 1 − E Y r = 0, t = 0

= E Y11 − Y00 r = 1 − E Y01 − Y00 r = 0
= E Y11 − Y01 r = 1 + [E Y01 − Y00 r = 1 − E Y01 − Y00 r = 0 ]

• DID is the interested ATT (E Y11 − Y01 r = 1 ) if the Parallel Trend
Assumption holds

E Y01 − Y00 r = 1 = E Y01 − Y00 r = 0

• The assumption means the treatment group shares the same time trend with
control group，or the time trend in the absence of the intervention are the
same in both groups
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Parallel Trend Assumption
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Estimation
• �𝐷𝐷𝐷𝐷𝐷𝐷 = �𝑌𝑌𝑡𝑡1,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 − �𝑌𝑌𝑡𝑡0,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 − [ �𝑌𝑌𝑡𝑡1,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − �𝑌𝑌𝑡𝑡0,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐]

• Linear form: 𝑦𝑦 = 𝛽𝛽0 + 𝛽𝛽𝑡𝑡𝑡𝑡 + 𝛽𝛽𝑟𝑟𝑟𝑟 + 𝛿𝛿𝛿𝛿 + 𝑢𝑢; by OLS ⇒ 𝛿̂𝛿

• 𝛿̂𝛿 = �𝐷𝐷𝐷𝐷𝐷𝐷. OLS or fixed effects can be used to estimate DID.
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Before
(t=0)

After
(t=1) Difference

Treatment 
(r=1)

β0+ βr β0+ βr+ βt+𝛿𝛿 ΔYt= βt+𝛿𝛿

Control 
(r=0)

β0 β0+ βt ΔYc= βt

Difference β1 β1+𝛿𝛿 ΔΔY =𝛿𝛿

Why 𝛿𝛿 is DID Estimator?
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Test Parallel Trend
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Chetty et al.(2014,QJE)
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How Much Should We Trust DID?



• Bertrand Mariance,Esther Duflo,Sendhil Mullainathan,2004,How Much
Should We Trust Differences-in-Differences Estimates? Quarterly Journal
of Economics，119(1),249-275.

• Because of serial correlation, DD estimation as it is commonly performed
grossly under-states the standard errors around the estimated intervention
effect.

① First, DD estimation usually relies on fairly long time periods
② Second, the most commonly used dependent variables in DD estimation

are typically highly positively serially correlated
③ Third, the treatment variable changes itself very little within a state over

time

• These three factors reinforce each other to create potentially large mis-
measurement in the standard errors coming from the OLS estimation.

Statistical Inference of DID
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Survey of DID Paper
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• Data comes from a survey of all articles in six journals between
1990 and 2000: American Economic Review; Industrial Labor
Relations Review; Journal of Labor Economics; Journal of Political
Economy; Journal of Public Economics; and Quarterly Journal of
Economics.

• They define an article as “Difference-in-Difference” if it: (1)
examines the effect of a specific interventions and (2) uses units
unaffected by the intervention as a control group.

• Their survey of DD papers, which we discuss below, finds an
average of 16.5 periods.



Survey of DID Paper (cont’d)
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• A sample of women’s wages from the Current Population Survey 
(CPS).

• 1979-1999, all women between the ages 25 and 50
• The sample contains nearly 900,000 observations, approximately 

540,000 report strictly positive weekly earnings
• Dependent variable: log(weekly earnings)
① Draw a year at random from a uniform distribution between 1985 

and 1995 (ensure having enough observations prior and post-
intervention) 

② Select exactly half the states (25) at random and designate them as 
“affected” by the law

③ Estimate DD 200 times where the control variables contain 
education ,age , state dummies and year dummies

Over-rejection in DID Estimation
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Over-rejection in DID Estimation (cont’d)
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Over-rejection in DID Estimation (cont’d)
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• The stylized exercise above focused on data with 50 states
• and 21 time periods.
• Many DD papers use fewer states and several DD papers use fewer

time periods.
• They examined how the rejection rate varies with these two

important parameters
① Varying the number of states does not change the extent of the 

over-rejection
② Over-rejection falls as the time span gets shorter, but it does so at 

a rather slow rate



Over-rejection in DID Estimation (cont’d)
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Solutions
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• Parametric Methods: misspecification??

• Block Bootstrap: complicated!

• Ignoring Time Series Information



Parametric Methods
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Block Bootstrap
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• For each placebo intervention , compute the absolute t-statistic

• Construct a bootstrap sample by drawing with replacement 50
matrices (y_s,v_s)

• Run OLS on this sample, obtain an estimate beta_r_hat, t_r
= abs(beta_r_hat - beta_hat)/se(beta_r_hat)

• The difference between this distribution and the sampling
distribution of t becomes small as N goes to infinity,even in the
presence of arbitrary autocorrelation



Block Bootstrap(cont’d)
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Ignoring Time Series Information
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Staggered DID



• The canonical difference-in-differences (DID) model contains two
time periods, “pre” and “post”, and two groups, “treatment” and
“control”.

• Most DID applications, however, exploit variation across groups of
units that receive treatment at different times.

• Staggered DID adopts a two-way fixed effects specification:
y𝑖𝑖𝑖 = 𝛼𝛼𝑖𝑖 + 𝜆𝜆𝑡𝑡 + 𝛽𝛽𝐷𝐷𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑖𝑖𝑖𝑖

Basic Setup
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Use of DID in Finance and Accounting: 2000-2019
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• Goodman-Bacon,A.2021,Difference-in-Differences with Variation in
Treatment Timing. Journal of Econometrics

• Baker, Andrew C., David F. Larcker, and Charles C.Y. Wang. "How
Much Should We Trust Staggered Difference-In-Differences
Estimates?" 2021,Working Paper

Recent Advances
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• Recent advances in econometric theory show that such designs are
likely to be biased in the presence of treatment effect heterogeneity

• Goodman-Bacon(2021) derives an expression for this general DID
estimator according to the DD Decomposition Theorem, and shows
that it is a weighted average of all possible two-group/ two-period DID
estimators in the data

• Baker et al.(2021) apply recently proposed methods to a set of prior
published results and find that the reported effects in prior research
become indistinguishable from zero in many cases

Main Conclusions
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Three Groups
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Decomposition: Graph
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Decomposition
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Weights
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Weights (cont’d)

• The weights come both from group sizes and the treatment
variance in each pair



Is the estimated parameter ATT?
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The Bias
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The Meaning of Beta
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• 多时点DID的估计本质上是多个传统2×2 DID估计的加权平
均，其权重是子样本规模、处理组与控制组相对规模、以及
子样本方差的函数: 子样本规模越大，相互比较的两个组子样
本规模越近，处于中期（如两次政策实施时点之间）的处理
组会被赋予更高的权重

• 已经被处理的观测还能作为“控制组” ，即便他们本身并不
是控制组

• 多时点DID方法极易产生研究偏误，尤其是在政策渐进实施
过程中处理效应变化的情况下（Heterogeneous treatment effect）

• 只有满足平行趋势及零时变处理效应，系数才能被解读为平
均处理效应（政策带来的因果效应）！！！

• Stata 命令：help bacondecomp

总结
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No-fault divorce reforms and female suicide
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bacondecomp
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bacondecomp (cont’d)
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bacondecomp (cont’d)
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DID decomposition
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Thanks!
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