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Introduction 
 
 xposure to lead is a well-documented public health concern.i There is no known safe level of 
lead, and exposure to lead risks lower academic achievement, behavioral problems, slowed 

growth, and anemia among children (Hollingsworth et al., 2020; Sorensen et al., 2019; O’Connor et al., 
2018; Hauptman et al., 2017). While high levels of exposure have been limited by banning the use of 
lead in paint and gasoline, lower doses of lead can still be found in food, air, toys, contaminated soils, 
and water (Dietrich et al., 2021; EPA, 2015). Those living in places with leaded pipe and solder (per-
mitted before 1986) are at a high risk as lead ions leach into the water they transport (Clark et al., 2015).  

The EPA estimates there are still 6 to 10 million lead services lines across the country, with 
the City of Chicago having the most (EPA, 2023). In 2022, city crews replaced less than one-half of 
1% of the approximately 400,000 lines responsible for contaminating Chicagoans’ tap water, making 
small progress toward mandated replacement of all lead service lines by 2077 (Chase, 2023).  

In response, Chicago currently operates an at-home lead test kit program that alerts residents 
to exposure and provides the City the evidence needed to request replacement service lines. At-home 
testing is a key part of Chicago’s strategy to reduce lead exposure as use of lead pipes varies property-
to-property, rather than at the street or neighborhood level. While lead test kits are free and mailed 
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Abstract: Exposure to lead is a well-documented public health concern. One source of exposure is water trans-
ported via lead pipes. As the city with the most lead service lines, Chicago offers at-home lead testing. However, 
at-home testing is a multi-step process with considerable compliance costs for residents who choose to engage 
with the city’s service. The onerous process is reflected in low return rates of requested lead test kits. This 
study has two components designed to reduce compliance costs and increase return rates: a randomized con-
trol trial (RCT) testing the effectiveness of a text message reminder on lead test kit returns and a pre/post 
evaluation of the redesign of instructions for completing the lead testing kit. Results show the text reminder 
increased test kit returns by around 67 percent and the redesigned kits increased use by 20 percent. Subse-
quent analyses show that the text message intervention was effective across the income distribution. These 
large, universal effect sizes indicate the usefulness of behavioral interventions to reduce resident compliance 
costs in multi-step processes at the local level. 
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directly to residents that request them, correctly testing for lead and arranging pick-up of the com-
pleted lead tests, requires the execution of several multi-step processes, which can be conceptualized 
as compliance costs in an administrative burden framework (Burden et al., 2012; Heinrich 2018; Herd 
and Moynihan 2018; Moynihan et al., 2015).    
 This paper contributes to the behavioral public administration literature by reporting results from 
a randomized control trial and, separately, a simplification intervention to assess whether compliance 
costs among participants can be reduced with behavioral interventions. While there is much evidence 
that interventions to limit administrative burden increase program awareness, enrollment, and take-up 
(Herd et al., 2013; Remler et al., 2001), less is known about whether behavioral interventions effectively 
mitigate compliance costs for those that opt-into but now must move through multi-step government 
processes. In this study, we assess the effectiveness of two staggered interventions introduced to im-
prove the return of requested lead testing kits in Chicago in 2022.ii First, residents that previously re-
quested but did not return lead test kits were exposed to reminders sent as short message service (SMS) 
messages or what are commonly referred to as “texts”. Second, initial test kits created by the city in-
cluded complex instructions that made completing lead testing difficult. In the second intervention, 
the kits were redesigned to simplify instructions and included tools to increase compliance (Mirpuri et 
al., 2022). We evaluate whether lead test kit returns increased following SMS message and kit instruc-
tion redesign treatments as well as whether the interventions prompted more interaction with Chi-
cago’s Department of Water Management (DWM). Additionally, we consider whether compliance 
costs were especially eased for residents most at-risk of lead exposure. 

 
Literature Review 

Administrative burden, or the costs of government interaction, is typically divided into three separate 
categories: learning costs, compliance costs, and psychological costs (Herd & Moynihan 2018; Moyni-
han et al. 2015). Learning costs occur as individuals seek information necessary to participate in gov-
ernment services. Compliance costs accumulate as participants attempt to follow the requirements for 
participation, and psychological costs arise as participants experience stigma, feelings of dependence, 
as well as stress and frustration that may arise when navigating bureaucratic processes.iii  

Empirical papers documenting administrative burden have focused on learning costs and partic-
ipant take-up of social programs for which they are eligible (Heinrich, 2016; Nisar, 2018; Currie, 2006; 
Herd and Moynihan, 2019; Moynihan et al., 2015). Attempts to limit compliance costs have been ef-
fective. Simplified reporting and recertification led to an increase in successful claims (Kabbani & Wilde, 
2003; Ratcliffe et al., 2007), simplified forms and application processes (Kopczuk & Pop-Eleches, 2007; 
Leininger et al., 2011; Schwabish, 2012), and in-person assistance and auto-enrollment significantly 
increased take-up (Aizer, 2003; Bettinger et al., 2012; Bhargava & Manoli, 2015; Dorn et al., 2009; Herd 
et al. 2013; Schanzenbach 2009).  

Our paper contributes to a growing literature that considers the potential of behavioral interven-
tions to increase compliance among participants in existing burdensome systems. Behavioral nudges 
through SMS messages or behaviorally informed communication notices are effective ways to increase 
recertification rates among SNAP enrollees and increase compliance with complicated housing regu-
lations (Lopoo et al., 2020; Linos et al., 2020). Beyond prodding participants through government 
interactions, behavioral science interventions may ease compliance by improving participant’s under-
standing. Simplifying instructions and information gathering, for instance, have increased completion 
of multi-step processes. Written notices using personalization, indirect reciprocity, and simplified lan-
guage have been especially successful (Linos et al., 2020; Lopoo et al, 2020; Behavioral Insights Team 
2015; Haynes et al. 2013; Sanders & Kirkman, 2019; Yoeli et al., 2013). Furthermore, informing par-
ticipants about the benefits of compliance and including planning prompts that emphasize social norms 
have also improved completion of multi-step processes (Lasky-Fink et al. 2021; Linos et al., 2020; 
Milkman et al. 2011). These tactics have been applied to increase completion of college financial aid 
applications, K-12 school choice applications, and applications for the Earned Income Tax Credit 
(Bettinger et al. 2012; Hastings & Weinstein 2008; Bhargava & Manoli 2015).   
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Behavioral interventions could also be a powerful tool to remedy inequality in experiences of 
administrative burden. Often, programs aimed to assist vulnerable groups impose costs that exclude 
many, decrease take-up, and lead to eventual drop-out (Heinrich & Brill, 2015; Brodkin & Majmundar, 
2010). Many programs create negative citizen-state interactions (Barnes & Henly, 2018) and inequalities 
persist in positive interactions (Holt & Vinopal, 2019). If behavioral interventions are especially effec-
tive in moving vulnerable groups through a burdensome process, perhaps by decreasing citizens’ deci-
sion-making bias (Chudnovsky & Peeters, 2021; Christensen et al., 2020), they could help achieve a 
program’s goal and reduce inequality in experiences with government. 

Examining the City of Chicago’s Water Lead Test Kit program allows us to assess whether de-
creasing compliance costs using behavioral interventions improves test kit return, which types of in-
terventions (SMS nudges and simplification) are effective, and whether interventions are especially 
successful for members of the program’s target population. As we explain below, we define residents 
in low-income census tracts and in census tracts with old housing stock as the target population because 
research has found that children whose families are poor and who live in census tracts with old housing 
stock are at the highest lead poisoning risk (Jones et al. 2009; Sorensen et al. 2021). If the aim of lead 
test kits is to reduce exposure, we would expect the program to target low-income residents and resi-
dents in areas with old housing stock. 

 
Lead Testing in Chicago 

Since 1966, the Chicago Department of Public Health has offered lead testing, inspection, and abate-
ment programs (Chicago Department of Public Health, 2016). The current program, where citizens 
request and execute at-home lead test kits, began in April 2016. Test kits are delivered to home resi-
dences by the United States Postal Service and are picked up by Chicago DWM staff once scheduled 
by the resident. The DWM dispatches about 15,000 test kits annually and most requested test kits are 
not returned.iv Before SMS reminders and simplified kits were introduced, test kits requested in January 
of 2022 had a 29.7 percent cumulative return rate after 111 days. Low return rates are costly—each 
test kit costs $12.50—and indicate compliance barriers for residents concerned about elevated lead 
levels in their water.  
 The test kit includes three bottles for sampling water at specific time intervals, a testing form 
providing information to the Chicago DWM staff about the samples collected and water service lines 
in the home, and instructions to avoid water use (including showers, toilets, and faucets) prior to testing 
for at least six hours. 
 Residents that request the kit may not return it for several reasons. They may not receive the kit, 
may lose it, or may never open it. Losing or forgetting about the requested test kit are especially likely 
as time since the request increases. Others may find the materials included in the test kit confusing. 
Some may face challenges carving out time to stagnate water for six hours, and so avoid testing. Those 
that test may never schedule a test kit for pickup, or the kit may be damaged or lost prior to being 
picked up by DWM staff. Some may complete testing but not complete the water testing form, so their 
kit is rejected. Residents that successfully complete lead testing are sent results by mail in six to eight 
weeks.  
 In preparation for this intervention, the Behavioral Insights team interviewed four Chicago DWM 
staff members as well as water quality staff in three peer cities (Cincinnati, DC, and NYC), and con-
ducted two focus groups with a total of eight Chicago residents (five residents who had not returned 
their kits and three residents who had) to understand the most salient challenges to test kit return. The 
interviews and focus groups revealed that residents dropped out of the process at different steps, res-
idents who returned their kits did so within a week or two, and that peer programs used reminders to 
encourage returns. These findings led to the development of the two interventions: redesigning the 
test kit and sending SMS reminders. 
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Lead Test Kit Interventions 

To increase return rates, two behavioral interventions were introduced. The interventions were stag-
gered, so residents were only ever exposed to one treatment at a time. First, among residents that 
received a requested lead test kit after September 1, 2021, but before March 30, 2022, a randomly 
selected group received a SMS message reminder in May 2022 to return their requested test kit (Mirpuri 
et al., 2022). Please see Figure 1 for the content of the SMS message. Second, residents that received a 
requested a lead test kit after March 30, 2022, were sent new kits. The kit’s exterior, directions, and 
paperwork were redesigned using behavioral science principles to increase test kit completion and re-
turn.  
 

Figure 1. Text Message 

 

Intervention 1. SMS Messages  

Using Chicago DWM administrative data, we identified Chicago residents who had requested a test kit 
between September 1, 2021, and March 29, 2022, but who had not returned them as of March 29, 2022. 
In this period, 5,427 tests were shipped. In total, 3,601 residents were included the trial; 1,800 received 
the SMS message and 1,801 did not.v Randomization occurred within three blocks or “sets” defined 
by the test kit shipment date. Those who had a test kit shipped in September 2021 and had not returned 
it by March 29, 2022, are defined as Set 3. Within Set 3, we randomly selected half of the test requestors 
to receive a reminder text and half, the control, received nothing. Those in the treatment group received 
the text on May 11, 2022. Similarly, those who had a test kit shipped between October and December 
2021 constitute Set 2. We randomly selected half of the requestors in Set 2 to receive a text (sent on 
either May 17 or 18, 2022). The other half served as the control. Set 1 is composed of those who were 
shipped a test kit between January and March 2022 and had not returned it by March 30, 2022. We 
also randomly selected half of this set to receive a text, which was sent on May 19, 2022.  
 

Empirical Approach 

We run linear probability models (LPM) to estimate the average treatment effect of the SMS message 
and report results for all households that requested a lead test kit in our sample.vi Model (1) estimates 
the overall treatment effect of the SMS intervention. 
 

(1) 𝑌𝑖 = 𝛽0 + 𝛽1𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖 + 𝛼𝑆𝑒𝑡 𝑆 + 𝜀𝑖 
 

The dependent variable, 𝑌𝑖 , is one of three outcomes for the SMS RCT: lead test kit return, 
whether a pickup was scheduledvii, and engagement with DWM after requesting a test kit. Kits are 
classified as returned if the test kit was received by DWM and no errors in testing were determined. 
Pickup scheduled is an outcome equal to one if a pickup with Chicago DWM was scheduled regardless 
of whether the kit was received or errors in testing were determined. Engagement is a broader variable 
set equal to one if any of the following occurred after the test kit was requested: the kit was returned, 
a pickup was scheduled, the service request was cancelled, a new kit was ordered, or a home visit for 
water testing was scheduled. We also include a vector of indicator variables to account for the random-
ization blocks (Glennerster & Takavarasha 2013). One might also expect heterogeneous treatment 
effects by set. The longer it has been since the test was shipped, the less effective the treatment may 

“DWM: If you still want to check the water in your home, complete the lead test kit we sent you 
and schedule a pickup in the next two weeks. 
 
Reply “s” to stop messages. Visit ChicagoWaterQuality.org or call (312) 742-2406 to get tips, re-
quest a new kit, or close your request.1” 
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be due to lost tests or a realization among residents that the test requires several inconveniences. There-
fore, we also report models by set (block) as well. 

We specify Model (2) to assess whether households in our target population (low-income resi-
dents) are more likely to return test kits following the SMS treatment. We did not have individual level 
information on the respondents other than an address, so we merged census tract level data to each 
respondent using 2021 American Community Survey data obtained via IPUMS National Historic Ge-
ographical Information (NHGIS). Specifically, we use census tract data on median household income 
and use the entire city to generate mutually exclusive groups that capture responses to treatment by 
those residing in census tracts that are within the 0-25th percentile of the city’s census tract median 
income, those residing in tracts that are within the 25th-50th percentile of the city’s census tract median 
income, and those residing in tracts that are within the 50-75th percentile of the city’s census tract 
median income.viii The omitted category is those are those in tracts above the 75th percentile of the 
city’s census tract median income. We interact the treatment indicator variable with the different census 
tract income indicators to determine if there are heterogeneous treatment effects by income. We also 

include a vector of indicator variables to account for the randomization blocks, 𝛼𝑆𝑒𝑡 𝑆. 
 

(2) 𝑌𝑖𝑐𝑡 = 𝛽0 +  𝛽1𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖 + 𝛽2 < 25𝑡ℎ𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒𝑐𝑡 + 𝛽325−< 50𝑡ℎ𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒𝑐𝑡 +
 𝛽450−< 75𝑡ℎ𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒𝑐𝑡 +  𝛽5𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖 ∗< 25𝑡ℎ𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒𝑐𝑡 +
𝛽6𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖 ∗ 25−< 50𝑡ℎ𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒𝑐𝑡 + 𝛽7𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖 ∗ 50−<
75𝑡ℎ𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒𝑐𝑡 + 𝛼𝑆𝑒𝑡 𝑆 + 𝜀𝑖 

 
We use a similar model, Model (3), to estimate average treatment effects for those in census tracts 
where lead exposure is more likely, i.e., those where the median age of housing stock, AgeStock, is 
1989 or older. ix, x  

 

(3) 𝑌𝑖𝑐𝑡 = 𝛽0 +  𝛽1𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖 + 𝛽2𝐴𝑔𝑒𝑆𝑡𝑜𝑐𝑘 < 1989𝑐𝑡 + 𝛽3𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖 ∗
𝐴𝑔𝑒𝑆𝑡𝑜𝑐𝑘 < 1989𝑐𝑡 + 𝛼𝑆𝑒𝑡 𝑆 + 𝜀𝑖 

 
Because of amendments to the Safe Drinking Water Act and the U.S. EPA’s Lead and Copper Rule 
banned use of leaded pipe to transport water in 1986, we examine differential treatment effects for 
tracts with a median build year of 1989 or less. We use 1989 instead of 1986 because the ACS data 
provide the count of housing stock in a census track built within a bin of five years and 1989 is the bin 
that allows us to observe all housing stock built up to 1986.   

 
Intervention 2. Test Kit Redesign 

To assess the effectiveness of the redesign intervention, we compare return rates for old kits to return 
rates for redesigned test kits.xi Old test kits included a brochure and water testing form. New kits in-
cluded a three-panel color brochure which replaced three-page written instructions, an updated water 
testing form, two stickers to place on water faucets or toilets to enforce water stagnation, and two new 
stickers were added to the outside of the box emphasizing the three-step lead testing process and how 
the kit could be returned.  

In focus groups conducted prior to the implementation, the old test kit brochure was described 
as intimidating, confusing, and overwhelming, and while the tasks were clear, residents found them 
challenging. In response, and to reduce the cognitive load of the reader, language on brochures was 
simplified. Larger text was used to make it easy to read and fill in, and the directions had lists to guide 
residents through the process. To increase the likelihood that instructions were followed, and errors 
reduced, the redesigned brochure included a “tips and tricks” section, added graphics to depict instruc-
tions visually, and provided a large QR code that links to an instructional video. See Figure 2 below for 
illustrations of the brochure before and after the redesign. 

The water testing form residents we required to submit with the physical tests was also redesigned. 
The original form was challenging for two reasons. First, the form asked questions residents may not 
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know how to answer, such as the year interior plumbing was installed in the home. Second, the form 
included many optional questions, confusing residents as to what information was required to complete 
the form. The redesigned water testing form included multiple-choice options to guide resident an-
swers to questions they may not know much about and excluded optional questions. To encourage 
completion of the form the bottom included a callout—“You’ve done the hard part!”—to make 
progress salient and encourage kit return. Figure 3 below compares the old and new water testing form.   

The redesigned kit also included three types of stickers to encourage kit completion. The first 
type emphasized the benefits of lead testing and an arbitrary two-week deadline. The second type of 
sticker was a set of large, red circular “Don’t Use” stickers to put on water faucets or toilets. The third 
type were large, blue circular “Do Not Move” stickers to place on the outside of the box so that once 
put out for collection, the test kit would not be tampered with by other members of the household or 
residence. Appendix A includes illustrations of the stickers.   
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Figure 2A. Lead Test Kit Brochure: Before Redesign 

 

Figure 2B. Lead Test Kit Brochure: After Redesign 
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Figure 3A. Water Testing Form: Before Redesign   
 

 
Figure 3B. Water Testing Form: After Redesign  
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Empirical Approach 

Receipt of redesigned test kits was not randomly assigned. Rather, all test kits shipped out on or after 
March 30, 2022, contained the redesigned materials. To estimate the efficacy of the new materials, we 
compare the cumulative probability of test kit return at various lengths of time since the kit was 
shipped for the old and new packets. The kits were not shipped every day, but rather in batches. The 
three most recent batch shipments before the redesign were January 20, February 8, and February 28, 
2022.  We compare return rates for those to batch shipments of the redesign sent on March 30, April 
19, and May 10, 2022. Model (4) compares cumulative return rates of old kits, those shipped January 
20, 2022-Feburary 28, 2022, to return rates of redesigned kits, those shipped March 30, 2022 – May 
10, 2022. xii We omit the batches shipped on February 28, 2022, which serves as the comparison for 
the return rates for the redesigned kits. In addition, to reduce heterogeneity among those who re-
ceived the old and new designs, we also compare those who received the last shipment of old test 
kits to those that received the first shipment of redesigned kits in our data—those shipped on Febru-
ary 28th and March 30th – to assess differences in return rates under the most similar conditions.  
 

(4)    𝑌𝑖 = 𝛽0 + 𝛽1𝐾𝑖𝑡𝑆ℎ𝑖𝑝𝐽𝑎𝑛20𝑖 + 𝛽2𝐾𝑖𝑡𝑆ℎ𝑖𝑝𝐹𝑒𝑏8𝑖 + 𝛽3𝐾𝑖𝑡𝑆ℎ𝑖𝑝𝑀𝑎𝑟𝑐ℎ30𝑖

+ 𝛽4𝐾𝑖𝑡𝑆ℎ𝑖𝑝𝐴𝑝𝑟𝑖𝑙19𝑖 + 𝛽5𝐾𝑖𝑡𝑆ℎ𝑖𝑝𝑀𝑎𝑦10𝑖 + 𝜀𝑖 
 

𝑌𝑖 is the cumulative probability of kit return within 7, 21, and 35 days of kit shipment date. These 
lengths of time were chosen somewhat arbitrarily, but as shown in Figure 4 below, these differences 

persist across the time horizon of our data. 𝛽0 reflects kit return for kits shipped on February 28th. 
Because these shipments before and after March 30, 2022 were not assigned randomly, one should 
not necessarily interpret the changes observed as causal. Our analysis does not account for unob-
served differences between those who requested test kits after March 30th from those who requested 
test kits prior to March 30th.  

 
Results 

Intervention 1. SMS Text Message Results  

In Table 1, we report results from the RCT. We find positive estimates for recipients of the SMS 
message. Overall results (column 4) show that those who received the SMS text message were 3.7 
percentage points more likely to return the test kit compared to the group that requested a lead test 
kit but did not receive a SMS message. Compared to the return rate for the control group 1.4 per-
cent, this is a 177 percent (((0.037-0.014)/0.014)x100) increase. Those who received the SMS text 
message were also 4.1 percentage points more likely to schedule a pick-up and 4.4 percentage points 
more likely to engage with Chicago’s DWM after requesting the lead test kit than test kit requesters 
that did not receive the SMS text. Pick-ups scheduled also increased by 173 percent compared to the 
control group and the engagement rate increased 159 percent. Point-estimates are statistically signifi-
cant at conventional levels.xiii  
 In the first three columns, we compare treatment effect estimates by set to determine if the du-
ration between the ship date and the treatment date produces heterogeneous treatment effects. While 
we see some decline in the size of the estimate, F-tests of equivalence show no statistically significant 
difference between the estimates (please see the bottom line in each panel). However, the control 
group means are vastly different by sets. For instance, while the treatment effect estimate in Set 3 is 
less (0.032 compared to 0.042) than the estimate for Set 1 or Set 2, the mean return rate for the con-
trol group is much smaller in Set 3 than either Set 1 or Set 2. Therefore, the likelihood of returning a 
test kit is ten times larger for the treated group in Set 3 than the control group. The comparable treat-
ment sizes are twice as large for those in Set 2 and 1.35 times as large in Set 1. Thus, while treatment 
was effective for all sets, it may be most effective for those with the longest time since the kits were 
shipped. 
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Table 1. Estimated effect of SMS text on outcomes, by group.  

  Set 1 Set 2 Set 3 Overall 

Requested Kits         

Effect on lead 
test kit return 

0.042*** 0.042*** 0.032*** 0.037*** 

(0.015) (0.013) (0.006) (0.006) 
        

Test equivalent effects Set 1 = Set 2 Set 2 = Set 3 Set 1 = Set 3  

  Kit return 0.978 0.508 0.539  

Effect on pickup 
scheduled  

 0.052*** 0.044*** 0.035*** 0.041*** 

(0.016) (0.013) (0.007) (0.006) 
        

Test equivalent effects Set 1 = Set 2 Set 2 = Set 3 Set 1 = Set 3  

   Pickup scheduled 0.704 0.520 0.320  

Effect on engagement 
rate 

0.057*** 0.048*** 0.037*** 0.044*** 

(0.017) (0.014) (0.007) (0.006) 
          

Test equivalent effects Set 1 = Set 2 Set 2 = Set 3 Set 1 = Set 3  

  Engagement rate 0.696 0.457 0.273  

Mean return  0.031 0.021 0.003 0.014 

Mean pickup  0.033 0.021 0.003 0.015 

Mean engagement 0.035 0.023 0.004 0.017 

N 851 957 1,793 3,601 

Notes: p<0.10, **p<0.05, ***p<0.01. Robust standard errors in parentheses below coefficient estimate. All co-
efficients in a column from a single OLS regression. All sets are pooled together to estimate the “Overall” column 
and dummy variables for each set are included in this regression. Set 2 is the omitted set. Mean values reflect 
those for members of the control group.  We also test statistical differences in treatment effects by set when a 
fully interacted model is estimated. P-values for these tests are reported for each outcome.  

 
 
Table 2 examines heterogeneity of the SMS treatment by economic disadvantage, and Table 3 as-
sesses the differential effect of the treatment for those in census tracts where the median age of 
housing stock is built before 1989. Both tables show that the SMS message intervention was equally 
effective for residents regardless of the median income and age of housing stock in their home cen-
sus tract. Coefficients on the interaction variables are not statistically significant at conventional lev-
els. We also failed to reject a joint test with the null hypothesis that all are treatment interactions 
equal zero. 
 While we cannot rule out the possibility of heterogenous treatment effects by analyzing tract-
level differences, this analysis does provide confidence that there are not systematic differences in the 
treatment across neighborhoods in Chicago.  
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Table 2. Estimated Effect of SMS Text on Outcomes, Heterogeneity by Income  

Median Income Test Kit Return Pickup Sched-
uled 

Engagement 
Rate 

Treatment   0.054***  0.059***  0.058*** 

(0.012) (0.013) (0.013) 

   
Treatment * 25th Percentile  -0.028 -0.027 -0.010 

 (0.015) (0.017) (0.017) 
    
Treatment *25th-50th Percentile  -0.014 -0.020 -0.018 
 (0.017) (0.018) (0.018) 
    
Treatment* 50th-75th Percentile  -0.025 -0.029 -0.025 
 (0.018) (0.018) (0.018) 
    
25th Percentile  -0.010 -0.007 -0.013** 
 (0.006) (0.007) (0.009) 
    
25th-50th Percentile  -0.000 -0.000 0.001 
 (0.008) (0.008) (0.009) 
    
50th-75th Percentile  0.007 0.007 0.004 
 (0.008) (0.008) (0.009) 
    
Constant  0.024 0.023 0.027 

Mean Outcome 0.033 0.036 0.039 

Joint F-test that all Treatment Interactions = 
0  

0.303 0.353 0.558 

N 3,601 3,601 3,601 

Notes: ***p<0.01. **p<0.05. Robust standard errors in parentheses below coefficient estimate. Census tract 
median income was $48,799 at the 25th percentile of the median income distribution, $68,444 at the 50th per-
centile, and $95,077 at the 75th percentile. All values in 2021 dollars. All sets are pooled together to estimate 
each column and dummy variables for each set are included in each regression. Set 2 is the omitted set. Treat-
ment refers to those who received the treatment and resided in the 75th percentile of the census tract median 
income distribution and above. We also test whether the differential response to treatment among census tracts 
below the 75th percentile of median income is equal to zero with an F-test of all interaction variables. P-values 
of this test are reported.  

 
 
Table 3. Estimated Effect of SMS Text on Outcomes, Housing Stock Heterogeneity 

 Test Kit Return Pickup Scheduled Engagement Rate 

Treatment 
0.037*** 0.042*** 0.045*** 
(0.009) (0.010) (0.010) 

Built Before 1990 
-0.006 -0.005 -0.006 
(0.006) (0.006) (0.006) 

Treatment*Built Be-
fore 1990 

-0.000 
(0.012) 

-0.002 
(0.012) 

-0.000 
(0.013) 

Constant 0.026 0.025 0.028 
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Notes: p<0.10, **p<0.05, ***p<0.01. Robust standard errors clustered by resident in parentheses below coeffi-
cient estimate. All sets are pooled together to estimate each column and dummy variables for each set are in-
cluded in each regression. Set 2 is the omitted set. Old Housing Stock is an indicator set to one if a resident re-
sides in a census tract whose median housing stock was built before 1990. Treatment those who received the 
treatment and lived in census tracts where median housing stock was built before 1990.   
 

Intervention 2. Test Kit Redesign Results 

Figure 4 shows differences in the cumulative probability of return for those who received the old and 
those who received the redesigned kits. Return rates for old test kits are in black and return rates for 
redesigned test kits in maroon. The dashed lines compare kits shipped on March 30, 2022, to old test 
kits shipped on February 28, 2022, the two most proximate and, therefore, homogenous compari-
sons.  The figure shows the success of the redesigned kits by the first week, and reaches a maximum 
by the third week, after which the gap persists throughout the time period over which we have data. 
Return rates 7, 21, and 35 days after shipment for redesigned kits were 12, 27, and 25 percent higher 
among those receiving redesigned kits, respectively.  
 We quantify the differences in return rates in Table 5 to see that kit return rates among rede-
signed kits (March 30, April 19, May 10) are larger and statistically significantly different from old kits 
shipped on February 28th. Kits shipped in the March 30th group, the first shipment after the redesign, 
were 9.4 percentage points more likely to be returned within 7 days, 23.3 percentage points more 
likely to be returned within 21 days, and 21.9 percentage points more likely to be returned within 35 
days than kits shipped on February 28th. Kits shipped in the April 19th and May 10th groups were 13.1 
and 8.4 percentage points more likely to be returned within 7 days, 28.1 and 23.8 percentage points 
more likely to be returned within 21 days, and 28.1 and 24.5 percentage points more likely to be re-
turned within 35 days, respectively, compared to kits shipped on February 28th. Differences in return 
rates remain when redesigned kits are compared to the other groups of old kits. Table 5 includes p-
values for statistical tests of the differences that would be observed if earlier comparison groups (Jan. 
20 and Feb. 8) were used instead of February 28th.  
 
 
Figure 4. Lead Test Kit Return Rates: Old vs. Redesigned Kits  

 
Notes: Figure shows differences in cumulative return rates among those receiving old kits (black lines) and 
those receiving redesigned kits (maroon lines). Solid lines compare average cumulative return rates among kits 
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shipped January 20, February 8, and February 28, 2022, and kits shipped March 30, April 19, and May 10, 2022. 
Days since kit shipped is a relative measure to account for differences in timing of kit receipt. Dashed lines 

compare kit return rates of batches shipped closest to March 30 (date redesigned kits were first shipped).  

 
 
Table 5. Estimated Effect of Kit Redesign on Kit Return, Days After Shipment  

 7 Days After  21 Days After 35 Days After 

Jan. 20th Shipment 0.032 0.049 0.038 

 (0.020) (0.027) (0.028) 
    
Feb. 8th Shipment  0.040 0.018  -0.003 

(0.027) (0.036) (0.036) 

    
Feb. 28th Shipment  
(Constant) 

 0.055***  0.155***  0.199*** 

(0.014) (0.018) (0.019) 

   
March 30th Shipment 0.094*** 0.233***  0.219*** 

 (0.023) (0.031) (0.032) 
    
April 19th Shipment  0.131*** 0.281*** 0.281*** 

 (0.025) (0.033) (0.034) 
    
May 10th Shipment 0.084*** 0.238*** 0.245*** 

 (0.024) (0.032) (0.033) 
    

Test Jan. 20 =  March 30  0.007 0.000 0.000 
Test Jan. 20 = April 19  0.000 0.000 0.000 
Test Jan. 20 = May 10  0.005 0.000 0.000 
    
Test Feb. 8 =  March 30  0.058 0.000 0.000 
Test Feb. 8 = April 19  0.000 0.000 0.000 
Test Feb. 8 = May 10  0.009 0.000 0.000 

N 2,041 2,041 2,041 
Notes: p<0.10, **p<0.05, ***p<0.01. Robust standard errors clustered by resident in parentheses below coeffi-
cient estimate. Sample in bottom panel limited to test kits shipped in Feb. 28th and March 30th groups. We also 
test statistical differences in cumulative return rates 7, 21, and 35 days after kit shipment to assess differences 
that would be observed if earlier comparison groups (Jan. 20 and Feb. 8) were used to evaluate differences in 

return rates instead of Feb. 28th. P-values for these tests are reported.  
 

 

Conclusion 

Collectively, our results show that the introduction of behavioral interventions to decrease compli-
ance costs improves lead test kit return, the number of pickups scheduled, and engagement with Chi-
cago DWM. The SMS message intervention increased return rates by 3.7 percentage points overall 
and was effective across the target population. Residents in census tracts with the lowest median in-
come and median housing stock built before 1990 did not respond differentially to the treatment. 
The test kit redesign intervention was also effective. Those receiving a redesigned kit were about 25 
percentage points more likely to return it within 35 days, on average, indicating that simplification is 
an effective way to move requesters through the testing and return process. While we are more confi-
dent in the SMS intervention results given the RCT, both behavioral approaches, the SMS nudge and 
simplification, increased kit returns.  
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 However, even after these interventions overall return rates remain modest. In the case of the 
SMS nudge, return rates do not exceed 10 percent after treatment. Varying when SMS text messages 
are sent out relative to kit shipment, say after return rates peak and begin to slow down (21 days after 
shipment), could further increase return rates. Targeting interventions close to the date of kit receipt 
could be especially effective as our analysis shows return rates decrease over time. Other approaches 
to increase kit returns, like reducing the number of steps in the at-home test kit process or increasing 
education and communication campaigns could be costly. The low-cost and large response to the 
SMS and brochure redesign interventions are attractive, however, there is much more work to be 
done to ensure that all residents return their requested kits.  
 The low cost of behavioral interventions means that these interventions often produce cost sav-
ings for governments. In the case of Chicago, these interventions were cost neutral. The City used an 
existing text message platform to send out messages and printed redesigned brochures using the 
same in-house group used to create the old brochures. Thus, our results show that without incurring 
additional costs the SMS intervention increased return rates by 3.7 percentage points, or an additional 
555 kits returned a year.  
 Given the size of the effect from both the SMS text message RCT and the lead test kit redesign, 
public administrators might consider other ways to introduce simplification and SMS nudges to 
move participants through multi-step compliance processes at the local level. Further, as this case 
demonstrates, behavioral interventions can be used by governments to ease participation in current 
burdensome services as they simultaneously tackle larger challenges, like the replacement of all leaded 
water pipes by 2077. 
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Notes

 
i EPA (2013) provides a thorough review of hundreds of studies investigating the effects of lead from 
epidemiology, toxicology, public health, neuroscience, and other medical disciplines. Lead exposure 
has negative effects across different measures of cognition and academic performance, such as IQ 
tests (Schnaas et al. 2006; Lanphear et al. 2005; Ris et al. 2004; Canfield et al. 2003; Bellinger et al. 
1992), and primary school assessments (Aizer et al. 2018; Rau et al. 2015; McLaine et al. 2013; Reyes 
2011; Chandramouli et al. 2009; Miranda et al. 2007a; Nilsson 2009; Miranda et al. 2007b). Lead ex-
posure decreases rates of high school graduation (Nilsson 2009; Fergusson at al., 1997; Needleman et 
al. 1990), and results in lower adult earnings (Nilsson 2009). Early life lead exposure also impacts ex-
ternalizing behaviors such as attention, impulsivity, and hyperactivity in young children (Froehlich et 
al. 2009; Chen et al. 2007); increased delinquent and antisocial activity and higher rates of arrest 
(Aizer and Currie 2019; Reyes 2015; Wright et al. 2008; Fergusson et al 2008; Needleman et al. 2002; 
Needleman et al. 1996). 
ii Interventions were designed by the Chicago Department of Water Management in partnership with 
the Behavioral Insight Team.  
iii Additional costs, like redemption costs, may arise if individuals face learning costs to use or redeem 
public benefits (Barnes 2021).  
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iv Between January 2021-January 2022, 11,546 at-home lead test kits were requested. Averages before 
the sample period indicate about 15,000 test kits were requested each year.  
v It is important to note that 1,826 test kits requested between September 1, 2021, and March 29, 
2022, are excluded from the sample as the test kits were returned before March 29, 2022. One 
should, therefore, consider these treatment effects estimates to be appropriate for Chicago residents 
who requested test kits and did not return them, not all test kit requestors. 
vi We also estimate the average treatment effect of the SMS message using a probit model and the re-
sults are substantively similar.  
vii A person may have scheduled pick-up, but the test kit could not be counted as returned for several 
reasons. It could be that the person did not put the kit out for collection, the city may have failed to 
pick up a test kit, or the scheduled pick-up date was outside of the trial window.  
viii We also define economic disadvantage by a census tract’s share of homeownership and single-fam-
ily homes. We evaluate differential responses to treatment by again comparing characteristics of each 
requester’s census tract to the median within the city, evaluating differences in responses to treatment 
by quartile. Results (available in Appendix B) indicate smaller differences between the most and least 
disadvantaged neighborhoods by this definition, but still find higher return rates for those in the 
most advantaged tracts (75th percentile and above) compared to those just below (50th and 75th per-
centile).  
ix There are plenty of old homes where leaded pipes have been removed in wealthy neighborhoods. 
To assess the relationship between age of home and wealth of neighborhood, we correlate a census 
tract’s median household income and share of housing stock in the census tract built before 1989. 
The correlation is r=-0.51, indicating that as a tract’s median household income increases the share of 
old housing stock decreases. 
x While we do not have individual level data to test balance between the treatment and control 
groups, we did use these neighborhood measures to test balance and found no statistical difference in 
any of the neighborhood characteristics we had. These measures included median household income, 
racial and ethnic composition, educational attainment, the use of public assistance, household age, 
structure, and number of bedrooms. A table of these balance tests is available in Appendix B.  
xi SMS text messages were sent to old test kits—kits requested between September 2021 and March 
2022—between May 11-19, 2022. SMS text messages were sent to new test kits—kits requested after 
March 2022—June 2, 2022. Return rates are calculated prior to “old” and “new” kit exposure to the 
SMS intervention.  
xii While we would expect test kit redesign to affect scheduled pick-ups, engagement, as well as the 
error rate, a binary measure of return was the only outcome collected.  
xiii Results are consistent when time elapsed is included as a quadratic as well.  
xiii This benefit estimate does not account for improved outcomes that follow lead detection, abate-
ment, and remediation, nor the costs to ship kits.  If 10 test kits are picked up an hour and DWM 
employees earn a wage of $21.08 an hour (ZipRecruiter, 2023), picking up additional test kits would 
cost about $1,166, indicating increased return rates have a more than $5,000 benefit to the city. 
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Appendix  

Appendix A. Redesigned Kit Stickers 

  
Figure 1A. Stickers for Resident Use 
 
 

 

Figure A2. On-the-box stickers 
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Appendix B. Balance Tests & Additional Analysis  
 
Table B1. Summary Statistics, 2021, Chicago Census Tracts in SMS Text Message Sample 

 All People Treatment Control Treat=Control 
P-Value     

Med. Income (2021 dollars)     

  Household $79,461 $78,542 $80,380 0.15 

Race/Ethnicity^     

  Asian   5.78    6.76   5.94 0.91 

  Black 26.88  26.85 26.91 0.67 

  Hispanic 27.38  28.24 26.51 0.71 

  White 37.24  36.60 37.88 0.64 

  Other  0.42   0.42   0.42 0.98 

  Two or more races   2.30   2.27   2.34 0.65 

Educational Attainment^      

  High School or Less 12.34 11.91 12.76 0.68 

  High School Graduate 21.70 21.78 21.63 0.68 

  Some College 23.20 23.33 23.07 0.69 

  Bachelor’s Degree 24.83 24.54 25.12 0.69 

  Master’s Degree  12.57 12.49 12.65 0.70 

  Professional or Doctorate                    5.36 5.27 4.17 0.76 

Public Assistance      

  Share Participants 17.12 17.07 17.18 0.81 

Share Owner-Occupied     

  Household 0.90 0.90 0.90 0.31 

Share Single Family Home      

  Household 0.42 0.41 0.42 0.38 

Med. Year Structure Built     

  Household 1959 1959 1959 0.84 

Med. Value (2021 dollars)     

  Household $323,731 $328,253 $319,205 0.11 

Number of Bedrooms^     

  No bedroom  4.08 4.22 3.95 0.70 

  One  14.69 14.94 14.43 0.66 

  Two  33.18 33.07 33.30 0.72 

  Three  31.37 31.20 31.54 0.71 

  Four   11.71 11.65 11.77 0.62 

  Five or more  4.96 4.92 5.00 0.76 

No. of Tracts 3,601 1800 1801  

Notes: Summary statistics are presented for all Chicago census tracts included in the SMS text message intervention as a 
treatment or control tract. High School or Less includes all who completed any grades between K-11 but did not gradu-
ate from high school. High School Graduate includes those with a traditional high school diploma or a high school 
equivalency certificate (GED). Some College includes those with one or two years of college or an associate degree. Cen-
sus tracts are determined as “treated” if any test kits in the Census tract received the SMS text message treatment. ^ indi-
cates t-tests for these variables are chi-square tests comparing the distribution of each categorical variable in treatment 
and control groups.  
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Table B2. Effects of SMS Intervention, Heterogeneity by Share Ownership & Single-Family Home, 2021 

 Test Kit Return Pickup Sched-
uled 

Engagement 
Rate 

    

Share Owner Occupied    

Treatment  0.050*** 0.053*** 0.050*** 

 (0.015) (0.016) (0.016) 

    

Treatment*25th Percentile  -0.032 -0.030 -0.020 

 (0.019) (0.020) (0.020) 

    

Treatment*25-50th Percentile -0.001 0.002 0.005 

 (0.019) (0.020) (0.020) 

    

Treatment*50-75th Percentile -0.018 -0.018 -0.007 

 (0.018) (0.018) (0.019) 

    

25th Percentile  0.002 0.004 0.003 

 (0.009) (0.010) (0.011) 

    

25th-50th Percentile  -0.002 -0.002 -0.004 

 (0.009) (0.009) (0.009) 

    

50th-75th Percentile  -0.012** -0.013** -0.015 

 (0.008) (0.008) (0.009) 

    

Constant  0.026 0.025 0.029 

Share Single Family  Test Kit Return Pickup Sched-
uled 

Engagement 
Rate 

Treatment  0.048*** 0.055*** 0.055*** 

 (0.013) (0.014) (0.014) 

    

Treatment*25th Percentile  0.000 -0.006 -0.003 

 (0.018) (0.019) (0.019) 

    

Treatment*25-50th Percentile -0.020 -0.018 -0.011 

 (0.018) (0.019) (0.020) 

    

Treatment*50-75th Percentile -0.024 -0.027 -0.027 

 (0.016) (0.017) (0.018) 

    

25th Percentile  0.004 -0.000 0.004 

 (0.007) (0.007) (0.008) 

    

25th-50th Percentile  0.019 0.016 0.015 
 (0.009) (0.009) (0.009) 
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50th-75th Percentile  -0.001 -0.004 -0.001 

 (0.006) (0.006) (0.007) 

    

Constant  0.016 0.018 0.019 

    

Notes: Census tract median share of owner-occupied units was 0.87 at the 25th percentile, 0.92 at the 50th percentile, and 
0.95 at the 75th percentile of the homeowner distribution across all Chicago census tracts. Census tract median share of 
single-family homes was 0.18 at the 25th percentile, 0.35 at the 50th percentile, and 0.64 at the 75th percentile of the sin-
gle-family home share distribution across all Chicago census tracts. ***p<0.01. **p<0.05.  Treatment refers to the omit-
ted 75th percentile and above group. In each column all sets are pooled together and dummy variables for each set are 
included in each regression. Set 2 is the omitted set.  


