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1. Introduction

This paper discusses the problem of evaluating and predicting the treatment impact of a
program that is implemented at multiple sites; at a methodological level, the paper
illustrates the use of hierarchical models for data that has a group (e.g., site) structure.
Many programs operate, or are evaluated, at multiple sites, e.g., the National Supported
Work Demonstration, Job Training Partnership Act Demonstration, and Greater Avenues
for Independence (GAIN). This paper presents a framework for dealing with multi-site
programs, and (using data from GAIN) arguesthat it is essential to consider the site
structure of data when evaluating a program.

When data has a site structure, there is a distinction between evaluating a program
and predicting the outcome in subsequent implementations. Evaluation is an historical
guestion. One wants to determine what the impact of a program wasin a particular site at
aparticular point in time. Prediction instead relates to future implementations of a
program, either at one or more of the sites where the evaluation was conducted or
possibly at anew site. Both kinds of questions are potentially challenging with multi-site
programs.

The challenge with evaluation is how and to what extent data should be pooled
across sites. Differences across sites can emerge for two reasons. There can be
differences in the composition of participants, which is addressed relatively easily if a
sufficient number of the participants’ characteristics are observed. But there can also be
site-specific variation in the treatment, differences ranging from the services offered to
administrative philosophy. To the extent that site-specific effects are absent and that we

can condition on individual characteristics, the benefit of pooling the data is increased



precision in the estimates. This can be particularly important if there are very few
observations at some sites. If site effects are present, the data can still be pooled if we
allow for fixed effects. However, thisleads to difficulties in predicting the impact of the
program.

Fixed effects or, more generally, estimating separate models for each site limit us
to thinking of subsequent implementations of the program as being identical to one of the
original sites, because there is no framework to account for predictive uncertainty
regarding the value of the fixed effect or site-specific model. Thisis true both when
predicting the impact at one of the sites in the evaluation (in which case we want to re-
draw for the site effect) and when predicting the impact at a new site.

The solution that this paper proposes is hierarchical modeling (see Chamberlain
and Imbens [1996], Geweke and Keane [1996], and Rossi, McCulloch, and Allenby
[1995] for other applications of these methods). Hierarchical modeling isamiddie-
ground between fixed effects modeling and pooling the data without fixed effects.
Hierarchical modeling is somewhat familiar in the literature through the related concept
of meta-modeling (see Cooper and Hedges [1994]). Meta-modeling involves linking the
outcomes of separate studies on the same topic through an over-arching model. It can
also be used to model site effects; for example, Card and Krueger (1992) estimate cohort
and state-of-birth specific returns to schooling and then use a meta-model to relate these
to measures of school quality. The method adopted in this paper is a Bayesian version of
meta-modeling.

There are three layers to the model: the first involves separate models for each

site; the second links the coefficients of the site models through a regression-type meta-



model; and the third consists of prior distributions for the unknown parameters. Thus, an
hierarchical model combines features of the fixed-effect and pooled models, but also
allows for intermediate models. Compared to standard fixed (or random) effects mode, it
allows for site-specific estimation of all coefficients, not just the constants. Further,
participants across sites are not assumed to be exchangeable conditional on individual
characteristics, but rather to be exchangeable within sites conditional on individual
characteristics. Finally, we use a prior distribution to model the extent to which we
believe that site-effects are drawn from a common distribution; namely, the extent to
which coefficients should be “ smoothed” across sites, or observations from one site
should influence our estimates in other sites.

This approach is applied to data from the GAIN Demonstration, alabor training
program implemented in six California counties at 24 sites (see Riccio, et al., [1996]).
For the GAIN data, the primary benefit of applying hierarchical modelsisin terms of
prediction rather than evaluation. Each site has a sufficient number of observations so
that the gain in precision from pooling data from other sitesis limited. However, the
predictive questions are of central importance. Much attention in the GAIN program
focused on the Riverside county implementation, which was viewed as being highly
successful and distinct from other counties (see, for example, Nelson [1997]).

Our interest is in discovering the extent to which an hierarchical model succeedsin
capturing these site effects which have been viewed as being primarily qualitativein
nature. We focus on three issues. First, does data from other sites help in evaluating the
program at a given site? Second, if we imagine re-implementing a GAIN-type program,

would we be able to predict the site effects based on the observable characteristics of



each site, and how important is predictive uncertainty? Third, how well can the model
extrapolate to sites that have not been observed?

Previous papers on multi-site evaluation issues include: Heckman and Smith
(1996), Hotz, Imbens, and Mortimer (1998), and Hotz, Imbens, and Klerman (2000).
Heckman and Smith analyze the sensitivity of experimental estimates to the choice of
sites used in the analysis and to different methods of weighting the pooled data. Their
paper establishes that there is significant cross-site variation in the data from the JTPA
evaluation. Hotz, Imbens, and Mortimer analyze the importance of site effectsin the
Work Incentives demonstration using the key insight that, even if there is heterogeneity
in the treatment available at each site, control groups excluded from the treatment still
should be comparable. They find that control group earnings are comparable across sites,
when controlling both for individual characteristics and for site-level characteristics;
however, post-treatment earnings for the treated group earnings are not comparable,
suggesting the existence of heterogeneity in the treatment. Taken together, both papers
motivate the use of an hierarchical model, which allows explicitly for site effectsin
treatment and control earnings and directly incorporates site-level characteristics.

Hotz, Imbens, and Klerman is complementary to this paper. It examines the
GAIN data using the same framework as Hotz, Imbens, and Mortimer, and the findings
are also similar. The authors are able to adjust for differences in control group earnings
using individual and site-level characteristics. However, differences remain in post-
treatment earnings. The paper thus presents a series of differences-in-differences

estimates which, inter alia, suggest that the treatment available at Riverside did have a



positive effect relative to the treatment offered at other sites. Thisfinding will be
discussed in Section 5.

This paper is organized as follows. Section 2 describes the GAIN program.
Section 3 discusses key features of the GAIN data. Section 4 outlines the hierarchical

model. Section 5 presents the results, and Section 6 concludes.

2. The GAIN Program

The GAIN program began operating in Californiain 1986, with the aim of “increasing
employment and fostering self-sufficiency” among AFDC recipients (see Riccio, et al.,
[1994]). In 1988, six counties -- Alameda, Butte, Los Angeles, Riverside, San Diego, and
Tulare -- were chosen for an experimental evaluation of the benefits of GAIN. A subset
of AFDC recipients (single parents with children aged six or older and unemployed heads
of two-parent households) were required to participate in the GAIN experiment (see
Table1).?

Potential participants from the mandatory group were referred to a GAIN
orientation session when they visited an Income Maintenance office (either to sign up for
welfare or to qualify for continued benefits).? As aresult, the chronology of the data and
subsequent results are in experimental time, rather than calendar time. No sanctions were
used if individuals failed to attend the orientation sessions. However, once individuals
started in the GAIN program, sanctions were used to ensure their ongoing participation.
At the time of enrollment into the program, a variety of background characteristics were

recorded for both treatment and control units including: demographic characteristics;

! This discussion draws on Dehejia (1999).



results of areading and mathematics proficiency test; and data on ten quarters of pre-
treatment earnings, AFDC, and food stamp receipts.®

Of those who attended the orientation session, a fraction was randomly assigned
to the GAIN program, * and the others were prohibited from participating in GAIN.® Each
of the counties randomized a different proportion of its participants into treatment,
ranging from a 50-50 split in Alameda to an 85-15 split in San Diego (see Table 1).
Because assignment to treatment was random, the distribution of pre-treatment covariates
is balanced across the treatment and control groups. In terms of the chronology of data
gathering, “experimental” time (which | also refer to as “post-experimental” or “post-
treatment” time) begins when individuals attend the GAIN orientation session. The early
stages of experimental time thus coincide with the education and training of GAIN
participants.®

In the GAIN experiment, the treatment is participating in the GAIN program,; the
control isreceiving standard AFDC benefits. The GAIN program works as follows:
based on test results and an interview with a case manager, participants were assigned to
one of two activities. Those deemed not to be in need of basic education were referred to

ajob search activity (which lasts about three weeks); those who did not find work were

2 In some counties AFDC recipients were allowed to volunteer into the GAIN program, but these units are
not included in the public use sample.

% Dataon AFDC and Food Stamp receipts were taken from each county’ s welfare records. Dataon
earnings were taken from the California State Unemployment Insurance Earnings and Benefits Records.
Other background characteristics were taken from California s client information (“GAIN-26") form. See
Riccio, etal., (1994).

* The randomization was (as far as we know) independent of pre-treatment covariates. Thisis confirmed by
the data. A different fraction was randomized into treatment in each county. See Table 1.

> Of course, these individual's could participate in non-GAIN employment-creating activities.

® More precisely, individuals were registered in the first quarter of experimental time. Thismeansthat in
some cases the first quarter of experimental time in fact includes information one or two months prior to
the commencement of the experiment. So for example, for an individual who attended an orientation
session in February 1989, thefirst quarter of experimental time isfrom January to March 1989. Of course,



placed in job training (which included vocational or on-the-job training and paid or
unpaid work experience, lasting about three to four months). Those deemed to be in need
of basic education could choose to enter job search immediately, but if they failed to find
ajob they were required to register for preparation toward the General Educational
Development certificate, Adult Basic Education, or English as a Second Language
programs (lasting three to four months).” Participants were exempted from the
requirement to participate in GAIN activities if they found work on their own.®

The counties in the GAIN experiment varied along two important dimensions.
First, the composition of program participants varied, because counties chose to focus on
particular subsets of their welfare populations and the populations differed. For example,
Alameda and Los Angeles counties confined themselves to the subset of long-term
welfare recipients (individuals having already received welfare for two years or more).
The second difference is that the sub-treatment offered within each county varied due to
differences in administrative philosophy. The approach followed by Riverside, which has
received much attention, was to focus on job, rather than skills, acquisition. Both are part
of the program, but Riverside’s emphasis was the former. Instead counties like Alameda

focused more on skill acquisition. The model will allow for differencesin composition by

some part of the first and second quarters could be spent participating in treatment activities. Pre-treatment
datawould cover the ten quarters from July 1986 to December 1988.

’ The public use data do not contain information on each individual’ s participation in the various
components of the program. At the same time, individualsin the control group can participate in non-GAIN
activities. Thus, the treatment effect measures the increase in earnings, employment, etc., from the
availability of and encouragement (or requirement) to use GAIN-related activities compared to pre-existing
employment services.

® Note that only about eight-five percent of the treated units actively participated in any GAIN activities
(though by virtue of being in the GAIN sample they did attend an orientation meeting); the balance
satisfied the requirements of the GAIN program on their own (in most cases finding employment within the
first two or three quarters of experimental time). Thus, as observed earlier, thisisimportant in interpreting
the treatment effect as a comparison between earnings, employment, etc., when individua s are required to
find ajob or to participate in GAIN-related activities and when they are not obliged to find jobs and only
pre-existing employment-related services are available.



conditioning on pre-treatment covariates and differences in the treatment by alowing for

site effects.

3. The GAIN Data

Table 1 presents the six counties that participated in the GAIN experiment, broken down
in terms of their 24 administrative sites. The counties vary from one-site counties such as
Alameda to multi-site counties such as Los Angeles and San Diego. This paper will
analyze the results at the site level because with six counties there is minimal scope for
modeling site effects. Table 2 presents the background characteristics of each sitein
greater detail. We note that the average number of children varies from over four in some
sites (site 21) to dlightly over two in others (site 6). The proportion of Hispanicsin the
sample varies from alow of 6 percent (site 1) to over 50 percent in other sites (sites 14
and 24).

Table 2 shows that there is significant variation in the treatment impact across
sites. The second-last row presents the average quarterly post-treatment earnings for the
treatment and control groups. The treatment impact ranges from a high of $212 for Site 5
(in Riverside county) to alow of —-$132 for Site 17 (in Tulare). In the last row the
treatment effect is estimated conditioning on pre-treatment covariates through an OLS
regression. The estimates are similar, ranging from —$90 to $292. The sites consistently
showing the highest and most significant impacts are those from Riverside county (sites 2
to 5). Their treatment impacts range from $149 to $292, and are significantly different
from zero. The worst performing county is Tulare, for which some of the impacts are

negative and al are statistically insignificant.



4. The Econometric Model

An important feature of the data which influences the modeling strategy is the large
proportion of zeros in the outcome, earnings. With as many as 75 percent of the outcomes
being zero, the model must explicitly account for the mass point in the earnings
distribution. The most parsimonious model for dealing with amass point at zero is the

Tobit moddl.

4.1 The Hierarchical Model
The hierarchical model (see Gelman, Carlin, Stern, and Rubin [1996)]) is a generalization

of the regression model that allows each site to have its own value for the coefficients:

Yl Bys 2= N(by X8 2, (1)

where Y;;; is observed income and Vijt isalatent variable such that Y;;=0 if Yijt<0 and
\ﬁjt:Vijt if Y;;>0 (the Tobit model), with i=1,..., | (individuals), t=1,...,T (time periods),
andj=1,...,J (sites), and where x;=[Ci;j Ti-Cit], Ti isatreatment indicator (=1 if treated, =0
otherwise), and c;; is avector of exogenous pre-treatment variables.

Let b;'=(b, ---b;,), wherem=1,...,M indexes the regressors. The model

assumes a constant variance across sites. The key feature of the model isthat the b’s are

linked through a further model:

b {Zj}‘;zllgm’s" N(gmlzjis)! (2)

jm
where z are a set of site characteristics used to model the site coefficients. The model for

b serves as a prior distribution with respect to the base model for earnings.
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The model is completed by defining priors for the parameters:
Ys? ~W(r,Q"),
St~W(r,K),
and
vec(g) ~N(d,SA D).
Theprior on S* determines the degree of smoothing the model performs. The estimate
of the b 'sfor each site are a precision-weighted average of the OL S estimates within
each site and the b ’s predicted by the model in (3). The weight, in turn, isinfluenced by

the prior for S*. The Wishart prior can be interpreted as r  previous observations with
variance K™, When K™* reflects high variance, thiswill pull up the estimate of S (hence
reduce the estimated prior precision, S™*), and lead to alower weight being placed on the
common prior for b’sand ahigher weight onthe b estimated within each site.

Estimation is undertaken using a Gibbs sampler (outlined in the Appendix).®

4.2 The Predictive Distribution

Since the object of interest for the policy question is earnings, and only indirectly the
parameters, we generate the predictive distribution, the distribution in the space of
outcomes that captures all of the uncertainty from the model, both intrinsic uncertainty

and parameter uncertainty. This distribution is simulated by repeatedly drawing for

® Note that the hierarchical model could also be estimated using maximum likelihood methods. The
limitation in doing thisisthat the number of sitesisvery small. This not only renders standard asymptotic
approximations of the distributions of parameters unreliable, but it also makesit hard to estimate

parameterssuch as S’ Lexcl usively from the data (i.e., without the use of aprior).
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parameter values from their posterior distribution and then drawing from the outcome

distribution conditional on observed data and parameters.

5. The Results

The model outlined in the previous section is implemented on the GAIN data, using age,
education, number and age of children, previous participation in atraining program,
reading and writing test scores, ethnicity, and pre-treatment earnings as pre-treatment
individual characteristics. These are interacted with the treatment indicator, so that the
model alows for the site effect for treatment in control earnings to be different. The mean
characteristics of participants (including the mean number of children, mean reading
score, mean level of education, mean age, and mean pre-treatment earnings) are used as
the site characteristics. The Gibbs sampler outlined in the appendix produce estimates of
the posterior distribution of the parameters. These are then used to produce a predictive
distribution of earnings (under treatment and control) for each individual. The predictive
distributions are then averaged over the individuals at a site to produce an estimate of the

Site impact.

5.1 Site effects and evaluation

This subsection examines to what extent observations from other sites help in evaluating
the program at a particular site. In general, thisis an empirical question: the answer
depends on the dataset under consideration. From the previous section, recall that the
degree of smoothing performed by the hierarchical model dependson S™*, and the

estimate of this parameter in turn isinfluenced by K™, which isaprior. If K™*issmall,
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then this pulls down the estimate of S™*, which in turn means that alower weight is put
on the common prior, and a higher weight on the within-site estimates. By varying K,
the results of the hierarchical model range from fully pooled to site-by-site estimates.

Because the number of site observations typically is small (24 for the GAIN data), the

prior will have a substantial influence on the final estimate of S*. The empirical
question then becomes to what extent does the choice of smoothing prior influence the
estimate of earnings and the treatment effect within each site.

Table 3 presents estimates of the Tobit model under arange of assumptions. In
the first row, the earnings are estimated using a non-hierarchical Tobit, estimated from
the pooled data; these estimates ignore site effects. In row (2), Tobits are estimated
individually for each site. The next two rows present estimates from the hierarchical
Tobit model. In row (3) the prior is chosen so that minimal smoothing is performed, and
in row (4) the prior is chosen to induce a greater degree of smoothing. Of the four
models, the site-by-site Tobit and the minimally smoothed hierarchical models should be
nearly identical: when the prior is selected for minimal smoothing, it essentially induces
site-by-site Tobits. Thisis confirmed by comparing rows (2) and (3).

In comparing the pooled estimates with those from the site-by-site (or minimally
smoothed) models, we observe that the results differ substantially through not
dramatically. For treatment (control) earnings, the mean difference is $25 (—$6), with a
mean absolute deviation of $69 ($56). This reflects the obvious fact that the site-by-site
estimates bounce around more than the pooled estimates. The estimated treatment effects
implied by these models are depicted in Figure 1, panels (a) and (b) (along with the 2.5

and 97.5 percentiles of the predictive distributions of the average treatment effect). The
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site-by-site estimates represent unbiased estimates of the site-treatment effects. The
advantage of pooling isreflected in the lower standard errors of the estimatesin panel (a).

Panel (c) depicts the estimated treatment effect from the smoothed hierarchical
model. As one would expect, the estimates lie between those of the other two models.
They are less dispersed than the site-by-site estimates, and have somewhat smaller
uncertainty bounds. The mean absolute deviation for the treatment effect with the pooled
mode is $53, and the 2.5-97.5 percentile uncertainty bounds are narrower by about $17
on average.

Overdl, al three panels depict abroadly similar profile of treatment effects, but
the differences in the uncertainty bounds qualitatively affect the results. In panel (b) 10 of
the 24 treatment effects are insignificant (in the sense that 2.5-97.5 percentile bounds
include zero), but only one treatment effect with the pooled estimates is insignificant and
only three for the smoothed estimates. It is important to note that there is neither an a
priori nor an empirical basis to choose between these estimates. If one were forced to
pick asingle estimate, the choice would depend on the smoothing prior that could be
comfortably adopted. Of course, looking at the range of estimatesis also quite
informative.

A concreteillustration of the role that site effects can play is afforded in Table 3,
row (5). The counterfactual exercise presented isto assign the individuals from a given
site (site 19, Alameda) into sites. The same site-effects are used asin Table 3, row (3).
The thought experiment is to determine earnings for Alameda participantsif, for
example, they had entered the program in the environment of Riverside. Aswe vary the

sites we see that there is variation in both estimated earnings and the treatment impact for
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these individuals. The level of treatment (control) earnings varies from $267 ($226) in
site 24 (site 19) to $545 ($749) in site 3 (site 13). The treatment effect varies from —$262
in site 13 to $239 in site 3. Note that the Alameda participants are predicted to have a
higher treatment effect if they had participated in the Riverside treatment. Hotz, Imbens,
and Klerman have a similar finding, but they note that this effect attenuates beyond the

13 quarters of earnings observed in the current dataset.

5.2 Arethere county effects?

The GAIN data has both a site structure and a county structure. The model discussed in
Section 5.1 ignores the county structure of the data. The difficulty in dealing with county-
level effectsisthat we observe only six counties in the data. With six observations, it
would be difficult to estimate even a single-parameter model. Table 4, however, suggests
that county effects are not a source of concern in the GAIN data, once we have modeled
site effects. It summarizes the explanatory power of county-level dummies on the site-
level estimated coefficients of the model (using adjusted R%). The 2.5 and 97.5 percentile

intervals for adjusted R? are very broad, and always include zero.

5.3 In-sample predictive uncertainty

The analysis thus far has taken the profile of site-effects as given. In this section we
examine the GAIN program from a predictive perspective. If we were to re-implement
the GAIN program, allowing for new site effects in each site (hence predictive
uncertainty), then would the treatment effects be significant? In Table 3, row (5), the

parameters for each site are re-estimated based on each site' s characteristics.
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The relevant comparison is to the estimates in Table 3, row (3), which ignore uncertainty
in the site effects. The immediate observation is that the results are quite similar, typically
within $50. At one level this may seem trivial: since the data for a given site are included
in the estimation, it may not seem surprising that we are able to predict the treatment with
reasonable accuracy. However, the result is not trivial, because for each site we draw new
site parameters based on the hierarchical model and base predictions on these parameters.
So, for example, when we predict the outcome for site 6, the characteristics of its
participants imply a set of site characteristics, which in turn produce a set of site
parameters that lead to the average earnings we estimate.

However, the range of uncertainty increases substantialy (see Figures 6 and 7). In
Figure 2, the 2.5-97.5 percentile intervals of the posterior distributions overlap to alarge
extent for 11 of 24 sites, and in this sense the treatment effects are not significant. In
Figure 3, the 2.5-97.5 percentile intervals for average earnings overlap for al of the 24 of
sites. In particular, for sites 2, 3, 4 and 5 (the Riverside sites), as shown in Figure 2, the
posterior 95 percent probability intervals do not overlap, but they do in Figure 3. Overall,
the comparison of the two sets of estimates suggests that when the site-specific
parameters are re-estimated for each site, we succeed in replicating a profile of outcomes
similar to those that are obtained for each site in isolation. However, uncertainty

increases, in some cases significantly.

5.4 Out-of-sample predictive uncertainty
An important question regarding site effects is whether we would be able to predict the

outcomes at a site if we had not observed that site in our data. In other words, are site
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effects so important that it is difficult or impossible to predict the treatment effect at a
given site using data from other sites? To explore thisissue, the estimatesin Table 3, row
(6), drop each site successively and use the remaining sites to predict its outcome. Point
estimates of treatment effects (means of the predictive distributions) are plotted in panels
(@) and (b) of Figure 4. (The 2.5-97.5 percentile bounds are not plotted in panels (b) and
(c) because they cover amost the entire range of earnings.) The results for the two
models are broadly similar. The estimated treatment effects are within $80 on average.

Of course, some sites, for example Site 13, are off by much more. The Riverside sites are
underpredicted by $80 to $150.

One important limitation of thisresult is that, even though we are excluding the
site for which we are predicting the outcome, we include other sites from the same
county. Isit possible to estimate the profile of treatment effects across sites if we exclude
al of the observations from a county when estimating the model for a particular site?
The answer is presented in Table 3, row (7), and Figure 4, pandl (c). For most sites the
predictions are less accurate than when other sites within the county are included. The
estimates of the treatment effect differ from the full-data estimates by an average of $150.
The Riverside sites once again are underpredicted, in this case by $114 to $170. Site 13 is
unpredicted by $307. The Los Angeles sites, which are underpredicted by an average of
$30in panel (b), are overpredicted by an average of $157 in panel (c).

The difficulty in accurately predicting the treatment effects for these sites
illustrates the limitation of any model in extrapolating or predicting the treatment impact
at asitethat is significantly different from the sites observed in the sample. Site 13 is

notably different from other sites because it has no Blacks or Hispanics; it also has the
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lowest average level of education among participants. Likewise, the Los Angeles sites
differ from other sitesin terms of the number of children, which is higher than at other
sites, and pre-treatment earnings, which are lower than at other sites. An estimator or a
functional form that is more flexible in terms of pre-treatment covariates should yield a
more reliable prediction of the treatment impact.™ In contrast, the Riverside sites do not
stand out in terms of their pre-treatment site characteristics. The differences from other
sites presumably are along qualitative dimensions of the treatment applied. The inability
to predict the Riverside treatment effects supports the view that Riverside differed from
other counties in the approach it took to administering the treatment. Predictions based on

other sites consistently under-estimate the treatment impacts in Riverside.

6. Conclusion

This paper has discussed the use of hierarchical methods to gain insight into the GAIN
data and also, more generaly, to illustrate the application of these methods to datasets
which have a group or site structure.

When a dataset has a group or site structure, and when there is meaningful
heterogeneity across sites, hierarchical methods are a potentially useful tool: they allow
for aflexible modeling of site effects, for clearly distinguishing between questions of
evaluation and prediction, and for controlling the degree of smoothing (or pooling) that
the model performs with an explicitly specified parameter. The usefulness of hierarchical
methods is not confined to program evaluation. Any site or grouping structure (e.g.,

patients within a hospital, plants within afirm or under a particular manager, students

19 See for example Dehejia and Wahba (1998,1999), Heckman, Ichimura, and Todd (1997, 1998), and
Rosenbaum and Rubin (1983, 1985) who use propensity score methods for this purpose.
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within a school) offers a potentia application of these methods. Depending on the
application, hierarchical methods need not be estimated using Bayesian techniques. In the
present application, because the number of sites was very small, the use of the smoothing
prior was essential. In an application where the number of sitesis larger, it would be
possible to allow the data to determine the degree of smoothing the model performs and
to use standard maximum likelihood methods.

Regarding the GAIN data, this paper has addressed three questions:. (1) To what
extent are site effects important in evaluating a program? (2) Does predictive uncertainty
regarding site effects influence the interpretation of the treatment effect? and (3) Would
we be able to predict the outcome for a site, if its data were not observed. The answer to
the first question is that, even after accounting for differences in the composition of
program participants across sites, site-specific effects are important. Site-by-site
estimates are more variable and involve more uncertainty than pooled estimates. The
smoothed hierarchical estimate offers a compromise between these two.

The second and third questions are different because they deal with predictive
uncertainty for subsequent implementations of the program. When making in-sample
predictions, the model can predict the profile of site effects with reasonable accuracy.
This amounts to saying that even the simple set of site-level characteristics used in the
hierarchical model are sufficient to identify the distinct profile of site impactsin the
GAIN data. However, we a so find that the predictive uncertainty isimportant in the
sense that the treatment effect for many sites ceases to be significant when predictive
uncertainty isincorporated into the estimate. Finally, when making out-of-sample

predictions, the quality of the prediction was found to depend upon observing a sufficient
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number of sites similar to the one for which predictions are being made. For example,
when dropping even some of the Riverside sites, the quality of the predictions for all
Riverside sites declines. Thisis not true for the Los Angeles sites when they are dropped
singly, but becomes true when all of the observations from Los Angeles are excluded.

Was there a Riverside miracle? The received wisdom regarding the GAIN
program is that qualitative site-specific factors played an important role. The results
presented here suggest that a simple set of site characteristics are sufficient to distinguish
the various site-level effects. To this extent, there was nothing miracul ous about
Riverside. However, the results also suggest that substantial extrapolation from the sites
that are observed to new sites potentially can be misleading. For example, the Riverside
treatment effects are consistently under-predicted when excluding data from all Riverside
sites. Thus, more precisely, there is nothing miraculous about Riverside if one observes
similar sites in the data. However, in the absence of data on similar sites, Riversideis
difficult to predict and to that extent is a miracle.

There are many possible extensions to thiswork. First, the set of site
characteristics used were rudimentary, and in principle could be extended to include
features of the local labor market or perhaps even characteristics of the program
administrators. It would be interesting to discover how much additiona precision could
be obtained in that way. Second, the true economic significance of the range of
predictions from the models can be assessed only if there is an explicit decision problem.
Would the added uncertainty in predicting site-level effects be sufficient to ater the
policymaker’ s decision regarding which program to choose? These are questions for on-

going research.
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Appendix: The Gibbs Sampler for the Hierarchical Model

(1) b® ~ N(B,,V{"V), where b, = (X' X ;s %, +S;1y) (X, X ;s )b +S;t b ),

(-1
b=(X,"X,)"X,'y;, bP =g, z;,and V, =[X;"X s %, +S;}y]

j H

(2 ]/S -y~ C(2n+r)/(Q_1 +s%), where [s;] =y, - b{Vx; and s'=st,

3)Sy, ~W(J - M +r (S+K) "), where s=§ . €, e and g =b, - g,z (theMxl
vector of residuals for each site observation),

(4 g” ~N(@,S,,A(Z'2z+D*)"), whereg = (g, - gy)', 9 = vec(q),
g=(Z'2)+D*)*(z'z§+D*d),and §, =(z,'z))*z'b .

This procedure produces a sequence of draws from the parameters, the first 500 of which
we discard, leaving us with draws from the posterior distribution of the parameters.
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Alameda Butte Los Riverside San Tulare
Angeles Diego
GAIN:
Treated Group 685 1717 3730 5808 8711 2693
Control Group 682 458 2124 1706 1810 1146
Total 1367 2175 5854 7514 10521 3839
Number of Sites 1 1 5 4 8 5

Notes. The GAIN sample sizes are from the public use file of the GAIN data. The
AFDC tota represents the number of AFDC cases (both single-parent and two-parent
households) in the six evaluation counties in December 1990 (see Riccio, et al. (1994),

Table 1.1).
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Butte Riverside San Diego
Variable Sitel Site2 Site3 Site4 Site5 Site 6 Site7 Site 8
(sample (2165) (3364) (2052) (1358) (706) (755) (1457) (1104)
Size)
Number of children
Treatment 2.49 2.69 281 2.87 2.65 2.19 2.8 2.50
Control 254 2.69 291 277 244 2.27 2.74 2.53
(se on diff) (0.09) (0.08) (0.2) (0.13) (0.14) (0.15) (0.13) (0.13)
Reading test score
Treatment 232 231 232 231 231 230 231 231
Control 227 228 227 227 226 229 229 227
(se on diff) (4.56 (2.67) (4.28) (3.55) (4.89) (2.73) (2.02) (3.84)
Grade
Treatment 10.99 10.8 10.66 9.59 10.96 11.75 10.56 1143
Control 10.83 10.68 10.65 9.57 11.02 11.98 10.4 11.29
(se on diff) (0.14) (0.2) (0.14) (0.21) (0.17) (0.24) (0.2 (0.18)
Previoustraining experience
Treatment 0.22 0.23 0.28 0.14 0.22 0.10 0.12 0.04
Control 0.24 0.24 0.25 0.14 0.22 0.09 0.11 0.06
(se on diff) (0.02) (0.02) (0.02) (0.02) (0.04) (0.03) (0.02) (0.02)
Hispanic
Treatment 0.06 0.24 0.18 0.56 0.18 0.13 0.30 0.17
Control 0.07 0.24 0.2 0.58 0.19 0.17 0.32 0.14
(se on diff) (0.01) (0.02) (0.02) (0.03) (0.03) (0.03) (0.03) (0.03)
Black
Treatment 0.03 0.18 0.10 0.09 0.20 0.12 0.53 0.09
Control 0.03 0.17 0.07 0.07 0.15 0.1 0.44 0.06
(se on diff) (0.01) (0.02) (0.02) (0.02) (0.03) (0.03) (0.03) (0.02)
Lagged earnings, 1 quarter before treatment
Treatment 457 388 329 478 332 487 333 514
Control 432 380 359 548 381 449 447 666
(se on diff) (54) (44) (53) (74) (93) (110) (59) (97)
L agged earnings, 2 quarters before treatment
Treatment 616 498 442 592 471 627 409 647
Control 551 500 491 718 489 684 513 779
(se on diff) (67) (51) (63) (83) (101) (131) (70) (110)
Average quarterly post-treatment earnings
Treatment 657 642 642 693 560 811 562 730
Control 478 501 445 532 348 617 603 690
(se on diff) (57) (42) (55) (66) (82 (117) (70) (94)
Average quarterly treatment impact, conditional on covariates
Treatment 145 149 149 190 292 213 21 49
effect
(se) (50) (39) (39) (56) (72) (109) (64) (90)
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San Diego Tulare
Variable Site9 Site 10 Site11 Site 12 Site 13 Site 14 Site 15 Site 16
(sample (678) (1853) (2111) (1897) (630) (500) (531) (1060)
Size)
Number of children
Treatment 2.34 2.34 2.57 2.34 3.92 2.87 3.03 3.04
Control 242 2.4 2.77 2.39 4.44 3.02 3.33 3.05
(se on diff) (0.15) (0.2) (0.2) (0.09) (0.25) (0.19) (0.2) (0.14)
Reading test score
Treatment 232 231 231 231 231 230 232 231
Control 227 228 229 228 228 227 226 228
(se on diff) (4.63) (2.81) (2.59) (3.35) (2.61) (2.7) (5.47) (3.23)
Grade
Treatment 11.56 11.34 10.39 11.35 6.45 9.63 9.45 9.47
Control 11.45 11.63 10.31 11.15 7.03 9.5 9.21 9.38
(se on diff) (0.21) (0.15) (0.18) (0.12) (0.44) (0.32) (0.33) (0.22)
Previoustraining experience
Treatment 0.03 0.08 0.11 0.13 0.12 0.06 0.25 0.25
Control 0.04 0.11 0.1 0.16 0.12 0.08 0.22 0.2
(se on diff) (0.02) (0.02) (0.02) (0.02) (0.03) (0.03) (0.04) (0.03)
Hispanic
Treatment 0.2 0.17 0.55 0.09 0 0.62 0.43 0.34
Control 0.14 0.17 0.51 0.12 0 0.63 0.49 0.29
(se on diff) (0.04) (0.02) (0.03) (0.02) 0) (0.05) (0.05) (0.03)
Black
Treatment 0.27 0.33 0.12 0.08 0 0.01 0 0.01
Control 0.27 0.34 0.15 0.06 0 0.01 0.01 0.01
(se on diff) (0.04) (0.03) (0.02) (0.02) (0.01) (0.02) (0.01) (0.01)
L agged earnings, 1 quarter before treatment
Treatment 536 456 493 498 298 476 573 439
Control 470 382 531 558 234 527 366 440
(se on diff) (116) (70) (70) (66) (55) (103) (103) (67)
L agged earnings, 2 quarters before treatment
Treatment 644 533 557 608 321 603 665 521
Control 524 493 729 721 205 513 435 530
(se on diff) (124) (81) (74) (77) (60) (104) (112) (74)
Average quarterly post-treatment earnings
Treatment 703 689 696 744 414 610 612 530
Control 531 496 715 676 455 641 515 444
(se on diff) (112) (72) (71) (70) (84) (96) (87) (61)
Average quarterly treatment impact, conditional on covariates
Treatment 116 195 39 104 -90 -15 25 80
effect
(se) (104) (65) (62) (65) (77) (87) (77) (53)
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Table 2 (cont’d): Site Characteristics from the GAIN Experiment

Tulare Alameda Los Angeles
Variable Site 17 Site18  Site19 Site 20 Site 21 Site 22 Site 23 Site 24
(sample (864) (880) (1360) (835) (842) (1485) (1888) (800)
Size)
Number of children
Treatment 2.98 3.04 2.38 3.54 4.20 3.21 3.72 3.73
Control 3.05 3.06 2.39 3.44 4.45 3.25 4.07 3.84
(se on diff) (0.15) (0.14) (0.09) (0.16) (0.18) (0.12) (0.12) (0.17)
Reading test score
Treatment 232 231 231 232 230 230 231 231
Control 226 228 228 223 228 227 229 228
(se on diff) (6.29) (3.85) (3.01) (8.63) (2.32) (3.68) (1.5) (3.13)
Grade
Treatment 10.08 9.91 10.78 9.36 7.84 9.%4 9.69 7.61
Control 10.36 9.77 10.8 9.55 7.38 9.17 9.49 7.39
(se on diff) (0.2) (0.26) (0.16) (0.25) (0.27) (0.2) (0.17) (0.29)
Previoustraining experience
Treatment 0.26 0.12 0.23 0.2 0.11 0.05 0.17 0.16
Control 0.19 0.11 0.25 0.14 0.12 0.05 0.15 0.17
(se on diff) (0.03) (0.02) (0.02) (0.03) (0.02) (0.01) (0.02) (0.03)
Hispanic
Treatment 0.40 0.36 0.09 0.40 0.28 0.22 0.15 0.78
Control 0.38 0.38 0.06 0.30 0.24 0.18 0.16 0.73
(se on diff) (0.04) (0.04) (0.01) (0.03) (0.03) (0.02) (0.02) (0.03)
Black
Treatment 0.11 0.02 0.63 0.11 0.09 0.47 0.64 0.06
Control 0.09 0.03 0.65 0.13 0.07 0.41 0.56 0.06
(se on diff) (0.02) (0.01) (0.03) (0.02) (0.02) (0.03) (0.02) (0.02)
L agged earnings, 1 quarter before treatment
Treatment 403 544 139 136 178 175 165 62
Control 597 475 145 160 199 173 146 137
(se on diff) (74) (100) (33) (34) (31) (33) (30) (33)
L agged earnings, 2 quarters before treatment
Treatment 504 598 118 145 193 179 139 67
Control 716 518 141 157 178 162 121 152
(se on diff) (92) (104) (30) (36) (34) (32) (26) (37)
Average quarterly post-treatment earnings
Treatment 558 558 377 381 340 301 309 210
Control 691 691 301 301 253 311 299 269
(se on diff) (75) (75) (46) (52) (40) (43) (36) (46)
Average quarterly treatment impact, conditional on covariates
Treatment -18 -2 84 108 80 -6 -7 -50
effect

(se) (68) (62) (41) (49) (37) (39) (32) (44)
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Butte Riverside
Model Sitel Site 2 Site3 Site4
Treated 614 562 535 564
[601,628]  [552,572] [522,548]  [548,580]
(1) Pooled Control 499 446 422 464
[485512]  [436,457] [410,434]  [449,479)]
Treated 533 604 596 672
[512,555]  [587,622] [573,619]  [644,702]
(2) Separate Control 407 421 366 483
[384,431]  [403.441] [344,388]  [452,515]
Treated 533 605 595 672
(3 Hierarchical, [513555]  [586,623] [570,620]  [644,703]
no smoothing Control 407 422 365 485
[386,430]  [401,442] [344,389]  [453,519]
Treated 590 543 523 571
(4 Hierarchical, [571,609]  [531,555] [510,539]  [552,590]
smoothed Control 436 417 409 500
[418,456]  [405429]  [395423]  [479,520]
Treated 401 525 545 538
5) A;r"fir(‘:?d:m . [383418]  [505,544] [524,567]  [514,561]
f’n Othe'? e CONtrol 335 354 306 333
[312,356]  [334,374] [284,327]  [308,361]
. . Treated 589 510 489 553
- Hr':éi""g 52' cd, [365,1280] [321,1282] [276,1251] [347,1305]
g g ecf’s Control 444 400 387 495
[221,1371] [204,1376] [187,1203] [254,1358]
Predicting Treated 609 502 477 537
(6 Steeffects [311,2302]  [293,2015] [283,2045] [330,2016]
dropping obs.  Control 458 397 390 501
from that site [215,3262] [1852442] [1952598] [251,2857]
Predicting  Treated 609 479 456 536
site effects, [3431936]  [2,7408]  [0,7422]  [1,7693]
(7) dropping obs. Control 458 410 396 501
from that [2382142]  [6,3570]  [6,3793]  [6,3895]
county

Note: The table presents the mean and 2.5 and 97.5 percentiles of the predictive distribution of
average earnings per person per quarter. In rows 1 to 4 and rows 5 to 7, earnings are predicted

for the original treatment and control participants at each site, under the specified models. In row
4, earnings are predicted for the Alameda treatment and control participants, if they had been
located at the specified site.
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Riverside San Diego
Model Site5 Site 6 Site 7 Site 8
Treated 567 649 535 652
[547,586]  [629,670] [519,550]  [635,672]
(1) Pooled Control 447 518 424 527
[428,467]  [498,539]  [410,436]  [509,543]
Treated 566 728 480 613
[525,608]  [683,772] [456,505]  [581,648]
(2) Separate Control 343 559 440 563
[302,384]  [499,620]  [409,470]  [521,605]
Treated 563 726 481 611
(3 Hierarchical, [525,605]  [684,772] [455507] [579,644]
no smoothing Control 342 558 442 560
[304,382]  [506,611] [412,477]  [511,603]
Treated 556 623 497 685
(4 Hierarchical, [535578]  [597,650] [480,512]  [658,712]
smoothed Control 420 470 385 544
[400,441]  [444,494] [368,402]  [516,570]
Treated 483 536 418 494
- A;ratri';?d:nts (440515  [508562]  [400,436]  [472,518]
!On ot e'? e CONIrOl 263 365 371 435
[233293]  [327,406] [344,399]  [398,475]
. . Treated 507 644 485 689
5) Hr' ;ﬁgfﬂ' cal, [282,1229] [384,1383] [293,1187] [369,1382]
g o effecff’s Control 392 451 386 514
[1931219] [187,1511] [202,1255] [227,1375]
Predicting  Treated 497 622 489 710
(6 Steeffects [234,1872] [303,3070] [276,2557] [377,2611]
dropping obs.  Control 402 431 379 503
from that site [176,2611] [140,2783] [168,2607] [174,3503]
Predicting  Treated 471 750 494 772
site effects, [1,6646]  [46799]  [36407]  [9,6752]
(7) dropping obs. Control 407 342 393 392
from that [11,3616]  [11,2991]  [133123]  [33,3261]

county
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San Diego
Model Site9 Site 10 Site11 Site 12
Treated 644 599 586 641
[623,667] [585,613] [572,600]  [625,655]
(1) Pooled Control 517 475 474 516
[497,537]  [463488] [461,486]  [502,530]
Treated 664 504 561 553
[619,708]  [570,620]  [537,582]  [531,579]
(2) Separate Control 557 467 506 465
[500,616]  [438,501] [478,537]  [434,496]
Treated 666 596 562 554
(3 Hierarchical, [622,712]  [573,618] [540,586]  [531,578]
no smoothing Control 558 466 507 465
[490,615]  [4355500] [475537]  [436,494]
Treated 641 560 576 623
(4 Hierarchical, [614,667]  [544,576]  [561,592]  [608,640]
smoothed Control 502 413 4386 479
[474530]  [397,430]  [469,504]  [462,498]
Treated 527 472 479 472
- A;ratri';?d:nts [490557]  [454.492]  [463496]  [453.492]
!On ot e'? e CONIrOl 357 323 416 403
[318,306]  [299,350]  [386,446]  [373,432]
. . Treated 649 547 550 616
5) Hr' ;ﬁgfﬂ' cal, [404,1471] [311,1474] [333,1366] [348,1367]
2 oot fecff’s Control 475 392 457 453
[2251547] [186,1477] [221,1499] [217,1550]
Predicting  Treated 645 542 545 624
(6 Steeffects [276,2380] [289,2594] [277,2307] [297,2131]
dropping obs.  Control 459 385 447 451
from that site [1832431] [159,3055] [213,2964] [167,2014]
Predicting  Treated 738 613 572 686
site effects, [8,6835]  [7,7088]  [2,6570]  [6,6524]
(7) dropping obs. Control 355 354 369 376
from that [22,2819]  [29,3019]  [20,3209]  [16,2619]

county
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San Diego Tulare
Model Site 13 Site 14 Site 15 Site 16
Treated 410 601 581 560
[300,428]  [577,625] [556,607]  [542,575]
(1) Pooled Control 344 504 480 460
[327,362]  [480,527]  [458,503]  [445,477]
Treated 561 620 585 488
[520,601]  [570,668] [545629]  [456,522]
(2) Separate Control 620 637 534 423
[556,680]  [574,701]  [481592]  [393,459)]
Treated 561 614 584 489
(3 Hierarchical, [522,602]  [564,666] [540,632]  [460,520]
no smoothing Control 617 630 537 423
[555,686]  [564,680]  [482,505]  [388,456]
Treated 505 640 618 554
(4 Hierarchical, [480,563]  [606,674] [593,648]  [533,576]
smoothed Control 547 538 561 488
[499,502]  [500,576]  [530,590]  [465,510]
Treated 487 445 398 403
- Az'ariri';?d:ms [453522]  [412480]  [368431]  [377.431]
!On ot e'? e CONIrOl 749 439 403 316
[664,845]  [390,487]  [360,449]  [286,350]
. . Treated 528 670 508 498
5) Hr' ;ﬁgfﬂ' cal, [2631474] [452,1306] [374,1111] [325,1072]
g o effecff’s Control 641 604 548 480
[326,2082] [348,1613] [318,1615] [270,1416]
Predicting  Treated 485 740 602 501
(6 Steeffects [191,4007] [407,2786] [368,2141] [291,2531]
dropping obs.  Control 886 592 555 505
from that site [180,8006] [223,3964] [260,2964] [274,3152]
Predicting ~ Treated 47655153 735 640 550
site effects, [4,6881]  [27844]  [2,7287]
(7) dropping obs. Control 839 598 578 534
from that [76,3840]  [22,4287] [10,4250]  [12,4423]

county
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Tulare Alameda Los
Angeles
Model Site 17 Site 18 Site 19 Site 20
Treated 600 581 453 401
[582,622]  [561,601]  [439,466]  [384,418]
(1) Pooled Control 491 469 337 297
[472,510]  [450,487] [326,350]  [283,311]
Treated 510 516 282 323
[476,542]  [483547] [259,303]  [294,350]
(2) Separate Control 530 509 207 251
[488571]  [473545] [209,246]  [226,277]
Treated 513 519 282 322
Hierarchical, [480,548]  [485552] [262,300]  [293,349]
(3)
no smoothing Control 530 513 226 251
[492,566]  [475553] [209,243]  [224,277]
Treated 596 585 343 303
Hierarchical, [576,620]  [563,605] [322,364]  [284,321]
(4)
smoothed Control 524 506 268 254
[497,548]  [488,525] [251,286]  [236,271]
Treated 361 387 281 367
5) A;r"fir(‘:?d:m . [336,385] [361,411] [260,301]  [337,399]
e s e CONIrO 383 370 226 282
[347,416]  [337,404] [208,244]  [256,309]
. . Treated 536 550 314 303
- Hr':éi""g 52' cal, [362,1138] [376,1224] [191,725]  [175,779]
g g ecf’s Control 514 481 286 241
[313,1408] [278,1562] [143,991] [140,1011]
Predicting Treated 543 555 501 298
site effects, [307,1983] [338,1987] [174,5522] [149,1834]
(6)
dropping obs.  Control 511 478 717 238
from that site [249,2663] [268,2696] [332,4635] [117,2948]
Predicting  Treated 595 589 314 894
site effects, [2,7501]  [2,7942]  [178,879]  [5,9228]
(7) dropping obs. Control 570 516 286 579
from that [7,4855]  [154442] [132,881]  [40,3840]

county
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Los Angeles
Model Site 21 Site 22 Site 23 Site 24
Treated 387 413 403 307
. [371,402]  [401,426] [392,415]  [294,323]
(1) Pooled Tobit 299 309 296 223
[286,314]  [298,321] [286,305]  [211,236]
Treated 427 289 303 175
(2 Stebysite [304,460]  [269,307]  [286,321]  [156,195]
Tobit Control 324 285 286 200
[207,352]  [263,307] [268,306] [176,224]
Treated 426 288 303 175
(3 Hierarchical, [304,460]  [268,308] [284,322]  [154,197]
no smoothing Control 323 286 288 200
[205,349]  [265,307] [270,307]  [178,227]
Treated 418 325 339 197
(4 Hierarchical, [303,444]  [310,339] [322,357] [179,217]
smoothed Control 384 274 278 198
[358,411]  [260,289]  [263,295]  [180,217]
Treated 455 274 361 267
) Az'ariri';?d:ms [410,497]  [257,294]  [341,384]  [239,296]
!On ot e'? e CONIrOl 282 315 332 275
[250,316]  [290,340]  [310,356]  [240,309]
. . Treated 447 312 324 175
5) Hr' ;ﬁgfﬂ' cal, [290,1134]  [189,805] [188,858]  [96,483]
2 oot fecff’s Control 397 246 257 184
[188,1716]  [152,972] [138,1045]  [90,1020]
Predicting ~ Treated 487 321 371 181
(6 Steeffects [276,3258] [175,1582] [150,3694]  [93,3049]
dropping obs.  Control 532 237 218 177
from that site [271,5806] [119,2230] [107,3402]  [71,4930]
Predicting ~ Treated 1483 796 652 931
site effects, [12,8219]  [4,8013]  [1,8072]  [4,8998]
(7) dropping obs. Control 1201 508 451 934
from that [151,4040] [39,3050]  [26,4224]  [96,3974]

county




Table 4: Explanatory Power of County Dummies Conditional on Site Characteristics

Variable Adjusted R* of County
Dummies
(0.025and 97.5
percentiles)
Constant -0.1768
[-0.2195,-0.0954]
Number of Children 0.0020
[-0.1250,0.1436]
Education -0.0458
[-0.1178,0.0551]
Age -0.1150
[-0.2048,0.0228]
1(Earnings.,=0) -0.1322
[-0.2030,-0.0304]
log(Earnings,- ,+1) -0.1117
[-0.1954,0.0022]
1(Earnings-_,=0) -0.1429
[-0.2028,-0.0369]
log(Earnings-_;+1) -0.1177
[-0.1918,0.0120]
Timetrend 0.0486
[-0.0740,0.1855]
Constant-Treatment -0.1086
[-0.1941,-0.0105]
Number of -0.0800
Children-Treatment [-0.1662,0.0258]
Education-Treatment -0.0050
[-0.0940,0.0983]
Age Treatment -0.1153
[-0.1903,-0.0140]
1(Earnings,- ,=0) -0.1412
‘Treatment [-0.2079,-0.0303]
log(Earnings,.-+1) -0.1161
‘Treatment [-0.2017,0.0170]

Note: The table presents the mean and 2.5 and 97.5 percentiles of the predictive distribution of
the adjusted R? of aregression of site coefficients on county-level dummies.
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Figure 1: Average Treatment Impact per Person per Quarter
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Note: The figure depicts the mean and 2.5 and 97.5 percentiles of the predictive distribution of
the average treatment effect per person per quarter at each site under the specified models. Panel
(a) correspondsto Table 3, columns (1) and (2); Panel (b) to Table 3, columns (5) and (6); and
Panel (c) to Table 3, columns (7) and (8).
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Figure 2: Average Treatment and Control Earnings per Person per Quarter Given Site Effects
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Note: The figure depicts the mean and 2.5 and 97.5 percentiles of the predictive distribution of
average treatment and control earnings per person per quarter at each site. The model takes the
profile of site effects as given. The figure corresponds to Table 3, columns (5) and (6).
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Figure 3: Average Treatment and Control Earnings per Person per Quarter Predicting Site

Effects
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Note: The figure depicts the mean and 2.5 and 97.5 percentiles of the predictive distribution of
average treatment and control earnings per person per quarter at each site, redrawing for site
effects based on the hierarchical model. The figure corresponds to Table 4, columns (3) and (4).
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Note: The figure depicts the mean of the predictive distribution of the average treatment effect
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per person per quarter at each site under the specified models. Panel (a) correspondsto Table 3,
columns (5) and (6); Panel (b) to Table 6, columns (1) and (2); and Panel (c) to Table 6, columns

(3) and (4).



