xthdidfracreg — Heterogeneous difference-in-differences panel-data fractional regression™
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Description

xthdidfracreg estimates average treatment effects on the treated (ATETs) that may vary over time
and over treatment cohorts for outcomes that are greater than or equal to 0 and less than or equal to 1.
The command uses a probit or logit model for the conditional mean.

Quick start

Estimate ATETs of treatment treat on fractional outcome y with group grpvar, and model y with co-
variate x by using a logit model for the conditional mean on xtset data

xthdidfracreg logit (y x) (treat), group(grpvar)
Same as above, but use user-provided cohort variable mycohort instead of letting the command generate
a cohort variable

xthdidfracreg logit (y x) (treat), group(grpvar) usercohort (mycohort)

Same as above, but use the not-yet-treated group as the control group
xthdidfracreg logit (y x) (treat), group(grpvar) controlgroup(notyet) ///
usercohort (mycohort)
Same as above, but without including interactions between covariates and the treatment or interactions
between covariates and the cohort variable
xthdidfracreg logit (y x) (treat), group(grpvar) controlgroup(notyet) ///
usercohort (mycohort) noxinteract
Same as above, but use a probit model for the conditional mean

xthdidfracreg probit (y x) (treat), group(grpvar) controlgroup(notyet) ///
usercohort (mycohort) noxinteract

Menu

Statistics > Causal inference/treatment effects > Fractional outcomes > Panel-data heterogeneous DID
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Syntax

Difference-in-differences fractional logit regression

xthdidfracreg logit (ovar [omvarlist]) (tvar) [if] [in] [weight], group (groupvar)

[ options |

Difference-in-differences fractional probit regression

xthdidfracreg probit (ovar [omvarlist]) (tvar) [if] [in] [weight], group(groupvar)

[ options |

ovar is a fractional outcome of interest.

omvarlist specifies the covariates in the outcome model and may contain factor variables; see

[U] 11.4.3 Factor variables.

tvar must be a binary variable indicating observations subject to treatment.

groupvar is a categorical variable that indicates the group level at which the treatment occurs.

options Description
Model
* group (groupvar) specify group variable
controlgroup (cgtype) specify the type of control group; default is

cohortvar (cvar| , replace])

usercohort (varname)
hettype (hetspec)

over (overspec)

noxinteract

SE/Robust
vce (veetype)

Reporting
level(#)
display_options

controlgroup(never)
specify the name for the generated cohort variable

specify the name of the cohort variable to be used for estimation
specify the type of heterogeneity; default is
hettype (timecohort)
specify the subpopulation over which each ATET is computed;
default is over (cohort)
omit covariate interactions

vcetype may be cluster clustvar, robust,
bootstrap, or jackknife

set confidence level; default is 1evel (95)

control columns and column formats, row spacing, line width,
display of omitted variables and base and empty cells, and
factor-variable labeling

coeflegend display legend instead of statistics
cgtype Description
never use the never-treated group as the control group; the default

notyet

use the not-yet-treated group as the control group
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hetspec Description

timecohort heterogeneous treatment effects over time and cohort; the default

time heterogeneous treatment effects over time

cohort heterogeneous treatment effects over cohort

overspec Description

cohort use cohort subpopulations when controlling for covariate
heterogeneity; the default

timecohort use time and cohort subpopulations when controlling for covariate
heterogeneity

*group () is required.

A panel variable and a time variable must be specified using xtset; see [XT] xtset.

by, collect, and statsby are allowed; see [U] 11.1.10 Prefix commands.

fweights, iweights, and pweights are allowed; see [U] 11.1.6 weight. Weights must be constant within panel.
coeflegend does not appear in the dialog box.

See [U] 20 Estimation and postestimation commands for more capabilities of estimation commands.

Options
Model

group (groupvar) specifies a group variable that indicates the group level at which the treatment occurs.
groupvar may be, for example, states, counties, or hospitals. group() also defines the clusters for
the default cluster—robust standard errors. group() is required. You may specify only one group
variable.

controlgroup (cgtype) specifies the type of control group. A control group can be either a never-treated
group or a not-yet-treated group. A never-treated group refers to the units that are untreated from the
first to the last period. A not-yet-treated group refers to the units that are untreated up to a specific
period. cgtype can be one of never, referring to the never-treated group, or notyet, referring to the
not-yet-treated group. The default is controlgroup (never).

cohortvar (cvar| , replace |) specifies the variable name cvar for the generated cohort variable. The
cohort variable is a categorical variable indicating the period when the unit is first treated. By default,
_did_cohort is used as the name of the cohort variable. If _did_cohort already exists in the dataset,
it is replaced if the cohortvar () option is not specified.

If the replace suboption is specified, cvar is replaced.

usercohort (varname) specifies a variable to be used as a cohort indicator during estimation. By de-
fault, a cohort variable is generated using the information in the estimation sample to indicate the
period when a unit is first treated. usercohort () overrides this default and allows you to provide a
cohort indicator. This is useful, for instance, when there are gaps in the estimation sample, but you
know a group was treated at the time when the gap is present in the data.
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hettype (hetspec) specifies time or cohort heterogeneity for the twfe estimator. By default, treatment
is interacted with time and cohort. You may choose to keep one of time or cohort interactions using
hetspec.

hetspec may be one of timecohort for heterogeneous treatment effects over both time and cohort,
time for heterogeneous treatment effects over time only, or cohort for heterogeneous treatment
effects over cohort only. The default is hettype (timecohort).

over (overspec) specifies the subpopulation over which treatment effects are averaged. When covariates
are specified, you need to control for their variation when computing treatment effects. The default
is over (cohort), meaning effects are averaged over each cohort and adjusted for the time period
effect. If there are no covariates, this option has no effect.

When the heterogeneity type is specified as timecohort (hettype (timecohort)), overspec may
be one of cohort for effects averaged over each cohort or timecohort for effects averaged over each
time period and cohort.

When the heterogeneity type is specified as cohort (hettype (cohort)), overspec may only be
cohort for effects averaged over each cohort.

over () may not be specified with hettype (time).

noxinteract specifies that the covariates in omvarlist not be interacted with the difference-in-
differences regressors. Covariates are still included in the model as levels.

SE/Robust

vce (veetype) specifies the type of standard error reported, which includes types that allow for intra-
group correlation (cluster clustvar), that are robust to intragroup correlation among group vari-
able (robust), and that use bootstrap or jackknife sampling done at the panel level (bootstrap,
jackknife); see [R] vee_option.

vce(cluster clustvar), the default, uses the variable specified in group (groupvar) .

Specifying vce (robust) is equivalent to specifying vce (cluster clustvar), where clustvar is the
variable specified in the group (groupvar) option.

Reporting

level (#); see [R] Estimation options.

display_options: noci, nopvalues, cformat (% fint), pformat (% fint), sformat (% fmt), and
nolstretch; see [R] Estimation options.

The following option is available with xthdidfracreg but is not shown in the dialog box:

coeflegend; see [R] Estimation options.

Remarks and examples

It is common to study the effects of a treatment, for example, a policy or intervention, on a group.
xthdidfracreg is for data where the treated groups are subject to the treatment at different points in
time and they remain exposed to the treatment. In the framework of xthdidfracreg, outcomes are
fractions between 0 and 1, inclusive.
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xthdidfracreg estimates ATET parameters that change over time and treatment cohorts (groups
treated at different points in time). Each one of these ATETs has the same interpretation that the pa-
rameters of a two-time, two-group difference-in-differences (DID) parameter would have. Because there
are multiple DID parameters, we refer to them as heterogeneous treatment effects or as heterogeneous
DID. This contrasts with estimating only one ATET, which assumes there is no variation across time or
cohort. If you assume no variation across time or cohort and you do not want to fit the model by using
fractional logistic or fractional probit regression, you may use xtdidregress; see [CAUSAL] didregress.

xthdidfracreg implements a pooled fractional logistic or pooled fractional probit regression esti-
mator described in Wooldridge (2023). It fits a cross-sectional model in which the treatment is interacted
with time, cohort, and covariates. This approach allows you to incorporate treatment heterogeneity at
all the aforementioned levels. Covariate interactions allow you to explore moderating effects (how the
treatment effect is affected by covariates) by using the estat moderation postestimation command.
Cohort and time interactions allow you to explore heterogeneity within time and cohort by using estat
aggregation, time and estat aggregation, cohort. You may also want to explore how treatment
effects evolve by using estat aggregation, dynamic.

For treatment effects to be identified in a DID framework, a parallel-trends assumption needs to be
satisfied; see [CAUSAL] DID intro. In the linear case, fit using xthdidregress twfe, the parallel-trends
assumption is satisfied for the linear prediction, x3, of the potential outcomes. The linear prediction is,
by construction, a one-to-one mapping of the conditional mean in that case. For nonlinear DID, you
can think about the parallel-trends assumption as being satisfied either for conditional means or for the
linear prediction but not for both. For the estimator implemented in xthdidfracreg, the identification
relies on parallel trends for the linear prediction as proposed by Wooldridge (2023). You may use estat
ptrends to evaluate this assumption.

b Example 1: Fitting a heterogeneous DID with fractional outcomes

We have a dataset of school districts, and we know whether they received extra funding assistance for
education from the national government, nassistance. We want to study the effect of this extra funding
on the average school district passing rates, passrate, for a national exam that students take to increase
their chances of being accepted into universities. We control for the size of the school district, coded into
the categorical variable, dsize, and for the average attendance of students in the district, attendance,
measured as a percentage of school days attended.

We first xtset our dataset:

. use https://www.stata-press.com/data/r19/passrates
(Fictional national exam passing rates data)

. xtset distid year

Panel variable: distid (strongly balanced)
Time variable: year, 2018 to 2024
Delta: 1 unit

To fit the model, we use the xthdidfracreg command and specify a probit model for the con-
ditional mean. We could alternative select a logit model. In the first set of parentheses, we declare
the outcome and any covariates that affect the outcome directly. In the second set of parentheses, we
define the observation-level treatment variable. After the comma, we need to define the group variable
in group (); this is a required option. The group variable defines at which level the treatment occurs and
also identifies the clustering variable, which in this case is distid.
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. xthdidfracreg probit (passrate i.dsize attendance) (nassistance), group(distid)

note: variable _did_cohort, containing cohort indicators formed by treatment
variable nassistance and group variable distid, was added to the dataset
using the estimation sample.

Computing ATETs using margins

Treatment and time information

Time variable: year
Time interval: 2018 to 2024

Control: _did_cohort = 0

Treatment: _did_cohort > 0
_did_cohort

Number of cohorts 4

Number of obs

Never treated 959
2020 364
2021 413
2022 763

Heterogeneous-treatment-effects fractional probit regression

Number of obs = 2,499
Number of panels = 357
Panel variable: distid
Treatment level: distid

Control group: Never treated
Heterogeneity: Cohort and time
(Std. err. adjusted for 357 clusters in distid)
Robust
Cohort ATET  std. err. z P>|z]| [95% conf. intervall
2020
year
2020 .1349792 .0229432 5.88 0.000 .0900113 .179947
2021 .1307452 .0218541 5.98 0.000 .0879118 .1735785
2022 .0627229 .0306046 2.05 0.040 .002739 .1227069
2023 .1150085 .0225717 5.10 0.000 .0707687 .1592483
2024 .1395885 .0237742 5.87 0.000 .092992 .186185
2021
year
2021 .0771858 .0194538 3.97 0.000 .0390569 .1153146
2022 .0684788 .0168338 4.07 0.000 .0354852 .1014724
2023 .094385 .0146285 6.45 0.000 .0657136 .1230563
2024 .0717026 .0192908 3.72  0.000 .0338934 .1095118
2022
year
2022 .0956204 .0176702 5.41  0.000 .0609875 .1302533
2023 .1138781 .0164763 6.91  0.000 .0815853 .146171
2024 .1035234 .0170774 6.06 0.000 .0700523 .1369945

Note: ATET computed using covariates.

Notice the note below the command. A variable with the name _did_cohort has been generated.
Looking at the group variable and the observation-level treatment, xthdidfracreg detected we have
treatment-time cohorts. The new variable creates treatment groups based on the time when a group was
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first treated. For instance, if a district accepts funding from the national government in 2020, it is grouped
into the 2020 cohort. The variable also contains a category for a control group. In this case, the control
group is formed by the school districts that, during the period of analysis, never received government
funding.

Cohorts are an important input for estimation and for postestimation commands. We do not need to
adhere to the default name, _did_cohort, and may provide our own name by using the cohortvar ()
option. Also, we do not need to rely on xthdidfracreg creating the cohort based on the estimation
sample; instead, we might provide a cohort indicator we created or which is already in our dataset by
using the usercohort () option.

Next appears a table that gives us a sense of the treatment groups and time. We see the time variable,
year, and its range, 2018 to 2024. Then we see what defines a treated or a control group. The table
below provides group-level information about the cohort-time groups. The first row tells us the number
of cohorts. Following the number of cohorts is a tabulation showing how many observations are in each
cohort. For instance, 959 observations are never treated in our dataset. The table gives us a sense of the
amount of information available in each cohort and might hint at the variability of cohort-level estimates.

The next table presents the ATET estimates. The first panel shows the ATETs for the 2020 cohort. We
first have the 2020 ATET of 0.13, with a confidence interval that does not include 0. We should interpret
the ATET to mean that, among the districts that received government funding starting in 2020, test scores
are higher by 0.13, relative to the counterfactual case in which those districts accept no funding. In 2021,
we again observe a treatment effect on the treated for passrate of 0.13, and, on the last year of our data
for the 2020 cohort, we see a treatment effect of 0.14. We interpret the results for the remaining cohorts
similarly.

N

b Example 2: Visualizing ATET estimates

We can also look at the ATET estimates over cohorts graphically. When we have multiple cohorts and
time periods, this might be more instructive than a table of coefficients. We can do this, after estimation,

by typing

. estat atetplot

Cohort 2020 Cohort 2021
I I
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I
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—* — Posttreatment 95% pointwise CI
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The graph shows the ATET for each cohort for the postintervention period with the associated confi-
dence interval for each estimate.

Stored results

N

xthdidfracreg stores the following in e ():

Scalars
e(N)
e(N_clust)
e(N_panels)
e(tmin)
e (tmax)
e(rank)
e(xinteract)

Macros
e(cmd)
e(cmdline)
e(depvar)
e(clustvar)
e(control_group)
e(het_type)
e(over_type)
e(cohortvar)
e(usercohort)
e(ovar)
e(wtype)
e(estimator)
e (wexp)
e(marginsnotok)
e(ivar)
e(timevar)
e(treatname)
e(estat_cmd)
e(vce)
e(vcetype)
e(properties)
Matrices
e(b)
e(V)
e(cohort_count)
Functions
e(sample)

number of observations

number of clusters

number of panels

first time period

last time period

rank of e (V)

1 if covariate interactions are included, O otherwise

xthdidfracreg

command as typed

name of outcome variable

name of cluster variable

control group

heterogeneity type

subpopulation over which each ATET is computed
name of cohort variable

name of user-specified cohort variable
name of outcome variable

weight type

model for the conditional mean; logit or probit
weight expression

predictions disallowed by margins
panel identifier variable

time variable

name of treatment variable

program used to implement estat
veetype specified in vece ()

title used to label Std. err.

bV

coefficient vector
variance—covariance matrix of the estimators
matrix with cohort count information

marks estimation sample

In addition to the above, the following is stored in r ():

Matrices
r(table)

matrix containing the coefficients with their standard errors, test statistics, p-values, and
confidence intervals

Note that results stored in r () are updated when the command is replayed and will be replaced when any
r-class command is run after the estimation command.
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Methods and formulas

Methods and formulas are presented under the following headings:

The model
The fractional logit or probit regression estimator

The model

Denote y,;(g) as the potential outcome for unit ¢ at time ¢ if it was first treated at time g. Denote y;,(0)
as the potential outcome for unit ¢ at time ¢ if it is never treated. All the units can be grouped into cohorts,
and the units of each cohort start the treatment simultaneously. For example, cohort g means all the units
start treatment at time g. Let G, be an indicator that equals 1 if unit ¢ is first treated at time g. Then the
units in cohort g can be denoted by GG;; = 1. When a unit 7 is never treated, we denote G, = 1. Thus,
cohort 0 indicates all the units that are never treated. We assume that once a unit is treated, it will remain
treated.

To reveal how the heterogeneous treatment effects evolve across cohorts and time, we are interested
in estimating the ATET for each combination of cohort and time. Let 6(g, t) be the ATET for cohort g at
time ¢, which is defined as

0(g,t) = E{y,(9) —4,(0)|G, =1} (ATET)

where G, equals 1 if a unit belongs to cohort g. We use margins to estimate (g, t) in equation (ATET).
We cannot directly estimate 6(g, t) by using equation (ATET) because the potential outcomes ¥, (g) and
v, (0) are not observable.

The fractional logit or probit regression estimator

We estimate the parameters of the model by using fractional logit or fractional probit regression; see
[R] fracreg. The model can be thought of in terms of the conditional mean of the outcome conditional
of the covariates, which is given by

T
(yzt|xza dztv ng? f (77 + Z G O[ + Z fG,YS + Z Z dzthgfs gs + Z Gigxia;
9=q

9=q s=9

+ Z fsxzﬁf Z Z dzthgfs i'gs + thﬁ)

9=9q9 s=9

(LGT)

In the expression above, A is a cumulative distribution function, corresponding to the logistic or
the normal distribution, depending on which estimator we use. The terms on the right-hand side of
equation (LGT) are the regressors in the model for which the cohort-time treatment effects are a function
of 7, Ty, and the covariates. In equation (LGT), d;, is a treatment indicator, and f, is an indicator for
posttreatment periods with s going from ¢ to 7, where g is the first time period we observe treatment.
For instance, f, equals 1 if we are in time period g and 0 otherwise. We can compute these effects using
margins by typing

. margins, dydx(d) at(year=q ... year=T) over(cohort) vce(unconditional)

where d is the treatment indicator, year indicates treatment times at which treatment will be evaluated
using at (), and cohort is the treatment-time cohorts.
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If over (timecohort) was specified with xthdidfracreg, we can obtain effects by typing

. margins, dydx(d) over(year cohort) vce(unconditional)

We use vce (unconditional) to account for the variation in the covariates. When there are no co-
variates specified or when noxinteract is specified, vce (unconditional) hasno effect. Furthermore,
if we include covariates but specify noxinteract, our equation reduces to

<y1t|xtt7dtt7 ng? f (77 + ZG OL + Zf Vs + sztthgfsTg.s + th/B)

9=q s=g

With the hettype () option, we reduce the complexity of equation (LGT). In particular, if we ask for
hettype (time), we have

(yzt|xzt7dlt’GW" f (7] + ZGWQG + Zf Vs + ZdztfsTs + ZGH] X; &

+ Z Joxivs + Z dip foXiTs + Xit/@>
s=q 5=q

Now treatment varies over time but not over cohort. If we use the hettype (cohort) option, we have

E (YuelXit: digs Gigs f) = (n+ZG1g g+Zf Vs +Zdnng Q+ZGW x; 0

+ Z fsxzﬁfz + Z dit ig X; + thIB)
5=q 9=q

Now treatment varies over cohort but not over time.

When the controlgroup(notyet) option is specified, the G, indicator excludes the last treated
cohort. As discussed in Wooldridge (2025), when every group is eventually treated, we cannot identify
the treatment effect for this cohort. It is therefore sensible to use the last treated cohort as a control
group. When some of the units in our sample are never treated, we can always identify all cohorts, and
the fractional logit or probit regression estimator will always revert to using controlgroup (never).
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