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A: Interventions

Description of “assistance” component

An individual who responds to an outreach letter by calling into BDT is connected to a BDT
employee —a “Benefits Outreach Specialist” (BOS) - who provides assistance over the phone. BOS’s
are highly knowledgeable of available benefits. They receive 4 weeks of classroom and experiential
learning to become well-versed in the public benefits application process and policies. The up-front
training includes coaching and training on phone-based assistance skills so that the caller receives
a person-centered and results-driven experience. After this initial training, the BOS continues to
receive continuous monitoring and coaching.

The BOS has real-time access to a searchable history of information on the caller from previous
interactions with BDT and administrative data sources; in PA these administrative data sources
include identified information BDT regularly receives on individuals enrolled in Medicaid, LIHEAP
and PACE, and individuals who have exhausted unemployment compensation benefits. BDT has
built an internal software platform that stores all this data in a household “portfolio” and allows
for the collection of additional self-reported information for each individual linked to the portfolio.
The software provides a clickable interface through which BOS can access notes on previous calls,
question prompts to determine likely eligibility, an estimated benefits calculator, and a platform for
scheduling follow-up actions. BDT customizes question prompts and the benefit calculator to each
state’s benefit regulations, to ensure that all of the necessary information is collected to estimate
eligibility and benefits amounts. This software also allows for direct submission of the application
and related verification documents.

Upon being connected to a caller, the BOS asks a series of intake questions designed to collect
information relevant for eligibility and benefit screening. Information collected include demographic
characteristics (e.g., number of people in the household, current enrollment in other public ben-
efit programs, sex, ethnicity, disability, etc.), legal information (citizenship, marital status, etc.),
self-reported monthly income (including pension), other financial resources when necessary (e.g.,
checking and savings account balances), and expenses by category (rent, utility bills, medical ex-

penses, etc.). Collection of detailed information on expenses may increase the amount of benefits



the individual is likely eligible for by increasing their allowable deductions. BD'T’s custom screening
tool allows the BOS to use this self-reported information to inform the caller of whether they are
likely eligible for SNAP and their estimated benefit amount.

If the caller decides based on this that they are interested in potentially applying, the BOS then
provides information and assistance with the application process. The full set of assistance (which
about half of applicants in this intervention arm avail themselves of), includes several stages. BDT
completes the application for the caller based on the information received over the telephone and,
in that same phone call, informs the applicant of required verification documents. Leveraging state
policy options and technology, BDT also minimizes paper verification requirements by proactively
informing individuals that they can self-declare shelter expenses (unless questionable) and that DHS
can electronically verify Social Security income, identity, residency, and certain medical expenses.
BDT then mails an envelope to recipients to collect verification documents, reviews the verification
documents it receives, and re-contacts the individual if documentation is inadequate. BDT can
then submit the application on behalf of the individual. The individual themselves however must
participate in a phone interview with DHS.

BDT may also provide assistance after the application is submitted by reviewing and submitting
any follow-up verification documentation requested by DHS, or working with DHS to troubleshoot
issues with individual cases. The BDT custom software stores digital records of all received doc-
uments in an individual’s record, including those submitted to DHS, which allows BDT to keep
a detailed history of all application information and to advise applicants on how to advocate for
themselves if there are issues with their application. For example, DHS may request a document
that has already been provided or that is not necessary. In addition, some applicants miss their
interview, or fail to receive an interview call, but still wish to apply. These incidences delay the
application process, or even worse, can result in DHS rejecting an application. If contacted by a
client about such an issue, BDT advises on how to navigate DHS customer services, and as a last

resort, may elevate these issues to their point of contact at DHS to find a solution.

Comparison of standard outreach materials: “Information Plus Assistance” and
“Information Only” interventions

The outreach materials in the two main treatment arms were designed to be as similar as possible.
The outreach materials in the baseline Information Plus Assistance treatment were the standard
materials BDT uses. Appendix Figure 1 shows the letter, envelope and postcard that were sent
in this treatment arm. Appendix Figure 2 shows the analogous letter, envelope and postcard.
They are designed to be as similar as possible - including the sender (the Secretary of the Penn-
sylvania Department of Human Services), the layout, and the content. There were, however, some
unavoidable differences in the letters which we detail here.

First, the Information Plus Assistance letters reference the PA Benefits Center (the local name of
BDT), while the Information Only letter, naturally, does not. Specifically in the former the outreach
materials say “We are working closely with the PA Benefits Center to help you get SNAP” and



“Please call the PA Benefits Center today” while the information-only outreach materials say ““We
want to help you get SNAP” and “Please call the Department of Human Services today.” Second,
and relatedly, the PA benefits center logo was included - in addition to the PA Department of
Human Services logo - on the outreach materials in the Information Plus Assistance interventions,
while only the PA Department of Human Services logo was included in the Information Only
materials. Third, the hours of operation provided for the call in numbers were slightly different,
reflecting the practical reality that BD'T hours are 9:00am to 5:00pm while the DHS HELPLINE
hours are 8:45am - 4:45pm. Finally, the phone numbers to call naturally differed (although all
phone numbers were “1-800” numbers) and the PO box for the return address on the envelope also
differed.

Sub-treatments

Appendix Figure 3 shows the study design with all of the treatments and sub-treatments.*?

One sub-treatment was a “marketing” intervention. One-quarter of each treatment was random-
ized into an arm with a variant of the outreach letters and postcards designed to attract clients by
using a “marketing” approach that borrowed language and graphics from credit card solicitations
in an attempt to grab potential applicants’ attention and potentially reduce stigma surrounding
applying for SNAP. To grab attention, it included a catchy banner that read “Need help buying
groceries? Apply today!”, bolded text to highlight key information followed by an informative
explanation, were printed in color rather than black and white, and included a PA benefits “AC-
CESS” card image. To try to reduce stigma, it included language such as "Join thousands of older
Pennsylvanians already claiming their SNAP benefits" and did not explicitly define SNAP as food
stamps. This design was motivated in part by the finding in Schanzenbach (2009) that individuals
randomized to outreach materials describing the Food Stamp program in arguably more positive
terms (including emphasizing a “Gold State Advantage” card) expressed somewhat higher rates of
interest in receiving information about food stamp benefits than those whose outreach materials
reflected standard USDA materials.

In the Information Plus Assistance treatment the remaining three-quarters received the stan-
dard outreach (“standard”). In the Information Only treatment, one-quarter received the standard
outreach, while another one-quarter received the standard letter but no follow-up postcard (“no
postcard”) and another one-quarter received a letter that varied the description of the expected
benefit amounts (“framing”) to try to make them appear larger by focusing on the maximum ben-
efit amount the individual could receive, rather than the average benefit amount received.

Our main analysis compares across three groups: the (pooled) standard (with postcard) and
marketing treatments in the Information Only arm, the (pooled) standard and marketing treat-
ments in the Information Plus Assistance arm, and the control. We down-weight the individuals in

the standard treatmentin the Information Plus Assistance arm so that the (weighted) share in stan-

42 Appendix Table A2 showed balance across each the three main groups we study on the study characteristics we
examined in Table 1; for completeness, Appendix Table A3 shows balance of characteristics across the sub-treatments.



Figure Al: Standard Outreach Materials: Information Plus Assistance
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B: DHS Data

Data sharing protocols

To construct our study population, DHS supplied BDT with a Medicaid outreach file of approx-
imately 230,000 individuals aged 60 and older who were enrolled in Medicaid as of October 31,
2015. BDT removed the Medicaid recipient ID and created a unique, non-identifying scrambled
study ID that uniquely identifies each individual. We received de-identified data files from DHS for
all individuals on the initial outreach list (see Table 1, column 1). The data consist of: Medicaid
enrollment and claims data, SNAP applications and enrollment data, and SNAP benefits data.
BDT provided DHS with the crosswalk between these de-identified study IDs and their unique
Medicaid recipient ID. DHS then attached information on SNAP applications, SNAP enrollment,
SNAP benefits, and Medicaid enrollment and claims. For the SNAP data, DHS sent the data to
BDT who removed all personally-identifying information (i.e., full name, social security number,
full address, and Medicaid recipient ID) and transmitted the de-identified data to us via a secure
FTP process. For the Medicaid enrollment and claims files, DHS removed the same identifying

information and directly transmitted the data to us.



Figure A2: Standard Outreach Materials: Information Only
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Figure A4: Timing and Sample Sizes for Mail Batches

Treatment Subtreatment 1 2 3 4 5 6 7 B 9 10 1 Total
Date of Initial Mailing  1/6/2016 ~ 1/13/2016  1/20/2016  1/27/2016 ~ 2/3/2016  2/10/2016 2/17/2016 2/24/2016  3/2/2016  3/9/2016 3/16/2016
Date of Follow Up Postcard mailing  3/2/2016 ~ 3/9/2016  3/16/2016 5/26/2016 ~5/27/2016  4/6/2016 4/13/2016 4/20/2016 4/27/2016 ~ 5/4/2016 ~ 5/11/2016
Info & Assistance Standard 750 750 750 750 750 750 750 750 750 750 a2 7972
Info & Assistance "Marketing" 250 250 250 250 250 250 250 250 250 250 157 2657
Info Only Standard 250 250 250 250 250 250 250 250 250 250 157 2657
Info Only Marketing 250 250 250 250 250 250 250 250 250 250 157 2657
Info Only No Postcard 250 250 250 250 250 250 250 250 250 250 158 2658
Info Only Framing 250 250 250 250 250 250 250 250 250 250 157 2657
Info & Assistance (Pooled) 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 629 10629
Info Only (Standard + Marketing Pooled) 500 500 500 500 500 500 500 500 500 500 314 5314
Info Only (All Subtreatments Pooled) 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 629 10629
3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 1888 31888

NOTE: Due to an implementation error, postcards for mail batches 4 and 5 were not sent as planned (eight weeks
after the mail date) and therefore were sent following the last planned mailings in May 2016.

Figure A5: “Marketing” and “Framing” Outreach Materials
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Medicaid outreach list

The Medicaid outreach file we analyze contains the individual’s birth year, gender, city, primary
language, an indicator of SNAP enrollment, and information on which Medicaid program the
individual is enrolled in. All that information was provided by DHS; in addition, BDT supplemented
it with a pseudo “household” ID that BDT created to denote people in the outreach file with the

same last name and full address.

Medicaid enrollment and claims data

We received Medicaid enrollment and claims data from DHS for everyone on the outreach list. The
Medicaid data contains seven files. There is an enrollment file that contains Medicaid enrollment
spells from 1981 - 2016; we use the enrollment file to define the start date of the individual’s last
enrollment spell in Medicaid, and the days enrolled in 2015. We also use the enrollment file to
construct a measure of race (since we do not have that in the outreach file).

In addition, there are six claims files that contain claims in 2015 for everyone on the outreach
list. The claims include not only payments by Medicaid but also payments by Medicare if the
individual is eligible for both. Only insurer payments are included; out-of-pocket spending is not
observed but is unlikely to be large in this population.

Three of the claims files contain Fee-For-Service claims for outpatient, inpatient, and pharma-
ceutical services, respectively. The other three files contain analogous Managed Care encounters.
Our claims files are therefore a mix of encounter data from Medicaid Managed Care and Fee for
Service claims. In the data we received, we can only distinguish between managed care and fee-for-
service based on claims filed. Although there are well-known measurement issues with encounter
data - and comparability issues with fee for service claims data (e.g., Lewin Group 2012) - such
measurement issues should not bias our comparisons of these measures across randomly assigned
arms. For our study population (see Table 1, column 5), we estimate that about 60 percent of
claims and about 80 percent of spending was in fee for service in 2015 .

We use the 2015 claims data to construct healthcare utilization and health measures. The
healthcare measures are all measures of annual spending or healthcare use. However about one-
quarter of our study population was not enrolled in Medicaid for the entirety of 2015. We therefore
annualize the healthcare utilization and healthcare spending measures by multiplying our raw
measures by the ratio of 365 to the number of days enrolled in Medicaid in 2015.

Below we describe the construction of specific variables.

Start of Last Medicaid Enrollment: We use the enrollment file to define the start date of the

last consecutive enrollment period in Medicaid.

Indicator of Full Year Enrollment in 2015: Following the construction of enrollment spells as
above, an individual is indicated as full-year enrollment in 2015 if she has the entirety of 2015

enrolled in Medicaid.



Total Health Care Spending: Total healthcare spending is defined as the sum of inpatient, out-
patient, and pharmaceutical spending paid by Medicare or Medicaid. We winsorize spending
at twice of the 99.5th percentile of the study population, which is $371,620.

Hospital Days: We measure the number of hospital days based on the total length of inpatient
stays in the inpatient file. Stays with a discharge date earlier than the admission date are
dropped, and overlapping periods are removed. By construction, the maximum value of this

measure is 365.

Emergency Room (ER) Visits: We measure the number of emergency room visits in the outpa-
tient file. ER visits are identified by HCPCS codes 99281-99285, 99291-99292, G0380-G0384,
and G0390. We count the total number of ER visits for each individual, allowing a maximum

of one ER visit per individual per day.

Doctor Visits: We measure the number of doctor visits as the sum of the number of primary care
visits and the number of specialist visits, allowing a maximum of one primary care visit and
one specialist visit per individual per day. To identify primary and specialist visits in the
outpatient files, we match provider type and provider specialty to taxonomy codes using a
crosswalk from DHS*3. The taxonomy codes are then matched to HCFA specialty codes using
a crosswalk from CMS*. Finally, HFCA codes are matched to a primary care or specialist

classification using a crosswalk from Finkelstein et al. (2016)%°.

Skilled Nursing Facility (SNF) Days: We identify SNF stays in the inpatient files by provider
type code 03 and provider specialty codes 030 or 031. Stays with a discharge date earlier than
the admission date are dropped, and overlapping periods are removed. The total number of
SNF days for each individual is calculated as the sum of length of stays. By construction the

maximum value of this measure is 365.

Total Number of Visits and Days: This is the sum of number of hospital days, number of ER

visits, number of doctor visits, and number of SNF days.

Weighted Total Number of Visits and Days: This is the (weighted) sum of hospital days,
ER visits, doctor visits, and SNF days, where the weights are based on the average cost per
encounter in our study population. The average cost per hospital day or SNF day is calculated
by dividing total spending over the period of hospital stays or SNF stays experienced in the
data by our study population by the total number of hospital days or SNF days experienced
by our study population. The average cost per ER visit or doctor visit is calculated by

averaging spending in our study population across ER visits or doctor visits. The resulting

“3See http://www.dhs.pa.gov/cs/groups/webcontent /documents/document /p _002941.pdf.

*See https://www.cms.gov/Medicare/Provider-Enrollment-and-Certification /MedicarePr oviderSupEn-
roll/Downloads/TaxonomyCrosswalk.pdf.

“5Finkelstein et al. 2016. Sources of Geographic Variation in Health Care: Evidence From Patient Migration.
Quarterly Journal of Economics. 131 (4): 1681-1726.


http://www.dhs.pa.gov/cs/groups/webcontent/documents/document/p_002941.pdf
https://www.cms.gov/Medicare/Provider-Enrollment-and-Certification/MedicareProviderSupEnroll/Downloads/TaxonomyCrosswalk.pdf

estimates of average costs are $1,607 for a hospital day, $197 for an ED visit, $147 for a SNF
day,and $79 for a doctor visit.

Chronic Conditions: We measure the number of chronic conditions recorded for each individual
using the claims files. Each claim has between one and nine ICD-9 codes for diagnoses. We
identify which ICD-9 codes correspond to chronic conditions following the method developed
by Hwang et al. (2001)#6. We measure the number of chronic conditions for each individual by
counting the number of unique ICD-9 codes matched to chronic conditions for each individual

across their 2015 claims.

SNAP application and enrollee data

We received SNAP application data from DHS for all individuals on the original Medicaid outreach
list. We obtained data on SNAP applications from March 2008 through February 2018 . For each
SNAP application, the data contain the date the application was received, a disposition code, a
disposition date, and a reason for rejection (if rejected). We use the date the application was
received to define the date the individual applied for SNAP - our primary application measure is
whether the individual applied for SNAP within 9 months of her initial mail date.

We use the disposition code to determine whether the application was approved, rejected or
pending. The disposition date tells us when this disposition occurs. We define an application as
rejected if they applied after the initial mail date and were rejected with a disposition date within
9 months after the initial mail date.

We define an individual as enrolled in SNAP if her application is approved with a disposition
date within 9 months after the initial mail date. Note that because the definition of enrollee does
not depend on the date the application was received, it is possible for us to record someone as a
SNAP enrollee but not a SNAP applicant, if they applied before their initial mail date but enroll
after it. In practice, this applies to about 2 percent of our SNAP enrollees, with the earliest

application date 40 days before the initial mail date.

SNAP enrollee benefits

We received monthly benefit information for anyone on the original Medicaid outreach list enrolled
in SNAP from March 2008 through February 2018 . We use these data to measure monthly benefits
for our SNAP enrollees (defined in the previous section as individuals with an application approved
during our nine-month observation window) in any months they are enrolled in the 9 months
after the initial mail date. In principle the monthly benefit amount should be constant. However,
many enrollees have a different benefit amount in the first month they are enrolled, presumably
reflecting some pro-rating of benefits that (partial) month. We therefore measure benefits based

on subsequent months if they disagree; for about two-thirds of enrollees, benefits are the same for

“®Hwang et al. 2001. Out-Of-Pocket Medical Spending for Care of Chronic Conditions. Health Affairs. 20 (6):
267-278.



all remaining months; when they are not, we use the modal benefit amount (or in rare cases of two
modes, the most recent modal amount).

As noted in the text, while in principle we should be able to observe benefits for all individuals
whom we measure as enrolled, in practice we are missing benefit information for about 4 percent
of enrollees. If we instead define enrollment based on receiving positive benefits in any month
since enrollment, this slightly increases our enrollment estimates (because we do not require the
application to be approved during our nine-month observations window) but does not otherwise
affect our results. Specifically, compared to our baseline findings in Table 2 of enrollment rates of
5.8% for control, 10.5% for Information Only, and 17.6% in Information Plus Assistance, we now
estimate 8.8% for control, 14.2% for Information Only, and 21.0% for Information Plus Assistance.

Because SNAP is a benefit at household level, we also receive the number of individuals in the

household linked to a given case; we use this to define the household size for enrollees.

C: Call-in data and call forwarding service

This section provides more detail on the call-in data, the call forwarding service, and the script for
the call receptionists, which was provided in English and in Spanish.

We report the “raw” call-in rates in each study arm. Because the call forwarding service is not
as good at determining the identity of callers as our BDT partner, the information-only treatment
has a non-trivial number of callers without a valid study ID. We therefore also report an “adjusted”
call-in rate for the Information Only treatment, which adjusts the measured call-in rate to account
for our estimate of the rate of unrecorded callers. We also provide details on this adjustment

procedure here.

Call-in Data for Information plus Assistance Treatment

BDT tracks all calls that it receives, and this forms the basis for the measure of call-ins to the
BDT number in response to the outreach letters. We define a caller as someone who calls in to the
appropriate phone number during business hours (9am-5pm) in the 9 months after the mail date.
We exclude very small amount of cross-arm call contamination (e.g., individuals in control group
calling in to the BDT number), and we also exclude calls beyond the 9 month window. BDT uses
internal software that attempts to automatically determine the identity of caller. If the software
is not able to determine identity automatically in real time, the BOS handling the phone call will
ask the individual for additional identifying information (e.g., name, address) to try to determine
identity. The BOS will also ask for the identification number on the printed letter or postcard to
determine identity, if necessary. BDT provided us with both “caller-level” data as well as “call-level”

data, and we take union of two files to determine individual-level call-in rates.
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Call-in Data for Information Only Treatment

In order to capture comparable information on which individuals call in to DHS in response to the
Information Only treatment, we contracted with a call forwarding service, HostedNumbers (HN)
(www.hostednumbers.com). We arranged for a different 1-800 number for each treatment arm. If
an individual called into one of these numbers, it would be directed to a call receptionist employed
by HostedNumbers. The call receptionists were asked to read from a standard script and were
asked to record the individual’s identification number (printed on the outreach materials) before
forwarding the call to DHS.

We worked with HostedNumbers (HN) to design a protocol that would try to capture com-
parable information to what BDT captures on which individuals call in to DHS in response to
the Information Only treatment. We provided a “call script” in English and Spanish which the
call receptionists were instructed to follow. The receptionists were instructed to ask for the nine
digit beneficiary ID number on the letter (or postcard) that was received. The receptionists were
instructed not to ask for any other information, and were told to interrupt callers if the caller was
providing any other information. The goal was simply to collect the ID number and then forward
the call to the Pennsylvania Department of Human Services.

The call receptionists used HN software to record the date and time of call, the length of call, ID
number, and whether or not the call was successfully transferred to DHS. This data is transferred
to us as “call-level” data, which we use to define valid calls during business hours (8:45am-4:45pm).
Note that the valid call time is very slightly different from BDT hours (9am-5pm) because BDT
hours are slightly different from DIS hours.

Calculating an adjusted call-in rate

Because HN does not have access to the same software as BDT to determine the identity of caller,
we expected that the HN data would be less successful at measuring call-in rates when using only
calls with a valid ID number. This is one explanation for the 3 percentage point lower raw caller
rate in the Information Only treatment arm shown in Table 2.

As a result, we also developed an adjusted measure of the call-in rate that adjusts the “raw”
call-in rate. The adjustment uses information on the number of calls from callers who call in and
are successfully transferred to DHS, but do not provide a valid ID number in the HN database.
This might occur, for example, if the call receptionist was not able to record it properly or the
individual did not find the number of the letter or postcard.

To construct an adjusted call-in rate for the Information Only treatment arm, we pool the data
across each of the Information Only sub-treatments, and we make the following assumptions and

calculations:
1. Let N be the total number of individuals in Information Only treatment.

2. Let A be the total number of calls with a valid ID during the time period from the first
day after the first mail batch to 9 months after the last letter batch (i.e., between 1/6/2016
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and 12/15/2016). We use this period rather than 9 months after the mail date because for
unknown calls, we do not know the mail date. Since distribution of calls is heavily skewed
towards the beginning of time period, we still expect this to be a good estimate of the actual
number of calls with a valid ID during the “study period” (defined as 9 months after mail
date).

3. Let B be the total number of callers in Information Only treatment without any adjustment

(the “raw” call-in rate).

4. Let C be the total number of calls without a valid ID. We only include calls between 1/6,/2016
and 12/15/2016, during business hours, and calls that were successfully transferred to DHS.

5. Let D be the estimated number of calls that are not part of study, either because they are “test
calls” that we made ourselves to HN during study period or because the calls are unsolicited
calls from individuals outside of study population. To construct estimate of unsolicited calls,
we calculate number of unsolicited calls in 4 months before study period and we multiply by
2.875 (11.5/4) to scale up this estimate to match period 1/6/2016-12/15/2016. This assumes
that rate of unsolicited calls from outside study population is same during study period as in

the 4 months before study period.

6. Let E = C - D, which is number of calls without valid ID that we belief are callers from study

population.

7. Let F = B/A represent estimated probability of an unknown call coming from a caller, adjust-
ing from repeated calls. This assumes that rate of repeat calls from population that provides

valid ID is same as for callers who do not provide a valid ID.
8. Let G = B + E*F be estimate of number of “adjusted” callers for Information Only treatment.

As can be seen in Table 2, the adjusted caller rate in the information-only treatment is about 2
percentage points higher than the raw caller rate. To construct adjustment for each Information
Ouly sub-treatment, we assume that the adjustment ratio is the same across arms and use the

overall adjustment ratio for each arm.

Cross-contamination across arms

In processing the call-in data from both BDT and HN, we find a very small amount cross-
contamination across all arms, meaning that we find calls from individuals to phone numbers
different from the phone number that they are assigned. In some cases, this could reflect the fact
that individuals find out about BDT through other channels. In other cases, this could reflect
mistakes in the mail room in assigning letter batches. In either case, we proceed by only analyzing
calls to the appropriate phone number, and we ignore cross-contamination calls. The extent of

cross contamination is extremely small; see Appendix table A7.
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D: Additional Analyses

Generating Predicted Benefits

We estimate predicted benefits using everyone in the study population who enrolled in SNAP in the
9 months following the initial mail date and for whom we observe a benefit amount. The covariates
are all pre-randomization variables taken from Table 1. Specifically, our predictors are dummies
for age 80+, white, black, other race (unknown is the omitted race category), male, primary
language non-English, residence in Pittsburgh, last Medicaid enrollment spell started before 2011,
and enrolled in Medicaid for the full year of 2015; we also include as predictors continuous measures
for the number of recorded chronic conditions in the Medicaid claims in 2015 and 2015 annualized
health measures for health care spending, number of hospital days, SNF days, ED visits, and doctor
visits.

There are clear modes in the distribution of benefits received, corresponding to minimum and
maximum benefit amounts. To address this, we classify benefits into one of seven categories as
shown in Appendix Table Al . We use the “One-Vs-All” method for multi-class classification
(Rifkin and Klautau 2004). Specifically, we estimate seven separate Logit models, where each
model has dependent variable that takes on value of 1 for a given category and 0 otherwise. We
then compute fitted value from each of these Logit models and we assign predicted category based
on which fitted value is highest (e.g., if the fitted value is highest from the Logit model with
the category 3 indicator as the dependent variable, then we assign category 3 as the predicted
category). In order to avoid systematically underpredicting extreme categories, we adjust fitted
values by adding and subtracting constant terms in each of the 7 Logit models and we iteratively
adjust these constant terms until we have the overall predicted category shares that match the
actual data. This does not adjust any of the Logit coefficients themselves, but ensures that the
predicted category assignments are “unbiased” (i.e., for each category we predict the same number
of observations as actually appear in that category in the data). We then convert each category to
a predicted benefit amount in dollars by using the average actual benefit level in each category in
the actual data.

Appendix Figures A6 shows our fit, which shows very close match across categories by design.
This confirms that the algorithm appears to be unbiased in its predictions. To assess accuracy of
the predictions, we calculate that roughly 38% of the observations are categorized correctly, and
78% of the predicted categories are only “off by one” category. Thus, we conclude that the machine

learning algorithm appears to have limited bias and a high degree of accuracy.
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Table Al: Enrollee Monthly Benefits Categorization

Category Criteria Observations Share of Observations
1 Monthly Benefit < $16 31 0.90
2 Monthly Benefit = $16 1,084 31.62
3 Monthly Benefit > $16 and Monthly Benefit < $194 1,346 39.26
4 Monthly Benefit = $194 559 16.31
5 Monthly Benefit > $194 and Monthly Benefit < $357 178 5.19
6 Monthly Benefit = $357 166 4.84
7 Monthly Benefit > $357 64 1.87
Total 3,428
Figure A6: Predicted and Actual Enrollee Monthly Benefits
Panel A: In Categories Panel B: In Dollars
Distribution of Benefit in Classes < Distribution of Benefit in Dollars
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Figure A7: Time pattern of callers and applications

Panel A: Callers Panel B: Applicants

Mean
2
L

L
Treatment Effect
15

A
L
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i 2 3 1 5 6 7 12345678 91011121314151617 18192021 2223
Number of Months after Initial Mailing Number of Months after Initial Mailing
‘ ———— Information Only =~ ——e—— Information plus Assistance | | ———— Information Only =~ ——e—— Information plus Assistance ‘

Notes: Figure shows (cumulative) outcomes by month relative to the initial mailing. Panel A shows the mean
(cumulative) caller rates by month; the Information Only caller rate shown is unadjusted for under-measurement (see
text for more details). Panel B shows the estimated treatment effects (relative to the control) for the Information
Only arm and the Information Plus Assistance arm; 95 percent confidence intervals on these estimates are shown in
the dashed light gray lines.

Additional Results
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Figure A8: Distribution of enrollee benefits: control group enrollees

15

percent
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194 ' 357 '
0 100 200 300 400 >= 500
Monthly SNAP Benefit

Notes: Figure plots the monthly enrollee benefit amount among enrollees in the control group (N=568). The three
modes - which are the minimum benefit for a categorically eligible household of size 1 or 2 ($16), the maximum
monthly benefit for a household of size 1 ($194), and the maximum mothly benefit for a household of size 2 ($357)

are binned separately from the other values; values greater than $500 are set to $500.
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Table A2: Balance of Characteristics of Study Population Across Arms

Information Plus

P Value of Difference (Column

Control Information Only Assistance 2vs 3)
(1) (2) (3) (4)

Panel A - Demographics
Age (as of October 31, 2015) 68.80 68.93 68.80

[0.425] [0.975] [0.434]
Share Age 80+ 0.16 0.17 0.16

[0.349] [0.861] [0.459]
Male 0.38 0.38 0.38

[0.965] [0.702] [0.718]
Share White 0.76 0.76 0.75

[0.634] [0.089] [0.330]
Share Black 0.08 0.07 0.08

[0.371] [0.281] [0.079]
Share Primary Language not English 0.04 0.04 0.04

[0.377] [0.574] [0.191]
Share Living in Pittsburgh 0.06 0.06 0.06

[0.737] [0.871] [0.854]
Share Last Medicaid Spell Starting 0.33 0.33 0.34
before 2011 [0.629] [0.287] [0.665]
Share Enrolled in Medicaid for 2015 0.73 0.73 0.72
Full Year [0.738] [0.515] [0.820]
Panel B - (Annual) Health Care Measures, 2015
Total Health Care Spending ($)° 11,755 11,517 12,197

[0.632] [0.325] [0.201]
Number of Hospital Days 2.09 1.93 2.29

[0.470] [0.378] [0.151]
Number of ER Visits 0.47 0.59 0.50

[0.160] [0.532] [0.297]
Number of Doctor Visits 7.20 7.01 7.23

[0.515] [0.920] [0.514]
Number of SNF Days 2.65 2.39 2.81

[0.459] [0.623] [0.269]
Number of Chronic Conditions 5.46 5.34 5.44

[0.337] [0.809] [0.477]
F Statistic 0.560 0.660 0.746
P Value [0.906] [0.825] [0.752]
Observations (N) 10,630 175314 10,629




Table A3: Balance of Characteristics of Study Population: By Sub treatments

P Value of Difference between

Information Plus . Information Only
Information Only Assistance Control vs Treatment Standarc:I s Information Onl.y Standard vs No
Control Marketing Standard vs Framing
(col 1 vs 2+4+6+7) 1 246 vs 447 12vs5 Follow-up Postcard
Standard  No-Postcard  Marketing Framing Standard Marketing (col Vs 447) (col 2vs5) (col 2 vs 3)
[©)) 2 [©) @) (5) (6) () (8) ) (10) (11)

Panel A - Demographics
Age (as of October 31, 2015) 68.80 68.95 69.10 68.90 68.89 68.68 68.91

[0.472] [0.136] [0.608] [0.662] [0.388] [0.589] [0.622] [0.583] [0.817] [0.559]
Share Age 80+ 0.16 0.17 0.17 0.16 0.17 0.16 0.17

[0.153] [0.518] [0.997] [0.402] [0.630] [0.574] [0.484] [0.734] [0.637] [0.532]
Male 0.38 0.38 0.37 0.38 0.38 0.38 0.37

[0.987] [0.391] [0.959] [0.814] [0.602] [0.378] [0.851] [0.463] [0.843] [0.490]
Share White * 0.76 0.76 0.75 0.75 0.75 0.75 0.75

[0.728] [0.590] [0.698] [0.407] [0.154] [0.179] [0.205] [0.798] [0.703] [0.880]
Share Black * 0.08 0.07 0.07 0.07 0.08 0.08 0.08

[0.599] [0.463] [0.387] [0.651] [0.848] [0.186] [0.954] [0.576] [0.439] [0.871]
Share Primary Language not English 0.04 0.04 0.05 0.05 0.04 0.04 0.04

[0.897] [0.296] [0.149] [0.254] [0.815] [0.342] [0.790] [0.723] [0.433] [0.347]
Share Living in Pittsburgh 0.06 0.05 0.05 0.06 0.06 0.06 0.05

[0.338] [0.468] [0.685] [0.852] [0.552] [0.520] [0.760] [0.853] [0.370] [0.858]
Share Last Medicaid Spell Starting 0.33 0.33 0.33 0.33 0.36 0.33 0.34
before 2011 [0.849] [0.888] [0.577]  [0.006] [0974]  [0.142] [0.362] [0.253] [0.043] [0.969]
Share Enrolled in Medicaid for 2015 0.73 0.73 0.74 0.73 0.76 0.73 0.72
Full Year [0.857]  [0.276] [0.737] [0.005] [0.599]  [0.596] [0.561] [0.841] [0.020] [0.317]
Panel B - (Annual) Health Care Measures, 2015
Total Health Care Spending () ° 11,755 11,514 12,630 11,520 11,860 11,561 12,833

[0.711] [0.205] [0.710] [0.871] [0.654] [0.109] [0.796] [0.230] [0.674] [0.193]
Number of Hospital Days 2.09 1.88 2.33 1.97 227 2.29 2.29

[0.474] [0.474] [0.680] [0.565] [0.359] [0.563] [0.914] [0.848] [0.308] [0.262]
Number of ER Visits 0.47 0.59 0.44 0.59 0.44 0.54 0.46

[0.180] [0.420] [0.392] [0.459] [0.271] [0.819] [0.144] [0.699] [0.108] [0.103]
Number of Doctor Visits 7.20 6.81 6.85 7.22 6.67 7.23 7.23

[0.219] [0.275] [0.973] [0.103] [0.900] [0.955] [0.736] [0.549] [0.728] [0.903]
Number of SNF Days 2.65 2.02 297 2.76 2.96 2.55 3.07

[0.138] [0.511] [0.820] [0.525] [0.753] [0.391] [0.862] [0.098] [0.106] [0.101]
Number of Chronic Conditions 5.46 5.28 5.63 5.40 531 5.52 5.35

[0.255] [0.345] [0.719] [0.337] [0.634] [0.503] [0.456] [0.886] [0.890] [0.102]
F Statistic 0.856 1.038 0.399 1.367 0.555 0.972 0.617 0.676 1.044 1.143
P Value [0.644] [0.450] [0.980] [0.197] [0.918] [0.481] [0.867] [0.816] [0.377] [0.336]
Observations (N) 10,630 2,657 2,658 2,657 2,657 7,972 2,657

Notes: Table shows means of pre-randomization characteristics for the study population. Columns 1 through 7
show means by intervention sub-arm with the p-value (relative to the control arm) in [square brackets] Columns 8
through 11 report the p-value for differences between various groups of sub-arms, as indicated. The bottom rows of
the table report the F-statistic (and the p-value on that F-statistic) from the joint test of equality across all of the
pre-randomization characteristics shown. P-values of the differences in characteristics are based on heteroskedasticity-
robust standard errors. The F-statistic (and associated p-value) is calculated based a regression in which we “stack”
all of the variable values into a single left-hand side outcome variable and interact the treatment indicator with
variable fixed effects; the F-distribution is simulated using permutation with 1,000 iterations.

18



Table A4: Behavioral Responses to Interventions: All sub-treatments

P Value of Difference between

Information Plus Information Only

Information Only N Standard vs Information Only
Control Assistance Con:r(l)l vszt’:féT:m Marketing Standard vs Framing F j:zx‘jd F\’/(:sth(;rd
Standard ~ No-Postcard ~ Marketing Framing Standard ~ Marketing (col Lvs ) (col 2+6 vs 4+7) (col 2 vs 5) (col vas 3)
@ @ 3 @ ) 6 U] @) © (10) (a1

SNAP Enrollees 0.058 0.112 0.092 0.098 0.111 0.174 0.179

[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.481] [0.896] [0.016]
SNAP Applicants 0.077 0.151 0.120 0.143 0.157 0.236 0.239

[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.730] [0.543] [0.001]
SNAP Rejections among Applicants 0.233 0.224 0.216 0.311 0.281 0.261 0.250

[0.751]  [0.536] [0.005] [0.071] [0.116]  [0.442] [0.115] [0.133] [0.065] [0.777]
Callers 0.000 0.278 0.212 0.256 0.300 0.298 0.303

[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.288] [0.079] [0.000]
Adjusted Callers 0.000 0.300 0.234 0.278 0.322 0.298 0.303

[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.295] [0.086] [0.000]
SNAP Applicants among Non-Callers 0.077 0.089 0.074 0.084 0.093 0.085 0.077

[0.079]  [0.593] [0.295] [0.025] [0.066]  [0.953] [0.069] [0.262] [0.681] [0.071]
SNAP Applicants among Callers 0.000 0.311 0.295 0.315 0.306 0.592 0.612

[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.238] [0.830] [0.524]
SNAP Enrollees among Non-Callers 0.058 0.064 0.054 0.058 0.062 0.060 0.058

[0.284] [0.492] [0.934] [0.437] [0.578] [0.908] [0.467] [0.449] [0.824] [0.172]
SNAP Enrollees among Callers 0.000 0.237 0.234 0.215 0.225 0.442 0.457

[0.000]  [0.000] [0.000] [0.000] [0.000]  [0.000] [0.000] [0.847] [0.571] [0.921]
Observations (N) 10,630 2,657 2,658 2,657 2,657 7,972 2,657

Notes: Columns 1 through 6 show means of outcomes by intervention arm, with the p-value (relative to the control
arm) in [square brackets]. Columns 8 through 11 report p-values for comparisons shown in column heading. In column
8, sub-treatments are weighted so that within the Information Plus Assistance arm the standard and marketing
sub-treatments receive equal weight, and the Information Plus Assistance treatments receive equal weight as the
Information Only treatments. In column 9, sub-treatments are weighted so that Information Plus Assistance and
Information Ounly are equally weighted in Standard and Marketing arms. All outcomes are binary rates measured
during the nine months from the initial mail date. All p-values are based on heteroskedasticity-robust standard errors.
Callers are measured for the relevant call number and are therefore mechanically zero for the control; see text for a
description of the adjusted caller rate.
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Table A5: Enrollee Benefits and Predicted Benefits: All sub-treatments

P Value of Difference between

N Information Plus . Information Only
Infc ition Onl N
ormation Only Assistance Control vs Treatment Slandarq v Information Onl.y Standard vs No
Control Marketing Standard vs Framing
. N . (col 1vs 2+4+6+7) Follow-up Postcard
Standard ~ No-Postcard ~ Marketing  Framing Standard ~ Marketing (col 2+6 vs 4+7) (col 2vs 5) (col 2vs 3)
[¢)) 2 3 @ (5) (6) ) (8) ) (10) (11)

Benefit Amount 145,94 112.60 119.72 118.55 132.33 103.96 98.72

[0.000] [0.004] [0.003] [0.174] [0.000] [0.000] [0.000] [0.754] [0.065] [0.471]
Share $16 Benefit 0.178 0.295 0.282 0.303 0.247 0.359 0.355

[0.000] [0.002] [0.000] [0.019] [0.000] [0.000] [0.000] [0.905] [0.191] [0.727]
Share $194 Benefit 0.191 0.154 0.176 0.161 0.146 0.145 0.141

[0.165] [0.597] [0.281] [0.083] [0.013] [0.026] [0.017] [0.959] [0.770] [0.511]
Share $357 Benefit 0.055 0.034 0.057 0.069 0.064 0.038 0.040

[0.117] [0.924] [0.459] [0.600] [0.090]  [0.228] [0.230] [0.136] [0.082] [0.195]
Share Missing Benefit 0.073 0.044 0.045 0.042 0.064 0.021 0.036

[0.061] [0.093] [0.056] [0.613] [0.000] [0.005] [0.001] [0.352] [0.264] [0.943]
Predicted Benefit for Enrollees w/ 140.20 111.06 126.11 114.13 131.06 106.19 99.72
Nonmissing Benefit [0.000] [0.130] [0.003] [0.293] [0.000] [0.000] [0.000] [0.510] [0.038] [0.140]
Predicted Benefit for All Enrollees 138.65 112.99 126.04 115.17 130.07 106.57 101.56

[0.001] [0.166] [0.007] [0.302] [0.000] [0.000] [0.000] [0.581] [0.067] [0.193]
Share of Enrollees in Household Size 0.657 0.742 0.673 0.682 0.695 0.752 0.769
of 1 [0.008] [0.652] [0.479] [0.256] [0.000] [0.000] [0.000] [0.637] [0.207] [0.084]
Benefit Amount for Enrollees 116.97 95.32 98.01 90.88 96.45 85.61 86.03
in Household Size of 1 [0.004]  [0.010] [0.001]  [0.005] [0.000]  [0.000] [0.000] [0.686] [0.895] [0.754]
Observations (N) 613 298 245 261 295 1,385 476

Notes: Sample is individuals who enrolled in the 9 months after their initial mailing. Columns 1 through 7 shows means
by intervention arm with the p-value (relative to the control arm) in [square brackets] for SNAP enrollees. Column
8 - 11 report p-values for comparisons shown in the column headings. In column 8, sub-treatments are weighted so
that within the Information Plus Assistance arm the standard and marketing sub-treatments receive equal weight,
and the Information Plus Assistance treatments receive equal weight as the Information Only treatments. In column
9, sub-treatments are weighted so that Information Plus Assistance and Information Only are equally weighted in
Standard and Marketing arms. First 5 measures are based on actual benefit amounts received by SNAP enrollees; see
text for a description of the predicted benefits. All p-values are based on heteroskedasticity-robust standard errors.
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Table A6: Always Taker and Complier Enrollee Benefits and Predicted Benefits

Compliers .
Always Takers - P Value of Difference
Information Only Info'rmatlon Plus (Column 2 vs 3)
Assistance Arms
(1) (2) (3) (4)

Benefit Amount 145.94 78.31 79.66

[0.000] [0.000] [0.910]
Share $16 Benefit 0.178 0.445 0.444

[0.000] [0.000] [0.973]
Share $194 Benefit 0.191 0.117 0.120

[0.141] [0.008] [0.933]
Share $357 Benefit 0.055 0.044 0.031

[0.687] [0.113] [0.583]
Share Missing Benefit 0.073 0.006 0.007

[0.023] [0.000] [0.955]
Predicted Benefit for Enrollees 140.20 78.87 84.83
w/ Actual Benefit [0.000] [0.000] [0.629]
Predicted Benefit for All Enrollees 138.65 84.10 87.21

[0.001] [0.000] [0.788]
Share of Enrollees in Household Size of 1 0.657 0.782 0.810

[0.035] [0.000] [0.581]
Benefit Amount for Enrollees 116.97 64.69 70.70
in Household Size of 1 [0.000] [0.000] [0.587]
Share of Sub-Population 0.058 0.048 0.119

Notes: Sample is individuals who enrolled in the 9 months after their initial mailing. Variables reported are the same
as in Table 4. Column 1 shows the mean of the always takers (individuals who enroll regardless of intervention), while
columns 2 and 3 show the means for compliers (individuals who enroll if and only if they receive the intervention) for
each intervention; p-value (relative to the always takers) is in [square brackets] for SNAP enrollees. Column 4 reports
the p-value of the difference between the compliers in the two intervention arms. In column 2 the two equally-sized
sub-treatments are pooled; in column 3 the two pooled sub-treatments are weighted so that they receive equal weight.
Standard errors and p-values are computed with 10,000 replications of the bootstrap. Appendix F provides more
detail on how the objects in this table were calculated.
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Table A7: Cross-Group Caller Rates

Call to:

Call from:

Control

Info Plus Assistance
(Standard)

Info Plus Assistance
(Marketing)

Info Only (Standard)

Info Only (No Postcard)

Info Only (Marketing)

Info Only (Framing)

A:;Osg:cse (ISntf;ndOa[:Icil) '”fﬁo?tzzd()m (m?keot?r%) (IEIng Eéy) Observations (N)
(1) (2) (3) (4) (5) (6)
0.395 0.019 0.000 0.000 0.009 10630
29.767 0013 0.013 0.000 0.050 7972
30.335 0.000 0.000 0.000 0.000 2657
0.414 27.813 0.000 0.038 0.000 2657
0.376 0.000 21.181 0.150 0.075 2658
0.414 0.000 0.075 25.555 0.000 2657
0.489 0.000 0.038 0.188 29.996 2657

Notes: Table reports the percent of the study population in each arm who calls into the phone line for each arm. An
individual will be counted multiple times if she calls into more than one phone line; however in practice less than 1

percent of callers who call the number they are supposed to call also call another group’s number.
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Table A8: Rejection reasons

Information Plus P Value of Difference

Control Information Only Assistance (Column 2 vs 3)
(1) (2) (3) (4)

Insufficient Interest 0.511 0.433 0.680

[0.121] [0.000] [0.000]
Ineligible After Review 0.389 0.486 0.232

[0.054] [0.000] [0.000]
Other Reasons 0.100 0.082 0.088

[0.529] [0.630] [0.791]
Observations (N) 190 208 650

Notes: Table reports the percent of rejected applicants rejected for different reasons. Columns 1 through 3 shows share
of rejected applicants that were rejected for a given group of reasons, by intervention arm with the p-value (relative
to the control arm) in [square brackets]. Column 1 shows the control. Column 2 shows the Information Only arm (for
the same two equally-sized pooled sub-treatments). Column 3 shows the Information Plus Assistance arms (weighted
so that the two sub-treatments received equal weight). Column 4 reports the p-value of the difference between
the Information Plus Assistance and Information Only treatment arms. We grouped rejections by reason given.
“Insufficient interest” includes "failure to furnish required information", "failure to sign required forms", "failure to
supply identification proof", "voluntary withdrawal", and "failure to keep appointments". “Ineligibility after review”
includes "failing income, resources, or public assistance tests", "failure to meet citizenship or residence requirements",
"categorical ineligibility", "failure to meet employment tests", "failure to meet household composition requirements",
and "institutionalization or imprisonment". There other reasons such as "duplicate application", "application entered

in error" that we cannot categorize into the preceding groups are reported as “other reasons”.
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Table A9: Age and Health Characteristics of Applicants and Enrollees: Additional Detail

Applicants Enrollees
Means P Value Means P Value
Info Plus Info Plus
Control Info Only Inf(_) Plus Assistance vs Control Info Only Ian Plus Assistance vs
Assistance Assistance
Info Only Info Only

(1) (2) (3) (4) (5) (6) (7) (8)
Panel A - Individual (Annual) Health Care Measures, 2015

Number of Hospital Days 2.24 1.39 121 2.64 1.48 1.19

[0.099] [0.028] [0.576] [0.075] [0.015] [0.448]
Number of ER Visits 0.75 0.57 0.41 0.84 0.64 0.41

[0.308] [0.034] [0.037] [0.388] [0.042] [0.025]
Number of Doctor Visits 8.88 7.40 6.39 9.75 7.42 6.38

[0.102] [0.002] [0.067] [0.045] [0.001] [0.125]
Number of SNF Days 1.47 2.30 191 1.56 1.36 1.94

[0.357] [0.517] [0.647] [0.824] [0.646] [0.472]
Panel B - Demographics
Age (as of October 31, 2015) 66.07 67.32 67.91 65.94 67.06 68.03

[0.001] [0.000] [0.095] [0.011] [0.000] [0.022]
Observations (N) 817 781 2,519 613 559 1,861

Notes: Table reports additional characteristics that are shown in different form in Table 5. Columns 1 - 3, and
5 - 7 show means by intervention arm with the p-value (relative to the control arm) in [square brackets| for the
study population, SNAP applicants who applied within 9 months of their initial mailing, and SNAP enrollees who
enrolled within 9 months of their initial mailing, respectively. Column 1 and 5 show the control. Columns 2 and 6
show the Information Only arm (for the same two equally-sized pooled sub-treatments). Columns 3 and 7 show the
Information Plus Assistance arms (weighted so that the two pooled sub-treatments received equal weight). Columns
4 and 8 report the p-value of the difference between the Information Plus Assistance and Information Only treatment
arms. All p-values are based on heteroskedasticity-robust standard errors.
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Table A10: Demographic and Health Characteristics for Always Takers and Complier Applicants
and Enrollees

Applicants Enrollees
Always Compliers P Value of Always Compliers P Value of
Takers 1nfo Ol Info Plus Difference (Column Takers info Onl Info Plus Difference (Column
Y Assistance 2vs3) Y Assistance 6vs7)
(1) (2) (3) () (%) (6) (7 (8)

Panel A - Predicted Benefits
Predicted Benefits 148.26 100.85 99.65 138.65 84.10 87.21

[0.000] [0.000] [0.910] [0.001] [0.000] [0.788]
Panel B - (Annual) Health Care Measures, 2015
Total Health Care Spending ($) ° 9,424 7,707 7,813 10,238 8,676 7,809

[0.533] [0.314] [0.937] [0.675] [0.213] [0.767]
Total Number of Visits and Days 13.33 9.84 8.29 14.79 6.19 7.56

[0.331] [0.011] [0.576] [0.049] [0.004] [0.632]
Weighted Total Number of Visitsand 4,661 1,752 1,938 5,407 716 1,504
Days [0.117] [0.011] [0.857] [0.054] [0.004] [0.604]
Number of Chronic Conditions 6.21 4.83 4.83 6.54 4.07 4.80

[0.094] [0.006] [0.999] [0.020] [0.006] [0.381]
Panel C - Demographics
Share Age 80+ 0.06 0.16 0.18 0.07 0.17 0.18

[0.000] [0.000] [0.646] [0.005] [0.000] [0.815]
Male 0.41 0.40 0.37 0.39 0.44 0.37

[0.994] [0.228] [0.394] [0.443] [0.436] [0.155]
Share White * 0.67 0.80 0.78 0.71 0.87 0.82

[0.004] [0.000] [0.540] [0.003] [0.000] [0.213]
Share Black * 0.10 0.05 0.11 0.11 0.02 0.10

[0.101] [0.587] [0.011] [0.011] [0.845] [0.003]
Share Primary Language not English 0.08 0.04 0.02 0.06 0.03 0.01

[0.133] [0.000] [0.232] [0.232] [0.002] [0.482]
Share Living in Pittsburgh 0.05 0.07 0.08 0.05 0.08 0.09

[0.389] [0.068] [0.796] [0.366] [0.029] [0.696]
Share Last Medicaid Spell Starting 0.25 0.35 0.31 0.26 0.42 0.34
before 2011 [0.018] [0.014] [0.269] [0.006] [0.024] [0.087]
Share of Sub-Population 0.077 0.070 0.161 0.058 0.048 0.119

Notes: Sample in columns 1-4 is individuals who applied for SNAP within 9 months of their initial mailing, and in
columns 5-8 it is individuals who enrolled in SNAP within 9 months of their initial mailing. Column 1 (respectively,
5) shows the mean of the always takers (individuals who apply (respectively, enroll) regardless of intervention),
while columns 2 and 3 (respectively 6 and 7) show the means for compliers (individuals who apply (respectively,
enroll) if and only if they receive the intervention) for each intervention; p-value (relative to the always takers) is in
[square brackets|. Column 4 (respectively, 8) reports the p-value of the difference between the compliers in the two
intervention arms. In columns 2 and 6 the two equally-sized sub-treatments are pooled; in columns 3 and 7 the two
pooled sub-treatments are weighted so that they receive equal weight. Standard errors and p-values are computed
with 10,000 replications of the bootstrap. Appendix F provides more detail on how the objects in this table were
calculated. Variables reported are the same as in Table 5.

%Omitted category is other or missing race.

®Total spending is truncated at twice 99.5th percentile of study population, which is 371,620 (99.5th percentile in
study population is 185,810). Amounts greater than the threshold are set to missing.
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Table A11: Demographic and Health Characteristics of Callers

Information Onl Information Plus P Value of Difference
y Assistance (Column 2 vs 3)
(1) (2) (3)
Panel A - Predicted Benefits
Predicted Benefits 104.99 108.76 [0.286]
Panel B - (Annual) Health Care Measures, 2015
Total Health Care Spending ($) 6,779 7,792 [0.074]
Total Number of Visits and Days 10.16 8.96 [0.194]
Weighted Total Number of Visits and 3,167 2,575 [0.265]
Days
Number of Chronic Conditions 5.16 5.15 [0.982]
Panel C - Demographics
Share Age 80+ 0.16 0.16 [0.895]
Male 0.38 0.37 [0.561]
Share White ° 0.79 0.76 [0.044]
Share Black ° 0.08 0.09 [0.189]
Share Primary Language not English 0.03 0.03 [0.389]
Share Living in Pittsburgh 0.06 0.06 [0.654]
Share Last Medicaid Spell Starting 0.34 0.31 [0.076]
before 2011
Observations (N) 1,418 3,179

Notes: Table shows the demographic and health characteristics of caller in each intervention arm (based on the
unadjusted caller measure shown in Table 2). The Information Only arm pools the two equally-sized sub-treatments;
the Information Plus Assistance pools the two sub-treatments and weights them so that they receive equal weight.
All p-values are based on heteroskedasticity-robust standard errors. All demographic and health characteristics are
the same as shown in Table 5.

%Omitted category is other or missing race.

®Total spending is truncated at twice 99.5th percentile of study population, which is 371,620 (99.5th percentile in
study population is 185,810). Amounts greater than the threshold are set to missing.
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Table A12: Demographic and Health Characteristics by Sub-Treatment: Applicants

Information Only

Information Plus Assistance

P Value of Difference between

Control vs Treatment Standard vs Marketing Stla"rjgg;za\:fgr(:;% "

Information Only
Standard vs No

Control (col 1 vs 2+4+6+7) (col 2+6 vs 4+7) Follow-up Postcard
Standard ~ No-Postcard ~ Marketing Framing Standard Marketing (col 2vs5) (col 2vs3)
(€] 2 @3) “) ©) (6) () ®) ©9) (10) (11)

Panel A - Predicted Benefits
Predicted Benefits 148.26 128.66 133.83 122.46 136.87 116.61 114.13

[0.009] [0.078] [0.000] [0.118] [0.000] [0.000] [0.000] [0.369] [0.328] [0.573]
Panel B - (Annual) Health Care Measures, 2015
Total Health Care Spending ($)° 9,424 10,848 7,155 6,238 5,797 8,333 8,335

[0.405] [0.124] [0.012] [0.004] [0.312] [0.375] [0.341] [0.044] [0.002] [0.044]
Total Number of Visits and Days 13.33 12.78 9.12 10.49 10.01 9.18 10.65

[0.793] [0.023] [0.149] [0.073] [0.003] [0.112] [0.054] [0.994] [0.189] [0.081]
Weighted Total Number of Visitsand 4,661 3,735 2,513 2,785 3,634 2,607 3,026
Days [0.381] [0.037] [0.070] [0.367] [0.012] [0.068] [0.036] [0.836] [0.929] [0.233]
Number of Chronic Conditions 6.21 5.93 5.45 5.15 4.68 5.15 5.40

[0.562] [0.130] [0.024] [0.000] [0.002] [0.054] [0.011] [0.612] [0.012] [0.388]
Panel C - Demographics
Share Age 80+ 0.06 0.10 0.12 0.13 0.11 0.13 0.14

[0.050] [0.006] [0.001] [0.008] [0.000] [0.000] [0.000] [0.174] [0.541] [0.359]
Male 0.41 0.40 0.37 0.41 0.39 0.37 0.39

[0.903] [0.299] [0.928] [0.628] [0.070] [0.642] [0.436] [0.364] [0.757] [0.417]
Share White® 0.67 0.73 0.70 0.73 0.66 0.74 0.74

[0.025] [0.263] [0.020] [0.758] [0.000] [0.001] [0.000] [0.866] [0.027] [0.407]
Share Black® 0.10 0.09 0.07 0.07 0.12 0.11 0.11

[0.464] [0.055] [0.040] [0.312] [0.855] [0.469] [0.710] [0.883] [0.131] [0.296]
Share Primary Language not English 0.08 0.06 0.06 0.07 0.06 0.04 0.03

[0.087] [0.213] [0.457] [0.058] [0.000] [0.000] [0.001] [0.905] [0.892] [0.773]
Share Living in Pittsburgh 0.05 0.08 0.06 0.04 0.05 0.07 0.06

[0.093] [0.603] [0.612] [0.920] [0.022] [0.294] [0.105] [0.062] [0.156] [0.340]
Share Last Medicaid Spell Starting 0.25 031 0.30 0.28 0.29 0.30 0.28
before 2011 [0.020] [0.095] [0.181] [0.093] [0.005] [0.127] [0.008] [0.254] [0.552] [0.667]
Observations (N) 817 401 320 380 417 1,883 636

Notes: Table shows demographic and health characteristics of applicants (as shown in Table 5) separately for each
sub-treatment. In column 8, sub-treatments are weighted so that within the Information Plus Assistance arm the
standard and marketing sub-treatments receive equal weight, and the Information Plus Assistance treatments receive
equal weight as the Information Ounly treatment. In column 9, sub-treatments are weighted so that Information Plus
Assistance and Information Only are equally weighted in Standard and Marketing arms. All p-values are based on
heteroskedasticity-robust standard errors. All demographic and health characteristics are the same as shown in Table

5.

%Omitted category is other or missing race.
*Total spending is truncated at twice 99.5th percentile of study population, which is 371,620 (99.5th percentile in
study population is 185,810). Amounts greater than the threshold are set to missing.
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Table A13: Demographic and Health Characteristics by Sub-Treatment: Enrollees

P Value of Difference between

: Information Plus . Information Onl:
Information Onl; : y
¢ Y Assistance Control vs Treatment Standard vs Information Only Standard vs No
ontrol Marketing Standard vs Framing
(col 1 vs 2+4+6+7) " 12 vs 5 Follow-up Postcard
Standard ~ No-Postcard ~ Marketing Framing Standard Marketing (col 246 vs 4+7) (col 2vs 5) (col 2 vs 3)
(6] 2 [©) @) 5) (6) ) (8) ©9) (10) (11)

Panel A - Predicted Benefits
Predicted Benefits 138.65 112.99 126.04 115.17 130.07 106.57 101.56

[0.001] [0.166] [0.007] [0.302] [0.000] [0.000] [0.000] [0.581] [0.067] [0.193]
Panel B - (Annual) Health Care Measures, 2015
Total Health Care Spending () ° 10,238 11,938 7,391 6,785 5,394 8,058 9,131

[0.429] [0.113] [0.037] [0.002] [0.095] [0.468] [0.317] [0.246] [0.002] [0.045]
Total Number of Visits and Days 14.79 12.48 10.08 9.10 9.52 8.84 10.96

[0.352] [0.047] [0.009] [0.016] [0.001] [0.070] [0.012] [0.977] [0.193] [0.329]
Weighted Total Number of Visitsand 5,407 4,122 2,936 2,335 3,821 2,687 2,868
Days [0.345] [0.064] [0.010] [0.275] [0.010] [0.023] [0.017] [0.356] [0.834] [0.367]
Number of Chronic Conditions 6.54 5.60 5.78 5.23 4.55 5.13 5.60

[0.089] [0.205] [0.025] [0.000] [0.001] [0.063] [0.004] [0.676] [0.061] [0.791]
Panel C - Demographics
Share Age 80+ 0.07 0.10 0.13 0.13 0.11 0.15 0.14

[0.083] [0.006] [0.008] [0.076] [0.000] [0.000] [0.000] [0.585] [0.966] [0.276]
Male 0.39 0.41 0.35 0.42 0.43 0.37 0.38

[0.640] [0.247] [0.437] [0.331] [0.239] [0.771] [0.889] [0.510] [0.662] [0.163]
Share White * 0.71 0.79 0.73 0.77 0.69 0.77 0.79

[0.007] [0.504] [0.038] [0.688] [0.005] [0.001] [0.000] [0.638] [0.009] [0.118]
Share Black * 0.11 0.07 0.07 0.06 0.12 0.10 0.11

[0.086] [0.063] [0.009] [0.735] [0.695] [0.978] [0.216] [0.922] [0.085] [0.842]
Share Primary Language not English 0.06 0.04 0.05 0.05 0.05 0.03 0.02

[0.232] [0.442] [0.464] [0.357] [0.010] [0.001] [0.012] [0.545] [0.823] [0.769]
Share Living in Pittsburgh 0.05 0.08 0.05 0.03 0.06 0.08 0.07

[0.056] [0.806] [0.312] [0.356] [0.007] [0.205] [0.059] [0.025] [0.366] [0.153]
Share Last Medicaid Spell Starting 0.26 0.34 0.31 0.33 0.32 0.32 0.30
before 2011 [0.029]  [0.225] [0.044] [0.116] [0.007]  [0.166] [0.007] [0.506] [0.598] [0.465]
Observations (N) 613 298 245 261 295 1,385 476

Notes: Table shows demographic and health characteristics of enrollees (as shown in Table 5) separately for each
sub-treatment. In column 8, sub-treatments are weighted so that within the Information Plus Assistance arm the
standard and marketing sub-treatments receive equal weight, and the Information Plus Assistance treatments receive
equal weight as the Information Only treatment. In column 9, sub-treatments are weighted so that Information Plus
Assistance and Information Ounly are equally weighted in Standard and Marketing arms. All p-values are based on
heteroskedasticity-robust standard errors. All demographic and health characteristics are the same as shown in Table
5.

%Omitted category is other or missing race.

Total spending is truncated at twice 99.5th percentile of study population, which is 371,620 (99.5th percentile in
study population is 185,810). Amounts greater than the threshold are set to missing.
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Table A14: Behavioral Responses to Interventions: Robustness to covariates

Information .
Control Information Only Plus P Value of Difference
. (Column 2 vs 3)
Assistance
(1) (2) (©) (4)

SNAP Enrollees 0.058 0.105 0.176

[0.000] [0.000] [0.000]
SNAP Applicants 0.077 0.147 0.238

[0.000] [0.000] [0.000]
SNAP Rejections among Applicants 0.233 0.266 0.255

[0.041] [0.016] [0.796]
Callers 0.000 0.267 0.301

[0.000] [0.000] [0.000]
Adjusted Callers 0.000 0.289 0.301

[0.000] [0.000] [0.133]
SNAP Applicants among Non-Callers 0.077 0.086 0.081

[0.058] [0.256] [0.397]
SNAP Applicants among Callers 0.000 0.313 0.602

[0.000] [0.000] [0.000]
SNAP Enrollees among Non-Callers 0.058 0.061 0.059

[0.380] [0.592] [0.679]
SNAP Enrollees among Callers 0.000 0.226 0.450

[0.000] [0.000] [0.000]
Observations (N) 10,630 5,314 10,629

Notes: Table shows robustness of our main estimates of behavioral responses (see Table 2) to controlling for indicator
variables for which of the 11 mail batches the individual was assigned to and for the baseline covariates shown in
Table 5. Asin Table 2, columns 1 through 3 shows means by intervention arm with the p-value (relative to the control
arm) in [square brackets]. Column 1 shows the control. Column 2 shows the Information Only arm (for the same
two equally-sized pooled sub-treatments). Column 3 shows the Information Plus Assistance arm (weighted so that
the two pooled sub-treatments received equal weight). Column 4 reports the p-value of the difference between the
Information Plus Assistance and Information Only treatment arms. All outcomes are binary rates measured during
the nine months from the initial mail date. All p-values are based on heteroskedasticity-robust standard errors.
Callers are measured for the relevant call number and are therefore mechanically zero for the control; see text for a
description of the adjusted caller rate.
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Table A15: Health Characteristics of Enrollees and Applicants: Robustness to restriction to full
year of Medicaid

Applicants Enrollees
Means P Value Means P Value
Info Plus Info Plus Info Plus Info Plus
Control Info Only . Assistance vs Control Info Only . Assistance vs
Assistance Assistance
Info Only Info Only
(1) (2 [©) (4) (5 (6) () (8)
(Annual) Health Care Measures, 2015
Total Health Care Spending ($) * 10,304 9,313 9,366 10,932 10,585 9,684
[0.532] [0.469] [0.966] [0.862] [0.427] [0.575]
Total Number of Visits and Days 11.06 10.41 10.05 11.74 10.24 10.14
[0.682] [0.451] [0.791] [0.421] [0.324] [0.951]
Weighted Total Number of Visits and 3,673 2,506 2,966 4,182 2,771 2,909
Days [0.215] [0.413] [0.480] [0.250] [0.243] [0.867]
Number of Chronic Conditions 6.54 5.90 5.78 6.88 5.61 5.80
[0.182] [0.074] [0.758] [0.029] [0.039] [0.669]
Observations (N) 565 562 1,836 425 410 1,396

Notes: Table shows robustness of our main estimates of the health characteristics of applicants and enrollees (see
Table 5) to restricting to the approximately three-quarters of the sample who is enrolled in Medicaid for all of 2015.
As in Table 5, columns 1 - 3 and 5 - 7 show means by intervention arm with the p-value (relative to the control arm)
in [square brackets| for SNAP applicants who applied within 9 months of their initial mailing, and SNAP enrollees
who enrolled within 9 months of their initial mailing, respectively. Column 1 and 5 show the control. Column 2 and
6 show the Information Only arm (for the same two equally-sized pooled sub-treatments). Columns 3 and 7 show the
Information Plus Assistance arm (weighted so that the two pooled sub-treatments received equal weight). Columns 4
and 8 report the p-value of the difference between the Information Plus Assistance and Information Only treatment
arms. All p-values are based on heteroskedasticity-robust standard errors.
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E: Proofs of Propositions

This section provides detailed proofs of the main propositions and additional extended results

summarized in the main text.
E.1 Proofs of Propositions in Main Text

Welfare Effects of Interventions

Proposition 1. Let pj = —u/(y;)(7;Bj)ej, which equals the marginal utility of income times the
expected benefit of applying times the misperception of the application probability. Note that ji; is
positive if €; is negative, i.e., if agents under-estimate the probability of acceptance. The effect of

the Information Only treatment on welfare is given by the following expression:

dW InfoOnly dA; dAy, dA, dAy,
hlddl - i Z7h _ B 2 B 2h
IT M T (mB1 + gn) T + (mnBr + g1) o7
Change in Private Welfare Change in Public Cost
and the effect of the Information Plus Assistance treatment on welfare is given by the following
eTpression:
dW Info+ Assistance dAl dAh , dAl dAh
— = — — A "(yn)Ap — B — B — .
T P+ i w () A+ (yn) An = | (mBr + gn) e + (mh B + 91)
Change in Private Welfare Change in Public Cost
Proof: Welfare (assuming €, = ¢; = €) is given by
W =V, + Vi — [(mBi + g)Ai + (7n.Bn + gn) An)
(14e)m By (14-€)mp, By,
cu+ [ w@)mB - Ofdetulm) + [ o) mB - (e
0 0

— [((mBi+ g1) A1 + (mrBp + gn) Anl -

Information Only (dT = de): Taking the derivative with respect to to € yields

dW d (1+€)7TZBZ d (1+6)7th71
o r [ @B -on@der [ dw)mB - o
0 0
dA dA
- | ) 5+ B+ a2

Applying Leibniz’s Rule, we get
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(1+e)m B;

% / u’(yl)(mBl — c)fl(c)dc = u’(yl)(—emBl)fl((l + E)ﬂ'lBl)ﬂ'lBl.
0
Similarly,
J (14€)mp, By,
% / u'(yh)(ﬂhBh — c)fh(c)dc = u/<yh)(—67thh)fh((1 + G)WhBh>7ThBh.

0

Since the number of applicants is given by Ay = Fy,((1 + €)m,By,) and A; = Fi((1 + €)m By),

dA
T: = fn((1 + €)mnBp)mh By,
and A
ch = fil(l 4+ e)mBy)m By.
€
Therefore, we can re-write
J (I4+e)m By A
el / _ — _ il
o / u'(y)(m By — ¢) fi(c)de = w'(y1) (—em By) I
0
and
d (1+6)7thh dA
df / u'(yh)(ﬂhBh — c)fh(c)dc = u’(yh)(—ethh)—h.
€ de
0

Putting all this together, we have

AW dA dAy, dAy,

dA,
T = g (B ) G B ) G|

Since d1T" = de, we know that

dw  d4; dAp dA; dAp
o = Mg o [(WlBl +a)— + (mnBh + gn)— |-
This completes the first part of the proposition.
Assistance Only (dT = —dc): Define —dc as a downward shift in every applicant’s value of c.

First, let’s focus on the [ types. Suppose the entire distribution fj(c) shifts down by Ac. Define

W; as the welfare associated with the [ types (the sum of private welfare V; and public costs
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(mB; + g1)A;). How does W change with —Ac?

(1+€)TrlBl+Ac A
AW, = / o' (y)(m By — (¢ — Ac)) f£ (¢ — Ac)de — (m By + i) Fi((1 + €)m By + Ac)
0

Wi after

(I+e)m B,
- /0 u' (1) (mBy — ) fi(e)de — (m By + 1) Fi(1 + €)mBy)

W, before

where f2(-) is the shifted cost PDF. Note that f(c — Ac) = fi(c) at any value of c. Therefore, by

combining the integrals on the region [0, (1 + €)m B;], we can re-write
(1+€)m B;+Ac

(I+e)ym By
AW, = u'(yl)Ac/ fi(e)de + u’(yl)/ (mB; — (c — Ac)) fi(e)dce
0 (I4+¢)m By

+ (WIBZ + gl) [Fl((l + G)TFZBI) — Fl((l + 6)7TlBl + AC)} .

Next, note that

(1+e)m By (1+e)m Bi+Ac
Fl<(1 + E)WIBZ) — F’l((l + E)ﬂ'lBl + AC) = / fl(c)dc — / fl(C)dC
0 0

(1+€)m Bi+Ac
= —/ file)de
(1+E)7TlBl
and so we can re-write
(1+e)m By (1+€)m B;+Ac
AW, = u’(yl)Ac/ fi(e)de + u’(yl)/ (m By — (¢ — Ac)) fi(c)dce
0 (I+e)m By
(14e)mBi+Ac
— (m B + gl)/ file)de.
(I4+e)m By

Taking this expression, dividing by Ac, and taking the limit as Ac — 0 yields —%‘;. However,

both the numerator and denominator approach zero (i.e. the fraction is indeterminate), so we

apply L’Hopital’s Rule. The denominator is one, so we just need to differentiate each term of the
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numerator. This yields:

d , A (1+e)m By T , (1+e)m By
— |u c c)de| =u c)dc
T (A [T ) | = [ e
d (1+€)m Bi+Ac 1
(A0 u' () /( | (m By — (¢ — Ac)) fi(e)de| = v/ (y;)(—emBy) fi((1 + €)m By + Ac) (Leibniz)
1+¢)m B )
d (1+€)m Bi+Ac 1 o
D) —(mBr+ q1) / file)de| = —(m B+ g1) f1i((1 4+ €)mB; + Ac) (Leibniz)

(Ac) (1+e)m By ]

Taking each term as Ac — 0 and combining yields

———=u(4) /O(HE)WBZ file)de + /(i) (—emBy) fi (1 + €)mBy) — (mBy + g1) fi((1 + €)m By)
= (y) F((L+ e)mBy) + m fil (L + mBy) — (mBi + g) il (1 + €)mBy).
When you lower ¢, you generate three terms:
1. /(y))F1((1 + €)m By) represents the utility gained by a fraction Fj((1 + €)m;B;) of agents.

2. wfrn((1 + €)mBy) represents the additional utility gained by the marginal agent. This is
because while the marginal agent thinks he is indifferent, if ¢ # 0 (he misperceives), he
actually should not be indifferent. Therefore, by applying, he gains utility (the envelope
theorem does not apply). fi((1 + €)mB;) is the number of marginal agents, and p; is the
utility that each agent gains.

3. (mB;+ 1) fi((1 + €)mB;) represents the application costs paid due to the marginal agent.
fi((1 4+ e)mBy) is the number of marginal agents, m;B; is the expected benefit per applicant,

and g; is the processing cost per applicant.

Similarly,

avy,

= u (yp) Fr((1 + €)mpBr) + pnfu((1 + €)mpBr) — (7aBn + gn) fu (1 + €)m,By).

Putting this together implies

aw _ _dw
dT  de
__dm_am
dc dc

=u'(y) Fy((1 + )mBy) + u fi((L+ €)mBy) — (m By + g1) fil(1 + €)m By)

+ ' (Yn) Fu((1 + )7, Br) + pnfr((1 + €)mnBr) — (7B + gn) frn((1 4 €)mnBy)
dAy,

. dAl / dAh ’ dAl
= g +u () A + Ph—gr U (yn)An — | (m By + gz)CTT + (7 By, + gh)d7T :
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Information + Assistance (d1 = de, —dc):

Combining information and assistance yields

aw dA; dAp dA; dAp

- = ! A E— Ay — B pa— B
T Msz u' (Y1) A + pn T + ' (yn) An — |(mB1 + g1) dT+(7Th b+ 9h) = T

where % is the change in the number of applications from both de and —dc. This is the second

part of the proposition, and completes the proof.

Relationship Between Targeting Impacts and Changes in Welfare

Proposition 2. Holding constant the change in applications due to an intervention, the change
in social welfare in response to an improvement in high-benefit targeting from an intervention (in

either the Information Only or Information Plus Assistance treatments) is giving by the following:

= [(n — ) — (muBp + gn) — (mBr + g1)] Eu(Eny+ Ep)

a4 Ey(mp —mnr) + Ep(mhe — mm)

Proof: Define yi; = —u'(y;)(m;B;)e; . Since e = = +EL log(e) =log(Ey) — log(Ex + Er) and

dlog(e) . idEH _ 1 dEH i dEL
dT’ Ey dTT  Ep+Ep \ dT T
(EH-i-EL) +E (dEH +dEL>

EH(EH + Ep)

From Proposition 1, we know that change in welfare from Information Only is the following:

%I,/ = Mchlf; + Mh% - [(WZBI +gz)% + (mh Bn +9h)cilf;1]
= ( —mB; — gl)% + (th — T Bp — gh)ddé?
= ( —mB; — g1) (C(l;;l + C?;) + (pn — 0B — gn — pu + m By + 91)634;
= (= 7B~ 1) 4 [ ) — (B ) — (B + )

Now, since dA/dT is held constant (so that dA;/dT + dAy/dT = 0), we just need to see how
the right-hand term varies with dlog(e)/dT. We begin with the following derivatives given model
assumptions (all derivatives dX implicitly refer to dX/dT):
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dEy = mppdAp + mpgdA;
dE;, = mppdAy, + mndA;

These equations can be used to solve for dAj, in terms of dEy and dE}:
dA;, = (TI'ZLdEH — WlHdEL)/A
dA; = (—mpdEg + mpgdEL)/A
where A = mpgmy — mumh > 0. Since dA; = —dAy, this can be used to solve for dEyg in terms

of dEL:

(WhLdEH — ﬂ'thEL)/A = (WlLdEH — ﬂlHdEL>/A

(mip — mhe)dEy = —(mhe — mu)dEL
dEy = —MdEL — _TIdE}
(miL, — ThL)

Now, we can write dAy, in terms of dE7:

dAh = (—WlLHdEL—ﬂ'lHdEL)/A
= ((—WZLH—TFIH)/A)dEL
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Thus, we can solve for dAy, in terms of dlog(e)/dT":

dlog(e) 1 dEH 1 dEH 4 dEL
dT’ EH dT EH + Ep \ dT dT’
dlog(e) 1
= ——HdE —— (-1IIdF dFE
dT Ey Y Ey+EL ( 1+ dEL)
dlog(e) 1 1

Z R A TR PR
dlog(e) (II—-1)Eg — (Ex + Ep)II

ar En(Ey + Ep) b1
dlog(e) _ (II-1)Eyg — (Eg + Er)I A A,
dT’ Ey(Eg + Ep) —m Il — mpy
dlog(e) By +ELll A dAy,
ar Eg(Eg + Ep) mpll + mpy dT
dlog(e)  En(mr —mne) + Er(mhg — mm) dAp
dT Ey(Eg + Ep) dT’
dAy, _ dlog(e) < Eg(Eg + Ep) )
dar 4T Ex(mp — 7)) + EL(mhg — mim)

which can then be substituted back into the dW/dT expression above. Then, taking the partial
derivative with respect to dlog(e)/dT gives the expression in Proposition 3:

0 dW dA
W ( dT > " W {[(Nh — ) = (mnBn + gn) — (mBi + g1)] dTh}
0
d(dlog(e)/dT) -
om0 (s
Ey(Eg + Ep)

= [(pn — ) — (7 By + gn) — (mBi + g1)]

Ey(mz —mne) + EL(mhg — mm)
E2. Extensions: Propositions and Proofs
E2.1 Extensions to the neoclassical model (mean unbiased beliefs)

Welfare Effects of Non-Marginal Changes without Misperceptions (Away From Enve-

lope Theorem)

We have focused discussion of model on marginal changes in perceptions and costs in response to
interventions. However, non-marginal changes can be analyzed in a similar fashion. In particular,
with non-marginal changes, the envelope theorem will no longer apply even in the neoclassical
benchmark case with accurate beliefs. However, we can still show the same lack of a general rela-
tionship between targeting properties of the intervention and changes in welfare. This is illustrated

in the following proposition, which focuses on the case of accurate beliefs for simplicity:
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Proposition 3. If ¢ = ¢, = 0, then the effect of the non-marginal Information Only treatment

(AT = Ae) on welfare is given by:

(14e+Ae)m By (1+ep+Ae)m, B
AW =i) [ mBi-afi@des i) [ (mBy - Ofede
(14+€)m By (1+en)mnBh
— [(mB1 + g1) AA; + (71, B, + gn) AAR] (6)

and the effect of the non-marginal Information Plus Assistance treatment (AT = Ae, —Ac) on

welfare is given by:

(1+Ae)m By (1+Ae€)m, By,
AW =) [ mBi-af@det i) [ (@B Ofede
T B T Bh
, 7TlBl , 7ThBh
() / (mB1 — &) fi(e)de + o (yn) / (B — ) falc)de (7)
mBi—Ac wp Bp—Ac

+ u' (y1) AcA; + u' (yn) AcAy, — [(m By + i) AA; + (mh B, + gn) AAp]

Alternatively, if we define expected benefits net of costs as z; = w;jB; — ¢;, the effect of the non-

marginal Information Only treatment on welfare is given by

0 0
AW =/ (y) / zki(2)dz+u'(yn) / zkp (2)dz —[(m By + gi) AA; + (7, By + gn) AAp] (8)
—AGW{B[ —Ae?‘(‘hBh

and the effect of the non-marginal Information Plus Assistance treatment on welfare is given by:

0 0
Ac Ac
AW =/ (y) / 2k (2)dz + u' (yp) / 2kp(2)dz +u' (y)) / 2k (2)dz + u' (yp) / zkp(2)dz
7AET{'ZBl 7A67ThBh 0 0

9)
+ ' (y1) AcA; + o' (yn) AcAp, — [(m By + gi) AA; + (7. Br, + gn) AAy]

where k;j(z) is the distribution of the z’s.

To see why these terms are not obviously signed in the case of high-benefit targeting, note that
in the non-marginal case the increase in private welfare from a given change in enrollees depends
on the shape of the type-specific cost distribution f;j(c). If most of the individuals induced to apply
were close to indifferent before the non-marginal change in costs, then a non-marginal change in

costs can have a non-marginal change in private welfare; however if most of the individuals induced
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to apply were close to indifferent to applying after the non-marginal change, then the non-marginal
change in costs will have a negligible effect on their private welfare, since they are close to indifferent
to applying after the intervention. Thus, the cost distribution functions — much as the misperception
terms did away from the neoclassic benchmark — provide another factor that potentially breaks the

relationship between improvements in targeting and changes in social welfare.
Proof:

Information Only (AT = Ae): If ¢; increases to €; + Ae, then W changes by:

(1+EZ+A€)7TZBl (1+Eh+AE)7ThBh

AW =/ (3) / (1iB1 — &) fe)de + o () / (4B — ) fu(c)de
(14-€)m By (1+€x)mr B
(1+6l+A6)TrlBl (1+6h+A6)7ThBh
) / fue)de + (w1 By + gn) / falc)de
(I4e)m B, (1+€p)mn By
(14-€+Ae)m B, (14-€p+Ae)mp, By,
— () / (1iB1 — &) file)de + ol (yn) / (1B — ¢) fuc)de
(14-€)m By (14-€p)mh B

— [(mBy + g1) AA; + (7, By, + gn) AAp]

If €;, = ¢, = 0, this simplifies to

(1+A€)7‘I’1Bl (1+A6)ﬂ'hBh
AW = (y)) / (m By — ¢) fi(e)de + u'(yn) / (mpBp, — ¢) fn(c)de
7TlBl 7ThBh

— [(mBy + gi) AA; + (7B, + gn) AAp] .

To simplify notation, we can define the expected benefits net of costs as z; = m;B; — ¢;. Using a

change of variables, we have m;B; — ¢; = z;, fj(c) = fj(mjbj —2) = kj(z), and dc = —dz. Therefore,
—Aem; By —Aermp By,
AW = —d(y) / 2fi(m By — z)dz — ' (yn) / z2fn(mpby — 2)dz

0 0

— [(m By + g1) AA; + (T, Bp, + gn) AAp]
0 0

) [ st [ s~ (B a)AAE (By -+ )AL

—Aeﬂ'lBl —AET('hBh

where k;(z) is the distribution of the expected benefits net of costs. This completes the first part
of the proof.
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Assistance Only (AT = —Ac): If ¢ falls to ¢ — Ac, then W changes by:

(1+e)m By (1+en)mn Bh

AW = o (9)(m By — &) fi(e)de + / W (yn) (7 B — ) a(c)de
(1+¢)mB;—Ac (1+€p)mpBr—Ac

+ ' (y1) AcA; + o' (yn) AcAy, — [(mBr + g1) AA; + (7, By, + gn) A Ay

If €; = 0, this simplifies to

m B mhBh

AW = u' (i) (mBy — ) fi(c)de + / u' (yn) (B, — ¢) fn(c)de
mBi—Ac By —Ac

+ ' (y) AcA; + ' (yn) AcAy, — [(mBr + gi) AA; + (mp.Bp, + gn) AA)

Information and Assistance (AT = Ae¢,—Ac):  Combining the information and assistance

effects, we have

(1+A6)7TZBI (1+A6)7{'},’Bh
AW =) [ mBi-af@der i) [ (@B ofede
ﬂ'lBl 7ThBh
, m By , Th Bh
+ ' (y1) / (m By — c) filc)de + u'(yn) / (mn B — ¢) fr(c)dc
mB—Ac 7w B —Ac

+ ' (y) AcA; + o' (yn) AcAy, — [(m By + g1) AA; + (7, Bp, + gn) AAp)

where AA; is the change in total applications from both Ae and —Ac. To simplify notation, we
can define the expected benefits net of costs as z; = m;B; — ¢;. Again, using change of variables,
we have m;B; — ¢; = z;,fj(c) = fj(m;Bj — z) = kj(2), and dc = —dz. Therefore,

—Aem By —Aemy, By, 0 0
AW = —u/(y)) / zky(2)dz — o (yn) / zkp(2)dz — ' (y;) /A 2k (2)dz — u' (yp) /A zkp(z)dz
0
+ ' (yr) AcA; + o/ (yn) AcAp, — [(m By + gi) AA; + (7B, + gn) AAy]
0 0 Ac Ac
—dl) [ ki) [ ) [ e ) [ (s
—Aem By —Aerm, By, 0 0

+ u'(yl)AcAl + u'(yh)AcAh — [(ﬂ—lBl + gl)AAl + (WhBh + gh)AAh} .

This completes the proof.

Heterogeneity in e (Shifting the Mean)

Proposition 4.  Let €; be distributed according to the distribution e;(-) which is symmetric and
centered around zero with support [¢;,€;]. Let costs be distributed according to the distribution f;(-)

which is symmetric around 7;B; with support [c;,;]. Further, let e;(-) and f;(-) be independent.
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Define de as a small shift in each type j agent’s value of €;. If gj > 0, then % = C&—V}/ < 0.

Proof Sketch: We start with some intuition and a rough sketch before the formal proof:

e Select an arbitrary €; < 0 from the support of e;(-).

— There is mass e;(e;) of these agents.

— Within this subgroup, any agent who satisfies
(1+€)mBj —¢ji = 0= ¢ji = (14 ¢)m;Bj = m;Bj + €j7;B;

is indifferent between applying and not applying.
— Since €; and ¢ are independent, there is a mass e;(¢;) f;((1 + €;)m;B;) of these agents.

— These indifferent agents will be induced to apply by a small increase in de;. Each agent’s
expected utility gain is —e;m;b; (these are agents who should have been applying, and

recall that €; < 0 so —¢;m;B; is positive). Therefore, the total welfare increase is

[—€jm; Bj] x €j(€;) f;((1+ €;)m; B;)
—_——
expected utility gain per agent mass of indif f't agents

e Now consider —¢;.

— There is mass ej(—¢;) = ej(¢;) of these agents due to the symmetry of g;(-) around 0.

— Within this subgroup, any agent who satisfies
(1= €)miBj = ¢ji = 0= c¢ji = (1 = ¢j)m;Bj = mjbj — €;7; B;

is indifferent between applying and not applying.

— Since €; and c are independent, there is a mass e;(—e¢;) fj((1 — €;)m;B;) of these agents.
Since f;(-) is symmetric around 7;B;, f;((1 —€;)m;B;) = f;((1 + ¢;)m;B;). Therefore,
ej(—€) fi((1 = €;)m; Bj) = e;(€) f3((1 + €)m; Bj)-

— These indifferent agents will be induced to apply by a small increase de. Each agent’s
expected utility loss is €;7;b; (these are agents who should not have been applying, and

recall that €; < 0). Therefore, the total welfare decrease is

lejmiBj]  xej(—€) fi((1 = €j)m;iB;) = [ejmiBj] x ej(€;) f5((1 + €j)m; Bj)
—
utility loss per agent mass of indif f't agents

e Since the net change in private welfare for any (e;, —e;) pair is zero (the two cancel), inte-

grating over the full support [¢;,€;] = [~€;, €;]will yield zero change in private welfare.
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e However, we have encouraged a mass of 2e;(¢;) f;((1+¢€;)m;B;) to apply, at a cost of 7;B; +g;

to apply. Since g; > 0, we know that we incurred an additional cost.

e Therefore, total welfare (private welfare plus public costs) has fallen.

Formal Proof: In this case, social welfare can be defined as
W= // Bu()]fi(c)er(e)dede + / Enlu(]fn(c)en(e)dede — (1B + g1) A + (x4 By + gn) As)

_ /apply Ei[u()] fi(c)ei(e)dede + //ﬁamﬂy u(y) file)ey(e)dede

T /apply En[u()]fn(c)en(e)dede + //ﬁapm u(yn) fr(c)en(€)dede — [(m By + g1) Ay + (mn Bl + gn) An) -

Individuals of type h apply if
(1 + eni)mnu(yn + Br — cpi) + (1 — (1 4 eni)mn)u(yn — cn,i) > u(yn)-

If we take first-order Taylor approximation around u(yy,), this simplifies to

(1 + Gh,i)ﬂ'lBh — Chi > 0= Chyi < (1 + Gh,i)ﬂ'lBh

Since ¢ and € are independently distributed, we can re-write

€n (1+€)7y B,
/ Enlu(-)]fr(c)en(€)dedd = / [/ (mpu(yn + by — ¢) + (1 — mp)u(yn — ¢)) fa(c)de| ep(€)de
apply € Ch

and

en(€e)de

/[apply u(yn) fu(c)en(e)dede =

[ / u(yn) f(c)de
(14+€)mpBp

u(y F((1+ €)mnBp)] en(€)de

.
[
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Therefore, again using a first-order Taylor approximation, we can define the private welfare of type

h as

22

(1+€)mp By
[/ ( (yn) + ul(yh)(WhBh — C)) fh(C)dC] en(€)de

+

u(y F((1+ €)mpBp)] en(€)de

ep(€)de

+

u( F((14 e)m,By)] en(€)de

A
[
/eh [/c (1+€)m, By, U (yn) (mp By, — ¢) fr(c)de + u(yp)F((1 + €)mp By
/eh
-/

(1+€)mn By
[/ u' (yn)(mu By — ¢) fn(c)de + U(yh)] en(€)de

h (14-€)mp, B,
2/ [/ u'(yn) (7, B, — ¢) fn(c)de

en(€)de + u(yn)

=h

Doing the same for type [, we get total welfare is

€ 1+e)m B,
W =~ /El [/Cl + u/(yl)(mBz — c)fl(c)dc] e;(€)de + u(y;)

€h
o

(1+e)mn By
[/ ' (yn) (mn Bn — C)fh(c)dC] en(€)de +u(yn) — [((mBy + g1) A1 + (7 By + gn) An) -

We want to know how welfare changes if every agent experiences a small increase in e. We call this

aw
de -~

€n (1+€)m, By,
d;ev je/ [/ u' (yn) (mn B, — C)fh(c)dc] en(€)de

=h

dA,

d €] (1+e)m By , dA
+ - / u' (y1)(m By — ¢) fic)de| e;(€)de — {(Fle + 91)7 + (. Bh + gn) —— I

de G <
First we can focus on the h types. Bringing the derivative inside the integral, we have

d €h (1+6)7T}LB}1 ,
o / u' (yn) (mp B, — ¢) fr(c)de| ep(€)de =
€n <n

€n (1+€)7y B,
/Eh % ”/ch ' (yn) (T Bp, — C)fh(c)dC] eh(f)] de.

To calculate the derivative now inside the integral, imagine that every type h agent experiences a

+A increase in his value of e. Now fix a value of € = ¢/. All type h agents who previously had
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e = ¢ now have e = ¢ + A. The change in welfare for the type agents who had e = ¢ is

/(1+6/+A)7ThBh

(1+€)mp By
AW o = [ / o (yn) (71 Bn — ) fu(c)de| en(e).

=h

' (yn) (7n B, — C)fh(c)dC] eh (e+A)—

Ch

where eﬁ(-) is the new distribution of €’s, because the entire distribution shifted up. Therefore,

e (e + A) = ey(€), which allows us to re-write
(1+€'+A)m, By,
AWp,e = u'(yn)en(e) / (mhBh, — ¢) fn(c)dc

(1+€)mp By,

Dividing by this by A and taking the limit as A — 0 gives the derivative evaluated at €

d (A+e)mnBy . u'(yh)eh(e')f((llj:,;fg;h&" (mnBp, — ¢) frn(c)dc
e /ph o' (yn)(mhBr — ¢) fa(c)de| en(e) = ilino A

14€' +A)7, By,
u'(yn)en(€) 35 f((1+6’)7rh1)3hh " (mnBn — ¢) fn(c)de

= lim
A—0 1

i —Y @) (€ + A)miB)fu((1+ € + A)mBr)
A—0 1

= —u(yn)en(€) (€' mnBn) fu((1 + € )wnBn)

where the second line follows from L’Hopital’s rule and the third line follows from Leibniz’s rule.

Now consider agents with ¢ = —¢’. Following the exact same steps as above,
d (tromBa | B d y "(yn)en( j(<11 :,):}A])BT"Bh (mnBr — ¢) fu(c)de
T /Ch u (yn)(mn B — ¢) fu(c)de| en(e) = Alglo i
— u'(yn)en(—€) ix (<11 j)jrhA;ZhBh (mnBn — ¢) fn(c)dc
= a5 1
— i Y n)en(=) (€ = A)mnBn) fn((1 = € + A)mi Bn)
T A0 1

=u'(yn)en(—€) (€ 7B fu((1 — € )mnBy)
= u'(yn)en(€') (€ mnBw) fu((1 + € )mnBn)

where the second line follows from L’Hopital’s rule and the third line follows from Leibniz’s rule,
and the last line follows from symmetry assumptions on f3(-) and ep(-). So we have shown that for
any (€, —¢) pair,

(14+€)mp, By
% |:|:/Ch o' (yn) (B, — c)fh(c)dc:| en(e)

Therefore,

(1+e)mp By,
/ o/ (gm) (e B c)fh<c>dc] eh<e>] _o.

e=¢ =h

e [ rQ+e)m By
/eh % [ /Ch ' (yn) (7 Bh — C)fh(c)dC] eh(e)] de = 0.

The exact same logic implies

3 i (14-€e)m By
/El % [/Cl o' (y) (m By — C)fl(C)dC] 61(6)] de = 0.
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Therefore,

AW A dAy

d
? = — |:(7TlBl + gz)g + (ﬂ'hBh + gh)x

Since

€h
Ar / Fh((l + G)WhBheh(e)de
£h
we know that

ddiih - /: % [Fn((1 4 €)mBp)en(€)] de.

To calculate the derivatives inside the integrals, imagine that every h agent experiences a +A
increase to his value of €. Now, fix a value of € = €. All type h agents who previously had € = ¢

now have € = € + A. The change in applications for the type h agents who have € = €’ is

AAh,e’ = F((l + ¢ + A)?ThBh)e}%(ﬁl + A) — Fh((l + 6,)7ThBh)€h(6,)

where eﬁ(-) is the new distribution of €’s, because the entire distribution shifted up. Therefore,

e (e + A) = ey (€). Therefore, we can re-write
AApe =en(€) [Fr((1+ € + A)mpBy) — Fp((1 + €)mBy)] -

Dividing by A and taking the limit as A — 0 gives the derivative evaluated at ¢ = ¢’:

% [F((1+ e)ﬁhBh)eh(e)]eze/ - iiino en(e) [Fr((1+€ + A)TrhABh) — Fr((1 4 €)mp,Bp)]
= lim en(€)fn((1 + € + &) By)mn B
A—0 1
= en(€) fu((1 + €)mp,By)mp, By,

> 0.

Similarly, dd—é’ > 0. Together with the fact that g; > 0, this implies

dW dA; dAp

— = B e B — .

7 (mB;+ q1) I + (mp By + gn) I <0
Therefore, —‘fl[T[ < 0. This completes the proof.

Heterogeneity in ¢ (Treatment Shrinks Variance of Beliefs)

There are many ways to reduce the variance of a distribution. Assume that ¢; is distributed
symmetrically around 0 with support [gj,Ej]. One way to reduce the variance is to take every e;
and move it to €;(1 — A) where A € [0,1]. If A = 0, we haven’t reduced the variance at all. If

A =1, we have reduced the distribution to a single mass at 0, with no variance.
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Proposition 5. Let €; be distributed according to the distribution e;(-) which is symmetric and
centered around zero with support [¢;,€;]. Let costs be distributed according to the distribution f;(-)
which is symmetric around 7;B; with support [c;,¢;]. Further, let e;(-) and f;(-) be independent.

aw _ aw
de

Let dT = de be the variance reduction described above. Then G = % > 0 where corresponds

to the welfare change from a very small reduction in the variance.

Proof Sketch: First we start with some intuition and a sketch of the proof. Some agents who
have €; < 0 find their value of ¢; increase and are induced to apply. They are made better off,
because they should have been applying (they under-estimated the probability of acceptance). On
the other hand, some agents who have €; > 0 find their value of ¢; decrease and are induced not to
apply. They are made better off, because they should not have been applying (they overestimated
the probability of acceptance). So private welfare unambiguously increases. However, under some
symmetry assumptions, the number of applications stays constant. Therefore, there is no increase

in application costs, and so total welfare increases.

Formal Proof: Just as in Proposition 4, welfare can be written as

€
W'~V+/
€

!

(1+e)m By
/ u'(yy) (m By — C)fz(C)dC] er(€)de + u(y)

=l

€n (14+€)mn By
+ / [/ ' (yn) (7B, — C)fh(C)dC] en(€)de +u(yn) — [(mBi + g1) A1 + (7n B + gn) Al -

Therefore,

3 (14e)m By
aw ”d / u’(yl)(mBI—c)fl(c)dc] el(e)] de

de de
€n d (1+4€)mp, By, dA dA
+ / [[dﬁ/ o' (yn) (mn Br — c)fh(c)dc] eh(e)] de — {(mBl + gl)TGZ + (7 Br + gh)d:] :
Ep Chp,

Focusing on the h types, suppose that everyone has their value of ¢, — €,(1 — A)). How does
welfare change for these types? Consider all agents who have e, = €. Their collective change in
welfare is

(14+€'(1=2))7, By, (14+€")mp, By,
AWy, = {/ ' (yn) (70 Br — C)fh(C)dC] en(€(1=A))— {/ ' (yn) (mn Br — C)fh(c)dc] en(€)

th =h

where e2(+) is the “compressed” PDF. Note that s (¢/(1 — A)) = e, (€') so we can rewrite:

(1+€)mr By,
u'(yp) (mp Bp — ¢) fu(c)de| — [/ ' (yn) (7 B — C)fh(C)dC”

(1+¢/(1-A))m, By

= u’(yh)eh(e’)/ (7 Br — ¢) fn(c)de

(1+€)mp By,

(1+€¢'(1=A))m B,
AWg e = en(€) /

Ch
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Dividing by this by A and taking the limit as A — 0 gives the “derivative” (We put derivative in
quotations because we’ve defined it in a very specific and strange way) evaluated at €’:

[ O B — O paere] enten| = tim OO G5 B — (e
I . u' (yp) (B, — c) frn(c)de| en(en = lim X
= ep=¢’
' (1+€/(1=A))mn By,
i (yn)en(€) gk Jorerymnn, " (TnBn — c) fr(c)de
A0 1
= lim o' (yn)en(€)(—€'(1 = A)mnBn) fa((1 + € (1 = A))mnBr)(—€ . Bn)

= u'(yn)en(€) (€' mnBr)* fu((1 + € )mn By)

Note that the sign of this is positive regardless of the sign of €’ - in other words, for any value of e,
the “derivative” is positive. This implies that when we integrate over the full support, the integral

is positive. In other words,

/€h
€

h

(1+e)mpBp
[[i/c + u' (yn) (B, — c)fh(c)dc] eh(e)] de > 0.

Cp,

By the exact same logic,

/q
€

=l

(1+e)m By
[[je/ ul(@)(ﬂ'lBl — C)fl(c)dC] 6[(6)] de > 0.

Finally, we know that

€n
Ap = / F((1 + €)mpBrep(€)de.

Zh

Therefore,
dAp

de

= [" 4+ ImaBuen) e

To calculate the derivative inside the integrals, again imagine that every H agent has his value of
e = ¢(1 — A) Now, fix a value of e = ¢/. All type h agents who previously had ¢ = ¢ now have
e = ¢(1 — A). The change in applications for the type h agents who have e = € is

AAp e =F((1+€(1- A))ﬂ'hBh)ef(e'(l —A)) — Fp((1+ €)mnBp)en(€)

where e2(+) is the “compressed” PDF. Note that s (¢/(1 — A)) = e, (€') so we can rewrite:

AApe = en(€) [Fa((1+ € (1 — A))mpBp) — Fu((1 + €)mpBy)) -
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Dividing by A and taking the limit as A — 0 gives the derivative evaluated at e = ¢":

% [F((1+ €)m,Bp)ep(e)] o = iil?o en(€) [Fr((1+€(1 - A))ZhBh) ~ Fu((1 + €)mBy)]
iy IR+ €1 = A)myBy) (€1 Br)
A—0 1

= —en(€) fu((1 + €)mpBp) ("7 Br,)

where the second line follows from L’Hopital’s rule. Now consider the derivative evaluated at —¢':

% [F((l + E)WhBh)eh(ﬁ)]ez_el = iiino €h(_e/) [Fh((l + —5’(1 — A)Zthh) — Fh((l + _el)WhBh)]
= lim en(=€) fu((1 + —€'(1 — A))mp,Bp)(€'7rBn)
A—0 1

= eh(—el)fh((l — EI)WhBh)(EIﬂ'hBh)
= eh(el)fh((l + Gl)WhBh)(Glﬂ'hBh)

where the second line follows from I’Hopital’s rule and the last line follows from the symmetry

assumptions. Therefore, we have shown that

% [F((l + E)T('hBh)eh(E)]E:E/ + % [F((l + e)ﬂhBh)eh(e)]eze, =0

for every (€', —¢’) pair. Therefore, integrating over the full support, we have

K % [Fn((1 4 €)mpBp)en(€)] de = 0.

€h
Following an identical argument,

aA

de

= /el % [Fh((l + e)mBl)el(e)] de = 0.

Putting this all together, we have

AW €n d (1+e)mp By, ,
=/ Hd / () (70 B — ) fu(c)de| en(e)

Eh

€1
de+/

1

(1+e)m By
H:dde/c u'(yl)(ﬂ'sz — c)fl(c)dc:| el(g):| de

£l

>0

which implies %{f > (0. This completes the proof.

E2.2 Alternative Non-Neoclassical Model: Inattention

Suppose that agents now have correct beliefs, but some fraction (1 — «) of agents are inattentive
where a € [0,1]. Assume this fraction is independent of ¢. Attentive agents make a choice about

whether or not to apply for benefits, but inattentive agents simply do not apply because they forget,
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don’t read the paperwork, etc. The low-touch treatment then reduces the fraction of inattentive
agents (or increases the fraction of attentive agents). In other words, dT' = da.
As before,

W o= /]51[10(')b“z(f3)d07L /Eh[u(')]fh(c)dc — [(mBy + g1)Ai + (71 B + gn) An] -
Attentive agents apply if

Eplu(-)|apply] > u(yn)
Thu(yn + b — ¢;) + (1 — mp)u(yn — i) > ulyn)
If we take a first-order Taylor approximation around u(yp), this simplifies to
By, —¢; > 0.
Inattentive agents don’t apply, regardless of their value of ¢;. Therefore, we can rewrite:

[ Butunie=al [ Bl e+

—apply

) 1(0)ie] +1 = @) [ [ utm (e
v

attentive agents inattentive agents

mh Bh Ch
—a[/ BuluC)lapply)fu(ede+ [ ulyn)fule)de

cp, hBh

+ (1 = @Julyn)

o / " lan + ba — ) + (1= muyulun — )] fa()de + (1 — F(mBa))ulun) + (1 — a)ulm)

™ Bp,
= a/ ' (yn) (70 Br — ¢) fu(c)de + auyn) + (1 — a)u(yn)

Il
Q

[ By - O fae)de + uyn)

and similarly,
™ By
[ Eilutde=a [ o mBi - A ie)de + ut).
&}
Applicants are given by
Al ~ OzFl (TI'ZBZ)

and
Ah ~ th(WhBh)
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Therefore, welfare is

Chp,

m B ThBh
W =~ au/(y;) / (m By — ¢) fi(e)de + u(y;) + au’(yh)/ (7B, — ¢) fr(c)de + u(yp)
— [(ﬂ'lBl + gl)Fl(TrlBl) + (WhBh + gh)Fh(T{'hBh)] .

Just to compare, in the fully rational benchmark case, welfare is given by

m B mh B,
W = u'(y1) / (mBy — c) fi(e)de + ulyr) + v’ (yn) / (7nBh — ¢) fn(c)de + u(yn)
— [(ﬂ'lBl + gl)Fl(ﬂ'lBl) + (WhBh + gh)Fh(ﬂ'hBh)] .

We consider the effect of an intervention which increases attention:

Proposition 6. If 0 < ¢,¢, < 1 (i.e., there is at least some inattention), then the effect of

Attention treatment (dT = do) on welfare is given by:

B, m By
% =/ (yn) /ch (7h Bp, — ¢) fu(c)de + o' (y1) ‘/Cl (m By — ¢) fi(c)de

= [(mBi + g)Fi(mBi) + (7aBn + gn) Fin(7n.Bp)] -

Proof: Simply differentiating W with respect to « yields

aw

B, m By
=) [ B = et ) [ (B ) feyde

=h =l

= [(mBi + g))Fi(mBi) + (7a. B + gn) Fn (71 Bp)] -

Cost Misperceptions

Now instead of misperceiving probabilities, agents misperceive costs. Specifically, each type may
also misperceive true cost of applying by d;, which raises the “perceived” cost of applying for type
j. Note that individual of type h applies if expected utility of applying is greater than (certain)
utility of not applying. In other words, if following condition holds:

Ep[u()|apply] > u(ys)

For individual with private cost ¢; this can be defined as follows
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Tpu(yn + By — ¢i — 6p) + (1 — mp)u(yn — ¢ — 0n) > u(yn)-

If we take first-order Taylor approximation around u(yy), this simplifies to

By, — ¢; — 0, > 0.

As a result, the share of individuals of type h applying is Fj, (7, By, — 65). We can also use same
first-order Taylor approximation to define the (private and public) welfare of type h.

mh Bp—dp

W, = (Thu(yn + B — ¢) + (1 — mp)u(yn — ¢)) fulc)de + (1 — Fp(mpBp — 0n))u(yn)
0
— (mnBp + gn)Fn(mnBy)

Th Br—0p,

(u(yn) + v’ (yn) (maBp, — ©)) fu(c)de + (1 — Fp(mp B, — 6n))u(yn) — (mhBh + gn) Fr (7 Bh)

Q

7 Br—0pn
= u'(yn) (mhBp, — ¢) fn(c)de — (7, By + gn) Fn(mn,Br) + u(yn)
0

Note in above expression that the ¢ affects application decision but NOT realized utility (it’s
perceived cost, not an actual cost). All of these results are identical for the type [ individuals -

simply replace the h subscripts with [ subscripts.

Proposition 7. The effect of the Information Only treatment on welfare is given by the following

erpression.:

aw o dAN dA, dA, dA,
ar =Y (n)o (dT) +u'(yn)d <dT) - [(mBz +gz)ﬁ + (B, +gh)dT]

and the effect of the Information Plus Assistance treatment on welfare is given by the following

exrpression:
aw , CdA . dA, dA, dA,,
o =Y (y)Ar + u'(yn) An +u (yz)fsﬁ +u (%ﬁﬁ (mB; + gl)ﬁ + (7 Bp + gh)ﬁ :
Proof: Welfare (assuming 0, = 0; = 9) is given by
TI'lBl—(S 7ThBh—6
W= [ wmBi- afi@detuw) + [ ) m By~ o fae)de + uu)
0 0

— (B + g)) Fi(m By — 0) + (7B + gn) Fr(mp By — 0)] -
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Information Only (dT' = —dj): Taking the derivative with respect to to ¢ yields
mB— 7 Bp—6
w_d / mBi = Afiede+ 55 [ ) mBy — ) falc)de
0
+ [(mBi + gi) Fi(m By — 6) + (mn B + gn) Fr(mnBp, — 6)]

Applying Leibniz’s Rule, we get

T B;—6
5 [ wemB - s =~ w)dsimB o).
0
Similarly,
d 7w Bp—9
7 / W (yn) (7B, — ) fr(c)de = —u'(yn)d fu(mn By — 9).

0

Since the number of applicants is given by A; = Fj(mB; — 0) and Ay, = Fj, (7, By, — 90),

dA
del = —fi(mB, — §)
and JA
T; = —fn(mn By — 9).
Therefore, we can re-write
g " dA
il ! _ — @
5 / u'(yr)(m By — ¢) f(c)de = u'(y1)d ( 7 >
0
and
7thh 5

d5 / "(yn)(mh By — ¢) fn(c)de = ' (yn)d <d£5h>

Putting all this together, we have

aw AN |, Ay dA dA,
5 —u(yl)5( 7 > +U(yh)5< d6> [(WlBl+gz) 75 + (mh By + gn) —< 5 ]

Since dT' = —d§, we know that

aw o, A dA, dA, dA,
T = (57) + s (G ) - [ a0 G+ a0

This is the first part of the proposition.
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Assistance Only (dT' = —dc): Define —dc as a downward shift in every applicant’s value of c.
First, let’s focus on the h types. Suppose the entire distribution fj(c) shifts down by Ac. Define
W, as the welfare associated with the h types (the sum of private welfare V}, and the public costs).
How does W}, change with —Ac?

7 B —0+Ac
AW, = / ' (yn) (B, — (¢ — Ac)) f2 (¢ — Ac)de — (mp By, + gn) Fy (7B, — 6 + Ac)
0

Wp, after

(1+€)ﬂ'hBh75
- / u' (yn) (mn By, — ¢) fn(c)de — (mp By + gn) Fy (7, By, — 6)
0

Wy, before

where th() is the shifted cost PDF. Note that th(c — Ac) = fr(c) at any value of c. Therefore,
by combining the integrals on the region [0, (1 + €)m,B},], we can re-write
7 Bp—0+Ac

7 Bp—90
AW, = u’(yh)Ac/O fle)de + u/(yh)/ o (mpBp, — (¢ — Ac)) fn(c)de

+ (WhBh + gh) [Fh(ﬂhBh — (5) — Fh(ﬂ'hBh -0+ AC)} .

Next, note that

7 Bp—9 7p Bp—d+Ac
Fi(nBn — 6) — Ep(mnBp — 6+ Ac) = / fu(c)de — / Fu(c)de
0 0

ﬂ'hBh—é-‘rAC
= / fn(e)de

nBp—6

and so we can re-write

T Bp—9 T Bp—90+Ac
AW, =almde [ et [ (mB— (e - Ao (c)de
0 T Bp—
7 Bp—0+Ac
— (WhBh + gh) / fh(c)dc.
7 Bp—9

Taking this expression, dividing by Ac, and taking the limit as Ac — 0 yields —‘Z—VZ. However, both
the numerator and denominator approach zero (indeterminate), so I apply L’Hopital’s Rule. The
denominator is 1, so I just need to differentiate each term of the numerator. This yields:

7 Bp—6 B 7By —06
ﬁ |:u’(yh)Ac/O fr(c)de| = u’(y}z)/ fr(c)de

=h

sl T B A de| = u (5n)(6) fu (7 B + Ac) (Leibni
d(Ac) {u (yn) ‘/77hBh_5 (mnBh — (¢ = Ac)) fu(e) C_ = (yn)(0) fn(mnBron + Ac) (Leibniz)

7 By —6+Ac ]
TIA {—(ﬂhBh + gh)/ fu(e)de| = —(mnBn + gn) frn(mnBr — 6 + Ac) (Leibniz)
d(AC) 7 Bp—6 i
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Taking each term as Ac — 0 and combining yields

7 Bp—0
fd?’h — o/ (yn) / Fu(e)de + ' (yn) () fu (mnBn — 8) — (7n Br + gn) fa (7 Bn — 6)
C 0
= (yn) Fn(mn B — 8) + ' (yn) (&) fu(maBn — &) — (waBn + gn) fr.(mnBr, — 6)
Similarly,
dW,

e U "(y)) Fy(mBy — 6) + ' (1) (8) fu(mBi — 8) — (miBi + ¢1) fu(m By — 6).

Putting this together implies

aw __dw
dT dc

W,

dc dc

= ' (y) Fy(m By — 6) + (v (y1)d — (mBi + g1)) fulmBi — 6)
+ ' (yn) Fr(mnBp — 6) + (W (yn)d — (muBn + 91)) fr(mnBp — 6)

dA dAp, dA; dA
=u'(y) A + o/ (yn) A + u (yz)fsﬁ +u'(yn )5ﬁ - [(Wsz +90) g + (ThBr + gn) dTh]
Information + Assistance (d1' = —dd, —dc): Combining information and assistance yields
aw dA dAy, dA, dAy,
—7 = W) A+ (yn) An + u (wﬁﬁ + ' (yn )5ﬁ - [(TFZBI + 90 + (ThBh + gn) — ]

where % is the change in the number of applications from both —d§ and —dc. This is the second

part of the proposition, and completes the proof.
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F: Complier Characteristics

We report the characteristics of enrollees and applicants separately for always takers and compliers.
The compliers for a given intervention are the individuals who enroll in SNAP if and only if
they receive that intervention. Always takers are individuals who will enroll in SNAP absent any
intervention. Estimation of these objects is standard (see, e.g., Abadie 2002, Abadie 2003, and
Angrist and Pischke 2009).

Suppose we observe some SNAP enrollee (or analogously, applicant) characteristic X, such as
age. We denote by ur the characteristic’s mean among treatment enrollees. Individuals in the
treatment arm who enroll in SNAP include both compliers and always takers. The mean of the
characteristic for treatment enrollees is therefore a weighted average of the means for always takers
and compliers:

TAT TC
L —— HAT + P K
where , w47 is the share of always takers, m¢ is the share of compliers, and par and pc are means,
respectively.

Re-arranging the equation, we get

(TaT + TC) T — TATHAT
TC '

e = (10)

All the parameters on the right hand side can be derived from the data. Specifically, we define D
as the treatment status, D = 1 if treated, and 0 otherwise. We define Z as enrollee status, Z =1

if enrolled and 0 otherwise. The four parameters can thus be expressed:

p(D=0,7Z=1)
p(D =0)

AT = —p(Z=1|D =0)

(note that we can only observe always takers in the control group but by definition of the random-

ization we assume the share of always takers is the same in the treatment and control group),

tc=p(Z=1D=1)—p(Z=1|D =0)

par = E[X|Z=1,D =0 (11)

(where again we note that we can only observe always takers in the control group but by assumption

the characteristics of always takers are the same in the treatment and control group), and

pur=E[X|Z=1,D=1].

To calculate standard errors of these estimated means and p-values of tests of their difference,

we perform 10,000 replications of the bootstrap.
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G: Background on SNAP Eligibility and Benefits

While SNAP program rules are mostly determined at the federal level, there is some variation across
states. In PA at the time of our intervention (2016), there were three ways an elderly individual
can be eligible for SNAP.*" First, the household would be categorically eligible if all household
members received a qualifying benefit - SSI, TANF, General Assistance, State Blind Pensions, or
Family Works benefits. Second, the household would be eligible if its gross income were below
200 percent of the Federal Poverty Income Guidelines (FPIG) and has resources below the $3,250
resource limit.*® Third, the household would be eligible if its gross income were above 200 percent
of FPIG but its net income (gross income minus certain exempt income and deductions for certain
expenses)*? were less than 100% FPIG and it had resources below the $3,250 resource limit. Once
deemed eligible, an elderly household is certified to receive SNAP benefits for 24 months, although
there are exceptions that require earlier re-certification.?®

If eligible, the benefit amount is set, based on a federally determined formula, as a decreasing
function of net income, subject to a minimum and maximum. Benefits are designed so that house-
holds spend approximately 30% of their net income (i.e., gross income minus certain deductions
and exemptions) on food. Specifically, the maximum benefit is set equal to the cost of food under
the USDA’s Thrifty Food Plan, which is the minimum amount deemed necessary to buy enough
food for a household of a particular size. A family with no income receives the maximum benefit,
with benefits taxed away by 30 percent of net income, up to a floor. Thus — subject to a minimum
and maximum — monthly benefits are the Thrifty Food Plan Amount (which varies by household
size) minus 30 percent of Net Monthly Income. During our study period, the minimum monthly
benefit for a categorically eligible household of size 1 or 2 was $16; the minimum monthly benefit
was $0 for other enrollees. The maximum monthly benefit was $194 for a household size of 1, $357
for a household size of 2, and $511 for a household size of 3.

4TUnless noted otherwise, all information in this section comes from Pennsylvania Department of Human Services
(online).

48Resources counted toward the limit include bank accounts, cash on hand, cars and motorcycles; many resources
are excluded from the resource limit.

“Net income is gross income minus a standard deduction and certain exempt income (e.g., TANF benefits, loans,
and interest on savings and checking accounts) and minus certain deductions (e.g., for earned income, dependent
care, utilities excess medical expenses and excess shelter expenses).

0 At the time of the intervention, households were required to submit an annual reporting form. Additionally, these
households were required to report certain changes, such as when gross monthly income exceeds 130% of FPIG.
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