Two-Way Fixed Effects and Event Studies

PP5001 - Week 9 - Martinmas 2026

Professor David A. Jaeger
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Recall: The Two-Period DID

Let 7} indicate membership in the treatment group and Post; indicate the post-treatment period.

Y = a+~T; + T7Post; + § (T; - Posty) + uy.

-y allows the groups to have different initial levels.
e T captures their common change over time.

« J measures the additional change in the treatment group.

A causal interpretation requires parallel trends in untreated potential outcomes.
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Multiple Units and Multiple Periods

Suppose we observe the same units over several periods. For now, treated units share one treatment date
and the control units remain untreated.

Yii = a; + M + 0D + uye, D;; = T; - Post;.

e (;. a separate intercept for each unit.
« )\;: a separate effect for each calendar period.

e : the treatment coefficient.

This is a two-way fixed effects (TWFE) regression.
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What Unit Fixed Effects Do

«; absorbs characteristics of unit 2 that are constant over the observation period, including unobserved
characteristics.

Examples include:

e Alocation’s geography.
e A school’s persistent organisational characteristics.

A media market’s persistent propensity to watch television.

The treatment effect is identified using changes within units, compared across units.
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What Time Fixed Effects Do

A: absorbs a change common to every unit in period t.

Examples include a national recession or a nationwide change in measurement.

With one treatment date, Post; is already explained by the period indicators.
Yii = ca; + M\ + 0Dy + uy.

We still need a credible comparison for changes specific to the treatment group.
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Where Does the Identifying Variation Come From?

For a balanced panel, subtract the unit mean and period mean, then add back the overall mean:
Y, =Y, -V -Y,+7, Dy = Dy — D; — Dy + D.
The resulting regression is

Yie = 0Dy + U

OLS relates the remaining variation in outcomes to the remaining variation in treatment.
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Parallel Trends with Several Periods

Let b be the last untreated period. For each period t, the identifying assumption is
E|Y; -Yy |T;=1]=E|Y; - Yy |T;=0].

o Before treatment, outcomes can provide evidence about this assumption.
o After treatment, the treated group’s ng IS unobserved.

» Different initial levels are compatible with parallel trends.
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Including Covariates
For time-varying covariates:
J
Yii=oa; + M +0D; + ZHijz't + Ut
j=1

A baseline characteristic X ji Is absorbed by unit fixed effects. Its interaction with time can still matter:

J
DD Xy l(t=s).

s#b j=1

Choose covariates using the policy and causal argument. Variables affected by treatment require particular
care.
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Uncertainty in a Panel
Outcomes for the same unit in adjacent periods are often correlated.

e Use standard errors that allow for this dependence.

o Cluster at a level appropriate to how treatment is assigned and disturbances are related.

» Repeated observations do not create new independently treated units.

For a policy assigned across provinces, province-level clustering is a natural starting point.
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Why Event Studies?

An event study asks:

Were treatment and control groups moving similarly before treatment?

Did outcomes change when treatment began?

Did effects grow, fade or reverse over time?

Is there evidence of anticipation?

We replace one post-treatment coefficient with a sequence of coefficients.

Week 9 notes
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Event Time

Let GG be the common treatment date for the treated group. Define

Ek=t—G.
Event time Meaning
k= -3 Three periods before treatment
k= —1 Period immediately before treatment
k=20 First treatment period
k=2 Two periods after treatment begins

Control observations are indexed by the same calendar periods, while remaining untreated.
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Calendar Time and Event Time

Calendar time Event time: k=t —G;
2005
Area A- == === ——— - - ee——— e ————————————————
2006
AreaB- == === —— - | - em——————— <
2007
Area C- === e e e o o o o o o . - emeame-———— === ] ——
2008
Area D - == == = e e o o O = ————— (e
2009
Areaf- ="m=—merereeeeeeeeeeseemem—m———-— o = e ——— e ———
2003 2005 2007 2009 2011 -6 -5 -4 -3 -2 -1 O 1 2 3 4 5 6 7
Calendar year Years relative to adoption
Dashed: before adoption @: adoption Solid: treated | Same observations in both panels

In calendar year 2008, AreaAisatk = 3 and AreaEisatk = —1.
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From One Post Indicator to Period Indicators

For this introduction, the treated group adopts in the same year G.

Replace the single interaction I - Post; with a separate interaction for each period:

T, 1(t—G=k).

o T = 1 identifies membership in the treatment group.

e 1 (t — G = k) — 1 in the particular period k relative to adoption.

e Their product equals one for a treated-group observation in that period.
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What the Dummy Variables Look Like

One treated unit, adopting in G = 2007 (1; = 1 throughout):

Calendar year t Event time k T; - Post; T; - T - T; -

1(t—G=0) 1(t—G=1) 1(t—G=2)
2006 —1 0 0 0 0
2007 0 1 1 0 0
2008 1 1 0 1 0
2009 2 1 0 0 1

Treatment stays on. Each period indicator selects one particular year.
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The Event-Study Regression

L
Yi=ai+ M+ Y Be(Ti-1(t—G=k))+ua

p
e ;. unit fixed effects.
o \;: calendar-period fixed effects.
o k = —1: the omitted reference period.
 [3;: the treatment—control gap in period k, relative to that gap at k = —1.
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Why Omit a Period?

Across the full observation window,

L
Y T-1(t-G=k)=T.
k=—K

T’ is already explained by the unit fixed effects. Including every event-time indicator creates perfect
multicollinearity.

Set f_1; = 0 by omitting that indicator.

The reference point is zero by construction. It has no estimated confidence interval.
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A Coefficient Is a Difference-in-Differences

Write YUC and YO,I« for the treated and control means at event time k.
Br= Y1 —Yor) — (Y1,-1 — Yo,-1) .

Under parallel trends and no anticipation, post-treatment coefficients estimate effects on the treated at
each horizon.

Pre-treatment coefficients describe changes in the group gap before treatment.
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Reading an Event-Study Graph

B
| T post-period
pre-period
B S S ———————— Event time
5 4 3 2 1 0 1 2 3 4 5 &6

This schematic illustrates the coefficient pattern. Empirical graphs also need uncertainty intervals.
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Leads and Lags

Leads: coefficients for pre-treatment event times, excluding the reference period.
Lags: coefficients for post-treatment periods, with & = 0 marking treatment onset.

When reading an empirical graph, identify:

The outcome and its units.

The omitted period and treatment date.

The estimates and confidence intervals.

The periods and units contributing to each point.
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What Do Pre-Treatment Coefficients Test?

A changing pre-treatment gap can reflect:

Different underlying trends.

Anticipation of treatment.

Changes in sample composition.

An inappropriate regression specification.

Sampling variation also matters. Examine both the pattern and its uncertainty.
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Joint Tests of Pre-Trends

A common null hypothesis is
Hy:B g=---=pB2=0.

e Ajoint test assesses the pre-treatment coefficients together.

e Rejection challenges the proposed comparison or treatment timing.

e Failure to reject can reflect low statistical power.

Combine the test with the graph and knowledge of the setting.
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Choosing the Time Window

A longer pre-period gives more evidence about the comparison.
A shorter window may describe more comparable circumstances.

Explain the choice using the setting, then investigate how the conclusion changes under plausible
alternatives.

Selecting a window because its pre-trend test passes can distort subsequent inference.
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Anticipation and Treatment Dynamics

Treatment may affect behaviour before its official implementation date.

e Announcement may induce early responses.
e Implementation may be gradual.

e Outcomes may respond with a delay.

For fertility, conception and birth occur at different dates. Match the event clock to the mechanism.
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Binning Distant Periods

Researchers sometimes combine endpoint periods, for example
T,-1(t— G < —5), T,-1(t—G >5).

The final point then represents several periods.

Check what each point contains. With staggered adoption, distant horizons may also contain fewer
cohorts.
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Healthcare and Fertility: The Policy

Cesur, Gunes, Tekin and Ulker (2023) study Turkey’s Family Medicine Program.

e Each citizen was assigned a family physician providing free primary care at neighbourhood clinics.
e Services included reproductive health and family planning.

e Adoption spread across provinces from 2005 to 2010.

| For discussion: Why might this policy change fertility? Would you expect the response to be immediate or gradual?
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Healthcare and Fertility: Data and Identification

Province-year data, 2001-2018, covering all 81 provinces.

Outcomes: births per 1,000 women, separately by age group.

Treatment: introduction of the Family Medicine Program.

Compare changes across provinces adopting at different dates.

For discussion: What must be true of the timing of adoption for these comparisons to identify a causal effect? Which
differences can province fixed effects absorb?
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Cesur et al.: Figure 4, Teenagers

Panel B: Teen Birth Rate
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Figure 4, Panel B. Cesur et al. (2023). Births per 1,000 women aged 15-19. Bars: 95% confidence intervals.

| For discussion: Interpret both axes, the pre-treatment estimates and the pattern after adoption. What do the confidence intervals tell us?
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Cesur et al.: Figure 4, Ages 25-29

| For discussion:

Panel D: 25-29 Birth Rate
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Figure 4, Panel D. Cesur et al. (2023). Births per 1,000 women aged 25-29. Bars: 95% confidence intervals.

Compare the timing and precision with teenagers. What might a single post-treatment coefficient conceal?
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16 and Pregnant: The Question

Kearney and Levine (2015) examine whether exposure to MTV’s 16 and Pregnant reduced teenage
childbearing.
The programme began broadcasting nationally in 2009, while exposure differed across media markets.

For discussion: Explain the proposed mechanism. What comparison might distinguish the effect of the programme from the
existing decline in teenage births?
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Data and Identification

For discussion: Identify the outcome, geographic unit, time period and measure of exposure. Explain how earlier MTV ratings
are used as an instrument. What assumptions are required for differences in ratings to identify the programme’s effect?
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Exposure and the Post Indicator

Let R; measure programme exposure and Z; measure earlier MTV ratings. A simplified representation is

Y;'t = Q; + )‘t + ) (Rl . POStt) + ZHijit -+ Uy

J

The instrument for R; - Post; is Z; - Post;.

The comparison uses differences in exposure across markets, with a common broadcast date.
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Jaeger, Joyce and Kaestner: Figure 1
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Figure 1. Log(Teen Birth Rate) for race/ethnicity groups.
Source: Hamilton et al. (2015)

For discussion: Describe the trends before the programme. Why might differences in demographic composition matter for comparisons across
media markets?
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Jaeger, Joyce and Kaestner: Figure 2

Panel A: Non-Hispanic Whites
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Week 9 notes

Figure 2. Log teen birth rates by MTV-rating quartile and race/ethnicity. Source: Jaeger,

Joyce and Kaestner (2020). Panels retain their original scales.

For discussion: Compare the paths by MTV-rating quatrtile.
What do these patterns suggest about the counterfactual
comparison?
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Jaeger, Joyce and Kaestner: Table 1

Table 1. Estimates of the impact of 16 and Pregnant on teen birth rates

DMA Fixed Effects, Period Fixed Effects, and

_ Period Fixed Eff. x Linear Trend x Post, x
16 & Preg.
Ratings or % % %
MTV Non- Un-  Non— Un-  Non- Un-
ratings Percent Hisp. o emp.  Hisp. %o emp.  Hisp. % emp.
2008— Unemp. Non-Hisp. Percent Black Hisp. Rate Black Hisp. Rate Black  Hisp. Rate
2009 Rate Black Hispanic 2005 2005 2005 2005 2005 2005 2005 2005 2005
Panel 1: Base model: Replication
Reduced form —3.581* —1.485%%* -2.305% =2 B12%**
(KL) (1.517) (0.043) (1.267) (0.636)
Instrumental —2.366% —1.487*** -2.197* =3.103***
variables (KL) (0.941) (0.375) (1.197) (0.553)
Panel 2: Base model plus covariatesaggs X Period Fixed Effects
Reduced form —0.404 —1.473%** =3.312%** —2.442%*% X X X
(1.504) (0.360) (1.012) (0.553)
Instrumental —0.238 —1.467%** —3.314%** —2.450%** X X X
variables (0.800) (0.318) (0.914) (0.489)
Panel 3: Base model pius covariatesapys % Linear Trend
Reduced form -0.437 —1.4147 -3.295% =2.470"* X X X
—(1.309) (0.349) —-(0.963) —(0.536)
Instrumental 0.273 —1.410%** —3.302%* —2.4B4%** X X X
variables (0.749) (0.314) (0.877) (0.481)

Table 1, Panels 1-3. Source: Jaeger, Joyce and Kaestner (2020). Outcome: 100 x log teen birth rate. Standard errors clustered by DMA. Population-weighted regressions.

For discussion: Compare Panels 1-3. What changes in the specification? Explain the magnitude and uncertainty of the reduced-form and 1V
estimates.
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Jaeger, Joyce and Kaestner: Figure 3
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Week 9 notes

Figure 3. Reduced-form event studies with different pre-periods and reference years.

Source: Jaeger, Joyce and Kaestner (2020). Dashed lines show 95% intervals.

For discussion: What changes as the pre-period expands?
Check the reference periods, confidence intervals and joint
tests. Does your assessment of the design change?
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Jaeger, Joyce and Kaestner: Table 5

For discussion: Explain the placebo dates and samples. What would an apparent effect before the programme tell us about the identifying

assumptions?

Table 5. Placebo tests of estimated reduced form and instrumental variables impact on teen birth rates rolling 24 quarter periods

Dates Reduced Form Instrumental Variables
Row Begin "Show" Start End Coefficient Std. Err. Coefficient Std. Err.
‘( 1) 2001:QI 2005:QIII 2006:QIV -2.437* 1.324 -1.639* 0.846 |
2 2001:QII 2005:QIV 2007:QI -1.994 1.299 -1.330 0.837
3 2001:QIII 2006:QI 2007:QII —2.554* 1.441 -1.693* 0.948
4) 2001:Q1vV 2006:QII 2007:QIII -2.929** 1.473 -1.936™" 0.977
(5) 2002:QI 2006:QIII 2007:QIV -2.968* 1.521 -1.958** 0.992
(6) 2002:QII 2006:QIV 2008:QI -3.144* 1.569 -2.068** 1.028
‘(7) 2002:QIII 2007:QI 2008:QII -3.341** 1.508 -2.194* 1.014 |
®) 2002:QIvV 2007:QII 2008:QIIL -3.079* 1.458 -2.021* 0.966
9 2003:QI 2007:QII 2008:QIV -2.756* 1.476 —-1.809* 0.967
(10) 2003:QII 2007:QIV 2009:QI —2.543* 1.485 -1.673* 0.969
(1n 2003:QIII 2008:QI 2009:QII -2.377 1.558 -1.566 1.002
|(12) 2005:QI 2009:QIII 2010:QI1V -3.581** 1.517 -2.368* 0.942 |

Source: Authors’ calculations using Bureau of Labor Statistics Local Area Unemployment Statistics, Bureau of the Census Census County Characteristics, National Vital Statistics
System births, and Nielsen ratings data. The latter two data sources are confidential.
Notes: Entries in the table are a) in the reduced form, the estimated coefficient on MTV Ratings in 2008:QIII-2009:QII interacted with a dummy variable for being in the “post” period
and b) for instrumental variables, the estimated coefficient on 16 and Pregnant Ratings interacted with a dummy variable for being in the “post™ period where the instrument is the
regressor of interest from the reduced form regressions. Standard errors, clustered by DMA, are shown in parentheses. All regressions are weighted by the female population aged 15-19
in the DMA at the time of the observation. In each regression there are 18 pre—"show™ quarers and 6 post—"“show” quarters. All regressions also include the unemployment rate, the
percent of the population that is non-Hispanic black and the percent of the population that is Hispanic, 24 quarter fixed effects as well DMA x season fixed effects as regressors. Row
(12), the period analyzed by Kearney and Levine (2015b), is shaded. The two boxed rows, (1) and (7), are an example of results that do not share any “post” period in common. Sample
size in rows (1) through (9), and (11) is 4918, the sample size in row (10) is 4917, and the sample size in row (12) is 4919. ***indicates significant at the 1 percent level, **indicates
significant at the 5 percent level, *indicates significant at the 10 percent level.
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Assessing the Evidence

For discussion: Which evidence most affects your judgement? What would you tell a policymaker considering a media
campaign to reduce teenage childbearing?

Distinguish the empirical finding, its identifying assumptions and the policy recommendation.
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Different Treatment Dates
For staggered adoption, first-treatment dates differ:
k=t— G,.

A province three years after adoption may be compared with a province that has already been treated for
five years.

If effects change with exposure duration, that comparison needs particular care.

Next week: identify the comparisons conventional TWFE makes, and how modern DiD methods change
them.
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Reading an Event Study: Checklist

What is the treatment, comparison and treatment date?

What is the outcome, in what units?

Which period is omitted?

Are pre-treatment estimates informative in both magnitude and precision?

Is anticipation or a delayed response plausible?

Are endpoints binned or samples changing across horizons?

What uncertainty does the design allow us to quantify?
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