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Abstract

Choosing where to conduct field experiments is a crucial aspect of experimental design that may
influence not only the estimates obtained at the chosen sites, but also the extent to which the em-
pirical findings can be generalized to other settings. We develop a decision-theoretic approach to ex-
perimental site selection that frames external validity through a policy lens. A decision-maker must
eventually make policy recommendations across a wide set of locations on the basis of data from a
limited set of experimental sites. We evaluate potential choices of experimental sites by the degree to
which they will lead to better policy recommendations across all sites, not only the ones selected for
experimentation. Taking a Bayesian approach, we develop a prior specification for the joint distribu-
tion of site-level treatment effects based on a microeconometric structural model, while also allowing
for additional sources of heterogeneity. We apply our approach to select sites for an experiment on
mobile money training from 41 migration corridors (destination-origin district pairs) in Bangladesh,
60 in Pakistan, and 740 in India. Learning is optimized when the experiments take place in sites in-
formative for the largest number of other sites for which suitability of the policy is a priori uncertain.
Conventional rules of thumb for choosing experimental sites, such as simple randomization, can en-

tail large efficiency losses.
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1 Introduction

The increasing use of field experiments in economics has allowed researchers to evaluate social inter-
ventions using data designs with strong internal validity. However, the goal of such analyses is often to
provide useful policy advice for other places and times. As aresult, there is also increasing concern about
the external validity of randomized controlled trials (RCTs) in the field (see e.g. Deaton and Cartwright
2018, Bates and Glennerster 2017, Vivalt 2020, Allcott 2015). In this paper, we tackle the concern directly,
by considering a social planner who must use the results from a single experiment, or a limited set of co-
ordinated experiments, to make policy decisions across a broader range of sites. Our notion of external
validity departs from the narrow question of whether a treatment effect from one site is expected to be
similar to treatment effects elsewhere. Instead, we ask how informative is a treatment effect estimated
in a given site about the expected treatment effects in other sites, taking into account knowledge about
the structure of economic relationships, the broad range of economic contexts, and previous estimates.
With this as our notion of external validity, we consider the experimental design problem of choosing the
sites in which to run an experiment. We develop a novel method to choose future experimental sites that
incorporates structural econometric modeling and estimation applied to a pilot data set in combination
with other prior judgments about the likely similarity of treatment effects across sites. Formally incor-
porating this pilot data in our design problem leads to a multi-stage or adaptive framework, where past
experimental data can influence, and improve, future site selection. We illustrate and apply our general

approach to the design of a new multi-site experiment underway in South Asia.

With few exceptions, RCTs in economics are limited to one or a small number of sites, but researchers and
policymakers seek to draw broader conclusions from such studies.! In our application, we choose a small
set of migration corridors from hundreds of candidates across South Asia in which to experimentally
evaluate a program that teaches migrant workers to send and receive remittances via mobile money.
Lee et al. (2021) report on an intervention, implemented in a single migration corridor in Bangladesh,
that increased the volume of urban-to-rural remittances and reduced rural poverty. The goal of the new
experiments is to derive policy recommendations for all the candidate sites. Specifically, the experiments
are chosen to inform a rule for each of the hundreds of migration corridors. The rule maps each corridor’s
characteristics to an up-or-down recommendation for whether, ultimately, the training program should
be implemented there. The problem captures one of the essential challenges of external validity: the
number of potential corridors is large and their characteristics vary substantially in ways that could alter

the effect of the intervention.?

Each new experiment takes place in a “site,” which in our context is a migration corridor consisting of an

origin and destination district (a geographic area roughly equivalent to US county). We anticipate that

For example, Banerjee et al. (2015) jointly design and analyze six RCTs, each in a different country, replicating a program
that was first developed and analyzed in rural Bangladesh (Hashemi and De Montesquiou 2011; Bandiera et al. 2017). After the
study, the program was scaled to more than 2.1 million households in Bangladesh and over 1.1 million households in 14 other
countries (JPAL, 2022).

2Muralidharan and Niehaus (2017) discuss the scaleup from experimentation in a pilot experiment in one site to several
sites, raising additional concerns about spillover effects and differences in small vs. large scale interventions, which we do not
address directly, although our approach does not preclude including either concern in experimental design.



the average effect of the intervention may vary across sites, due to differences in the characteristics of
migrants associated with the site, other site-level characteristics, and further unobserved factors. While
the experiments will provide direct estimates of the average treatment effects (ATEs) for the chosen sites,
we wish to be able to extrapolate those estimates to gain knowledge about the overall distribution of
site-level ATEs across Bangladesh, India, and Pakistan. In our analysis, we take advantage of the prior ex-
perimental study that was conducted in Bangladesh (Lee et al., 2021). Given the large number of possible
sites and the limited scope for experimentation, it will be crucial to develop a framework that allows us
to link this prior experimental evidence and the effects at the chosen experimental sites to the effects at
the remaining sites. Since many field experiments have a pilot phase, or are replications or extensions of
previous experiments in different contexts, such prior information may often be available to the designer

of the new experiment.

We propose a quasi-Bayesian framework for this experimental design problem that allows for various
prior assumptions about the heterogeneity in site-level effects. A randomized experiment at a particular
site will provide a noisy measure of the treatment effect at that site, and will also be informative about
the treatment effects at other sites that are related to the experimental site through the prior distribution
over all site effects. The optimal design chooses sites to maximize the overall information gained, as

measured by the improvement in policy decisions that they enable.

One version of this approach uses a “smoothing prior” that makes treatment effects in different sites
similar when they are close to each other in certain site-level characteristics such as origin—destination
distance and average household income. This encodes the intuition that sites with similar characteristics
should have similar effects. If there are many site characteristics, however, the analysis can be sensitive

to the inclusion and weighting of different characteristics.

An alternative, structural approach is to introduce a model for migrant remittance decisions that pro-
vides a microeconomic foundation for site-level effect heterogeneity and allows us to link the original
experimental data to the experimental design problem. In particular, we specify and estimate a struc-
tural model using the data from Lee et al. (2021), which we regard as a pilot experiment, and we then use
this to construct a joint prior for the ATEs at all the prospective experimental sites. This allows us to draw
on the detailed individual-level data in the pilot experiment to assess the a priori similarity of different
sites. While a number of researchers have found structural modeling methods to be useful for analyzing
data from randomized controlled trials in development economics (see, for example, the survey arti-
cles by Todd and Wolpin (2010, 2023)), the potential for applying structural approaches to experimental

design has been relatively unexplored.

Incorporating structural modeling can greatly increase the prior information available for the experi-
mental design step, but the resulting design could be fragile to misspecification of the structural model.
For this reason, we develop a hybrid joint prior for the potential experimental sites that combines the
two approaches above, mixing between the prior generated by the structural model and a “smoothing”
prior that allows sites with similar characteristics to have similar predicted treatment effects. Despite all

these features, the model is computationally tractable.



We use the empirical setting to demonstrate how our procedure works, and to compare it to alternatives.
We measure the effects of the intervention, and the overall implications of the site selection, through
a constant elasticity of substitution social welfare function (c.f. Deaton 1997, Alderman et al. 2019) for

home household members, where we proxy individual utility by per capita expenditure.

The data show that a rule-of-thumb procedure for selecting sites can be very inefficient relative to our
welfare-optimizing approach. To demonstrate this, we implement a heuristic procedure (loosely mod-
eled after a recommendation in Allcott 2015) that selects sites randomly, computes the average of ATEs
across sites, and makes a uniform recommendation to implement the program in all sites or none based
on whether the average of ATEs exceeds the cost of the program. Experimenting in a single randomly se-

lected sites can result in zero welfare and even with more sites welfare is always well below the optimum.

The sites selected through the welfare-optimizing approach are relatively centrally-located in the space
of characteristics of all sites. This is because the optimal sites for experimentation are those that are
most informative about policy decisions in the other sites—so the optimal sites will tend to be similar to
other sites along relevant dimensions. The optimal choices can thus be very different from sites where
the intervention is likely to have the highest expected treatment effect or the sites where the efficacy of
the intervention can be best demonstrated. Relative to using only the information from the Lee et al.
(2021) experiment, as embodied in the prior, there are large welfare gains to additional experimentation
in other sites, but we show that the marginal gains diminish in the number of experimental sites. Finally,
while it may be tempting to implement interventions in places where they are most likely to succeed,
the approach also highlights that welfare gains are concentrated among sites whose a priori optimal

assignment to receive the treatment is fundamentally uncertain.

1.1 Background and Related Literature

Our work contributes to a growing literature on external validity and generalizability in economics, statis-
tics, and other fields. Some authors, such as Pritchett and Sandefur (2015), Vivalt (2020), and Meager
(2019), have primarily viewed external validity as holding when treatment effects are relatively similar
across different contexts, and focus on measuring the extent of departure from homogeneity. Other
work, such as Stuart et al. (2011), Tipton (2013, 2014), and O’'Muircheartaigh and Hedges (2014), focuses
on generalizing across contexts by adjusting for differences in the distribution of covariates, under the
assumption that conditional average treatment effects are stable. Unlike these papers, we allow for unob-
served factors that could lead to differences across sites. Dehejia et al. (2021) examine the performance
of such forms of covariate-based extrapolation and their implications for policy choice in an empirical
replication setting, and Gechter et al. (2019) develop formal methods for evaluating the performance of
various extrapolation methods for choosing policy in a target context. See also Hotz et al. (2005), Barein-
boim et al. (2013), Gechter (2023), Andrews et al. (2023), Andrews and Oster (2019), and Menzel (2023)

for discussions of identification issues and strategies for transporting causal estimates across contexts.

A closely related recent literature in machine learning and econometrics has focused on constructing



forecasts and policy recommendations that are robust under bounded shifts in the underlying distri-
butions of covariates, potential outcomes, or both, across contexts. Typically, this variation across sites
must be relatively small to obtain useful robustness properties of the type sought in this work. See for ex-
ample Kuang et al. (2018), Duchi and Namkoong (2021), Si et al. (2022), Adjaho and Christensen (2022),
Kallus and Zhou (2021), Lei et al. (2023), and Chen et al. (2023). We do not impose bounds on the differ-
ences between site-level populations as in this literature, but focus on crafting a prior that allows us to
model varying degrees of similarity across sites.

We focus on settings with few experimental sites because even in very well-resourced trials the number
of manageable sites is small relative to the number of potential sites. The total number of trials evalu-
ating the aforementioned program targeting extreme poverty was only 10. Other examples of multi-site
trials have similarly few sites. Angrist et al. (2023) and Angrist et al. (2022) report on six RCTs of remote
instruction for primary school children during the school shut-downs caused by COVID-19 and Cusolito

et al. (2023) evaluate an intervention in six Balkan countries that provides skills to help small businesses
compete in the export sector.

Another key contribution of our paper is to consider how the concern for external generalizability should
inform experimental design. Glennerster (2017) and Chassang and Kapon (2021), among others, discuss
the importance of considering external validity when designing experiments. Under the assumption
that all relevant predictors for treatment effects are measured, Tipton (2014) and O'Muircheartaigh and
Hedges (2014) discuss how experiments should be designed to ensure that the individual-level covari-
ate distribution in the experiment is suf ciently rich for covariate-based extrapolation to other contexts.
However, there has been relatively little work developing analytical approaches to experimental design
to account for more more general forms of heterogeneity across sites. Finan and Pouzo (2023) consider
sequential experimentation in one site or context, but using various sources of prior information includ-
ing past data from other contexts to inform the experimental stopping rule and policy recommendation.
We similarly seek to use prior information to inform the experimental design, but our key design choice

is in the selection of experimental sites. 2

Our framework is Bayesian, and sequential in that we use data from a pilot experiment to inform our
choice of future experimental sites. Bayesian approaches to experimental design (surveyed in Spiegel-
halter et al. 1994 and Chaloner and Verdinelli 1995) have become more practical for complex problems
with the rise of ef cient simulation algorithms and computing power. There has also been a recent re-
vival of interest in adaptive or sequential experiments, which offer the prospect of improving ef ciency

and lowering costs of randomized experiments in the social sciences. See, for example, Hu and Rosen-
berger (2006), Hahn et al. (2011), Tabord-Meehan (2018), Kasy and Sautmann (2021), Caria et al. (2021),
Athey et al. (2021), Athey et al. (2022), Cytrynbaum (2022), and Xiong et al. (2023). To link experimental
design to the problem of external validity, we embed a statistical treatment choice problem into the de-

3site selection is an important concern for clinical trials in medicine; see for example Potter et al. (2011) and Hurtado-Chong
et al. (2017). However, this literature has primarily focused on choosing sites to ensure suf cient enrollment of experimental
subjects, and timely and high-quality implementation of experimental treatments. Related issues are discussed in the context
of social science eld experiments by Glennerster (2017).



sign problem. Thus our work also relates to a recent literature on empirical treatment choice, including
Manski (2004), Dehejia (2005), Stoye (2009), Hirano and Porter (2009), Chamberlain (2011), and Kitagawa
and Tetenov (2018).

In the next section, we explain our proposed methodology at a general level that could be ported to
other applications. We set up experimental site selection as a formal decision-theoretic problem that
embodies our notion of external validity, and propose a Bayesian approach that allows us to tractably
incorporate prior experimental evidence and structural econometric analyses. Then, in Section 3, we
begin to focus on our speci c application by developing a model for migrant labor supply and remittance
choices. This model is taken to the prior experimental data in Section 4. Section 5 then implements the
full experimental design analysis for Bangladesh, Pakistan, and India.

2 Experimental Site Selection for External Validity

2.1 Setup and Design Problem

We rst introduce a framework for analyzing experimental site choice with external generalizability as
its key goal, by formalizing a policy choice problem across all potential experimental sites. We will then
extend this framework to incorporate prior experimental data, turning this into an adaptive experimental
design problem, adopt a Bayesian solution concept, and develop tractable prior speci cations that will
facilitate its implementation.

We have a set of potential experimental sites s A1,...,S. In our application, each site s represents a
migration corridor consisting of a home—destination district pair. For each site S, we observe site char-
acteristics Vs 2 V. The variable Vg could be high-dimensional, for example to capture the distributions

of demographic and other variables at the site.

The true (but unknown) effect at site  sis ¢s. Let ¢ A(¢1,-.- ,g,s)o. If we select a site sand run a randomized
controlled trial at that site, we will obtain an estimate ¢ of the site-level effect, where

to Az, 2T N(0.92)).

We assume that the 3/3,5 are known (or user-speci ed and xed in advance) for the remainder of the
analysis. In our application, this assumption is plausible, as we xthe sample size at each site in advance,

and we have prior data that is informative about individual-level treatment effects. 4

The experimental design problem is to choose a subsetof sites, S %2{1,...,S}, on which to run exper-
iments. We are given a feasible set of subsets A , and must choose S 2 A . In the case where we are
choosing a single site, the choice set A would consist of all the singleton sets {1},{2},...,{ S}. More gen-
erally, the feasible set A can incorporate various constraints; for example it may limit the total number

of experimental sites, or rule out certain combinations of sites. After choosing S we will observe ¢sonly

4Note that any clustering in the sampling design of the trial will be re ected in Y2 s but does not affect the estimand ¢s.



for s2 S . As a notational shorthand, let
és AE{es:s2S}

denote the observed experimental estimates for the sitesin S .

Although we are constrained to experiment on a limited subset of the sites, we want to choose the ex-
perimental sites to maximize the information gained about the effects across all sites. More speci cally,

we operationalize our goal of designing the experiment for external validity or generalizability by fo-
cusing on the entire vector of site-level effects ¢ &(¢1,...,és)’and posing a hypothetical policy choice
problem as a sequential decision problem. The social planner, after observing  ¢s for the subset of sites
s2 S , chooses treatments for every site s2{1,...,S}, with the goal of maximizing aggregate welfare. This
sequential decision problem is outlined in Figure 1.

Figure 1: Basic Site Selection Problem

1. Observe all the site characteristics V A(V1,...,Vs).

2. ChooseS 2A.

3. Observeiés .

4. Choose a vector of binary treatments T A&(T4,...,Ts).

5. Evaluate T by a social welfare function W (¢, T).

The key design decision is in Step 2. From the standpoint of the experimental designer, Steps 3-5 are
prospective, and serve to quantify the designer's objectives. Note that, in Step 4, we are choosing whether

or not to implement the intervention separately across  all sites, not just the experimental sitesin S .
Thus a site-selection subset S is desirable if it will allow the social planner to make good policy decisions
across observed and unobserved sites. This prospective policy choice problem embodies our concern
for the external validity or generalizability of the choice of a small number of experimental sites. As a
consequence, we are interested in the full vector ¢ A(¢q, ... ,g,s)oof site-level treatment effects, not some
aggregate such as the average effect across all sites. We will discuss the speci cation of the social welfare
function W (¢, T) in more detail below, but before doing so, we will extend this basic framework to allow

us to incorporate prior information in the form of a pilot experimental study, and develop a solution

concept for the extended problem. °

The basic decision problem outlined in Figure 1 is dif cult in part because the decision-relevant param-

5We assume the vector of site-speci ¢ treatment effects ¢ is invariant with respect to the vector of implementation decisions
T. Itisin this sense that we abstract from one dimension of “scaling up,” where, say, the number of treated sites may modify
treatment effects through general equilibrium effects. This consideration could in principle be added to our framework.



eter ¢ may be high-dimensional, yet the experimental process will provide direct information on only a
limited number of its elements. This re ects the general challenge of external validity in empirical stud-
ies, but in cases where the total number of experimental sites is limited, it will be especially helpful to
incorporate additional sources of information and modeling assumptions. We will do so by using prior
experimental evidence in conjunction with structural modeling techniques that facilitate extrapolation
of likely effects across all sites.

In our application to evaluating the impacts of mobile money training, we can take advantage of the
previous experimental study conducted by Lee et al. (2021) on a different experimental site. We can
view this as an additional site s Z0. For this site, we have observed not only its simple treatment effect
estimate ¢, but also a rich micro-level data set with individual characteristics, assigned treatments, and
outcomes which permit more detailed analysis and extrapolation to other sites. We therefore augment
the original decision problem with an initial step in which the previous randomized control trial, which

we will refer to as the pilot RCT, is made available to the designer. This extended site selection problem
is outlined in Figure 2.

Figure 2: Extended Site Selection Problem

0. Pilot RCT: for site s A0, observe individual characteristics, randomized treatments, and exper-
imental outcomes.

1. Observe all the site characteristics V &(Vy,...,Vs).

2. ChooseS 2A.

3. Observe¢s .

4. Choose a vector of binary treatments T A(T4,...,Ts).

5. Evaluate T by a social welfare function W (¢, T).

2.2 Bayesian Preposterior Solution

We propose to solve the extended experimental design problem by adopting a (quasi-) Bayesian “prepos-
terior” analysis, in which a prior distribution for the unknown vector ¢ is used to evaluate the expected
welfare gains from alternate possible choices of the site selection subset S . Speci cally, after Steps 0 and
1in Figure 2, we will construct a prior distribution for the S-dimensional vector ¢

sy |
e? -



The prior | will be based on the preliminary experimental analysis and other modeling assumptions,
as well as the vector of site characteristics V A(V4,...,Vs). (For notational ease, we suppress the depen-
dence of | and other quantities on the characteristics V in the sequel.) We will discuss the speci cation
of the prior in more detail in the next subsection, but for now we allow for general forms of P

We can solve the problem using backward induction. Speci cally, given a choice for S 2 A and obser-
vation of (g , we update the prior | (¢) for the vector of treatment effects to its posterior | (¢jés ). Then,
the vector of treatments that maximize posterior expected welfare is given by

4
T AET®(] s ) Aargmax - W(e, T)di (¢iés), 1)

where the maximization is over all S-vectors T of binary treatments.

The optimal choice S “ of the site-selection subset can then be obtained by solving:
VAR A s
S°Aargmax  W(eT°( .és )dF (s S .¢) di (o). @)

To understand this equation, it may help to consider how to evaluate the right hand side of Equation

(2) through simulation. We could generate draws for the site effects ¢ from the prior | (¢), re ecting the
outer integration. For each draw of ¢, we can then simulate the observed site-level estimates ¢s fromthe
sampling distribution F(¢s j S ,¢) that appears in the inner integral, nd the optimal treatment choice

T" based on the observed estimates, and then evaluate the welfare of that choice. Repeating this process

many times and averaging over the draws will approximate the  ex ante or “preposterior” ©

expected wel-
fare that the policymaker can anticipate for a particular choice of experimental sites S , incorporating
both the prior uncertainty about the true ¢ and the sampling variability of the experimental estimates

¢s .7 8 To make this computationally feasible, the posterior distribution ' (¢] és ), which appears in the

de nition of T in Equation (1), should be easy to calculate.

While the actual solution to Equation (2) will depend on the speci ¢ choice of the prior i and the welfare
function W (¢, some intuition is possible even in this general form. Consider including a potential site
slinthe set S of experimental sites. Observing ¢ will typically improve the decision T for whether or
not to treat that site based on the precision of the estimate 1/ 3/422’50. It can also improve the decision for
other sites s 6/&°if there is suf cient predicted similarity between és and ¢¢0, represented as cross-site
dependenceinthejointprior | ,sothatthereislearning (posterior updating) about ¢sfrom ¢e. However,
such cross-site learning is only relevant for sites s that are “marginal” in the sense that it is not already
clear from the prior whether or not the treatment is effective at that site. Taking these considerations
together, we expect the solution in (2) to choose a subset of sites that, together, maximize learning about
the welfare-relevant aspects of ¢ across all the a priori marginal sites.

6see Berger (1993), Chapter 7, for an introduction to preposterior Bayesian analysis.

7see Appendix F for a step-by-step walkthrough of the 8-pointed algorithm used in our application.

8In principle we can also allow for randomization across site-selection subsets, but given our Bayesian solution concept and
our speci cations for the priors and payoffs, the optimal choice will be generically nonrandomized.



2.3 Prior Speci cations and Updating Rules

Next, we discuss the speci cation of the prior |} . To solve Equations (1) and (2) above, a key object is the
posterior | (¢jés ), which represents the updated beliefs about the entire vector ¢ &£(¢é1,...,¢s) based on
the observation of a limited set of sites S . If the prior | is independent across the elements ( ¢1,-..,¢s),
then it will not be updated for any components that are not selected in S . And if we are restricted to
choose a small number of sites so that the number of elementsin S is much smaller than S, then the
speci cation of the prior | will be important for updating beliefs about unobserved sites. This motivates
using the observed site characteristics Vs, combined with modeling assumptions about the relationship
between Vg and ¢, to generate a prior with dependence across elements of ¢, We will consider a number
of priors, but all of them can be expressed as an S-dimensional multivariate normal distribution:

i ¢
| (()ANs't .8, .

where the choice of *; and §; will determine how the posterior extrapolates from observed to unob-
served sites.

2.3.1 Smoothing Prior

One class of priors we consider places smoothness restrictions on the relationship between Vg and ¢,
which in turn implies that sites with similar characteristics will be expected to have similar treatment
effects. Speci cally, let _

(v Ns' 8w A 1,

where 1 is some S£ 1 vector of prior means, and §(V) is a covariance matrix with elements
i 5
Clés, és0) Ad Gexp j ¢! “kh(Vs)i h(Vs)k® ,

where h(Vs) is some low-dimensional function of the characteristics  Vs. This will result in the posterior
for ¢s being a weighted average of estimates ¢« based on the distance of h(Vs) to h(V), similarly to
conventional kernel regression estimators. Here ¢ E 0 and d E 0 are tuning parameters for the prior; ¢
controls the amount of local smoothing, and  d controls the overall scale of the variance matrix.

2.3.2 Structural Prior

The smoothing prior above uses a speci cation for the covariance matrix that is well known in the liter-
ature on Gaussian smoothing methods. ° However, this conventional approach may be sensitive to the
choice of the function h(Vs) and the tuning parameters, especially when the dimension of Vs is high (as
it is in our application). Moreover, we would like to take full advantage of the rich individual-level data

in the pilot RCT, and insights from microeconomic modeling, to bring as much prior information as pos-

9see, e.g., Rasmussen and Williams (2006).

10



sible to this dif cult experimental design problem. To do so, we will construct an alternate prior based
on a structural model of a migrant's choice of labor, consumption, and remittances. This model is fully
detailed in Section 3.

For now, to explain how the structural analysis ts into our design problem, suppose we have an eco-
nomic model for the underlying outcomes, where the model parameters are given by a vector M2 E. For
every site s, the structural model predicts average treatment effect

és Eg(“'vs)l

and we use g(u,V) to denote the S-vector of predicted average treatment effects.

Based on the pilot experiment (in Step 0 of Figure 2), we have a posterior distribution for 1, which we will
denote p (). The distribution p (1) combined with the mapping g(u,V) generates a distribution for the
vector ¢. This could be implemented by drawing p» p (i) and then forming ¢ ZAg(u,V).

To maintain tractability, we will assume that the induced prior for ¢, can be approximated well by a mul-
tivariate normal distribution with mean T and variance §:

i ~C
LiV» Ns'T§ A& 5.

2.3.3 Mixed Prior

The structural prior imposes the structural model exactly across all sites, which is likely to be unrealistic.

We would like to allow for some discrepancy between the structural model  g(u,V) and the true effects
és- We do so by mixing the smoothing and structural priors. Speci cally, for some value b 2(0,1), we
take the prior to be normal with mean T (given by the structural model) and variance matrix a convex

10

combination ** of the smoothing and structural variances:

i ~ ¢
! 3/&Ns T,bEA(1j b)§(V) .

2.3.4 Posterior Updating

All of the choices for the prior we outlined above are multivariate normal distributions for the vector é
For some mean vector * ; and variance matrix §,, the priors specify that

o> NS(l (',v§(',)'

10An alternative would be to start with the structural prior and add some fraction of the smoothing variance to represent
deviations from the structural model, leading to a prior of the form Ns(t,8 Ab&(V)). More generally, we could consider various
linear functions of the two variance components.

11



Recall that every ¢ is also normally distributed and centered at ¢, SO we can write the full potential
vector of estimates ¢ A(¢1,...,és) as
&iée» N (e 82),

n o
where §. /Ediag ¥2 1re-- ,3/433 is the diagonal matrix of sampling variances. Combining these, we have

Al AA 1T A I
¢ N e 8 &

~ 2S )

(', 16' §8 §¢A§2

However, given a site-selection subset S , we will only observe ¢sfor s2 S . Let ¢[S ] denote the subvec-
tor of ¢ selectedby S , and de ne *,[S ]analogously. For any matrix §, let §[:,S ] denote the submatrix
with columns selected by S and all rows, and let §[S ,S ] denote the square submatrix with rows and
columns selected by S . Then the marginal distribution of (¢, ¢[S ]) is given by:

A ! AA I A I
NN te 8, §.0,S1]

és 1AS1 7 8.[LS1° (8.A8:)[S S]
By standard calculations, the conditional distribution of ¢ given g[S ]is multivariate normal with mean
Elcjels 1A (A8 LS 1{(8,A8)IS ST 'S Ti *[S ),
and variance
VIciZlS 11 A8, i §,[.S 1{(8,A8)S .S I} '8,[.S ]

With these formulas in hand, the integrals required to calculate the preposterior welfare for any choice of
S can be approximated ef ciently by numerical simulation. In Appendix A, we illustrate these posterior
updating formulas in a simple example with two potential sites and one experimental site.

2.4 Speci cation of Welfare Function

To complete the speci cation of the experimental design problem, we need to specify the welfare func-
tion W (¢, T). The general solution method outlined above can be applied to any reasonable function ~ W.
Our analysis below will be based on the following welfare function:

»
W(,T)E Ts(ési costs),
SAHL

where costs is the cost associated with implementing the intervention at site s, in the same units as
the treatment effect ¢s. We give more detail on how we de ne treatment effects and specify costs for our
application below. Note that, given any predictive distribution for ésWithmean ¢, the optimal treatment
is given by

TS AEl(¢és, COSts). 3)
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An “oracle” treatment rule that uses knowledge of the true value of ¢ would simply assign treatment if
the treatment effect ¢ is greater than or equal to cost .

3 A Model of Remittances

Section 2 has proposed a decision-theoretic formulation of the adaptive site-selection problem, and out-
lined its solution using a tractable class of prior distributions. A key element of our approach is to incor-
porate structural modeling to link the pilot experiment to the full set of potential future experimental
sites. In this section, we develop an economic model of optimal labor, consumption, and remittance
choices by a migrant whose cost of remitting income to their home household may be affected by the
experimental intervention. We will then estimate this model in Section 4 and use it in our experimental
design process.

3.1 The Migrant's Problem

Consider a worker who has migrated from his or her home (in a rural area) to a city to work. Some of
the earnings from their work will be consumed by the migrant, and the rest sent back to their family for
consumption at home. The migrant must choose how much they work, how much of their earnings to
consume, and how much to remit back home to their family. Remittances may be sent using traditional
means, such as via an agent or a friend who may be returning to the same village as where the migrant's
family lives. Alternatively, the migrant can remit using a new method: “mobile money.” The cost of
sending remittances by mobile money does not vary with the distance between sender and recipient,
and may be cheaper than traditional means of remittance. But the migrant may not be aware of the
mobile money option, or know how to use it.

Suppose there is now a “treatment” that makes migrants aware of the potential bene ts of mobile money
and helps them learn how to use it. We wish to study the effects of such interventions on outcomes such
as the amount remitted or consumption per capita of the migrant's family members back home.

Let C, and Cy, represent consumption by the migrant and per-capita consumption at home, respectively,
and let L, be the leisure of the migrant (in hours per day). We use w, to denote the migrant's hourly
wage, yy for total income at home, and R for the remittance sent by the migrant. There are multiple
prices: pp is the price level at home relative to the city where the migrant works; and  p, gives the units
of consumption that must be remitted by the migrant in order for their home family to receive one unit

of consumption. Finally, let a; denote the size (number of adults and children) of the migrant's family

at home. In this section, we omitan “ i” subscript indexing migrants. The i subscript will be introduced
later when discussing the data and estimator. We will generally capitalize choice variables, and use lower
case for non-choice variables.

The migrant's utility needs to possess a few key properties. We require the migrant to explicitly account
for per capita expenditure by their family back home and we need the model to produce a remittance
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decision which leads the migrant to optimally remit nothing under appropriate conditions on the price
to remit, while never remitting their entire income, both of which are features of the data. The utility
speci cation below has these features and also leads to closed form expressions for all optimal quantities,
which greatly facilitates computation. The migrant chooses their consumption, leisure, and remittances
to maximize utility, given by

i a0 i -¢
In"CoLn ® A anin'C, ",
subject to the following constraints:

Cm,Lm,R, O
Lm - 24
CmAWm(24i Lyn)i prR
an 0Cp, Eyn A 5
Ph
Here , ,®, and ~ are preference parameters. The migrant's utility depends on both their own consump-

tion Cy, and leisure L, as well as home consumption Cy,. The parameter , , which controls the relative
weight placed on home utility vs. migrant's utility, will be speci ed in more detail below.

There are two key budget constraints in this model. The migrant receives income  wn (24 L) based
on wages and hours worked (recall that Ly, is leisure of the migrant). This income can be allocated to
the migrant's consumption, or sent home as remittance R with price p,. The price to remit a single unit
of consumption, p;, is assumed to be at least one, i.e. p; , 1. This accounts for any transaction fees a
migrant may have to incur when remitting. The home consumption Ch, depends on home income, plus
any received remittance which has been normalized by the price index  pp, where typically py, - 1.

This model can be solved to obtain the optimal remittance amount ~ R". Depending on the values of the
parameters, optimal remittances may be zero, or strictly positive as indicated in the following equation.

8
<0 if Dr
o > PhYh
R E: n, an’ (24WmApr phyh) . © if 24, ap’ wm (4)
Ph pnpr (1A, an ) | Yh PrC =0y

24’ ah' W

The optimal values of migrant consumption and leisure are:

ce /E(24WmAprphyh)(|®_ Lo /E(24WmAPrphyh)¢g-i ®)
m - ’ m T P .
1A a, wm 1A ap

The mapping , 7! R" is monotonic and continuous at the boundary points. Below, we will develop a
stochastic speci cation for p; which will lead to a distribution for remittances.
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3.2 Stochastic Speci cations and Remittance Mode Choice

Here we take the basic model and build an empirical speci cation, which speci es the distributions of
preferences and some other components of the model, and extends the model to include the choice of
remittance mode.

The preference parameter , , which determines the relative weighting of utility derived from migrant and
home consumption, is speci ed as:
. AEexp(AgA Aimale),

where “male” is an indicator for the migrant's gender, discussed as a potential source of heterogeneity in
treatment effects on remittance sending in Lee et al. 2022.

Next we specify the remittance price p,. We suppose that the migrant can send remittances either
through traditional means, or using the mobile money service, and that there is a treatment (the training
intervention) T 2 {0, 1}, which can affect the non-monetary cost of using mobile money. Let  p; yaq be the
price of traditional remittance, and  p, mm (t) for t 2 {0, 1} be the price of mobile money remittance after
intervention t. For the price of traditional remittance, we specify that

pr,trad ICElAdZ,

where d is the distance between the migrant and home locations, and 2 , 0 is a individual-speci c
stochastic shock. ** Thus, the cost of remitting one unit is equal to one (the remittance itself) plus a posi-
tive amount d?2 that increases with distance, capturing the increased risk of loss or direct cost of sending
money a long way using traditional means. The shock 2 re ects individual heterogeneity in the cost of
remitting by traditional means with a low shock arising, for example, if the migrant can send money with

a trusted friend who happens to be visiting home. We assume that 2 follows an exponential distribution
with mean 2:

2 » Exponential( 2).

This ensures that 2 is nonnegative in accordance with its interpretation as the increase in remittance cost
with an additional unit of distance.

For the price of mobile money remittance, we specify that
Prmm (t) 1A ° Aexp(zoAAt)».

Here, ° , 0is the monetary per-taka-sent cost of remitting using mobile money, which we obtain from

the actual price charged by bKash, the largest mobile money service in Bangladesh. We describe how we
determine the value of ° in Appendix E.1. In addition to the formal price of mobile money, we assume
there is a positive hassle cost represented by the term exp( +0 A At)». The price of remittance by mobile

money depends on operator density 0, which captures the ease with which mobile money transactions

11\When estimating the model as described in Section 4, we set d /1 but account for other distances in the design stage.
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may be implemented. Some mobile money services require a physical agent to complete or record any
transactions made using the platform. The greater the availability of such agents or operators, the eas-
ier it is to remit using a mobile money service. The parameter + captures the effect of greater operator
density on the price to remit using mobile money. The term A measures the change in the effective
cost of mobile money remittance if the migrant receives the training intervention. Finally, we specify an
individual-speci ¢ stochastic term  » that generates variation in the hassle cost of mobile money remit-
tance. By analogy with the speci cation for 2, we assume that

»» Exponential( »_)

where »is independent of 2.12 The stochastic terms 2 and » generate variation across individuals in their
choice of remittance mode, as well as amount remitted through the optimality condition in Equation (6).

The migrant will choose whichever remittance mode is cheapest, so the effective price of remittance will
be
min{ P trad, Pr,mm (t)}.

Let M denote the remittance mode choice, with M A1 for mobile money and M AEQ for traditional re-
mittance. Then

a

., _©
M /El@pr,trad . Prmm(t) .
A1 1Ad2, 1A° Aexp(zoAAt)» . (5)

We can think of the migrant rst choosing the remittance mode, which determines the price of remit-
tance, and then selecting the level of remittance R" according to the utility-maximization problem de-
scribed above.

3.3 Distribution of Optimal Remittances

After augmenting the basic model with the remittance mode choice, and specifying the stochastic deter-
minants of preferences and remittance prices, the complete structural model implies a joint distribution

for remittance amount R and remittance mode choice M given household/migrant characteristics (and
given model parameters).

Let X denote the vector of household characteristics, including treatment status T
X A(ph,an,Wm,Yn,male,o,d, T).

Let the outcome variables be
Y AR, M" ¢1(R" E 0)).

12\when we estimate the model parameters, » will not be separately identi able from  +and A. In the experimental data, there
is no variation in the operator density 0, so we drop the term ( o) for estimation purposes, and then calibrate the value of + as
described in more detail below.
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We rst derive the distribution of the price to remit

pr. Given the distributions of 2,», we have:

v 71 A ( )!
Pi ~'X¢,£Eex umin 2 Pil 0 4ﬂtIJex min '—ﬁi Li®
Pr. PJ p P Zeq p l;%Ainm.
8
gl \ if pC1,
Bl ; ~ °
AEEexp3| . if 1-pC1A°,
Texp i By i S if 1A B
Given the expression for optimal remittances, for any value r , 0 we have
u .o =1
24 aphw —
P(R®- rjX)&P p,, Sha kil . 6)

r(1A, an” )Apnyn

The optimal distribution of remittances now follows from the expression for Pr( pr, tjX)forany t 2R.
Another quantity of interest is the probability that a migrant will remit a positive amount through mobile
money. This probability, conditional on migrant characteristics, is
3 o - . 74

Zd  zg A »eAtAzo

P(M® &1,R° E 0jX) Aexp

Y
£1 wpy,

¥, A A ! 1
(LA°)dpnyn 4¢ L e 1,1 o0 an wm T
24, ap’ ew »eAtAzo  Zd PhYh

o

()

The indicator variable in Equation (7) re ects the necessary condition for mobile money to be the pre-
ferred mode of remittance. The distribution of optimal remittances, and the probability of remitting a
positive amount using mobile money, will be the basis for the estimation routine described in Section 4
when we use data from a randomized trial to tthe model described here.

4 Fitting the Structural Model to the Pilot Experiment

Lee et al. (2021) conducted an experiment in Bangladesh in 2014-2016 to measure the impacts of an in-
tervention that trained migrant workers in the city of Dhaka and their family members at home to use a
digital money transfer service. The study measured multiple outcomes of interest for both the migrants
and their family members. The experiment tracked 813 migrant-home family pairs whose home fami-
lies were located in the district of Gaibandha. The families chosen for the study were all “ultra poor” as
de ned by local administrative standards, and regularly received remittances from migrant family mem-
bers in Dhaka. The experiment randomly assigned half the sample to a treatment arm that was given
detailed training on how to use the mobile money application bKash to remit money. Members of the
control arm were not given any training.

We use data from this experiment to t the model from Section 3, as the rst step in de ning a Bayesian
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prior for the experimental design process described in Section 2. Since we do not model migrant un-
employment, we drop the 34 households with migrants who report no earnings. We also drop the 116
households who report no income at home because we believe these are in fact misreports. A large ma-
jority of these households have high consumption levels that greatly exceed the amount of remittances
they receive, but do not report any debt. The loss in sample size is re ected in the uncertainty about
the structural parameters as well as the implied site-level treatment effects. Table 1 displays summary

statistics for the sample used for model estimation.

Table 1: Summary Statistics for Estimation Sample from bKash Experiment

Treated Control

Male Female Male Female
Variable Mean Std.Dev. Mean Std.Dev Mean Std.Dev. Mean Std. Dev
Daily Remittances Sent 92.49 81.00 49.16 48.83  83.12 68.87 51.12 56.52
Mobile Money Usage (cond. on remitting) 0.54 0.45 0.46 0.47 0.43 0.46 0.34 0.46
Migrant Daily Wage 32.77 9.07 25.49 5.68 32.01 8.89 25.68 5.14
Home Daily Income 362.02 260.36 317.47 216.01 369.06 247.75 352.18 239.63
Home Household Size 4.09 1.57 4.10 1.41 4.27 1.64 4.18 1.51
N 241 83 233 100

Notes: Lee et al. (2021) recorded remittance behavior over multiple months which we aggregated up to household level; mobile
money usage conditional on remitting is the fraction of remittance transactions reported to have been executed via mobile

money.

To take the model developed in Section 3 to the prior experimental data, we assume that the households
i /£1,...,n in the experimental data are a random sample from the relevant population at that site. For

each household we observe characteristics
Xi A(Phi s @hi s Wmi , Yhi ,malemi,0;,di, Tj),
and we observe the household's amount remitted, and mode choice conditional on positive remittance:

Y; £(Ri,M; ¢L(R; E 0)).

© . . - a ) .
The full set of model parametersis A,Aq,A1,2,»,®,°,” ,+ . While most of these parameters will be es-

timated by making explicit use of the model, as described below, °,”, and * will be normalized or esti-
mated separately as described in Appendix C. We collect the remaining parameters into a vector — p:

WA Ao ALZ @,

and we will suppress the dependence of model-implied quantities on the other parameters for notational

simplicity in what follows.

For the experimental site, there is a distribution of the covariates  Fy, i.e. X; i Fx. The distribution Fx
will in turn induce a distribution on outcomes Yi through the structural model Fvjx (YijX; .2 At the

13\we will also sometimes suppress the dependence of quantities on  Fx in the expressions below for notational convenience.
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other sites, the distribution of covariates will differ from  Fy, and this will lead to variation in the predicted
site-level average treatment effects generated by the structural model.

4.1 Minimum Distance Estimator

We estimate the parameter vector p by classical minimum distance, following Newey and McFadden
(1994) . Let () be a K -dimensional vector of quantities implied by model parameter ~ p. These quanti-
ties will generally be conditional expectations of functions of Y given X. Let §(u) be the sample versions
of these model-implied conditional expectations. We will specify  q(u) and G () in detail below.

Let Zabe sample estimators of the corresponding conditional expectations (which will typically have the
form of conditional sample averages). Suppose that 7P Yy for some Yy and that

P i vo) ! N(0,85).

The estimator ﬁsolves:
i ~ %VV i ¢
min Uni 4() Wn Zai d(y)

where W, is a weighting matrix with Wi, ® W for some W . Suppose there is a unique solution g to the
population minimum distance problem:

mliln Foi a)W i a(p)).

We will take o to be the pseudo-true value of the parameter. ° Under suitable conditions we will have
ﬁ!p Mo, and
P— -~ d
n(ui Ho)!" N(0,8),

where
s, £GWG) 'cWws,weGWaG) 1,

and G Eg@(uo) is the Jacobian of q(u) evaluated at [p. In order to estimate the sampling variance of ﬁ
we estimate G by evaluating the Jacobian at p /Eﬁ, taking the derivative analytically or numerically. We
also estimate the variance matrix 8,associated with %(see Appendix B.1 for the derivations).

1%1n our application we have fully speci ed the conditional likelihood function for outcomes given covariates and parameters,
so it would be possible to instead estimate p by conditional maximum likelihood or the exact Bayesian posterior expectation.
Under model misspeci cation, the probability limits of such likelihood-based estimates could differ from those of the mini-
mum distance estimator. We take a minimum distance approach to provide a template for future applications adopting our
approach where likelihood-based estimation is not possible.

15/t the structural model does not hold exactly, as we generally take to be the case in our analysis, the pseudo-true parameter
value pg depends on the choice of the limiting weighting matrix W . We suppress this dependence in the notation.
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4.2 Speci cation of Estimator

Here we specify the function q(p) used for our model. First, we de ne the components of  %and q () that
relate to the quantity remitted by the migrant. We x a set of remittance values

a

©
R Erq,ry,...,rq, A{0,50,100,125,150,175,209,
and for each combination of (male, T)Z&(m,t)2{0,1}?and r 2 R we consider the following probabilities:
P(R; - r jmale £m,T /&t), P(M; /£1,R E0jmale £m,T /&t).

These conditional probabilities may be estimated directly by their sample analogs, or derived from the
structural model given a parameter vector. The sample analogs will constitute the vector ~ 4in the mini-
mum distance estimation routine, while the model implied versions will constitute the vector h(9. The
experiment of Lee et al. (2022) asked migrants for the mode and amount of remittances sent over multi-

ple months between the baseline and endline surveys. We rst aggregate these up to the household level.
The variable R; is therefore the average remittances sent by a migrant over the course of the survey, and
the mobile money usage variable is aggregated to a probability of remitting via mobile money (bKash).
The de nitions of the components in ~ Y2are modi ed accordingly. Speci cally, for any value r 2R, the
corresponding component of  %ais the following estimated conditional probability:

P
_ i”%l{Ri - r,malej £m,T; A&t}
7 AP(R- rjmale £m,T AEt) AP
i m 1{male; A£m,T; At}

The model-implied quantity is:

P
. P(R: - 1 jXi,W)¢l{malej £m,T; &t}
g 1{male; £m,T; A&t}

ar (v £ -

where P(R® - 1 j Xj,M) is as de ned in Equation (6). Similarly, for the probability of remitting a positive
amount through mobile money, conditional on migrant gender and treatment status we have:

P, = R
L o P(M; /£1,R; E0)¢1{male; £m,T; At}
Yy EP(M; E1,R; E 0] male; £m,T; A£t) /£ P
i g 1{male; £m,T; At}

where P(M; Z£1,R; E 0) for household i represents their rate of using mobile money across all remittance
transactions they report making in the experimental data. The corresponding component of q(u) is:

P Lo
N e P(M; /El,Ri E 0j Xj,p) ¢1{malej £m,T; A&t}
" Mo l{male; £m,T; A&t}

Gk (W) &

where P(M; £1,R; E 0j X;,p) is given in Equation (7). We stack these conditional probabilities across
groups based on the four possible values of the vector (male, T)tode nethe rst4 &jR jA 1) elements of
Taand h (9, respectively.
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We also include a component of %iand h to estimate the parameter ®. Solving the migrant's decision
problem yields the following optimality condition:

® Cm

— .
1i ® Lmymowy
We observe expenditure by a migrant E, and consider it to be a noisy observation for consumption  Cy,
asin:
Em Z£Cm A2, where E[?] AQO.

Substituting E,, in the optimality condition and rearranging terms results in the following expression for
the parameter ®:

E
£ FElEn] @
EEm]AE[Lm W]
We setq; (1) ££® and the corresponding ¥4 equal to the sample analog of the expression above.
Finally, to complete the speci cation of the minimum distance objective function, we set W, equaltothe

identity matrix. The asymptotic variance of the estimated parameter vector depends on the limiting gra-
dient matrix for the estimation moment. Expressions for the derivatives of  q(¢ can be found in Appendix
B.2. Table 2 displays estimated parameters, with standard errors in parentheses. Appendix D details the
model t by comparing treatment effects on the amount of daily remittances sent and the probability of
remitting via mobile money, as well comparing the observed empirical distribution of remittances in the
experimental data with the model generated distributions.

Table 2: Parameter Estimates

A Ao Ay z » ®

-0.5116 -2.2641 0.1012 0.2522  0.1341  0.3176
(0.2369) (0.0772) (0.042) (0.2478) (0.1618) (0.0048)

The negative estimated value for A shows that the treatment effectively reduces the hassle cost of re-
mitting via mobile money. The negative estimate for  Ag implies that migrants place a low weight on
per-capita consumption across home household members relative to their own index of consumption

and leisure. Speci cally, the value Ag /E j2.26 implies that female migrants put a weight of 0.905 on
their own consumption-leisure index and the rest on home consumption. Our estimate of A1 has male
migrants putting a weight of 0.897 on their consumption-leisure index. Based on Lee et al. (2022), we
conjecture that this could be a result of migrant women having less bargaining power relative to their
male co-migrants so that they are less able to remit to family members at home. Our estimate of ~ ®%1/3
is in line with typical values for the consumption weight in consumption-leisure indices, e.g. Kydland

and Prescott (1982).
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4.3 Predicted Site-Level Effects Based on the Structural Model

The structural model can be used to predict the average effect of the intervention for every prospective
site. In conjunction with a posterior distribution for the structural model parameters 1 obtained from the
pilot RCT data, we can thereby generate a joint prior for the vector of site-level effects ¢ A(¢1,-..,¢5). In
our application, we face some additional computational and data limitations. To explain our approach,

we rstoutline an idealized version of our simulation algorithm that abstracts from some of these com-
plications, and then discuss the practical implementation that addresses the remaining issues.

Let p (1) denote the posterior distribution of the structural parameters, based on tting the structural
model to the pilot bKash experimental data as discussed earlier in this section. To generate draws for the
average effect ¢ at a site s, we need the values of the site-level characteristics ( 0,d,pp). We also require
the joint distribution of the characteristics (Wi, ani, Yni »male;j) of households in corridor s. To simplify

the notation, let Fx s denote the joint distribution of the site- and individual-level covariates at site s.16

We can generate draws for ¢ as follows. First, take a draw for the structural parameter:  p» p(u). Then,
generate many draws b A1, ...,B for the site- and individual-level covariates:  Xsp » Fx,s, and also gen-
erate B draws for the model shocks 2 and » from their exponential distributions (with means depending

on the draw for ). Then, for each simulated individual b, we can generate their counterfactual optimal
remittances and mode choice under both treatment and control, by setting t ££0 and t A1 and using the
formulas in Equations (4) and (5).

This results in a large number of draws Rgp(t), Mgp(t),b AL, ...,B, for the outcome variables under both
treatment and control at site  s. We can then calculate the (approximate) value for ¢s. For example, if we
are interested in the average effect of the treatment on remittances, we can set
1R £ o
és /Eg Rsp(1)i Rsp(0) .
b/EL

(The actual de nition of the treatment effect we work with in Section 5.1 is slightly more complicated,
but the same idea can be applied to any notion of a treatment effect for which the structural model
generates counterfactuals.) This generates one draw for ¢, and repeating the entire process many times
will generate a large number of draws for ¢ from the structural prior.

The full algorithm for simulating the structural prior extends this intuition in a number of ways. First, our
minimume-distance estimation strategy described in Sections 4.1-4.2 does not provide the full Bayesian
posterior distribution for . We instead adopt a limited-information perspective and interpret the mini-
mum distance estimation strategy as providing an approximate or quasi-posterior for 1 given by

i - ¢
us N'0L8u/n,

where ﬁ is the minimum distance estimate and Qu is the estimated asymptotic variance-covariance ma-

16This joint distribution will be degenerate for the site-level characteristics, putting probability one on their known values.
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trix of its sampling distribution. In order to avoid the possibility of obtaining negative draws for 2 and
»_, we transform p by taking 27! In(2) and » 7! In(»_), leaving the remaining components of p unchanged,
using the Delta method to obtain the implied distribution.

Second, we need to sample jointly for all the site-level effects ¢1,...,¢s. For each draw of u, we employ
the same method to generate the implied value of ¢ across all sites s A1, ...,S. When doing this, we can
re-use the model shock draws 2},», across the sites to reduce simulation chatter.

Third, we face a signi cant data limitation that prevents us from directly estimating Fx s, the joint distri-
bution of individual (and site-level) characteristics by site. Ideally, we would have a data set that samples
Wmi, @ni, Yhi, and male; for migrants in each prospective site s. Unfortunately, we do not have data
with this level of granularity. Speci cally, data linking households in rural areas to migrant members is
not available. We use nationally representative data sets—which we will hereafter refer to as adminis-
trative data—to construct site-level summary statistics. In these data, the only site-level statistics that
we regard as being of suf ciently high quality for our purposes are the marginal distribution of gender
among migrants, and the marginal sample means and variances of migrant wage, home household size,
and home household income conditional on migrant gender. We therefore need to make additional as-
sumptions about the dependence structure of the individual-level variables in order to specify their joint
distribution.

To specify the joint distribution of individual characteristics by site, we assume that for each site, the
vector (In( wmi ),In(an; ), In(yni)) is jointly normally distributed conditional on migrant gender. We can
estimate the means and the marginal variances of this distribution from the administrative data. To
specify the conditional covariance terms, we estimate the correlation matrix for the same (logged) co-
variates from the pilot experimental data in Lee et al. (2021), separately by gender, and assume that the
same correlation matrix holds in every prospective site  s. This fully speci es Fx s through the probability
of the migrant's gender, and the joint distribution of (W, ani, Yni ) conditional on migrant's gender.

Table 3 demonstrates the impact of the data limitations described above. It shows the model implied
treatment effect on daily remittances sent by migrants when using the full data of Lee et al. (2022) and
compares it to the model predicted value when restricted to only summary statistics for the migrant and
home household characteristics.

Table 3: Model Implied Treatment Effects for Migrants in bKash Experiment.

Outcome Model BKash Experiment
Daily Remittance (Complete Microdata) 5.94 6.41
Daily Remittance (Summary Statistics Only)  6.44 6.41
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5 Application: Designing Experiments in South Asia

We apply the experimental site selection methodology developed in the previous sections to determine
where to locate new randomized trials in Bangladesh, India, and Pakistan. The experimental interven-
tion will again be aimed at reducing the costs a migrant may face when remitting to their family in distant
home districts. A migration corridor (site) is de ned as an origin district and destination district pair in

any country. “District” is the administrative unit we use as the end point of a migration corridor. Ap-
proximately equivalent to a county in the US, they are referred to as districts in India and Pakistan, while
Bangladesh refers to the same unit as a zila. For convenience we will refer to all such spatial units as
districts in what follows.

We rst describe the social welfare function and treatment effects we will target and translate costs into

welfare terms, and specify the site-level data and prior distributions we will use for the analyses. Then,
we begin our exploration of experimental designs by applying the method developed in Section 2 to the
problem of choosing a single experimental site in each country. We then consider site selection when it
is possible to target two migration corridors in each country, which is the case we can actually take to
the eld. We evaluate the welfare gains and discuss the potential gains (and costs) of experimenting on
multiple sites.

5.1 Specifying Social Welfare
5.1.1 Bene tof Treating a Site

The household-level outcome of interest in this application is the sum of additive log social welfare as-

sociated with each of its home members' utility, %’

X
In uj.
j2HH,

As in Deaton (1997), we assume the utility attained by an individual  j in home household i is household
per-capita consumption which, after accounting for remittances, is

H 1
1 R

Uj A — yh,iA—' .

an,i Ph

Since all members of the household have the same per-capita consumption, the outcome of interest may

be written as: " A 14
1 A R!
Yi(t)Eaniln — yniA—
I I ah,i ! Pnh

Thisis a special case of additive CES social welfare (c.f. Deaton 1997, Alderman et al. 2019). We focus on log welfare for
transparency and compatibility with the log per-capita consumption outcomes reported in Lee et al. (2021), but could consider
alternative parameterizations. This is isomorphic to specifying  j's utility from consumption as log with a utilitarian social wel-
fare. We abstract from the migrant's utility gain from a decrease in the effective price of remitting via mobile money decreasing
due to the training, but this could easily be incorporated.
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where the dependence on the treatment status t 2 {0, 1} is made explicit in the notation Rit.

For site s, the average treatment effect in welfare terms equals

és AELLYI (D) Yi(0)],

where the p subscript indicates the dependence of the distribution of remittances on the model param-
eters, as detailed in Section 3.3. The expectations operator above also aggregates over the joint distribu-
tion of (an,yn,i,Wm,) at site s, as detailed in Section 4.3. The average treatment effect on this measure
can be interpreted as approximating the home-household size-weighted average percentage change in
per-capita consumption due to the training program.

One last point to handle is that household size ay, ; can be affected by the treatment. In Lee et al. (2021)
household size declines slightly with treatment as some additional household members migrate. We
consider these members to bene t from the increase in per-capita consumption at home, so we measure
the treatment effectin a site sas

" A P endline it ) A : endline it
baseline ¢, 1OME expenditure j; _ baseline oy 1OMe expenditure g
Bi Ao n i i By oay n i ,
) aendllne ) aendllne
h,1i h,Oi

where the 0 or 1 preceding the household index i denotes treatment.

5.1.2 Cost of Treating a Site

A site will be recommended for treatment in the policymaking stage if the perceived welfare bene t of
treatment there ( ¢s) exceeds the cost. We therefore now turn to putting the per-migrant cost of the pro-
gram, given in Table 3 of Lee et al. (2021) as 885.84 taka, in the social welfare units described above. We
suppose that the cost is constant across sites within a country and the program is nanced by a uni-
form consumption tax in the country. Following the standard benchmark in the public nance literature

(c.f. Finkelstein and Hendren 2020), we assume taxpayers incur a 30% deadweight loss, so that the cost

of the program from their perspective is 1152 taka. ®

Consider the consumption tax rate ! needed to pay for the program on a per-migrant basis. As above,
uj for taxpayer j is per-capita expenditure in j's household. To pay for the program with a uniform
consumptiontax atrate ! ,u; mustgo down by

household expenditure ;

Tu; A ¢
. hh size;

We take a rst-order approximation to the impact of this change in uj on social welfare, multiplying the
change in u; by the social marginal utility associated with  uj. Because of the log speci cation for the

18This may differ in developing countries — for example because of lower overall tax burdens, a lower labor supply elasticity
and the mode of taxes (e.g. VAT vs. labor tax). These factors may result in a different, potentially lower deadweight loss.
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social value of uj, the social marginal utility of achangein uj is

hh size;j

household expenditure ; '

Allmembers j within the same household have the same social marginal utility and change in ~ u; sowe
can sum over households h to get the aggregate effect of the the tax,

X .
hh size, @ . 9
h

It remains to derive the size of ! needed to pay for the program on a per migrant basis. This solves:
1152 /! d¢total expenditure in the country. (20)

Combining (9) and (10), we can rewrite the treatment cost in welfare terms as:

1

1152¢— . -
national per-capita expenditure

To compute national per-capita expenditure in the three countries, we use the “Final consumption ex-
penditure” series from World Development Indicators in constant local currency units and divide it by
the contemporaneous value of total population, also from World Development Indicators. For com-
patibility with the per-capita expenditures from Lee et al. (2021), we convert “Final consumption ex-
penditure” to the monthly level and use 2015 values. For Pakistan and India, we convert rupee values
to Bangladesh taka using the April 1, 2015 market exchange rate from xe.com. This procedure yields
welfare-unit treatment costs of 0.183, 0.145, and 0.153 for Bangladesh, Pakistan, and India, respectively.

5.2 Candidate Migration Corridors

While data is available for a large number of migration corridors in each country (Appendix E.1 discusses
the construction of our dataset of site characteristics), we focus on a smaller subset for the purposes of
experimental site selection. We have two main objectives in doing so. The rstis to build in robustness
to prior misspeci cation through geographic diversity: we require that the two corridors have origins

in different states (India), provinces (Pakistan), and divisions (Bangladesh). The second is survey and
program administration practicality: origin locations must be suf ciently dense in households with mi-
grants to make it feasible to sample in that location, and we can only survey in areas where our potential
enumeration partners work. We view potential program administrators as being subject to the same
constraints as our enumeration partners. Program administrators, too, must have a suf ciently dense
pool of migrants to be able to Il training sessions. Appendix E.2 provides details on the migrant den-
sity restrictions we use, and Table 4 lists summary statistics on the characteristics of sites matching our
criteria across the three countries.
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Table 4: Summary Statistics for Site Characteristics Across Corridors by Country

Variables Bangladesh Pakistan India
. Mean 267.05 897.51 378.94
Mean Household Income (Daily) sD 211.38 262 3 261.15
. Mean 239.57 836.32 581.02
SD Household Income (Daily) SD 230,49 276.15 390.39
. Mean 4.03 5.31 6.37
Mean Household Size SD 0.89 103 1.04
. Mean 2.35 2.73 2.97
SD Household Size SD 183 072 0.75
. Mean 55.55 125.49 77.03
Mean Male Migrant Wage (Hourly) sD 553 61.54 2916
. Mean 72.96 75.37 65.19
SD Male Migrant Wage (Hourly) sD 8.26 63.54 34.87
. Mean 33.07 44.17 50.40
Mean Female Migrant Wage (Hourly) SD 25 52 5352 93.10
. Mean 43.03 26.04 27.53
SD Female Migrant Wage (Hourly) sD 33.67 5421 83.47
. . Mean 178.08 459.41 227.46
Mean Remittance (Daily) SD 71.05 152.03  215.361
Operator Densit Mean 0.07 0.04 0.05
P y SD 0.02 0.01 0.05
Missing Operator Density (District Level) Percent 41.5 48.3 48.8
Price Index Mean 0.88 0.99 0.81
SD 0.145 0.02 0.17
. L . Mean 142.63 227.83 652.70
Distance between Sites in Corridor sD 75 85 31512 50216
. . Mean 0.03 0.01 0.17
Migrant Density sD 0.022 0004 022
Number of Sites Count 41 60 740

Notes: Site characteristics are themselves means and standard deviations across house-
holds within the each site. The means and standard deviations reported in this table are
the mean of means and standard deviations across sites in each country, and the stan-
dard deviations of site-level means and standard deviations. Wages and incomes are in
Bangladesh taka. Sites missing operator density have operator density replaced with the
mean operator density at the next-highest administrative level (e.g. the state mean in
India). Sites come from set restricted to ensure feasibility of treatment delivery and ro-
bustness to prior misspeci cation, see Appendix E.2 for details.

5.3 Description of the Priors

Mixed prior  Our preferred prior to provide the extrapolation bene ts of the structural model and the
robustness of the smoothing prior is the mixed prior described in Section 2.3, with equal weight placed
on the structural prior and a smoothing prior. The mean parameter for the prior is the vector of average
treatment effects generated by the structural model. The covariance matrix for the smoothing prior is
constructed as in Section 2.3.1 using two site level characteristics: the distance between destination and
origin; and home household income. These variables are important both in our fully-speci ed model
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and according to standard economic reasoning. The bene ts of constant-price mobile money relative to
traditional methods like migrant travel are increasing in the distance between the destination and origin
points of a corridor, and the marginal value to the migrant ofincome sent home is higher when the home
household is poorer. We standardize both variables to have mean zero and unit standard deviation.

Migrant wage at destination would also seem important but does not vary much in Bangladesh since
there are so few destinations among high-migrant-density corridors. Furthermore, including more vari-
ables in the smoothing prior increases the sensitivity of site selections to its tuning parameters, including
the measure of distance between site characteristics. '° This is a key difference with the structural prior,
whose parametric structure speci es the relevant notion of distance explicitly.

We set h(¢ in the de nition of the smoothing prior covariance matrix in Section 2.3.1 to the identity
function and use Euclidean distance as the norm. We set the tuning parameter ¢ to 1 while the parameter
d is chosen such that the scale of covariance values implied by the smoothing prior are similar to those

of the structural prior. In particular, d is chosen to approximately minimize the maximum absolute

difference in variance values as de ned by the structural and smoothing priors. ~ 2°

While most empirical results shown below are with reference this mixed prior, we also consider other
priors with different weights on the structural model.

Structural prior The pure structural prior we consider is a mixed prior with zero weight on the smooth-
ing prior.

Smoothing prior ~ We also consider a pure smoothing prior. We intend it to represent an off-the-shelf
application of the ideas behind the smoothing prior, showing an alternative that does not involve under-
taking the construction of a structural model. Instead of setting the prior mean to the structural-model-
predicted vector of site treatment effects the way we do in all mixed priors, we set the mean parameter
in the pure smoothing prior to be constant across all sites and equal to the estimated treatment effect (in
welfare terms) in the pilot bKash experiment of Lee et al. (2022). As in the smoothing component of the
mixed prior, we construct the covariance matrix for the pure smoothing prior using destination—origin
distance and home income, but we choose the parameter d governing the overall prior scale so that the
site-level variances match the sampling variance for the estimated treated effect in the pilot experiment.
This gives us d ¥0.364, and we setc to a benchmark value of 1.

Distribution of ¢ given ¢, Recall that the distribution of ¢ is related to the true outcome ¢ is

eie» N (¢e,82).

191 pakistan and India there are more destinations and wage at destination varies more across corridors (see Table 4). We
keep the number of characteristics at two for consistency with Bangladesh and because of the aforementioned concerns about
dimensionality in the smoothing prior.

20\ve setd A0.1 for Bangladesh and Pakistan, while for India we use d A0.073.
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© a
In our implementation, we set §. Adiag ¥£,...,%¢ with the sampling error ¥£ de ned as

9,
%12 /E %Kash'
Nexp

where %éKash is the estimated variance of the treatment effect as observed in the experiment of Lee et al.
(2021) and ney, is the number of households sampled in each corridor for the new experiment. The value
of nexp depends on the number of corridors selected for experimentation, as described in Appendix H.2.

Comparing the priors As discussed above, the parametric model underlying the structural prior allows
experimental results in a given site to be informative for treatment effects in sites with quite different
characteristics. We can visualize this by examining how the mean predicted treatment effect in other
sites changes as we change the value of the treatment effect in a reference site. This amounts to plotting

E ¢siés0] (Where expectations are taken under the prior) as a function of  ¢c. Figure 3 displays such curves
for all sites s under the structural prior, with the treatment effect for the reference site Dhaka—Noakhali

on the horizontal axis. Dhaka—Noakhali is a migration corridor between Noakhali on the Bay of Bengal
and Dhaka, the capital of Bangladesh and the main location of garment factories. 2* Most of the lines
have substantial positive slopes, meaning that a large treatment effect in Dhaka—Noakhali is expected to
be associated with a large and positive predicted treatment effect in most other sites. Figure 4 plots the
same relationships under the smoothing prior. Here the predicted treatment effect in Dhaka—Noakhali

is strongly positively correlated with the predicted effects in only a few other sites, speci cally only those
sites with similar average home household income and destination—origin distance. The horizontal axes

of the two plots, which are set by the range of 1,000 draws from each prior, are also of note. It is evident
that the structural prior puts very little probability on Dhaka—Noakhali having a negative welfare ATE,
while the smoothing prior remains agnostic. We provide analogous plots for Pakistan, yielding the same
gualitative conclusions, in Appendix O.1.

Figure 3: Mean Welfare TE (Structural Prior) Figure 4. Mean Welfare TE (Smoothing Prior)

21patterns are similar regardless of the choice of reference site.
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5.4 Optimal Choice of a Single Experimental Site

Figure 5: Optimal Sites under Different Rules When Choosing a Single Site in Each Country

Bangladesh Pakistan

India

Notes: Light dots represent candidate sites. HH Income refers to the average income in 2015 Bangladesh Taka, excluding
remittances, of a household at origin reporting having sent an internal migrant. Distance is km between corridor origin
and destination as the crow ies. See Appendix E.1 for details. Site names refer to the sites selected under our preferred
mixed prior with 50% weight on the structural model.

We now consider the problem of choosing a single experimental site in each of the three countries, draw-
ing on the pilot experiment to construct the prior distributions.

The site for the original experiment in Bangladesh (the Dhaka—Gaibandha migration corridor) was cho-
sen in part because it was a promising location for the intervention. Lee et al. (2021) nd relatively large
treatment effects, which likely re ects particular qualities of the Dhaka—Gaibandha corridor. First, the
distance between Gaibandha and Dhaka makes it costly to travel between the two sites, and the ability
to send money digitally, with a price that does not depend on distance, is thus particularly appealing.
Second, the high poverty rate in Gaibandha meant that getting extra remittances could be expected to
make a larger marginal impact than in better-off districts. Third, the infrastructure for mobile money
was already in place, led by bKash, the largest provider. And, fourth, barriers existed to the adoption of
bKash that could be reduced through a basic training intervention.
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The question after the experiment was whether the results in Lee et al. (2021) would generalize to other
contexts. The top left panel of Figure 5 shows other migration corridors in Bangladesh. The horizontal
axis gives the distance between the two ends of each corridor, and Dhaka—Gaibandha is among the longer
corridors. The vertical axis is average income among households in the home district who report having
sent an internal migrant, and Gaibandha is on the lower end compared to others. The red circle which
locates the Dhaka—Gaibandha corridor is thus on the periphery of the main cluster of sites in the gure.

A black triangle indicates the corridor where the highest total mean treatment effect from the interven-
tion is expected, according to the mixed prior. It also involves a relatively poor district like Gaibandha,
and it is much further from Dhaka. Choosing a site for additional experimentation which is similar to
Dhaka—Gaibandha—or a site where the treatment effect is expected to be particularly large (shown by
the black triangle)—would lead to choices that are unlike most other migration corridors in Bangladesh.

The optimally chosen sites for experimentation under the mixed, pure structural, and pure smoothing
prior are given by a diamond, 8-pointed star, and X, respectively. 22 These, in contrast, are more similar to
the other candidate sites, all of which are of interest to the policymaker. The optimally-chosen corridors
are shorter, and the populations are somewhat better off economically under the smoothing prior. The
optimal location for experimentation re ects the full decision problem faced by the policy maker. For
some sites, the choice of adopting the policy is relatively clear, even without the new experimental data.
But policy choices in other sites will be a priori uncertain. The policymaker's choices bene t less from
experimenting in sites informative for locations where it is already clear from the prior whether or not
the treatment is likely to be effective. Experimentation in sites that can inform policy choices where
decisions are uncertain thus get more weight in the experimental design because the results are more
likely to affect overall welfare.

The single site in Bangladesh chosen using the pure smoothing prior depends on the distribution across
sites of the average income of migrants' home households and the length of the corridor, the two axes of
the gure. The purple X in the gure shows the corridor chosen with the pure smoothing prior, and it is,
by design, in the middle of the other corridors. The gure shows that the chosen site is far more typical
than the Dhaka—Gaibandha corridor in these two dimensions.

As described in Section 2.3, other dimensions can matter as well. The microeconomic model in Section
3, re ected in the pure structural prior, incorporates the migrants' choices of labor, consumption, and
remittances to predict the vector of average treatment effects across sites. Site selection with the struc-
tural prior thus re ects dimensions beyond just household income and corridor distance. The richer
information yields a site selected closer to the original choice of the Dhaka—Gaibandha corridor. The
optimal choice, marked by the green 8-pointed star, is the Dhaka—Noakhali corridor, which is longer and
poorer than the site chosen with the pure smoothing prior. The mixed prior, which puts equal weight on
both the smoothing and the structural prior (and which is the preferred speci cation), also selects the
Dhaka—Noakhali corridor (shown by the yellow diamond).

The two other panels in Figure 5 show optimal single experimental site selections in Pakistan and India.

22\\e lay out in detail the simulation algorithm underlying these choices and those in the rest of the section in Appendix F.
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In both contexts, choosing migration corridors for experimentation with distances and home incomes as
close as possible to the Dhaka—Ghaibandha corridor, as might be dictated by the logic of pure replication,
would again lead to peripheral choices. So would choosing the corridor where the total mean treatment
effects are expected to be highest. Instead, our approach again optimally selects sites that are similar to
other sites; when just basing choices on the pure smoothing prior, the sites are centrally located in terms
of home household income and corridor distance. The sites selected when incorporating the structural
prior again diverge from those chosen just with the smoothing prior, re ecting the additional dimensions

of comparison. But, with either prior, the gures show that choosing a single site favors selection of
locations that are generally central among candidate sites.

The bottom panel of Figure 5 shows site selection in India, and it illustrates a limitation of conducting
only a single experiment. Sites in India are dispersed widely, with two main clusters of points. By the
logic underlying the smoothing prior, a point in the center of one cluster may then not generalize easily
to the other cluster. The observation motivates the next questions: When is it valuable to experiment in
more than one site? Where should sites be located when experimenting in two or more sites, and how
much more informative is it for policymakers? In Sections 5.5-5.6 we analyze the problem of selecting
two migration corridors in each country, then in 5.7 we quantify the welfare gains from experimenting in
various numbers of sites weighed against the added costs.

5.5 Optimally Choosing Two Sites in Each Country

In Figure 5 for India, there appeared to be two clusters of sites based on distance and household in-
come. The single-site analysis recommended sites relatively central to one of the clusters, but far from
the other cluster. Experimenting in two sites, instead of just one, could allow us to learn more about sites
in the other cluster. Fortunately, in the actual experiment we are designing, we have the ability (in fact a
mandate) to select two sites in each country. We turn to this case now.

Range of Welfare Values Table 5 displays the ve best and worst migration corridor pairs for all three
countries with average welfare per migrant at the site level evaluated under our preferred mixed prior.
The table shows the range of welfare values possible under different choices of experimental sites. As
mentioned, there are few destination districts among high-density corridors in Bangladesh, with only
two destinations represented in the table. The impacts of optimal site selection are substantial here,
with the worst site combination leading to an maximized welfare which is about 7% of the welfare in the
best site combination.

We see that there are more destinations among the high-density corridors in Pakistan than in Bangladesh.
Several of the worst combinations involve migration from the district containing Islamabad. In India
again corridors involving origin districts with large cities appear in many of the worst site combinations.
These corridors do have high migrant densities but the home households are outliers—they have the
highest incomes among candidate sites. In both Pakistan and India, the ratio of welfare achieved by
choosing the best sites compared to the worst is smaller than in Bangladesh. We return to this point in
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Table 5: Best and Worst Corridor Combinations in Bangladesh, Pakistan, and India

Bangladesh

Best Combinations Worst Combinations
Corridor 1 Corridor 2 Avg. Welfare  Corridor 1 Corridor 2 Avg. Welfare
Dhaka-Magura Dhaka-Noakhali 0.030 Dhaka-Madaripur Gazipur-Panchagarh 0.004
Dhaka-Barguna Dhaka-Kishoregonj 0.030 Dhaka-Gopalganj Gazipur-Panchagarh 0.004
Dhaka-Bagerhat Dhaka-Kishoregonj 0.030 Dhaka-Bhola Gazipur-Panchagarh 0.004
Dhaka-Kishoregonj Dhaka-Noakhali 0.030 Dhaka-Bhola Dhaka-Madaripur 0.002
Dhaka-Faridpur Dhaka-Noakhali 0.029 Dhaka-Bhola Dhaka-Gopalganj 0.002

Pakistan

Best Combinations Worst Combinations
Corridor 1 Corridor 2 Avg. Welfare  Corridor 1 Corridor 2 Avg. Welfare
Rawalpindi-Kohat Okara-Pak Pattan 0.137 Rawalpindi-Islamabad Karachi-Swat 0.104
Peshawar-Mardan Okara-Pak Pattan 0.137 Chitral-Islamabad Karachi-Swat 0.103
Rawalpindi-Mansehra Okara-Pak Pattan 0.137 Karachi-Lodhran Karachi-Sukkur 0.102
Rawalpindi-Mardan Okara-Pak Pattan 0.137 Rawalpindi-Islamabad Karachi-Sukkur 0.101
Peshawar-Kohat Bahawalpur-Lodhran 0.137 Chitral-Islamabad Karachi-Sukkur 0.101

India

Best Combinations Worst Combinations
Corridor 1 Corridor 2 Avg. Welfare  Corridor 1 Corridor 2 Avg. Welfare
Thane-Balrampur New Delhi-Dausa 0.217 New Delhi-Bangalaore Bangalore-Chandigarh 0.194
Thane-Balrampur New Delhi-Hardwar 0.217 New Delhi-Bangalaore Kancheepuram-Chandigarh 0.194
Thane-Basti New Delhi-Dausa 0.217 New Delhi-Bangalaore New Delhi-Chennai 0.194
New Delhi-Dausa Thane-Sant Kabir Nagar 0.217 Bangalore-Chandigarh New Delhi-Chennai 0.194
New Delhi-Hardwar Thane-Sant Kabir Nagar 0.217 Kancheepuram-Chandigarh  New Delhi-Chennai 0.194

the next subsection.

Figure 6: Best (left) and Worst (right) Migration Corridor Combinations in Bangladesh

Notes: Light dots represent candidate sites. Numbers in the legend refer to rank among the top or bottom sites. E.g. 1
refers to the best site pair in the left panel and the worst pair in the right panel.

Figure 6 shows where the best and worst site combinations from Table 5 for Bangladesh lie in the space
of characteristics considered by the smoothing prior. The best choices for the new experiment lie within

clusters and the worst choices are always outliers in the feature space. We will see that this is due to the

in uence of the smoothing prior, which, roughly speaking, tends to prefer combinations of sites sites
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such that all candidate corridors are close to at least one experimental site. 22 Under the smoothing prior
conducting an experiment on a migration corridor that is very different from most other sites will yield

little information about how the treatment might impact other sites. 24

Top Site Choices by Prior ~ We now investigate how the choice of top site combinations varies with the
prior. Figure 7 shows the best destination—origin pairs under the different priors discussed in the pre-
vious subsection. We again mark pairs of corridors selected under the pure smoothing prior, the pure
structural prior (mixed prior with 0 weight on smoothing), and mixed priors with differing weights in-
cluding our preferred 0.5. 2° For Bangladesh and Pakistan we also mark the pair of corridors with the
largest sum of average predicted treatment effects in preparation for considering the effect of site selec-
tion bias, where the most promising sites to be chosen for earlier experimentation (Allcott, 2015).

The pure structural prior tends to choose sites that are closer in average home household income and
corridor distance than priors involving smoothing. This is because many more site characteristics en-
ter the structural prior, in nonlinear and interactive ways. We show this in Appendix K where we lin-
early regress correlations between site effects in the structural prior on differences in site characteristics
and nd (1) the relationships between characteristic differences and ATE correlations differ substantially
across countries despite the common structural model and (2) differences in characteristics imperfectly
explain treatment effect correlations even within-country. The pure smoothing prior, as discussed pre-
viously, tends to want all candidate sites to be close to at least one experimental site. This feature largely

carries over to the mixed priors, including the mixed prior placing only 0.25 weight on smoothing. 26 27

Since the pure structural prior considers more site characteristics than the pure smoothing prior, it may
select sites that are more central on dimensions not targeted by the smoothing prior. We show an exam-
ple of this in Figure 8, where the smoothing prior picks outlying sites in terms of both average household
size at origin and the the ratio of origin prices to destination prices. On the latter characteristic, in par-
ticular, the smoothing prior picks quite unusual sites where prices in the origin district are higher than
they are at destination.

23\\Ve could consider an alternative heuristic rule that minimizes the sum of the distances in characteristic space between each
site and its closest experimental site. However, this would not account for the fact that for some sites, there is little uncertainty
about whether the treatment will be effective there or not.

24Appendix Figures 20 and 21 show the same pattern in Pakistan and India, respectively.

250ur choice of 0.5 weight in the mixing prior should not be taken to represent agnosticism between the pure smoothing and
structural approaches. We recommend that practitioners check for robustness of selected sites to a variety of mixing weights,
as we do in Appendix G.

26| Appendix J we compare our decision-theoretic analysis based on the predicting the welfare associated with recommend-
ing different sites for treatment to a heuristic approach using the same prior beliefs: experimenting in sites predicted to shrink
the uncertainty in beliefs about ATEs across all sites the most.

27 Appendix L we show that the set of selected sites is robust to variation in A, the parameter capturing the effect of the
training program on the effective price of mobile money, which helps us be con dentin our choice of sites even if the treatment
effect may be moderated by unmodeled environmental changes taking place over time and space since the original Lee et al.
(2021) study, such as the extent of mobile money penetration.
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Figure 7: Optimal Sites under Different Priors

Bangladesh Pakistan

India

Notes: Light dots represent candidate sites. HH Income refers to the average income in Bangladesh taka, excluding
remittances, of a household at origin reporting having sent an internal migrant. Distance is km between corridor origin
and destination as the crow ies. See Appendix E.1 for details. Site names refer to the sites selected under our preferred

mixed prior with 50% weight on the structural model.

Figure 8: Smoothing Prior Sites Need Not Be Central on Non-Targeted Dimensions

Bangladesh

Notes: Light dots represent candidate sites. Y-axis is the ratio of price level
in the origin district to that in the destination district, X-axis is the average
household size in the origin district.
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Sites with the Highest Predicted Effects Figure 7 also shows that the site predicted to have the second-
highest effect in Bangladesh coincides with one of the sites selected under the pure structural prior.
In Pakistan, the second-highest predicted effect site is also more central than the site with the highest
predicted effect. There is no reason to expect this to be so in other applications, but for us it means
adding a second site helps with the danger of site selection bias leading to poor policy prescriptions so
long as the policymaker makes appropriate use of site characteristics and experimental results to “undo”
the site selection bias. If the sites with the highest predicted ATEs were instead among those shown in the
right panels of Figure 6, site selection bias could result in up to 93% worse welfare despite a sophisticated
policymaker's best efforts to undo it.

5.6 Marginal Sites

A motivation to experiment is to improve policy recommendations in sites where it is not already clear
from the prior whether or not the treatment is likely to be effective. These “marginal” sites play a partic-
ularly important role in optimal site selection.

We consider a migration corridor to be marginal if its treatment effect under a given prior has a non-
trivial probability of exceeding or falling short of the cost of treatment there. Speci cally, given a value

- 2(0,1), a site swith treatment effect ¢s and cost of treatment cost ¢ is said to be marginal if the following
conditions hold:

P(¢s, costs), - and P(¢s- costs), -,

where the probabilities are calculated under the relevant prior for ¢és- Inour case with normal priors,
these probabilities can be evaluated easily for any value of

Sites that are not marginal are those which will almost always be treated, or almost never be treated,
regardless of the choice of experimental sites, because there is little chance that the experimental data
will revise beliefs enough to change the sign of ( ¢sj costs). From the perspective of the policy-maker, it
is more useful to focus on the potential gains in corridors for which the treatment assignment rule may
be in uenced in a nontrivial manner by experimentation. Welfare from sites that are always treated may
also in ate the aggregate welfare values shown in Table 5.

To understand why the percentage welfare gains from using best site selection rule instead of the worst
is smaller in Pakistan and India than Bangladesh, recall from Equation (2) that welfare from site selec-
tion strategies will differ only to the extent that they generate different recommendations for where to
implement the mobile money training program. If the mean predicted treatment effect in a given migra-
tion corridor is suf ciently high or low under the prior, or there is little uncertainty about the underlying
treatment effect, it is considered very unlikely that subsequent experimentation will change the policy
recommendation. All rules will bene t from the treatment effect in sites receiving the training program
regardless of which sites are selected for experimentation.

Table 6 shows the per site average welfare from the best and worst site combinations in Pakistan when the
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welfare values only aggregate over marginal sites. A site pair is optimal precisely because itis informative
for marginal sites so the combinations of sites are the same as the best combinations in Table 5. We are
interested here in the ratio of predicted welfare when choosing the best vs. the worst site combinations
under the 0.5-weight mixed prior. In Table 5 the best pair of sites is predicted to achieve 36% more welfare
than the worst pair. Focusing on sites with at least 25% probability of an opposite-signed net bene t of
program implementation (- =0.25) in Table 6, however, the best pair is predicted to achieve 70% higher
welfare than the worst pair. Table 7 conducts the same exercise for India with similar results.

Table 6: Per Site Welfare from Different Sets of Marginal Sites in Pakistan

Best Combinations Worst Combinations

Corridor 1 Corridor 2 0.05 0.15 0.25 Corridor1 Corridor 2 0.05 0.15 0.25
Rawalpindi-Kohat Okara-Pak Pattan 0.137 0.123 0.097 Rawalpindi-Islamabad Karachi-Swat 0.104 0.089 0.061
Peshawar-Mardan Okara-Pak Pattan 0.137 0.123 0.097 Chitral-Islamabad Karachi-Swat 0.103 0.088 0.060
Rawalpindi-Mansehra  Okara-Pak Pattan 0.137 0.123 0.097 Karachi-Lodhran Karachi-Sukkur  0.102 0.088 0.059
Rawalpindi-Mardan Okara-Pak Pattan 0.137 0.123 0.097 Rawalpindi-Islamabad Karachi-Sukkur 0.101 0.087 0.058
Peshawar-Kohat Bahawalpur-Lodhran  0.137 0.123 0.097 Chitral-Islamabad Karachi-Sukkur 0.101 0.086 0.057

Table 7: Per Site Welfare from Different Sets of Marginal Sites in India

Best Combinations Worst Combinations

Corridor 1 Corridor 2 0.25 Corridor 1 Corridor 2 0.25
Thane-Balrampur New Delhi-Dausa 0.113 New Delhi-Bangalore Bangalore-Chandigarh 0.080
Thane-Balrampur New Delhi-Hardwar 0.113 New Delhi-Bangalore Kancheepuram-Chandigarh  0.080

Thane-Basti New Delhi-Dausa 0.113 New Delhi-Bangalore New Delhi-Chennai 0.080
New Delhi-Dausa Thane-Sant Kabir Nagar 0.114 Bangalore-Chandigarh New Delhi-Chennai 0.080

New Delhi-Hardwar Thane-Sant Kabir Nagar 0.114 Kancheepuram-Chandigarh New Delhi-Chennai 0.080

Figure 9 makes the point visually, plotting the 0.5-weight prior mean and variance for all sites across the
three countries and distinguishing marginal and non-marginal sites by color. In Bangladesh all but three
sites are marginal, while in Pakistan there is a substantial fraction (about 22%) of sites whose recommen-
dation to receive the training program is unlikely to change based on the experimental results. India has
the highest fraction of non-marginal sites (45.5%), with many migration corridors already predicted to

bene t a great deal from the program.

5.7 Choosing the Number of Experimental Sites

In Section 5.5, we analyzed the optimal selection of two migration corridors in each country in which

to run experiments. The question is not hypothetical: the funder of the research in South Asia in fact
provided funding for experiments in two sites per country with a sample of 2,000 households in each
site.

It is natural to wonder whether we might improve welfare by experimenting in a different number of sites
while maintaining the same budget. Our framework allows us to explore such alternatives, by changing
the choice set to allow for a different numbers of sites and modifying the sampling error term Yz tore ect

the corresponding change in the sample size per site.

Based on calculations with a Bangladesh survey rm reported in Appendix H.2, in Figure 10 we report
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Figure 9: Mean and Variance of Site Level Treatment Effects under the Mixed Prior for Marginal Sites

Bangladesh Pakistan

India

per-site average welfare in Bangladesh and Pakistan as we vary the number of experimental sites. For
Pakistan, we report welfare values over marginal sites with - A0.25 to sharpen comparisons. We main-
tain a constant budget based on our two-site-per-country, 2,000-households-per-site mandate, which
means the number of households we can sample diminishes with more sites since there are xed costs
associated with experimenting in each site. As a baseline, the gure also displays the welfare from no
experimentation where assignment is based on the prior itself, i.e. a site is treated if the prior mean for
that site exceeds the cost of treatment.

We predict welfare using the 0.5-weight mixed prior so site selection using that prior will attain optimal
welfare. This is represented by the line with star markers. In Bangladesh we see large gains in welfare
from the rst experimental site, and diminishing welfare gains for subsequent sites until welfare begins

to decrease as experimental site effects become noisier due to smaller sample sizes with 5 or 6 sites. In
Pakistan the pattern is similar, with welfare beginning to decrease with the 3rd site.

To compare with optimal site selection, we consider two cases of site selection bias, where the sites cho-
sen have the maximal sum of ATEs according to the prior. In the rst, represented by the line with cir-
cular markers, we allow the policymaker to make optimal use of the treatment effect estimates from the
selected sites, updating the predicted treatment effects for other sites according to the informativeness
of the highest-treatment-effect sites for each one. This represents a sophisticated policymaker who uses
all of our data and machinery to account for the non-random selection of sites. Since we saw in the
Bangladesh and Pakistan panels of Figure 7 that some of the sites with the highest predicted treatment
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effects happen to be chosen under some mixed priors, the welfare cost of site selection bias can be muted
to some degree in our application as long as the policymaker is very sophisticated.

We compare these sophisticated scenarios with a naive policymaker who assigns treatment to all sites if
the average of estimated ATEs exceeds the cost of treatment, a case considered in Allcott (2015), which
we call the uniform rule. Hjort et al. (2021) provide evidence that policymakers may extrapolate experi-
mental results naively. Their sample of Brazilian municipal of cials shows a concern for the sample size

of prototypical experiments, but not the context where they were performed. In our numerical experi-
ment, naive policymakers fare very poorly when there is extreme site selection bias. Selecting sites with
the highest predicted effects and applying the naive policy rule lead to the uniformly lowest expected
welfare values.

We also consider the performance of the uniform rule where sites are selected at random, which roughly
approximates Allcott (2015)'s recommendation of choosing sites at random to combat site selection bias
when making uniform implementation recommendations on the basis of a set of experiments. These
are indicated in Figure 10 by the points marked by an “X.” This strategy also fares quite poorly, in some
cases little better than when there is extreme site selection. While this may be surprising at rst glance,
randomization has a clear shortcoming in our setting. If a very small number of sites are chosen at
random, there is a reasonably high probability that the chosen sites will be very unrepresentative of the
entire country.

Figure 10: Gains in Average Welfare When Choosing Sites Optimally vs. Picking Sites with Highest Total
Mean Treatment Effect

Bangladesh Pakistan

6 Conclusion
We have developed a general framework for experimental site selection that incorporates external valid-

ity as its key aim. Our approach is exible, allowing for various speci cations of the decision-maker's
social welfare function, various constraints on the choice set of feasible combinations of sites, and a
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range of prior speci cations that incorporate different sources of information about the heterogeneity of
effects across sites.

In our application, we developed a structural model of individual-level responses to the intervention,
which allowed us to leverage the rich data available in a pilot experiment to build an informative prior
for the treatment effects at other sites. Then, to allow the possibility that the structural model may not
capture all the underlying causal mechanisms and sources of heterogeneity, we mixed the structural
prior with a smoothing prior based on a set of aggregate site-level characteristics. Working with quasi-
posteriors associated with standard estimation methods makes it convenient to incorporate standard
structural estimation strategies without needing to invoke the full machinery of Bayesian posterior in-
ference on the structural model.

This approach to incorporating structural modeling in experimental analyses while allowing for depar-
tures from the model may be useful in other problems. In our application to an ongoing experimental
design in Bangladesh, Pakistan, and India, our method is computationally feasible and leads to sub-
stantial prospective gains in expected welfare relative to ad hoc approaches that approximate common
practice.

Further extensions of our approach are possible. Our two-stage adaptive design setting could be ex-
tended to multiple rounds, where at each round, the available information can be used to inform future
experimental design choices. Additional dimensions of choice beyond the selection of sites, such as the
joint choice of sites and sample sizes, or more sophisticated choices of conditional treatment random-
ization probabilities, could also be incorporated into our approach.

40






	Introduction
	Background and Related Literature

	Experimental Site Selection for External Validity
	Setup and Design Problem
	Bayesian Preposterior Solution
	Prior Specifications and Updating Rules
	Smoothing Prior
	Structural Prior
	Mixed Prior
	Posterior Updating

	Specification of Welfare Function

	A Model of Remittances
	The Migrant's Problem
	Stochastic Specifications and Remittance Mode Choice
	Distribution of Optimal Remittances

	Fitting the Structural Model to the Pilot Experiment
	Minimum Distance Estimator
	Specification of Estimator
	Predicted Site-Level Effects Based on the Structural Model

	Application: Designing Experiments in South Asia
	Specifying Social Welfare
	Benefit of Treating a Site
	Cost of Treating a Site

	Candidate Migration Corridors
	Description of the Priors
	Optimal Choice of a Single Experimental Site
	Optimally Choosing Two Sites in Each Country
	Marginal Sites
	Choosing the Number of Experimental Sites

	Conclusion
	Example of Posterior Updating Rule
	Asymptotic Distribution of the Structural Parameter Estimator
	Asymptotics for the Vector of Summary Statistics
	Derivatives of Estimation Moments

	Parameters Normalized and Estimated Separately
	Model Fit to the Pilot Experiment
	Migration Corridor Data and Restrictions
	Data on Corridor Characteristics
	Restrictions on the Set of Candidate Corridors

	Simulation Algorithm
	Setup
	Simulations

	Site Selection Rule Performance Under Alternative Priors
	Choosing Different Numbers of Experimental Sites
	Best/Worst Site Combinations with Different Numbers of Sites
	Calculating the Total Observations with Differing Numbers of Sites

	Choosing Sites Jointly Over Multiple Countries
	Aggregate Variance Reduction vs. Full Decision-Theoretic Analysis
	Structural Correlations and Site Characteristics
	Robustness to Alternate Treatment Effects
	Further Restricting Sites by Migrant Density
	Defining the Cost of Remitting Through Mobile Money
	Additional Figures
	Prior Implied Conditional Mean Welfare Treatment Effects for Pakistan
	Best/Worst Corridor Combinations for Pakistan and India

	Price Index Computation

