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Abstract  

​ With  approximately 400,000 lead service lines, Chicago has the most municipal lead 

water infrastructure in the United States. The city, which once mandated installation of lead 

pipes, is now confronting the problem with voluntary water testing and service line replacement 

programs. Requiring citizens to take an active role in requesting and performing government 

services is controversial: it engages citizens in political participation and provides information to 

city officials, but also exacerbates inequalities because residents with fewer resources tend to be 

excluded. In this paper, I use Chicago’s 311 testing request database alongside census data to 

investigate whether barriers limit program utilization. I find that both objective risk and 

socioeconomic factors determine free lead testing engagement, but citizens adapt to real and 

perceived barriers with significant success. I recommend that Chicago implements a free, 

integrated, and mandatory testing and replacement system to eliminate all lead service lines by 

the federal 2047 deadline.  
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Introduction 

​ Overnight in 1986, the Safe Drinking Water Act Amendments transformed lead drinking 

water lines in Chicago from mandated to prohibited (Eng, 2020). Despite the discovery and 

publication of the dangers of lead water pipes since the mid-19th century, strong lobbying from 

the lead and plumbing industries succeeded in downplaying the risks and advocating for 

continued use (Rabin, 2008). In the November 1923 issue of National Geographic, the National 

Lead Company published a full page ad entitled “Lead helps to guard your health” (National 

Geographic Society, 1923). Throughout the next several decades, a coalition of lead companies 

pursued a highly organized action plan to counter the spreading awareness of the poisoning 

caused by their products (McCormick and Uteuova, 2022).  

The Lead Industries Association lobbied municipalities like Chicago to not just allow, but 

require, the use of lead water pipes in building codes (McCormick and Uteuova, 2022). In tactics 

reminiscent of the tobacco industry, lead companies funded medical research to cast doubt on the 

drastic health effects of lead exposure (McCormick and Uteuova, 2022). The Association also 

activated the political capital of skilled plumbers unions that benefited from these requirements 

because they prevented a shift to less technically complicated processes that unskilled and 

unlicensed workers could perform (Rabin, 2008; Eng, 2018). This dynamic was especially 

pervasive in Chicago, where the Plumbers Union was particularly strong. Its president, Stephen 

M. Bailey, was childhood friends with Mayor Richard J. Daley, and he served as an important 

political supporter throughout Daley’s two decades in office from 1955 to 1976 (Eng, 2018). 

Bailey helped marshal labor votes in municipal elections, and Chicago steadfastly maintained its 

edict for lead service lines, even as the vast majority of other major cities banned their use in the 

face of mounting medical evidence. 
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For decades, every new building or renovation was connected to Chicago’s water 

distribution system with lead. However, in the 1960s and 1970s, as polluting industries became 

more visible and criticized, the federal government increasingly took responsibility for regulating 

environmental and safety standards (Lewis, 1988). Yet, even after the Safe Drinking Water Act 

Amendments in 1986 prevented any future additions of lead service lines, there was little serious 

political will to remove and replace the existing infrastructure in Chicago. When Mayor Rahm 

Emanuel replaced the city’s water mains in 2012, the lead pipes were left in place (Eng, 2018). 

This legacy of underappreciated risk and required use has left Chicago with over 380,000 lead 

pipes, the most of any city in the United States (EDF, 2024).  

Chicago is now trying to comprehensively replace all the lead infrastructure lying under 

the city streets. Federal rulemaking from the Biden administration has created an accelerated 

timeline and made resources available for that pursuit (EPA, 2025). Complementary lead testing 

provided through the Chicago 311 municipal service system1 aims to help prioritize which 

service lines are removed first and protect citizens with temporary measures in the meantime 

(Lead-Safe Chicago, n.d.). According to the mayor’s office, this program aims to “[lead] with 

equity so that residents with the greatest need will be provided the highest levels of supports 

first, and ultimately any resident who wants to replace their lead service line will be able to do 

so” (Eng, 2020). However, determining where the greatest need is through a voluntary and 

citizen-initiated testing system is problematic. Structural barriers like lack of awareness, trust in 

government, available time, literacy, and capacity can limit overall engagement in bureaucratic 

systems, even when they provide critical programs (e.g., Herd and Moynihan, 2019). Moreover, 

barriers tend to affect different groups of people to varying extents, exacerbating inequalities 

1 311 is a non-emergency version of the 911 operating system that connects residents with municipal departments 
and agencies to access government services and resources.  
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along wealth and racial lines (e.g., Christensen et al., 2020; Herd and Moynihan, 2019; Masood 

and Nisar, 2020). Despite the theoretical grounding, existing empirical literature is conflicted on 

the strength of these socioeconomic effects, and the Chicago lead testing system remains 

understudied.  

Throughout the following research, I investigated the impacts of these institutional 

factors in Chicago’s voluntary lead testing program by leveraging the public database of 311 

requests on the city data portal (City of Chicago, n.d.). I aimed to elucidate whether significant 

barriers impede use of the testing program, and explored the existence of social inequities in 

program implementation. Specifically, I examined whether patterns of who contacts and 

successfully engages with the system can be better predicted by objective lead risk or 

demographic and socioeconomic factors that indicate resource access. In this pursuit, I mapped 

demographic and request patterns across the city, built correlational models between explanatory 

variables and request details, and tracked changes over time.  

I find dramatically low utilization and high rates of attrition, as well as substantial 

relationships between program utilization and both socioeconomic and risk factors. These results 

indicate the existence of prohibitive barriers that unequally affect groups with lower 

socioeconomic status. Surprisingly, I find that high minority populations are positively correlated 

to uptake after controlling for both need and income, but are negatively related to successful 

completion of a request. I suggest that this contrast reveals the existence of barriers at multiple 

steps in the testing process that have varying impacts. Additionally, the evidence suggests that 

residents adapt to real and perceived barriers through their request type and contact method, 

emphasizing that citizens are active participants even in burdensome systems. Based on these 

insights, I recommend that Chicago replaces the current patchwork of service line identification, 
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voluntary water testing, and means–tested replacement programs with an integrated, universal, 

and mandatory effort following the example of Newark, New Jersey. I also suggest that 

municipalities across the country reconsider providing services and distributing resources based 

on voluntary or citizen-initiated contacts in order to prevent exacerbating existing inequalities in 

the urban landscape. 

 

Background 

History of lead use 

​ Humans have used lead for over 6 millenia in household products like jewelry, cosmetics, 

paints, pottery, and glassware (Needleman, 1999). The metal has key physical properties that 

encourage its use in a variety of industries: longevity, malleability, low melting point, and a 

remarkable ability for holding pigment. During the Roman empire, lead transformed into a mass 

produced and extremely prevalent commodity, used for everything from sweeteners to urns, and 

featured in the historic water distribution system through aqueducts and plumbing (Needleman, 

1999). In modern times, major sources of lead exposure to humans have included leaded 

gasoline, lead paint, emissions from industrial processes, and public water systems (Levin, 

2008). In the United States, significant installation of lead water lines began at the end of the 

19th century due to durability and flexibility advantages over the iron pipes they replaced 

(Rabin, 2008). By 1900, nearly three-quarters of cities with over 30,000 residents used pipes that 

contained lead (Rabin, 2008). Remnants from many of these uses continue to contaminate the 

soils, water systems, and houses of Americans (Rabin, 2008). Lead from paint and dust now 

cause an estimated 70% of elevated blood lead blood levels in the United States, while drinking 

water is responsible for 10-20% of total lead exposure (Levin et al., 2008).  
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Health damage from lead 

​ Societies have discovered and rediscovered the deleterious health effects of lead exposure 

throughout history. At least three times in human development—Antiquity, the Middle Ages, and 

the Modern Era—people have recognized and understood lead poisoning (Hernberg, 2000). Yet, 

each time, these insights were largely forgotten and lead continued to be widely used. Even as 

historians theorized in the mid-1900s that lead exposure contributed to severe health issues in the 

past and potentially even the decline of the Roman Empire, the United States continued to allow 

the use of lead pipes, paint, and gasoline (Gilfillan, 1965; Moore, 2019).  

​ Rabin’s foundational work on the lead industry, “A Modest Campaign,” documents the 

history of political activism by lead companies to influence regulation (2008). As lead pipes 

came into wide use across America in the 1800s, Rabin describes how officials, industry leaders, 

scientists, doctors, and the public debated the risk of drinking water delivered through lead lines. 

Though it was generally known that lead could have toxic effects in acute dosages, chronic 

exposure effects and the possibility of leaching into the water supply were less clear. As early as 

the 1850s, health, medical, and engineering professionals, as well as the general public, raised 

concerns about lead service lines. Reports continued to accumulate, and by 1890 the 

Massachusetts State Board of Health issued an advisory against using lead pipes. The public 

health community reached near-consensus about the dangers by the first decades of the 20th 

century, and increased public awareness placed pressure on local governments to reduce toxic 

exposure. As cities began to outlaw lead plumbing, however, active pushes from production, 

manufacturing industries, and unions sought to diminish medical outcomes and enshrine lead’s 

role as a crucial part of infrastructure. The Lead Industries Association even funded the defense 
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of landlords accused in court of poisoning tenants through contamination from the building’s 

pipes.  

​ In the 1960s, in response to increasing scientific reports, the Centers for Disease Control 

and Prevention (CDC) first established blood lead level thresholds for children (Rabin, 2008). 

Since then, health institutions have become increasingly stringent, substantially lowering the 

threshold levels at which lead is considered dangerous. In fact, the World Health Organization 

declares that there is no safe level of lead exposure (WHO, 2024). Scientific and medical studies 

now illuminate the pathways and ultimate consequences of contamination. These studies show 

that lead is primarily a neurotoxin that impairs cognition and is especially dangerous during 

childhood development (Froehlich et al. 2009; Lanphear et al. 2005; Lidsky and Schneider, 

2003; Schnaas et al. 2006). Even extremely low concentrations cause persistent behavioral and 

intellectual deficiencies in individuals, including increased rates of crime (Aizer et al. 2018; 

Canfield et al., 2003; Reyes, 2015; Wright et al. 2008). These neurological effects deteriorate 

academic performance and future expected earnings for elementary school kids (Hollingsworth 

et al., 2020). In Chicago specifically, low levels of lead exposure are associated with 

significantly decreased academic performance on statewide standardized tests by 3rd grade, with 

lead toxicity responsible for nearly 15% of failure on these exams (Evens et al., 2015).  

At the population level, the magnitude of lead emissions is directly linked to the rate of 

aggravated assault across American cities over time, and experts have modeled the substantial 

decline of IQ in generations exposed to lead in childhood (Mielke and Zahran, 2012; McFarland 

et al., 2021). Reduction in lead exposure increases population reading and math scores and 

narrows the racial academic achievement gap (Sorensen et al., 2019). Beyond cognitive effects, 

chronic lead poisoning in both adults and children results in higher instances of cardiovascular, 
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cancer, and overall mortality (Menke et al., 2006; Schober et al., 2006). In fact, 18% of all-cause 

mortality in the United States is attributable to lead exposure, corresponding to hundreds of 

thousands of deaths a year (Lanphear et al., 2018). Extensive evidence proves that even small 

doses of lead pose a dramatic health risk with catastrophic individual and societal effects.2  

 

Disproportionate harm 

​ The harm caused by lead exposure is not equally distributed across Americans. Like 

many other health and environmental crises (e.g., air pollution in Liu et al., 2021, highway traffic 

in Rowangould, 2013, and toxic waste in Reichel, 2018), racial minorities and low income 

families disproportionately bear the brunt of lead’s devastating consequences. Childhood blood 

tests show that lead toxicity has declined across sociodemographic groups due to regulations 

banning leaded gasoline and lead paint (Egan et al., 2021; Jones et al., 2009; Levin, 2008). Still,  

elevated blood lead levels remain highest among children that are Black or Hispanic, have low 

socioeconomic status, and live in older housing (Egan et al., 2021; Jones et al., 2009; Levin, 

2008). Hundreds of thousands of children between 1-11 years old still exceed the reference value 

for blood concentrations set by the CDC (Egan et al., 2021). These patterns are strong in 

Chicago, where high blood lead levels among children are concentrated in predominantly 

minority communities on the South and West sides of the city (Chicago Department of Public 

Health, 2021; Sampson & Winter, 2016; Tang & Carrel, 2022; White & Gala, 2022). Racial 

inequalities in lead exposure persist even after controlling for socioeconomic factors, though 

differences have declined in recent years (Sampson & Winter, 2016).  

2 For a comprehensive overview of the health effects of lead, explore the EPA’s Integrated Science Assessment for 
Lead (U.S. EPA, 2024).  
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​ Lead poisoning disparities among racial and socioeconomically disadvantaged 

neighborhoods are reflected in inequities in exposure pathways. For example, lead paint is more 

prevalent in households under the poverty line, and soil-bound lead exposure is higher in urban 

areas with higher density and closer proximity to vehicle traffic (Levin, 2008). In Chicago, areas 

of the city with higher Black and Hispanic populations are at increased risk of 

lead-contamination through the municipal water system (Huynh et al., 2024; Sarfarpour et al., 

2024). Recent inequities during system failures such as the water contamination crisis in Flint 

further demonstrate the vulnerability of disadvantaged populations to chemical exposure 

(Campbell et al., 2016; Hanna-Attisha, 2016).  

 

Legislative history 

​ Throughout the 20th century, municipalities had vastly disparate responses to reports of 

water contamination and pressure from the plumbing and lead production industries. Rabin 

describes how various states and localities prohibited, restricted, encouraged, or required lead 

service lines (2008). He notes that until the 1960s, the federal government did not see its role as 

legislating to prevent environmental health hazards, and so did not generally enact national 

regulations. Instead, the prevailing belief held that industries were responsible for regulating 

themselves. Where legislative protection on drinking water did exist, it prioritized eliminating 

infectious diseases from the water supply (Lewis, 1988).  

This pattern of delayed regulatory coverage persisted in other lead industries as well. For 

example, lead was a valuable additive to gasoline because it helped the fuel to burn consistently 

and prevented “knocking,” which contributes to engine damage and performance issues (Jiffy 

Lube, n.d.). For decades, the gasoline and automobile industries operated under voluntary 
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standards for lead (EIA, 2022). The Clean Air Act in 1970 created the first regulatory standards 

for lead and emissions of other automotive pollutants. In response, manufacturers implemented 

catalytic converters, which transformed vehicle emissions into less harmful compounds. Leaded 

gasoline was prohibited for vehicles after 1975 because the lead content damaged catalytic 

converters. Prior to this regulation, half of living Americans had elevated blood lead levels as 

children, when exposure is most dangerous—nearly all children in the late 1960s and early 1970s 

had elevated blood lead levels (McFarland et al., 2021).  

In 1986, amendments to the Safe Drinking Water Act prohibited the construction of new 

lead pipes for drinking water across the country. In 1991, the Environmental Protection Agency 

(EPA) published the Lead and Copper Rule (LCR), which required water management systems 

to conduct quality monitoring at the faucet. It established the “action level,” the concentration at 

which further steps to mitigate lead leaching must be taken, at 15 parts per billion (ppb) in at 

least 10% of tested taps. These required steps include educating residents and replacing lead 

service lines. The EPA revised the LCR in 2021 to target schools and childcare facilities, 

mandate inventories of service line materials, and change education and replacement 

requirements. The most recent update to the EPA rule is the 2024 Lead and Copper Rule 

Improvements. Under this regulation, the Biden Administration lowered the lead action level to 

10 ppb and directed systems to replace all lead service lines in the next decade (starting in 

November 2027). However, some cities with considerable lead infrastructure, including Chicago, 

received a delayed deadline that allows for 20 years for total replacement instead of 10 (Circle 

Blue, 2024). 
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Chicago’s water distribution system  

​ The Chicago Department of Water Management (DWM) sources tap water from Lake 

Michigan and treats it through a series of purification and microbial processing steps in one of 

two centralized plants (Chicago, n.d.). This water is then pumped throughout the city and 

suburbs from the main lines of the plumbing grid. The water leaving the water treatment centers 

is constantly monitored for contaminants and safety standards, and is generally not considered a 

risk for lead exposure. Similarly, the water mains that distribute water across the city are not 

made of lead (Corley, 2016). In fact, lead generally enters the water supply in the last 100 feet of 

its journey, through the service lines that connect the mains to buildings (Reyes & Hawthorne, 

2024). In Chicago, roughly 80% of these lines are lead (McCormick et al., 2022), though there is 

not a full, definitive record of the location and material of service lines. Instead, the DWM 

publishes a water service line inventory that predicts the material of a building’s supply pipes 

based on field verification and visual inspection, construction records, historical data, building 

age, and self reports. 

​ In order to prevent leaching from pipes that do contain lead, the DWM adds corrosion 

control chemicals that maintains a protective solid coating on the inside of the line (Chicago 

Department of Water Management, n.d.). However, depending on the chemical characteristics of 

the water flowing through the pipe, the condition of the metal, the frequency of flushing, and 

how long water is left stagnant, residences can still experience leaching and high levels of lead 

exposure. In accordance with federal regulations, Chicago also monitors lead concentrations in 

samples from at-risk taps, but even neighboring houses can have starkly different contaminant 

levels due to the number of variables influencing corrosion.  
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Since 2016, Chicago’s 311 municipal service request system has allowed any resident to 

order a free self-administered lead test kit or an evaluation visit from an expert to ensure that 

their tap water is safe. Residents can file orders through call, text, online website, mobile app, or 

through aldermen and city departments. If residents request a visit, they coordinate a day and 

time for a technician to come to the home and conduct the test. Self-administered tests are mailed 

to the provided address, along with an instruction pamphlet available in English, Spanish, Polish, 

or Simplified Chinese. Residents then collect three samples at specific time intervals, arrange a 

collection time, and leave the kit outside to be collected by the city. For both the test kit and visit, 

residents must leave the water stagnant for a minimum of six hours before beginning to collect 

samples. This means that no water can be used for drinking, showering, cooking, washing, or 

flushing toilets.  

The free testing program is vital to preventing lead poisoning because elevated results 

help people qualify for and engage with lead service line replacement (LSLR) programs and 

encourage households to use bottled water or filters in the meantime. Chicago offers five 

replacement programs. In the Block-Long Replacement Program, the DWM performs 

complimentary service line replacement when planned maintenance on the plumbing system 

disrupts the pipes. Under the Breaks and Leaks Replacement Program, residents are required to 

report service line issues to the city, which will then replace the entire line for free.3  In the 

absence of public construction, breaks, or leaks, Chicago offers three voluntary programs. The 

Daycare Lead Service Line Replacement Program qualifies buildings that host services for 

young children in low-income communities for free service line replacement. Meanwhile, the 

3 Historically, the city is responsible for replacing the public side of a service line and the property owner is 
responsible for replacing the private side. Cost-sharing in this manner caused environmental justice issues because 
partial service line replacements increased exposure to lead, and lower income households were less likely to be able 
to complete the private side replacement (Baehler et al., 2021). However, a 2023 Illinois law mandates that lead 
service lines must be replaced in their entirety. The Block-Long Replacement Program and Breaks and Leaks 
Program are the result of this legislation (Lead-Safe Chicago, n.d.). 

14 



 

Homeowner-Initiated Replacement Program waives permitting fees for any resident that pursues 

lead service line replacement on their own. Finally, the Equity Lead Service Line Replacement 

Program provides complete service line replacement for owner-occupied households below 80% 

of the area median income, but funds are limited and the program prioritizes households that 

have used the testing program and received elevated lead results (Lead-Safe Chicago, n.d.). 

From 2016 to 2018, nearly 70% of the returned tests detected lead (Reyes & Hawthorne, 

2024). Over a longer period spanning from 2016 to 2021, 5% of the tests exceeded the federal 

government action level, with one remarkable test revealing 1,100 ppb of lead (McCormick et 

al., 2022). Around one-third of the tests surpassed the limit for lead in bottled water (McCormick 

et al., 2022). In many community areas, the average lead exposure exceeded that allowed for 

bottled water even after flushing the pipes for three minutes, despite Chicago advocating for 

flushing as one of the most effective ways to prevent lead poisoning (Reyes & Hawthorne, 

2024). Based on tests collected between 2016 and 2023, Huynh et al. (2024) estimate that 68% 

of Chicago’s children receive drinking water with elevated levels of lead. Still, on the city’s 

webpage about testing and filters, the Department of Water Management declares: “To be clear, 

Chicago’s water is safe to drink and we are taking this step out of an abundance of caution” 

(Chicago Department of Water Management, n.d.). The discrepancy between the available 

evidence and the city’s cavalier attitude further emphasize the need for comprehensive and 

citizen-informed testing efforts.  

 

Progress 

​ The Lead and Copper Rule Improvements represent a significantly accelerated timeline 

for total lead service line replacement. Prior to the federal rule, Illinois Law gave Chicago until 
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2077 to eliminate the lead infrastructure (Londcor & UIS PAR, 2024). As the latest in a series of 

federal grants and loans, the Biden administration also provided hundreds of millions of dollars 

to Illinois’ Drinking Water State Revolving Fund for water system improvements like removing 

lead pipes (Lippert, 2023). Despite increasing political attention and funding, progress has been 

slow. Between 2020 and 2022, municipal programs replaced only 280 of Chicago’s nearly 

400,000 service lines (Chase, 2022). By July 2024, Chicago had replaced 6,820 total pipes 

(Anastasakos, 2024). This substantial increase reflected in part the creation of new programs in 

response to implementation of a state law prohibiting partial service line replacements (Chase, 

2020). However, even the increased rate of replacement would be insufficient to remove all lead 

service lines within the century, much less the federal timeline of twenty years. Chicago lags far 

behind other cities like Newark, New Jersey, which replaced all of its 23,000 service lines in 

under three years (Cunningham, n.d.). At an estimated $15,000 to $26,000 per service line, total 

service line replacement in Chicago could cost up to $10 billion (Circle Blue, 2024).  

 

Literature review 

Theoretical Frameworks  

​ Handling resident needs is complex. As Borins (2008) explains:  

Wide sociological gulfs can separate officials from their publics… exacerbated by social  
inequalities and group discrimination. When they face these social and cultural walls,  
even well-intentioned officials can have a difficult time discerning a community’s needs  
and devising effective means to satisfy them (p. 57).  
 

Due to informational gaps and deficits of understanding, direct citizen involvement in the policy 

making process appears beneficial for guiding government decisions. Unfortunately, 

participation is not equally accessible to all. 
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In their book Administrative Burden: Policymaking by Other Means, Pamela Herd and 

Donald Moynihan (2018) theorize that citizen engagement with government is mediated by 

barriers to resource or service provision. The authors outline three major types of costs that 

typically construct this “administrative burden.” Learning costs involve the process of gaining 

awareness and understanding of a program, compliance costs concern the regulations and 

instructions to successfully participate, and psychological costs include the mental toll that the 

process exacts. While costs are inevitable to an extent, in many cases they are intentionally 

imposed as the result of policy choices to restrict access or discourage participation. Even when 

an administrative burden is unintentional or the result of insufficient capacity, it can significantly 

undermine the efficacy of program implementation 

​ Moreover, Herd and Moynihan explain that administrative burden is “distributive” (2018, 

p. 3). Bureaucratic costs exacerbate societal inequalities because the people with the fewest 

resources have the most difficult time overcoming burdens and accessing resources, despite often 

being the people that need those services the most. These resources are not simply monetary, but 

also include “forms of human capital, such as education, cognitive and noncognitive skills, or a 

social network” (Herd and Moynihan, 2018, p. 7). In addition to social, cultural, and economic 

capital, access to administrative capital (bureaucratic expertise) shapes how people respond to 

and their success in overcoming administrative burden (Christensen et al., 2020; Masood and 

Nisar, 2020). Low uptake rates for many programs reflect the existence of prohibitory barriers. ​  

The 311 testing program requires cooperation between the government and citizens to 

produce government services in a process called “coproduction” (Brudney & England, 1983). On 

the surface, the 311 program for requesting tap water lead tests aims to minimize burdens for 

citizens. There is no fee or financial barrier associated with the program. Participants can request 

17 



 

tests through multiple platforms like a website, app, or phone call. The city provides the option 

to either send an expert to conduct a test in-person or a self-test kit with step-by-step instructions. 

In fact, coproduction through 311 service systems in general improves communication between 

citizens and their government, boosting responsiveness and satisfaction with local governance 

(Clark and Shurik, 2014; Clark and Shurik, 2015).  

Yet, the voluntary testing program is a form of engagement triggered by the resident, and 

citizen-initiated contact theory suggests that socioeconomic status determines which people will 

originate communication with their government in order to receive services (Jones et al., 1977; 

Thomas, 1980). This “socioeconomic model” posits that higher levels of awareness and 

financial, human capital, and psychological resources enable privileged individuals to have 

higher levels of political participation (Jones et al., 1977; Thomas, 1980; Verba and Nie, 1972, 

Verba et al., 1993). Though specific models vary, empirical studies suggest that both level of 

need (or self-perceived need) and socioeconomic status influence which citizens initiate contact 

(Jones et al., 1977; Sharp, 1982; Thomas, 1980). In this case, socioeconomic status mediates the 

relationship between needs and action, and people with certain characteristics (e.g., low levels of 

education, income, and social-cultural capital) are less likely to be willing and able to engage 

with the government in order to have their needs met.  

​ However, quantifying the determinants of citizen participation has been complicated 

empirically because socioeconomic status is used as both a measure of need and as a measure of 

awareness or other resources that make initiating contact more feasible (Jones et al., 1977). The 

presumptive inverse relationship with need and direct relationship with resources makes teasing 

out the impacts of socioeconomic status difficult. Therefore, researchers have theorized and 

tested positive, negative, and parabolic relationships based on the balance between the two 

18 



 

factors (Jones et al., 1977; Sharp, 1982). The voluntary lead testing program in Chicago presents 

a valuable opportunity to differentiate these forces because contamination risk (objective need 

for services), requests (demand for services), status of requests (service provision), and 

socioeconomic status can be determined separately; this represents a unique opportunity because 

such data is usually limited (Cook et al., 2024). 

​ In addition to providing valuable data for research, 311 systems also help inform city 

governments on resident needs, so that services can be appropriately distributed (Cook et al., 

2024). Cook et al. provide a simple model for how municipalities provide services (2024). Under 

their conceptualization, there are two ways that need translates into provision of services. First, 

city monitoring systems may pick up directly on the status of city needs and respond proactively 

by addressing the issue. Second, need can be translated through citizen involvement when 

residents demand services based on their experiences, such as through 311 reporting systems. 

However, the existence of administrative burdens and citizen-initiated inequalities mean this 

process may not reflect true levels of need. When cities rely on citizen complaints to decide who 

receives services, differing likelihoods of participation perpetuate and reproduce systems of 

inequality (Slough, 2024). Frequently, variable engagement occurs along income and racial lines 

(Cook et al., 2024). Once demand is expressed, cities respond by fulfilling (or not fulfilling) the 

desired service.  

​ Under this framing, inequality in the realm of municipal services can come from one of 

four paths. First, historical and modern patterns of social, economic, and political developments 

create heterogeneous distributions of service needs (Chicago Department of Public Health, 2021; 

Sampson & Winter, 2016; Tang & Carrel, 2022; White & Gala, 2022). Second, informational 

gaps on patterns of need and prioritization of specific groups or areas of the city bias where the 
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city pursues action (Mladenka, 1980). Third, citizens have varying propensities to demand 

government response based on the resources they have access to and the barriers they face (e.g., 

Minkoff, 2015). Finally, cities respond differently to demand coming from different people or 

geographic regions (Jones et al., 1977). Underlying distributional patterns of lead poisoning has 

already been addressed above. In the following sections, I address the existing literature on each 

of the other routes to environmental injustice as they apply to lead contamination in Chicago.  

 

Responsiveness to need and demand  

​ Municipal responsiveness matters in two ways: proactive management of lead risk 

measurement and reactive follow-up to resident demand expressed through 311 requests for lead 

tests. Federal legislation through the Lead and Copper Rule standardizes how objective measures 

of lead risk are determined through sampling (40 C.F.R. §141.86 (1991-2025)). These 

regulations are supposed to guarantee that municipal water systems accurately capture the extent 

of contamination. The testing is compared to the federal action level (currently 10 ppb) to 

determine whether the system needs to take additional steps like educating residents or replacing 

service lines.  

However, to meet the requirements for compliance, Chicago only tests 50 homes once 

every three years, most of which “were owned by water department employees or retirees living 

on the Far Northwest and Far Southwest Sides” (Reyes & Hawthorne, 2024). This sample is 

exceedingly small, infrequent, and biased towards areas of the city with higher socioeconomic 

status. Evidence from the Chicago Lead in Drinking Water Study in 2011-2012 found that the 

federal sampling protocol underestimates lead contamination in drinking water (Toral et al., 

2013). Results from the 311 citizen testing program that show widespread and severe lead 
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contamination further emphasize that the regulatory-based testing results are extremely 

unrepresentative of the true risk Chicago residents face from lead exposure (Huynh et al., 2024; 

Reyes & Hawthorne, 2024). As a Virginia Tech researcher that serves as an EPA advisory 

panelist explains: “Chicago’s testing blows out of the water one of the foundations of (federal 

regulations), namely that current lead-in-water monitoring requirements yield reliable 

information about the extent and severity of contamination across a service area” (Reyes & 

Hawthorne, 2024).4 The sampling that the city provides outside of the 311 system is therefore 

insufficient to assure universal clean water access, leaving citizen-initiated testing as an 

important health pathway.  

Historically, studies have shown that cities responded quicker to citizen-initiated contacts 

requesting services when those contacts originated from wealthier neighborhoods (Jones et al., 

1977). However, as technology advances, bureaucratic decision making becomes more 

automatic, standardized, and algorithm based (Clark et al., 2018). In these modern systems, there 

is less discretion where bias and discrimination can penetrate and effect government 

responsiveness (Maynard-Moody and Musheno, 2012; Nisar and Masood, 2019). Indeed, across 

311 systems in 15 large US cities, governments tend to respond equitably regardless of where the 

request is coming from (Clark et al., 2020). Though results vary significantly by request type and 

city, the authors conclude that there is no substantively significant or systematic bias in response 

times. When differences in responsiveness do occur along racial and wealth lines, they are 

largely attributable to different types of requests (Hamel & Holliday, 2024; Wichowsky, 2022). 

Among requests of a given type, there is limited and contradictory evidence of discrimination in 

meeting citizen demand (Hamel & Holliday, 2024; Wichowsky, 2022).  

4 Note that updates to the Lead and Copper Rule attempt to address some of these testing issues.  
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In the case of Chicago’s lead test request system, the opportunity for bias is particularly 

scarce. Kits are sent out centrally through the United States Postal service, and residents 

themselves establish pickup times for collection by the city (Souders et al., 2024). Once kits are 

picked up by staff members, they are tested by the city and results are sent back in 6-8 weeks 

(Souders et al., 2024). This means that it is reasonable to expect Chicago to send lead test kits to 

citizens that request them, and analyze those that are correctly completed and returned, without 

bias. Requests for in-person visits may have more potential for bias, but the existing literature 

suggests it is likely minimal (Clark et al., 2020; Hamel & Holliday, 2024). Overall, 

responsiveness from the city is generally inadequate as a direct response to need but equitable as 

a response to demand. This dichotomy highlights the critical importance of high levels of 

representative citizen participation to ensure provision of government resources.  

 
Propensity to complain  

The likelihood for citizens to initiate a government contact depends on financial, social, 

cultural, psychological, and administrative resources that leave significant possibility for 

inequalities at the intersection of administrative burden and citizen-initiated contact theory. 

However, the empirical literature reports conflicting results on the relationship between 

“propensity to complain” and socioeconomic and demographic factors (Kontokosta et al., 2017). 

For example, researchers have found that citizen reports of heating and hot water violations in 

New York City are significantly lower for communities with lower income, less education, 

higher proportions of English-limited citizens, and greater percentages of minority residents 

(Kontokosta et al., 2017). More generally, income is positively associated with propensity to 

contact the New York City 311 system for government goods, while minority makeup is 

negatively associated (Minkoff, 2015). Similarly, in Houston, high prevalence of Hispanic and 
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Black residents as well as low socioeconomic status correspond to a lower propensity to file a 

311 report for potholes, despite relatively low costs of using the system (Cook et al., 2024). This 

has led to the perverse result that objective need (pothole number) is higher in the areas with 

fewer requests, emphasizing the systematic discrepancy in engagement from minorities and low 

income residents. Impediments to navigating bureaucratic processes for people without certain 

social resources often filter out those with the most need, even when there is no financial cost.  

​ In contrast, San Francisco’s 311 system shows no evidence of biases in engagement 

based on socioeconomic status (Clark and Brudney, 2018). Additionally, inclusion of 

disadvantaged groups has increased over the time the program has been in operation, suggesting 

a learning effect and increased awareness (Clark and Brudney, 2018). In Tallahassee, 311 

requests relating to power outages in the wake of a hurricane were disproportionately created by 

minority groups, potentially suggesting that modern technological resident engagement systems 

can narrow distributional inequities (Xu and Tang, 2020). Meanwhile, in Boston, lower family 

income reduced the likelihood of utilizing 311 services, but there was little evidence of a racial 

impact, and higher levels of education actually decreased the propensity to contact (Clark et al., 

2013). It is important to note that these seemingly conflicting studies may be the result of 

inadequately accounting for heterogeneous need distribution between groups. If the need for 

government services is elevated among disadvantaged groups, but willingness and ability to 

pursue those services is low, it can be hard to distinguish between the competing effects.  

​ When it comes to Chicago’s lead testing program, administrative burden dynamics have 

been theorized to apply, but this proposition has not been thoroughly empirically tested (Souders 

et al., 2024). Preliminary evidence suggests that there is a negative correlation between census 

blocks with high Black and Hispanic populations and the likelihood of self-conducted testing 
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(Huynh et al., 2024). While informative, Huynh and colleagues’ study is primarily focused on 

estimating childhood lead exposure, and the investigation into testing behavior is limited to the 

probability of a census tract having at least one completed test of lead concentration.  

This body of literature is vital in establishing a quantitative relationship between 

sociodemographic features and political participation, yet it does little to elucidate which barriers 

are influencing the macroscopic trends. In order to develop a comprehensive framework of 

administrative burden in the free lead request system in Chicago, it is essential to catalog the 

potential barriers and assess support for their impact.  

The 311 approach offers key benefits that may ameliorate several sources of burden. It 

eliminates financial burden by providing testing kits or visits for free. The process and outcomes 

are highly routinized, leaving limited room for discretion in implementation that can result in 

discrimination and discourages portions of the population from participating (Maynard-Moody 

and Musheno, 2012; Nisar and Masood, 2019). At the same time, the defined procedure avoids 

the feeling of a special appeal, a perception that limits willingness to engage (Thomas, 1980). 

This also dampens the role feelings of political efficacy have on willingness to engage (Bovaird 

et al., 2014; Prats and Meunier, 2021), and since political efficacy is associated with 

socioeconomic measures and race (Brady et al., 1995; Leighley and Vedlitz, 1999), reduces 

inequality. Finally, the program is universally accessible, rather than means-tested, which 

eliminates paperwork requirements and sources of shame or stigma (Herd and Moynihan, 2018).  

​ Despite these benefits, significant barriers remain. First, residents must have risk 

knowledge, or awareness of the possible existence of lead contamination and the associated 

health impacts. Additionally, they require “action knowledge,” or awareness that the program 

exists and an understanding of how to use the 311 system to request a test (Flanagan et al., 2015).  
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These barriers represent learning costs in Herd & Moynihan’s framework. Third, residents need 

to have the capacity to go through the request system and successfully complete the test, and 

moreover they must have sufficient confidence in their ability to do so to be willing to commit 

time and energy to the process. This capacity includes literacy in one of the languages offered, 

available time to order, conduct and return the test, ability to leave water stagnant for the 

required time, ability to follow the instructions to successfully collect water samples,5 means to 

set up a collection time, and capability to overcome frequent glitches and problems with the 

system.6 These barriers represent compliance costs in Herd & Moynihan’s framework. The 

option to request an in-person visit from a professional may help alleviate some of these burdens. 

Finally, the level of trust and confidence residents have in governmental public health systems 

regulates access to the program (Teodoro, 2022). Indeed, some Chicago residents express 

suspicion of the lead service line replacement programs (Chase, 2022).  

These forms of personal, social, cultural, and administrative burden disproportionately 

affect historically disadvantaged populations (Moynihan and Herd, 2018). For example, in a 

study on superfund sites, researchers showed that certain measures of socioeconomic status 

influence awareness of environmental hazards (Rhubart and Robertson, 2020). Additionally, 

phone and internet-based services offer accessibility advantages, but technology-mediated 

services can undermine participation from under-resourced groups, reinforcing existing 

inequalities in access (Das and Das, 2021; Linos et al., 2021; Pew, 2010).  

6 For example, in October, 2024, the confirmation email for requesting a kit came with the following message: “We 
apologize as the city’s 311 system is experiencing some technical IT issues with service request creation. If there are 
any changes or corrections in the above information please contact Chicago Department of Water Management.” 

5 This is less straightforward than one might assume. In focus groups, the instruction manual sent along with lead 
test kits (before redesign in 2022) “was described as intimidating, confusing, and overwhelming” (Souders et al., 
2024). The faculty advisor on my thesis, a public policy professor at the University of Chicago, realized she had in 
fact made a mistake in collection after returning the water samples.  
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The closest analogies to the burdens operating in Chicago’s 311-based lead test request 

system come from other public health testing environments, and these cases reinforce the 

importance of barriers and their association with sociodemographic factors. Education doubles 

consent among opioid users to take free, at-home HIV tests, and the overall rate of completion 

and follow up is low (Ballard et al., 2021). The researchers suggest that the at-home option 

solves several existing barriers to HIV testing such as limited capacity, stigma, concerns about 

confidentiality, and transportation access, but other barriers such as difficulty with returning the 

tests and trust of the system continue to limit successful uptake of the program. Flanagan et al. 

(2015) surveyed communities in Central Maine with high potential for arsenic contamination that 

rely on private wells for drinking water, finding that less than half of well owners have ever 

tested for arsenic. Moreover, the probability of testing increases with education and income, and 

the study points to four factors that increase testing for arsenic: knowledge of the health risk, 

knowledge of what can be done to address the risk, belief that testing is not onerous, and 

neighborhood norms for testing. 

During the water contamination disaster in Flint, the local government provided free, 

voluntary lead tests for tap water (Chojnacki et al., 2017). Similar to Chicago’s system, residents 

had to conduct the tests themselves and submit them for analysis. They also had to pick up the 

tests from a distribution center, which may provide obstacles to lower income residents who have 

long work days and lack action knowledge (Chojnacki et al., 2017). In addition, the authors note 

that the self-testing procedure is finicky, relying on citizens to leave their water stagnant for an 

extended period of time and sampling the first liter–mirroring Chicago’s system–which may not 

be feasible for many households. Indeed, more valuable homes were associated with a higher 

likelihood and frequency of lead tests, suggesting that self-selection perpetuates 
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disproportionately high exposure to lead for less affluent residents (Chojnacki et al., 2017). After 

the Flint water crisis, Black residents were more likely to perceive the contamination as 

intentional, racially motivated, and discriminatory on the basis of class (Ezell et al., 2022). 

Patterns like this suggest that certain groups of residents distrust municipal water management 

programs, which could limit their participation in government-run testing services. However, the 

relevance of case studies on Flint may be limited in their applications to Chicago because of the 

structural differences between an urgent, salient environmental disaster, and the more diffuse, 

continuous effects of infrastructure.  

 

Insight from Chicago’s lead request system 

​ Despite ample scholarship on the creation of inequalities in political participation and 

government service provision through the intersection of sociodemographic factors with 

administrative burdens, no study has capitalized on Chicago’s 311 request database to investigate 

lead testing behavior through this lens. Though administrative burden theory has been applied to 

this system (Souders et al., 2024), empirical treatment has focused on which census blocks have 

been tested at all (Huynh et al., 2024) or how interventions decrease compliance costs once 

requests are made (Souders et al., 2024). These studies leave out the rich data available on the 

request side of the database. By accessing the 311 request log through the Chicago Data Portal, 

this thesis will assess mechanisms for the observed patterns in testing disparities. Information 

such as how a request is filed, the type of test requested, the status of the request, and change 

over time can be exploited to test theories about the barriers facing self-initiated testing.  

​ Moreover, this approach diverges from previous administrative burden literature by 

focusing on a status quo context rather than a crisis (Chojnacki et al., 2017; Ezell et al., 2022; Xu 
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and Tang, 2020), assessing more than one year of data (Clark et al., 2013), and isolating the 

impacts of burden versus objective need on the observed demographic participation 

discrepancies (Cook et al., 2024). In light of the 2024 revision to the EPA’s Lead and Copper 

Rule, which mandates the identification and replacement of all lead pipes within a decade, 

elucidating the obstacles and pitfalls of voluntary citizen-led testing is vital. Understanding what 

makes voluntary testing ineffective will help policy makers design more equitable programs that 

target those at greatest risk of both lead exposure and being left out of government services. 

 

Methods 

​ Analyzing the dynamics and barriers in Chicago’s free lead test request system required 

two types of data. The first is the 311 Service Request Dataset, which I accessed through the 

Chicago Data Portal. Since this database contains requests for all municipal services and 

information, I queried and downloaded the entries coded with the SR Type WCA2 or WCA3, 

which correspond to a Water Lead Test Kit Request and Water Lead Test Visit Request 

respectively. I downloaded this data on October 24, 2024. The columns of this dataframe include 

the following relevant information: request type (self-testing kit vs professional testing visit), 

department that created the the request (including aldermen, the Department of Water 

Management, or 311), status (open, closed, canceled), manner of origin (eg internet, phone call, 

email), date of creation and last modification, and geographic location. The Department of Water 

Management webpage claims that “the results [of the lead tests] will be posted on DWM's 

website at the ‘block level’ - this means that the last two digits of the street number of the 

address will be removed and replaced with ‘XX.’” However, this anonymization is not present 

on the request side. Each request includes the full, uncensored address, which can ostensibly be 
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matched to the results when combined with the date and other information, eliminating the 

privacy the city claims to offer.  

​ The second set of information is demographic details for the city. I obtained estimates for 

educational attainment, English fluency, affluence, poverty, internet access, and race by census 

tract through the American Community Survey conducted by the US Census Bureau. In 

particular, I used the 2022 ACS 5-year estimates of census tract level characteristics. The key 

variables I extracted to represent those characteristics are summarized in Table 1. These data 

points are separately provided in social, economic, and demographic characteristic datasets, 

which I downloaded for all the census tracts in Cook County, Illinois and then merged into one 

dataframe through their Geo IDs.  

 

Demographic characteristic Representative ACS 

variable 

Variable interpretation  

Education DP02_0067PE Percent of population 25 

years and over that are high 

school graduates or have 

higher educational attainment 

English fluency  DP02_0115PE Percent of population 5 years 

and over that speak a 

language other than English 

at home and speak English 

less than very well  
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Affluence DP03_0062E Median household income in 

2022 inflation-adjusted 

dollars  

Poverty DP03_0119PE Percent of families whose 

income in the past 12 months 

is below the poverty level 

Internet access DP02_0154PE Percent of households with a 

broadband Internet 

subscription 

Race DP05_0067PE 

 

DP05_0073PE 

Percent of population that is 

Black or African American  

Percent of population that is 

Hispanic 

Households DP02_0001E Total number of households 

Housing age DP04_0021PE – 

DP04_0026PE  

Proportion of housing stock 

of different ages 

Table 1: Definitions of demographic variables from the American Community Survey.  

 

​ Due to the political circumstances of lead pipe prescription and prohibition, housing age 

provides a strong proxy for risk of exposure. I produced this variable by calculating the percent 

of houses in the geographic unit built before 1989, and used this as an explanatory variable for 
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engagement behavior. There is a slight mismatch between the data threshold on housing age 

(1989) and the legislative boundary (1986), but the two year transition period for enforcement 

brings the dates nearly into alignment. 

I conducted all statistical analysis and mapping in the R programming language. In order 

to merge the request and demographic data, I had to assign each request to the census tract in 

which it belongs because the geographic designations from the request database and the census 

information are misaligned. Using the tidycensus, tigris, and sf packages, I retrieved shapefiles 

for the Illinois census tracts and the Chicago boundary shapefile, and removed the census tracts 

located outside of the city. I then converted longitude and latitude coordinates from the request 

database into a geospatial data type, and used this information to link each request to the tract in 

which the coordinates fall. Finally, I created a summary count of the number of requests, 

proportion of each type of request, percent of completed requests, and origin of request for each 

census tract and merged it with the ACS data by matching Geo IDs.  

During this process, I also cleaned the data by ensuring data were of the correct type and 

removing unreadable or missing entries (e.g. income above 250,000 is marked as 250,000+, 

which cannot be read as an integer). After removing erroneous request entities, I was left with 

97,278 requests.7 Finally, I divided the total number of requests by the total number of 

households in each tract to create a requests per household metric that accounts for differential 

population between geographic units. To better understand the structure of the assembled data, I 

computed descriptive statistics and maps of the explanatory and outcome variables. I plotted 

7 On April 2, 2024 there appears to have been a system error. The Department of Water Management filed several 
hundred requests for each of nine addresses on this day, all of which were canceled a day later on April 3, 2024. For 
one additional address, 74 requests were filed on May 2, 2023 by phone call, and all but one were canceled a day 
later on May 3, 2023. It seems as though the first request, which was eventually completed, was real, but the 
remainder were in error. I removed these entries (excluding the one completed request, n = 3,897) from the dataset 
on the assumption of a glitch, leaving 97,332 requests. I also removed requests with addresses corresponding to the 
Department of Water Management and 311 Operations center (n = 54), leaving 97,278 requests. 
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each variable from the American Community Survey in a box plot showing the distribution of 

that variable across census tracts. I also visualized the spatial distribution of the indicators within 

the municipal boundary. I repeated this procedure for the number of requests, number of requests 

per household, type of request, and percent of completed requests. I also created bar graphs for 

the origin and department that created the requests.  

​ Once I joined the datasets together and had a basic understanding of the traits, I began 

statistical analysis. I created scatter plots and ran linear regressions between the average number 

requests per household as the outcome variable and the set of demographic features as 

explanatory variables. Initially, I conducted single variable linear regression models with each 

explanatory variable independently. Next, I included all of the explanatory variables in one 

multivariable linear regression model to differentiate the relative strengths of the correlative 

relationships and separate possible confounders. I tested the assumptions of this model by 

plotting the residuals in a Q-Q plot and conducting a multicollinearity correlation matrix.  

​ In addition to investigating the connection between demographic characteristics and 

likelihood of engaging with the testing program, I explored potential underlying mechanisms for 

the observed patterns. I replicated the single and multivariable analyses with the same 

explanatory variables and used the proportion of requests for visits, percent of completed 

requests (older than one year), and the fraction of requests filed through the internet as outcome 

variables.  

​ Finally, I investigated changes over time. I plotted the request volume for each day within 

the study period by grouping the request database by the created date. I also determined the 

change in regression coefficients over time by splitting the request database into year-long 
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segments and repeating the regression of requests per household against explanatory variables in 

each year group.  

 

Results 

Key features of request database 

The City of Chicago’s database on lead requests reveals drastically low utilization of the 

program. The median number of requests per household among census tracts is 0.077, meaning 

that on average only around 8% of households in a given census tract have capitalized on the free 

provision of tests (Figure 1).8 While several census tracts exhibit significantly higher rates of 

program engagement, no census tract has had more than one third of households use the 311 

request system.  

 

8 This assumes that multiple tests are not being requested within a single household.  

33 



 

 

Figure 1: Summary statistics on the number of households (A), total number of requests for lead 
tests (B), and the requests per household (C) in Chicago. Each data point represents one census 
tract and requests per household is calculated as the number of requests divided by the number of 
households in each census tract (n = 836). 

 

 

​ Furthermore, the majority of requests were never successfully completed. The database 

has a column titled “Status” which records the current condition of each entry as “Completed,” 

“Open,” or “Cancelled.” An “open” status indicates that the water sample has neither been 

successfully returned to the city and analyzed nor has the file been explicitly cancelled. I 

removed the most recent year of data under the assumption that these open entries may still be in 

progress, and that any requests not completed within a year would remain unfinished. I chose 

this cutoff because the average length of time between the created and closed date for completed 

requests is 255 days, and 75% of completed requests took fewer than 283 days. The median 

proportion of completed requests in a census tract is 34.8%, with the middle half of data falling 

in the narrow band between 30.1% and 39.9% (Figure 2). Few census tracts have a completion 

rate above 50%, and only one has a 100% completion rate.  

​ While citizens can choose between a self-administered kit and an examination conducted 

by a city-approved expert, the vast majority (87%) of requests are for self-test kits. Across 

census tracts, the median proportion of requests for an in-person visit is 10.4%, indicating strong 

preference for performing the sampling oneself (Figure 2). However, the range of data has a fair 

amount of spread, with one census tract having 60% of its requests made for the city official 

option. 
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Figure 2: Summary statistics on the type of lead tests requested (A) and the current status of 
requests (B). The distribution of the type of request is expressed through the percent of requests 
for visits from professionals and the distribution of status is expressed through the percent of 
completion. Each data point represents one census tract, with all census tracts with at least one 
request included (n = 783). 

 
 
​ Two other notable aspects of the request data are the department that initiated the request 

and the request’s origin. While providing similar and overlapping information, the former 

indicates whether the service request was opened by a city department and the latter represents 

how the request was filed, whether by City operations or individual usage (Figure 3). Nearly all 

of the requests opened by a department were created by 311, the non-emergency municipal 

service system, or the Department of Water Management (DWM). Aldermen made up the largest 

share of the remaining requests, with the Department of Transportation (DOT), Department of 

Family and Support Services (DFSS), and Department of Streets and Sanitation (S&S) 

accounting for the rest.  
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Figure 3: Frequency distribution of the creating department (top) and origin (bottom) of lead 
tests requested. Frequency is the number of individual requests filed from 2018-2024. 
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​ The origin data shows that most requests were inputted through the internet, with phone 

calls and mobile devices activity the second and third most frequent. Figure 4 summarizes the 

origin, type of request, and current status of the 97,278 requests. Crucially, requests for visits are 

significantly more likely to be completed (48%) versus requests for self-test kits (31%). 

 

 

Figure 4: Sankey diagram tracking the flow of 311 lead test service requests from origin, to type 
of test, to current status (total n = 97,278). 
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Spatial distribution 

​ Mapping requests by census tract across the city reveal characteristic spatial patterns in 

the use of the free lead test program (Figure 5). The highest numbers of requests are from census 

tracts on the Northwest and South portions of the city. After accounting for variability in the 

population and household sizes of census tracts by dividing requests by number of households, 

this distribution persists. High and low testing behavior clusters across the city. 

  

 
 

Figure 5: Heat maps of the total number of requests and the average number of requests per 
household by census tract in Chicago. Lighter colors (yellow end of the spectrum) represents 
higher values.  

 
 
​ These patterns can be visually compared to demographic distribution maps (Figure 6) as 

an initial investigation into the determinants of testing behavior. For example, the census tracts 

with high median household incomes and education levels (excluding the downtown area) are on 
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the far Northwest and Southwest sides of the city, where the highest testing behavior occurs. The 

downtown area has the lowest proportion of houses built before 1989, which is a strong proxy 

for lead water contamination risk given the legislative history of Chicago. Thus, mapping 

suggests that income and education are correlated with higher engagement with the lead testing 

program, except in those areas where risk of lead is low. Similarly, the band of high levels of 

poverty stretching from the West to the far South side of the city is associated with low testing 

behavior. The relationship between levels of Black and African American residents and program 

engagement is less clear. The Black and African American population is heavily concentrated in 

two bands on the West and South sides of the city. The western cluster is associated with very 

low rates of test requests, while the southern cluster overlaps with one of the regions of highest 

testing.  
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Figure 6: Heat maps of median household income (in USD), education, poverty, English fluency, 
internet access, Black and African American makeup (in percent), and housing age by census 
tract in Chicago. Education is measured by the percent of the population over 25 years old with 
high school diplomas, poverty by the percent of families in poverty, and internet access by the 
percent of households with a broadband subscription. Note: English fluency is measured by the 
percentage of the population that speaks English less than very well, so higher values represent 
less fluency. Lighter colors (yellow end of the spectrum) represents higher values. Also 
displayed are summary statistics for housing age in Chicago and a heat map for housing age as 
measured by the percent of houses in each census tract built before 1989.  
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Regression analysis  

​ Regression analysis helps formalize and quantify these relationships, teasing out the 

nuances and dependencies. The first set of single variable regressions I conducted are of the form  

yi = β0 + β1xi + ε, where yi represents the predicted requests per household of census tract i, β0 is 

the intercept, β1 is the regression coefficient on a demographic variable, xi is the value of the 

demographic variable for census tract i, and ε is an error term. The set of demographic variables 

includes median household income, percentage of families in poverty, education as measured by 

the percent of people with a high school education or above, percent of households with internet 

access, English fluency as measured by the share of the population that speaks English less than 

very well, and Black/African American and Hispanic populations.  

​ Figure 7 displays the results for median household income. There is a strong positive 

relationship between median household income and requests per household. Over the entire 

range of incomes, the estimated coefficient is 3.322 * 10-7
 which is statistically significant at the 

p < 0.001 level. Substantively, this means that an increase of $10,000 in the median household 

income of a census tract is associated on average with a 0.003322 increase in the requests per 

household. This is approximately equivalent to a 0.3 percentage point increase in the likelihood 

of a given household having requested a test. The R2  value is 0.06, which means that, by itself, 

household income can explain 6% of the variation in testing behavior. Despite the high level of 

statistical significance, the substantive predictive power is thus modest. However, the scatter plot 

demonstrates a stronger relationship between the variables at incomes below $150,000. Above 

this threshold, requests per household declines, which may represent census tracts that are 

located in areas without buildings old enough to pose a lead hazard in tap water. Capping census 

tracts below this income and repeating the statistical analysis increases the estimated coefficient 
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to 6.126* 10-7 and the R2 to 0.11. While both analyses are statistically significant, the relationship 

between income and testing behavior is substantively stronger at lower incomes.  

 

  

 

Figure 7: Scatterplots and regression lines for the number of requests per household against 
median household income for all income levels (left) and median income capped at $150,000 
(right). The unit of analysis is the census tract.  

 

​ I ran analogous regressions for the other demographic factors (Figure 8). Poverty, 

education, internet access, and English proficiency were all statistically significant predictors of 

testing behavior at the p < 0.001 level. The estimated coefficient for poverty is -0.0011 and the 

R2 value is 0.06. This means that an increase in the proportion of families in poverty by ten 

percentage points is associated with a 0.011 decline in the average requests per household, or 

approximately a 1.1 percentage point decrease in the likelihood of a given household having 

requested a lead test. This variation can account for 6% of the variation in testing behavior. 

Education was positively correlated with requests per household with an estimated coefficient of 

0.0011 and an R2 of 0.04. Internet access was positively correlated with an estimated coefficient 

of 0.001 and an R2 of 0.02. English proficiency was positively correlated with an estimated 
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coefficient of 0.0007 and an R2 of 0.02. Again, these variables are statistically significant but 

substantively do not explain much of the observed variance. Note that the regression line for 

English proficiency is negatively sloped because the ACS variable measuring this trait is percent 

of the population that speaks English less than very well.  

  

  

 

Figure 8: Scatterplots and regression lines for the number of requests per household against 
poverty, education, internet access, and English proficiency. The unit of analysis is the census 
tract.  
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​ Interestingly, while there were slight positive and negative coefficients for the Black and 

African American and Hispanic variables respectively, these relationships were not statistically 

significant at a p < 0.01 level. This result is unexpected due to the correlation between these 

variables and variables tested above, as well as prior literature.  

 

Figure 9: Scatterplots and regression lines for the number of requests per household against 
Black and Hispanic populations. The unit of analysis is the census tract.  

 

​ Another potential determinant of who tests for lead in their tap water is objective risk. 

Regardless of other personal characteristics, presumably a higher possibility of lead 

contamination increases the likelihood of requesting a test. While lead hazard cannot be 

determined explicitly with the given data, housing age provides a good proxy, as explained 

above. As expected, there is a positive correlation between the proportion of houses in a census 

tract built before 1989 and the requests per household, with an estimated coefficient of 0.00086 

with a significance threshold p < 0.001 (Figure 10). Therefore, for a ten percentage point 

increase in the proportion of houses built before 1989, there is an associated increase in the 
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requests per household of approximately 0.01. The R2 of 0.06 shows that 6% of the variation can 

be explained by housing age.  

 

 

Figure 10: Scatterplot and regression line for the number of requests per household against 
housing age represented by the percentage of houses built before 1989. The unit of analysis is the 
census tract.  

 

Explanatory variable Estimated coefficient R2 

Median household income 3.322 x 10-7*** 0.06 

Percent of families in poverty -0.0011*** 0.06 

Education (high school or 
above) 

0.0011*** 0.04 

Internet access  0.001*** 0.02 

English proficiency  0.0007*** 0.02 

Black or African American 1.052 x 10-6 0 

Hispanic -1.601 x 10-4* 0.01 
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Housing age 0.00086 0.06 

*** p < 0.001, ** p < 0.01, * p < 0.05 

Table 2: Regression table for the requests per household model.  

 

Due to the possible associations between the independent variables, I proceeded to 

conduct a multivariate analysis of the form yi = β0 + β1xi,1 + β2xi,2 + β3xi,3 + β4xi,4 + β5xi,5 + β6xi,6 + 

β7xi,7 + β8xi,8 + ε, where yi represents the predicted requests per household of census tract i, β0 is 

the intercept, β1–β8 are the regression coefficients for the demographic variables, xi,1–xi,8 are the 

value of the demographic variables for census tract i, and ε is an error term. The demographic 

variables are the same as included in the prior single variable regressions. ​​ 

When the variables are all included together in the same regression, education, internet 

access, and English fluency drop out of significance at the p < 0.01 level. This change occurs 

because there is collinearity between these variables and the other explanatory variables such as 

income. For example, on average, higher levels of education increase income potential, and 

higher levels of income increase educational achievement. The single variable regression 

between request frequency and education captures both the effects of education and part of the 

effects of income because income and education are associated. Due to the overlap in variation 

patterns, the effect originally calculated between each independent variable and the dependent 

variable overestimated the real relationship. The multivariable regression serves to quantify the 

impact of each explanatory variable independently by holding the other variables constant. While 

it is difficult to discern whether education, internet access, and English fluency are confounders 

or mechanisms through which the other variables impact testing behavior, the impact can be 

statistically attributed better to the remaining factors.  
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More interestingly, by controlling for the full set of variables, Black and African 

American population becomes significant at the p < 0.001 level, and Hispanic population 

becomes significant at the p < 0.01 level. Furthermore, the estimated coefficients are positive, 

implying that as the proportion of these minority populations increase, the incidence of testing 

increases. Therefore, once variables like income, poverty, and risk are held constant, Black and 

Hispanic populations are positively associated with engaging with the free lead testing program. 

For a parsimonious model, I dropped the independent variables that did not yield significant 

coefficients at p < 0.001 and reran the multivariate regression. This final model yielded a 

coefficient of 6.29 x 10-7 for median household income, -7.95 x 10-4 for poverty, 4.70 x 10-4 for 

Black and African American makeup, and 1.38 x 10-3 for housing age (Figure 11). Together the 

variables can account for 24% of the variation in testing behavior (Adjusted R2 = 0.24). This is a 

significant improvement over the R2 values for the individual explanatory variables. While the 

multivariate regression still explains a minority of the variation present, R2 values above 0.1 are 

generally acceptable in empirical social science research as long as the predictors are statistically 

significant (Ozili, 2023).  

Explanatory variable Estimated coefficient 

Median household income 6.29 x 10-7*** 

Percent of families in poverty -7.95 x 10-4*** 

Black and African American 4.70 x 10-4*** 

Housing age 1.38 x 10-3*** 

*** p < 0.001 

Table 3: Reduced regression table for the requests per household model. 
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Figure 11: Effect size comparison of the independent variables in the simplified model of 
requests per household. The y-axis represents the change in average requests per household 
associated with an increase of $10,000 median household income, 10 percentage point increase 
of households in poverty, 10 percentage point increase of Black and African American 
population, and 10 percentage point increase in the proportion of houses built before 1989 
respectively for each bar.  

 

​ To test the assumptions of the multivariate model, I graphed the model residuals, normal 

Q-Q plot, and collinearity matrix (Figure 12). The residuals are nearly normal and the 

collinearity between independent variables is generally below the threshold of ~0.6.  
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​ 

 

Figure 12: Histogram distribution of model residuals, normal Q-Q plot, and collinearity to matrix 
to check assumptions for multivariate regression.  

 

​ Next, I conducted a similar set of regression analyses with the proportion of requests for 

visits (in contrast to self-test kits) as the dependent variable. Rather than simple quantity of 

testing as explored in the previous section, this investigation delves into how requests are filed in 

order to elucidate potential barriers. Figure 13 displays the scatterplots and regression lines 

between proportion of requests for visits and the set of demographic variables. The following 
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table displays the estimated coefficients, significance levels, and R2 values for each 

single-variable regression.  

 

Explanatory variable Estimated coefficient R2 

Median household income -1.265 x 10-4*** 0.30 

Percent of families in poverty 0.3306*** 0.20 

Education (high school or 
above) 

-0.3534*** 0.15 

Internet access  -0.4895*** 0.23 

English proficiency  -0.03433 0.002 

Black or African American 0.1594*** 0.41 

Hispanic 0.0023 0 

*** p < 0.001 

Table 4: Regression table for the proportion of requests for visits model. 
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Figure 13: Scatterplots and regression lines for the proportion of requests for in-person visits 
against median income, poverty, education, internet access, English proficiency, Black, and 
Hispanic populations. The unit of analysis is the census tract.  

 

​ All explanatory variables are statistically significant besides English proficiency and 

Hispanic population. Among the significant variables, poverty and Black population are 

positively correlated with the likelihood of requesting an in-person visit. To contextualize the 

estimated coefficient of 0.1594 on Black population, a ten percentage point increase in the Black 

population of a census tract is associated with a 1.594 percentage point increase in the proportion 

of requests for visits. Meanwhile, household income, education, and internet access are 

negatively correlated. Black population, income, and internet access have the highest explanatory 

power for determining whether an in-person or self-test kit is requested. As before, I ran a 

multivariate regression with all independent variables and then simplified the model by removing 

variables based on the significance levels. The updated statistical values from this reduced 

analysis are in the table below. Together, internet access, Black population, and Hispanic 

population can account for 57% of variation in request type (adjusted R2 = 0.57). 
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Explanatory variable Estimated coefficient 

Internet access  -0.1074*** 

Black or African American 0.1988*** 

Hispanic 0.1349*** 

*** p < 0.001 

Table 5: Reduced regression table for the proportion of requests for visits model. 

 

Another way to explore usage of the 311 request program is the manner in which citizens 

interact with the platform. While people primarily access the system through the internet, the 

proportion is highly variable by census tract. Figure 14 displays the relationships between the 

proportion of requests filed through the internet and the set of demographic variables through 

scatterplots and associated regression lines. The following table displays the estimated 

coefficients, significance levels, and R2 values for each single variable regression.  

Explanatory variable Estimated coefficient R2 

Median household income 2.420 x 10-4*** 0.35 

Percent of families in poverty -0.6451*** 0.24 

Education (high school or 
above) 

0.6227*** 0.15 

Internet access  0.9549*** 0.27 

English proficiency  0.1527*** 0.01 

Black or African American -0.3202*** 0.53 

Hispanic 0.0225 0 

*** p < 0.001 

Table 6: Regression table for the proportion of requests through the internet model. 
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Figure 14: Scatterplots and regression lines for the proportion of requests through the internet 
against median income, poverty, education, internet access, English proficiency, Black, and 
Hispanic populations. The unit of analysis is the census tract.  

 

​ Besides Hispanic population, all explanatory variables are statistically significant. 

Increases in income, education, and internet access correspond to increases in the likelihood of 

filing a request through the internet. In contrast, high poverty rates, English proficiency, and 

Black population are associated with increased likelihood of requesting a test through a 

non-internet method. Black population, median household income, and internet access can 

explain the highest amounts of variation in request origin. Again, I combined the explanatory 

variables into a single regression, followed by removing insignificant variables for parsimony. 

The table below displays the statistical values from the simplified model. Together, internet 

access, Black population, and Hispanic population variables can account for 68% of variation in 

request type (adjusted R2 = 0.68). 
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Explanatory variable Estimated coefficient 

Internet access  0.2291*** 

Black or African American -0.3838*** 

Hispanic -0.2324*** 

*** p < 0.001 

Table 7: Reduced regression table for the proportion of requests through the internet model. 

 

​ Finally, in addition to disparities in the rates of requesting tests, the proportion of 

requested tests that are successfully completed is variable and correlates with the demographic 

features of the census tracts. Summary statistics from single variable regressions are available in 

the following table, and corresponding scatterplots and regression lines are in Figure 15.  

Explanatory variable Estimated coefficient R2 

Median household income 6.133 x 10-5*** 0.08 

Percent of families in poverty -0.1991*** 0.08 

Education (high school or 
above) 

0.2853*** 0.12 

Internet access  0.2441*** 0.07 

English proficiency  -0.1222*** 0.03 

Black or African American -0.0381*** 0.03 

Hispanic -0.0663*** 0.04 

*** p < 0.001 

Table 8: Regression table for the completed requests model.  

 

 

57 



 

  

  

  

58 



 

 

 

 

Figure 15: Scatterplots and regression lines for the proportion of requests completed against 
median income, poverty, education, internet access, English proficiency, Black, and Hispanic 
populations. The unit of analysis is the census tract.  

 

​ All explanatory variables are statistically significant, though the substantive magnitude of 

the correlative relationship is generally small. Income, education, English proficiency, and 

internet access are positively correlated with successful completion of a test once a request is 

filed, while poverty and Black and Hispanic populations are negatively correlated. None of the 

variables individually can explain more than 12% of the variance in completion. The results from 

the simplified multivariate regression are shown in the following table (adjusted R2 = 0.16).  

Explanatory variable Estimated coefficient 

Percent of families in poverty -0.1168*** 

Black or African American -0.0553*** 

Hispanic -0.1075*** 

*** p < 0.001 

Table 9: Reduced regression table for the completed requests model. 
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Time progression 

​ As program implementation continues over time, the number of tests requested does not 

uniformly increase nor decrease (Figure 16). Instead, testing rates generally stay low but are 

punctuated periodically with spikes of higher activity. Two peaks in the first year of 

implementation persist over significant segments of time, but most of these peaks are very short 

term, consisting sometimes of a single day. The largest spike occurred in July of 2019: 1,632 

requests were filed on July 9th, 2,027 on July 10th, and 885 on July 11th. These are the three 

largest request volumes for a single day over the entire time of the program.  

 

 

Figure 16: Total number of requests for lead test kits or visits through the 311 program over time 
(2018-2024). 
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In addition to volume of tests, the regression coefficients relating demographic variables 

to the number of requests per household change over time (Figure 17). This suggests that the 

strength of the relationship between the potential explanatory variables and frequency of testing 

is not constant. For all independent variables that had statistically significant coefficients in the 

multivariate regression, the highest magnitude coefficient occurs in 2019, which also marked the 

year with the most requests total. In general, the coefficient magnitudes were also higher in 2021 

and 2023 when compared to 2020, 2022, and 2024, leading to an oscillating biannual pattern.  

  

  

 

 

Figure 17: Coefficients from the multivariable linear regression relating requests per household 
to demographic variables (median income, households in poverty, Black and African American 
population, and proxy risk measured by housing age) over time (2018-2024).  

 

 

61 



 

Analysis 

​ Analysis reveals that significant barriers exist throughout the multi-stage process of 

resident based tap water lead contamination testing. While low rates of requests per household 

indicate that residents experience burden at the initial step of engagement, the low rates of 

completion among those that do request tests suggests another layer of obstacles. Together, these 

two features are indicative of the administrative burden framework at play (Herd and Moynihan, 

2019). As residents must become aware of their lead risk, the existence of the 311 program, and 

how to participate, they experience learning costs. These costs are reflected in the request 

volume. Similarly, as residents navigate the bureaucratic requirements to request a test, leave 

their water stagnant, follow the instructions for water sample collection, coordinate a pick-up 

time, and leave the completed test for collection, they experience compliance costs, which are 

reproduced in the completion rates.  

Not only do both of these forms of cost appear to be strongly prohibitive, but they are 

also not equally borne by all Chicagoans. The evidence supports a modified needs-based 

hypothesis: engagement (as measured by frequency of tests) increases with need (proxy lead risk 

measured by the age of the housing stock), but is conditioned by other forces based on burden. In 

particular, income, poverty, and Black and African American population provide the best 

predictors for the number of requests made per household, while poverty, Black and African 

American population, and Hispanic population provide the best predictors for completion rates.  

Poverty and income perform in the expected manner as measures of socioeconomic status 

and resource access; declines in poverty and increases in income are associated with both an 

increased likelihood of requesting a test at all and a greater chance of successfully completing 

the test once received. This result provides evidence for the distributive effects of administrative 
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burden. Inequalities in participation are also organized spatially across the city along historical, 

social, cultural, and economic lines ingrained into the built environment. However, the impact of 

race is more complex. While increases in both minority populations decrease the proportion of 

completed requests, Black and African American population is positively correlated with request 

volume once controlling for other forms of socioeconomic status and objective risk of lead. This 

result contradicts prior research that suggests political participation (including demand 

expression through 311 systems) is negatively associated with minority status (Cook et al., 2024; 

Grumbach & Sahn, 2020; Kontokosta et al., 2017; Minkoff, 2015; Morris & Grange, 2024), 

though there is some evidence for higher participation among Black citizens due to group 

consciousness during the Civil Rights Movement (Verba & Nie, 1987). More specifically, my 

data provides opposing evidence to the finding from Huynh et al. (2024) that Black and Hispanic 

populations are negatively associated with a census block’s odds of being tested for lead.   

​ I have three hypotheses for the observed positive relationship between Black/African 

American population and request number. The first is an elevated level of distrust of water 

delivery service. According to the Healthy Chicago Survey 2021-2022 conducted by the Chicago 

Department of Public Health, Black and Hispanic households are less likely than white 

households to use tap water as their primary drinking water source, instead tending to rely on 

bottled water (Huynh et al., 2024). This behavior likely indicates, in part, a belief that tap water 

is not safe (Gorelick et al., 2011). Thus, minority populations may be more likely to request lead 

tests, even once objective risk is controlled for, because they disproportionately fear 

contamination in their water. Rather than decrease government interaction as I predicted, distrust 

of publicly provided tap water could increase participation in the testing program.  
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My second hypothesis is that race may be acting through a mechanism of gender or 

family structure to affect testing rates. Black families are over twice as likely to be 

female-headed as white families due to social factors like mass incarceration (Craigie et al., 

2018), and women have higher levels of health awareness (Bidmon & Terlutter, 2015) and are 

more proactive about their health (Rudoy & Leis, 2018). In a preliminary examination of the 

relationship between gender and testing behavior, I found that both female-headed and 

male-headed households were negatively associated with requesting lead tests (versus cohabiting 

or married households), but that this negative relationship was stronger for male-headed 

households (Appendix B). Therefore, a high Black and African American population in a census 

tract may increase testing behavior because there are more female-headed households and these 

households are more likely to request a test than male-headed households. Additionally, Black 

and Hispanic women tend to have kids younger (Schweizer & Guzzo, 2020) and have higher 

general fertility (PRB, 2003) than white women. Since lead poses the most danger to children, 

this demographic pattern could also lead to higher testing rates among Black and African 

American households because of heightened concern about child development.  

​ The third hypothesis is that there are social or cultural networks in census tracts with high 

minority populations that advocate and help provide the resources for requesting a lead test. 

Higher levels of social organization stimulate governmental engagement (Minkoff, 2015), and 

could potentially overcome barrier-based determinants of program participation. Future research 

should further pursue these hypotheses to help explain the unusual pattern of involvement 

observed here. In any case, my results suggest that the relationship Huynh et al. (2024) found 

between race and screening likelihood is probably due to either confounding by other 

socioeconomic variables or that the positive relationship between minority population and testing 
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requests is outweighed by the negative relationship between Black and Hispanic population and 

successfully completing a test once received.  

​ Overall, the 311 dataset focusing on lead testing requests provides a valuable, 

need-specific data source for examining the dynamics of systematic inequality in the demand, 

and therefore provision, of city services. Furthermore, the focus on lead testing provides a 

subject specific investigation, which is crucial because the salience of different types of 

governmental service/resource provision is variable for different groups (Thomas, 1982). When 

looking just at median household income as a predictor of resource-based engagement, the 

results mimic the parabolic socioeconomic model derived by Jones et al. (1977). The highest 

levels of requests per household occur in the middle of the income range, where both need and 

resources are presumed to be moderately high. However, a more nuanced analysis reveals an  

interplay between objective risk (i.e., need), socioeconomic status, and race. Program 

participation increases with need, resources, and minority population. Moreover, burden appears 

to operate differently at the learning cost versus compliance cost stage, where minority 

population switches from a positive to a negative indicator of participation. The research 

presented here suggests that even when disadvantaged populations are able to overcome initial 

barriers to program engagement, administrative burden in the compliance stages prevents the 

successful reaping of government benefits.  

​ Despite this discouraging result, I find evidence that citizens are adapting to the barriers 

they face in the lead testing program. There is high variability in the proportion or requests for 

visits from a professional (in contrast to self-test kits) between census tracts, and this proportion 

is sharply related to socioeconomic and demographic factors. The likelihood of requesting a visit 

increases with poverty and the population of racial minorities, while it decreases with income, 
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education, and internet access. Thus, it appears that when households have less resources, they 

prefer to have their tap water tested by a city official rather than conduct the test themselves. 

There are several possible explanations for this behavior. It could indicate awareness of 

compliance barriers, a lack of confidence in successfully completing testing, or time barriers. 

Given the especially strong influence of internet access in predicting the type of request made, 

this pattern may also be a result of features of the request system itself. If people with lower 

socioeconomic status preferentially interact with the program through alternative routes to the 

internet (i.e., phone call, direct contact with municipal department, alderperson), they may be 

encouraged to request a visit. Regardless of the cause, this behavioral adaptation is successful; 

visits are much more likely to resolve in a completed request than self-test kits are, which 

suggests they allow residents to bypass compliance costs.9 The substantive effect sizes and 

explanatory power are also considerably higher here than for overall request volume or 

completion rates, so choice between visits and kits may be offsetting the visibility of 

administrative burden.  

​ Another way citizen behavior diverges in use of the 311 system is through request origin, 

or how people access the program. Around two thirds of requests come through the internet, but 

this proportion is highly variable by census tract. According to existing literature, providing 

government services online can reduce barriers to access (Das and Das, 2021), but there is a 

digital divide in who interacts with the government. Higher levels of income and education 

dramatically increase the likelihood of online participation (Pew, 2010). Indeed, the relationship 

between requesting tests through the internet and the socioeconomic and demographic 

explanatory variables reinforces the existence of a digital divide. Nearly 70% of the variation in 

9 The groups that request kits and visits are not comparable. However, the evidence suggests that the groups that are 
more likely to request visits would actually be less likely to successfully complete the test, so this effect should be, if 
anything, underestimated.  
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internet usage can be explained by just three variables: internet access (positive relationship), 

Black and African American population (negative relationship), and Hispanic population 

(negative relationship). The strong impact of internet access is intuitive and emphasizes the 

importance of getting people online for equal opportunity in governance, but Black and Hispanic 

populations are negatively associated with using the internet even once controlling for access. 

Exploring potential cultural or social explanations is essential for designing political 

participation to be obtainable for all.  

​ Finally, it is worth exploring the change in request volume and the strength of the 

regression relationships over time. As mentioned above, the number of requests stays low over 

time with discrete peaks, the strongest occurring in July, 2019. The drastic nature of this elevated 

period of requests suggests an exogenous event that stimulated knowledge or awareness of the 

program. For example, a neighborhood campaign promoting lead testing or a news report 

detailing lead contamination from tap water could provide a sharp, time-constrained increase in 

testing. One candidate is the ongoing water crisis that was occurring in Flint, Michigan, though I 

found no immediate connection to the specific time period between July 9th and 11th. 

Additionally, the test requests issued during this period are not dominated by one ward or region 

of the city (Figure 18), suggesting that it was not the targeted actions of one alderperson that 

caused the marked increase of request volume. More research is needed to connect the July 2019 

peak in requests for lead tests, and to a lesser extent later spikes, to specific historical events.  
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Figure 18: Distribution of requests for lead test kits and visits by ward between July 9th and July 
11th, 2019.  

 

​ The time series of regression coefficients reveals that the explanatory factors examined in 

this analysis are strongest in the first full year of program implementation. This builds on 

previous research that finds inequities in resident-expressed demand disappear over time (Clark 

and Brudney, 2018). Increasing rates of participation among historically disadvantaged groups 

suggests that the greatest danger of unequal demand occurs early on in rollout, when levels of 

awareness are lowest. The later oscillating pattern observed in the magnitude of regression 

coefficients could potentially be reflective of electoral cycles, but there is not enough 

information in the current analysis to pursue this theory, and the substantive changes are very 

small.  

 

Limitations  

There are several limitations in this study. First, while cleaning the city data (311 request 
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database), I found several clear instances of technical error in request filing (see Methods 

section). I consciously removed these faulty entries, however their existence raises concerns 

about the validity of the database itself. Additionally, as with previous studies in this field (e.g., 

Clark et al., 2013; Clark and Brudney, 2018; Cook et al., 2024; Minkoff, 2015), I relied on 

aggregated census data to determine demographic and socioeconomic characteristics because 

these attributes were not available at the household level. Household variation that is not 

captured by the community level data could be introducing noise, and I may be missing barriers 

that occur at a household level. Though census data erases the ability to connect the explanatory 

variables to individual requests, it succeeds in capturing the macroscopic spatial and community 

based dynamics. Finally, quantitative data is limited in explaining complex behavior. In the case 

of lead testing in Chicago, additional variables in the dataset capturing features of origin, type, 

and status provide especially rich insight into behavioral patterns. Nevertheless, future research 

should pursue a qualitative branch that explores potential explanations for the data trends and 

includes interviews with users/non-users to determine resident experiences with barriers.    

 

Policy Implications 

Chicago’s current approach to the city’s extensive lead pipe infrastructure and high risk 

of tap water contamination relies on active citizen participation. While the city provides financial 

and technical support in the form of free lead tests, filters, and service line replacements, 

residents are expected to initiate contact with the government and carry out multi-step processes 

rife with both learning and compliance costs in order to access resources. This program 

constitutes a form of “coproduction,” where both the government and citizens contribute to 

public service provision (Brudney & England, 1983). Coproduction is controversial. Researchers 
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and policy experts often laud coproduction for fostering good citizenship, encouraging active 

participation in government, improving governance, and strengthening the relationship between 

citizen and government (Brudney & England, 1983; Clark et al., 2013; Levine, 1984). In 

contrast, other authors criticize reliance on coproduction as an abdication of government 

responsibility in response to fiscal or capacity restraints that perpetuates inequalities (Brudney & 

England, 1983; Hwang et al., 2024).  

​ By combining administrative burden and citizen initiated contact theory, I propose that 

voluntary coproduction programs like Chicago’s lead testing initiative inherently produce 

barriers that inequitably restrict access to essential services. The evidence I have presented of 

low uptake rates and the association between resources and successful participation supports this 

assertion. Herd & Moynihan (2019) argue that to eliminate the harmful effects of administrative 

burden, we should increase government capacity and shift burden from the individual to 

government. Coproduction does precisely the opposite, relieving the public system of cost by 

requiring more of the private individual (Brudney & England, 1983). I suggest that this tradeoff 

only has the potential to be beneficial when citizens have more insight than the government into 

a particular issue or its solution. In the case of lead testing and remediation, this situation is 

unlikely to be true.  

​ Access to lead testing and exposure knowledge is critical not just because it empowers 

residents to take preventative measures like using filters or buying bottled water, but also 

because it provides the basis for city-sponsored lead service line replacement programs. The 

replacement programs introduce an additional level of learning, compliance, and psychological 

costs as they are structured as other voluntary, citizen–initiated processes with the added barriers 

posed by an application and qualification process. Based on the evidence presented here, there 
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are likely high levels of bias in which service lines are replaced, despite a superficially equal 

system and programs geared directly towards those with lower socioeconomic resources (i.e., the 

Equity Lead Service Line Replacement program).  

The dynamics of administrative burden are especially disturbing considering the 2024 

Lead and Copper Rule Improvements that mandate an accelerated timeline for total lead service 

line removal (two decades for Chicago). As the City prepares its plan to complete this 

monumental infrastructural feat, it will need to identify where lead service lines are, prioritize the 

order in which to remove them, and determine the logistics of removal and funding. If Chicago 

continues to pursue these objectives through their established reliance on voluntary, citizen-led 

coproduction, it is destined to exacerbate the lead contamination disparities plaguing the city 

today. 

​ Therefore, I recommend that the City of Chicago implements a universal, mandatory 

testing and replacement program in pursuit of the federal replacement deadline in 2047. This 

move would not be unprecedented. In fact, it is already mandatory in Chicago to report a broken 

or leaking service line to 311, after which the City coordinates replacement of the entire service 

line for free (Lead-Safe Chicago, n.d.). Other municipalities have applied this principle more 

generally. Between 2019 and 2022, Newark, New Jersey replaced all 23,000 operating lead 

service lines (Cunningham, n.d.). This remarkable success followed the passage of a city 

ordinance that declared simply “it is hereby established that the existence of lead service lines is 

prohibited in the City of Newark” and mandated building owners replace the plumbing or 

provide certification that their service lines were lead–free (City of Newark Code § 16:23).  

To enable and enforce the requirement, the edict set a 90 day deadline with available 

extensions and created a Lead Service Line Replacement Program that helps owners coordinate 
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with contractors and funds the renovation (City of Newark Code § 16:23). If the owner did not 

sign up for the program nor pursue replacement on their own, the ordinance detailed how city 

officials and contractors should secure right of entry to the property, including legal action to 

overcome access denial (City of Newark Code § 16:23). In the seven months preceding this 

ordinance, Newark replaced 650 service lines under a voluntary and only partially subsidized 

framework similar to Chicago (Cunningham, n.d.). After the mandate passed, the replacement 

rate accelerated to 80-100 service lines per day, and all 23,000 pipes were replaced in under three 

years (Cunningham, n.d.). In comparison, by July 2024, Chicago had only replaced 6,820 service 

lines total (Anastasakos, 2024).10  

A mandatory lead replacement program would face significant challenges in Chicago: 

Chicago has nearly nine times the population of Newark and lacks a definitive inventory of the 

quantity and location of its service lines (Largest Cities, n.d.). The Department of Water 

Management has concerns about funding, labor availability, and logistics (Moilanen, 2024). In 

addition, the DWM worries that residents are reluctant to participate in replacement (Moilanen, 

2024). A compulsory edict may garner resentment and resistance from residents that do not want 

to undergo the hassle of coordination and construction. The city would also need to be careful 

how it enforces compliance without penalizing people that struggle to meet the requirements, as 

these are likely the same people left behind by the current voluntary based programs.  

However, there are a series of steps and considerations that the City can pursue to ensure 

equitable and efficient remediation. Prior to replacement, Chicago should enact a mandatory 

service line material identification and water quality testing program. This program could 

combine the current 311 system with principles of the Newark ordinance. Chicago would 

continue to provide the option of either free lead test kits or expert visits, but with an established 

10 It is possible that additional service lines were replaced by homeowners without city involvement.  
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mandatory compliance deadline. Past this date, city officials would attempt to contact residents, 

overcoming the bias involved in the citizen-initiated contact stage, and eventually follow the 

procedure to attain right of entry access. In addition to water testing, residents would also need to 

provide a self-assessed11 or certified inspection of the material of the service line. Unless the 

available evidence allows for confident rejection of a lead provenance, all buildings built before 

1986 should be assumed to have lead. The combination of these two branches of investigation 

will empower the city to create a geospatial catalog of lead service lines and prioritize removal 

where contamination levels are currently the most elevated.  

Throughout both the preparatory and replacement phases, the city must universally cover 

homeowner and resident costs, rather than relying on the current set of programs that include 

rigorous qualification requirements and excludes renters, who make up over half of Chicago’s 

households (Institute for Housing Studies, 2023). The required money can be collected through 

Drinking Water State Revolving Funds, Water Infrastructure Finance and Innovation Act loans, 

and funds made available through the Bipartisan Infrastructure Law and Water Infrastructure 

Improvements for the Nation Act. If there is a funding gap, another option involves leaving part 

of the cost to the water utility, which could then distribute the cost through service fees beyond 

the already vulnerable households that need service line replacements (Perry, 2024).  

Under a mandatory program, Chicago could also capitalize on the efficiency of replacing 

lines by block rather than individually (Gonzalez, 2023). The city already attempts to benefit 

from block-by-block replacement through the Block-Long Replacement Program, but this 

initiative is currently limited to scheduled maintenance by the Department of Water Management 

(Lead-Safe Chicago, n.d.). To deal with the higher workforce demand (Illinois Lead Service Line 

11 Evidence of service line replacement or renovation records, or following the steps outlined here: 
https://www.chicagowaterquality.org/LSLIdentification.  
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Replacement Advisory Board, 2023), Chicago should pursue an apprenticeship program like the 

one Newark pioneered to simultaneously provide jobs and increase capacity (Wells of 

Opportunity, 2020). 

​ In the absence of universal testing followed by replacement, there are still options that 

minimize the administrative burden faced by residents. As low uptake rates, low completion 

rates, and disparities across groups exemplifies, interventions need to take place in both the 

initial stage of engagement and in the subsequent compliance and return steps. The Department 

of Water Management has already pursued these goals, reducing compliance costs through a text 

message reminder and a simplified redesign of the instruction manual (Souders et al., 2024). The 

improvements were largely successful, substantially increasing completion rates across income 

bands. Additionally, I have shown that offering multiple ways to use the 311 system and 

providing both a self-test and visit option help increase accessibility among historically 

disadvantaged groups.  

Yet, the indicators of obstructive barriers persist. Future interventions should focus on 

both learning and compliance costs. In particular, the City could raise awareness of lead risk and 

increase advocacy for the free testing program by sending pamphlets warning residents of single 

households and two flat homes built before 1986 that they likely have their water delivered by 

lead pipes and instructing them how to order a test. The Department of Water Management 

should also reach out to residents that have requested test kits two weeks after delivery to 

schedule pick up. This action would have the dual benefit of reminding people to complete the 

tests and removing the requirement that citizens initiate contact with the government a second 

time to receive the testing service. Most importantly, Chicago should extend the innovations of 

the testing system to the lead replacement programs. Rather than require an application and be 
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conditioned on income requirements, daycare location, emergency breaks and leaks, or planned 

maintenance, free service line replacement should be universally accessible. Finally, the City 

should proactively contact citizens to engage with the program, as it is currently doing for 

daycare centers in low-income areas, rather than rely on citizen-initiated contact (Lead-Safe 

Chicago, n.d.).  

As these reforms are implemented, Chicago should remain vigilant that its efforts are not 

exacerbating existing inequities. In the context of domestic well water, research has shown that 

even when testing was promoted and provided for free, successfully increasing testing rates, the 

connection between testing and socioeconomic status or education was exacerbated (Flanagan et 

al., 2016). Rather than equalize testing access, these programs continued to have greatest 

utilization by educated, wealthier homes.  

Beyond lead service line testing and replacement, this research has broad implications for 

the wider world of public service provision. I caution local governments to reconsider their 

reliance on voluntary programs and citizen-initiated contact to gather information on city needs 

and distribute resources. Cities should be careful to identify when public burden is illegitimate, 

and analyze the value of universal programs as an alternative (Nisar & Masood, 2022). In a 

country where public trust in government is historically scarce (Pew Research Center, 2024), 

delivering services in an effective and fair manner is critical.  

 
Conclusion  

​ Ingesting lead carries devastating health consequences, especially for children. In 

addition to increasing cardiovascular, cancer, and overall mortality, lead is a potent neurotoxin. 

Exposure to lead impairs cognitive development, disrupts behavioral function, and significantly 

contributes to societal levels of crime and violence. Like other avenues of lead exposure, water 

75 



 

contamination disproportionately affects low income groups and racial minorities. Historical 

political clout from lead industry and plumbers unions has left Chicago with extensive lead 

infrastructure, with lead pipes making up 80% of service lines in the city. Despite federal 

regulations requiring monitoring standards, municipal surveillance is insufficient, leaving the 

extent of lead exposure under-tested and under-recognized by the government. While city based 

testing reveals little lead risk, 70% of tests conducted through Chicago’s voluntary, 

resident-initiated lead testing program detect elevated lead levels.  

​ Unfortunately, existing literature suggests that offering lead testing through an opt-in 

system that requires citizens to reach out to the government creates intrinsic barriers to 

participation. Not only does this burden lower overall access, but theory predicts that those with 

the least resources in society will be underrepresented the most. Inequitable access is particularly 

problematic when such a high proportion of the tests show elevated lead levels. Additionally, the 

results of tests empower residents to order filters or qualify them for free service line 

replacement. Thus, when people are left out of the testing process, it leaves the most vulnerable 

citizens without support.  

​ By analyzing patterns in the 311 request database and census data, I find evidence of 

barriers stemming from both learning and compliance costs. This means that program 

implementation is restricting the effectiveness of the policy. Additionally, those with low 

socioeconomic status are more likely to be excluded from participation, reinforcing evidence for 

the distributive effects of administrative burden. Interestingly, once controlled for socioeconomic 

status and objective risk, high populations of Black and Hispanic residents increased the 

likelihood of engaging with the program by requesting a lead test. However, these populations 

are also associated with lower rates of completing a test once requested. This discrepancy 
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indicates that compliance costs are the major factor affecting minority participation. Finally, 

distinct patterns in the type of test requested reveals adaptive behavior by residents that helps 

minimize the impact of barriers.  

​ This study provides a significant improvement over previous research on administrative 

burden in service request systems. Lead testing behavior provides unique insight because 

demand and need for services are distinct and quantifiable. Additional features included in the 

request database also enable deeper investigations into mechanistic explanations. Nevertheless, 

the aggregated nature of the census data and the quantitative focus of this thesis provide 

limitations to interpreting behavior on an individual scale. Future research should attempt to fill 

this gap through survey instruments and qualitative interviews that focus further on resident 

experiences.  

​ Despite previously requiring lead service lines by law, Chicago today does not conduct 

universal lead testing nor provide free replacement to every resident. This failure perpetuates 

structural inequalities by preventing the people already most likely to have lead exposure from 

accessing the resources they need to address it. Since lead is a neurotoxin that interrupts 

cognitive development, worsens academic achievement, lowers impulse control, reduces future 

earnings, and increases the likelihood of crime, the city’s neglect to solve the issue preserves a 

historical legacy that prevents social mobility. Lead exposure is therefore a viable mechanism for 

the intergenerational continuation of poverty. However, this problem is not intractable. By 

investing in a universal and mandatory testing and replacement effort, Chicago can prevent the 

past from poisoning the future.  
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Appendix C: Code 

# Pivot tables for request dataset​
​
# Pivot table for SR_TYPE​
requesttypes <- PivotTable$new()​
requesttypes$addData(requests)​
requesttypes$addColumnDataGroups("SR_TYPE")​
requesttypes$defineCalculation(calculationName = "total", summariseExpression 
= "n()")​
requesttypes$renderPivot()​
​
# Pivot table for CREATED_DEPARTMENT (department that created service 
request)​
department <- PivotTable$new()​
department$addData(requests)​
department$addColumnDataGroups("CREATED_DEPARTMENT")​
department$defineCalculation(calculationName = "total", summariseExpression = 
"n()")​
department$renderPivot()​
​
# Pivot table for STATUS​
status <- PivotTable$new()​
status$addData(requests)​
status$addColumnDataGroups("STATUS")​
status$defineCalculation(calculationName = "total", summariseExpression = 
"n()")​
status$renderPivot()​
​
# Pivot table for ORIGIN​
origin <- PivotTable$new()​
origin$addData(requests)​
origin$addColumnDataGroups("ORIGIN")​
origin$defineCalculation(calculationName = "total", summariseExpression = 
"n()")​
origin$renderPivot()​
​
# Pivot table for zipcode (ZIP_CODE)​
zipcode <- PivotTable$new()​
zipcode$addData(requests)​
zipcode$addColumnDataGroups("ZIP_CODE")​
zipcode$defineCalculation(calculationName = "total", summariseExpression = 
"n()")​
zipcode$renderPivot()​
​
# Pivot table for COMMUNITY_AREA​
community <- PivotTable$new()​
community$addData(requests)​
community$addColumnDataGroups("COMMUNITY_AREA")​
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community$defineCalculation(calculationName = "total", summariseExpression = 
"n()")​
community$renderPivot() 

# Merging requests dataset with census data ​
​
# Retrieve Illinois shapefiles and Chicago boundary shapefile, and remove IL 
census tracts not in Chicago​
tracts_US <- st_read("~/Desktop/PBPL 
Thesis/nhgis0001_shape/nhgis0001_shapefile_tl2022_us_tract_2022/US_tract_2022
.shx")​
tract_IL <- tracts_US[tracts_US$STATEFP == 17,]​
Chicago_boundary <- st_read("chipoli/chipoli.shp")​
tract_IL <- st_transform(tract_IL, st_crs(Chicago_boundary))​
tracts_Chicago <- tract_IL %>%​
  st_intersection(Chicago_boundary)​
​
# Examples for requesting census data and mapping​
dc_income <- get_acs(​
  geography = "tract", ​
  variables = "B19013_001",​
  state = "DC", ​
  year = 2020,​
  geometry = TRUE​
)​
# plot(dc_income["estimate"])​
​
chicago_income <- get_acs(​
  geography = "tract",​
  variables = "DP03_0062E",​
  state = "Illinois",​
  county = "Cook County",​
  year = 2022,​
  geometry = TRUE​
)​
chicago_income_filtered <- st_intersection(chicago_income, Chicago_boundary)​
​
# Convert coordinates into geospatial data type​
request_points <- requests %>%​
  select(SR_NUMBER, LONGITUDE, LATITUDE) %>%​
  filter(!is.na(LATITUDE)) %>%​
  st_as_sf(coords = c("LONGITUDE", "LATITUDE"), crs = st_crs(tracts_Chicago))​
​
# Assign coordinates to census tracts ​
request_points_tract<- st_join(request_points, tracts_Chicago)​
​
# Merge census tract information with requests​
requests <- merge(requests, request_points_tract, by = "SR_NUMBER")​
​
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# Clean data (ie look at duplicates)​
duplicate_rows <- requests[duplicated(requests$STREET_ADDRESS) | 
duplicated(requests$STREET_ADDRESS, fromLast = TRUE), ]​
duplicate_counts <- table(requests$STREET_ADDRESS)​
frequent_duplicates <- names(duplicate_counts[duplicate_counts >= 10])​
duplicate_rows <- requests[requests$STREET_ADDRESS %in% frequent_duplicates, 
]​
# 1000 E Ohio Street is Chicago Water Quality DWM and 2111 W Lexington St is 
311 Operations​
# possible system mistakes: 1226 W 97th Pl, 1328 N Claremont Ave, 2214 N 
California Ave, 2537 N Bernard St, 2814 N Drake Ave, 5348 S Keeler Ave, 5425 
S Bishop St (two seem real), 8015 S State St, 816 W 51st Pl, 856 N Waller Ave ​
# most others with 10 or more duplicates seem to contain daycare centers, 
condos, or doctors offices​
requests <- requests[!requests$STREET_ADDRESS %in% c("1226 W 97TH PL", "1328 
N CLAREMONT AVE", "2214 N CALIFORNIA AVE", "2537 N BERNARD ST", "2814 N DRAKE 
AVE", "5348 S KEELER AVE", "8015 S STATE ST", "816 W 51ST PL", "856 N WALLER 
AVE"), ]​
glitch <- requests$STREET_ADDRESS == "5425 S BISHOP ST" & requests$STATUS == 
"Canceled"​
requests <- requests[!glitch, ] # keep seemingly real ones​
requests <- requests[!requests$STREET_ADDRESS %in% c("1000 E OHIO ST", "2111 
W Lexington ST"), ]​
​
​
# New dataframe with counts of unique entries for geo_id​
geo_id_request_counts <- requests %>%​
  group_by(GEOID) %>%​
  summarise(count = n(), .groups = 'drop')  # Count occurrences and drop 
grouping​
colnames(geo_id_request_counts) <- c("GEO_ID", "Requests")​
​
# Change ACS geo_id to match with requests and limit ACS data to Chicago 
tracts​
ACS <- ACS %>%​
  mutate(GEO_ID = substr(GEO_ID, 10, 20))​
Chicago_tract_numbers <- tracts_Chicago$GEOID​
ACS <- ACS %>%​
  filter(GEO_ID %in% Chicago_tract_numbers)  ​
​
# Merge requests with ACS data​
# ADD ZEROS​
df <- merge(geo_id_request_counts, ACS, by = "GEO_ID", all = TRUE)​
df[is.na(df)] <- 0​
df <- df %>%​
  mutate(DP02_0001E = as.integer(DP02_0001E))​
df <- df %>%​
  filter(DP03_0062E != "-")​
df <- df %>%​
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  mutate(DP03_0062E = case_when(​
    DP03_0062E == "250,000+" ~ "250,000",​
    TRUE ~ DP03_0062E              # Keep original value for all others​
  ))​
df <- df %>%​
  mutate(DP03_0062E = as.double(DP03_0062E))​
df <- df %>%​
  mutate(DP03_0119PE = as.double(DP03_0119PE))​
df <- df %>%​
  filter(!is.na(DP03_0062E))​
df <- df %>%​
  mutate(DP02_0067PE = as.double(DP02_0067PE))​
df <- df %>%​
  mutate(DP02_0068PE = as.double(DP02_0068PE))​
df <- df %>%​
  mutate(DP02_0154PE = as.double(DP02_0154PE))​
df <- df %>%​
  mutate(DP02_0115PE = as.double(DP02_0115PE))​
df <- df %>%​
  mutate(DP05_0067PE = as.double(DP05_0067PE))​
df <- df %>%​
  mutate(DP04_0026PE = as.double(DP04_0026PE))​
df <- df %>%​
  mutate(DP04_0025PE = as.double(DP04_0025PE))​
df <- df %>%​
  mutate(DP04_0024PE = as.double(DP04_0024PE))​
df <- df %>%​
  mutate(DP04_0023PE = as.double(DP04_0023PE))​
df <- df %>%​
  mutate(DP04_0022PE = as.double(DP04_0022PE))​
df <- df %>%​
  mutate(DP04_0021PE = as.double(DP04_0021PE))​
df <- df %>%​
  mutate(DP02_0006PE = as.double(DP02_0006PE))​
df <- df %>%​
  mutate(DP02_0007PE = as.double(DP02_0007PE))​
df <- df %>%​
  mutate(DP02_0010PE = as.double(DP02_0010PE))​
df <- df %>%​
  mutate(DP02_0011PE = as.double(DP02_0011PE))​
df <- df %>%​
  mutate(Requests_per_household = Requests / DP02_0001E)​
df <- df %>%​
  mutate(DP05_0073PE = as.double(DP05_0073PE))​
df$percent_old <- df$DP04_0026PE + df$DP04_0025PE + df$DP04_0024PE + 
df$DP04_0023PE + df$DP04_0022PE + df$DP04_0021PE​
df <- subset(df, df$GEO_ID != 0) 

# Descriptive statistics​
# Calculate percentage of each category by location​
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requests_percentage <- requests %>%​
  group_by(GEOID, SR_TYPE) %>%​
  summarise(count = n(), .groups = "drop") %>%​
  group_by(GEOID) %>%​
  mutate(total_count = sum(count), ​
         percentage = (count / total_count) * 100) %>%​
  select(-count, -total_count)  # Remove intermediate columns​
​
# Pivot the data to wide format​
request_type <- requests_percentage %>%​
  pivot_wider(names_from = SR_TYPE, values_from = percentage, values_fill = 
list(percentage = 0))​
request_type <- request_type %>%​
  rename(GEO_ID = GEOID)​
request_type <- request_type %>%​
  rename(Visit_request = "Water Lead Test Visit Request")​
​
# Combine with census data​
request_type <- merge(request_type, df, by = "GEO_ID")​
​
# Remove most recent year of data ​
requests$date <- substr(requests$CREATED_DATE, 1, 10)​
requests$date <- as.Date(requests$date, format = "%m/%d/%Y")​
requests_old <- requests %>%​
  filter(date < as.Date("2023-10-29"))​
​
# Calculate percentage of each category by location​
status_percentage <- requests_old %>%​
  group_by(GEOID, STATUS) %>%​
  summarise(count = n(), .groups = "drop") %>%​
  group_by(GEOID) %>%​
  mutate(total_count = sum(count), ​
         percentage = (count / total_count) * 100) %>%​
  select(-count, -total_count)  # Remove intermediate columns​
​
# Pivot the data to wide format​
status <- status_percentage %>%​
  pivot_wider(names_from = STATUS, values_from = percentage, values_fill = 
list(percentage = 0))​
status <- status %>%​
  rename(GEO_ID = GEOID)​
​
# Combine with census data​
status <- merge(status, df, by = "GEO_ID")​
​
# Box plots​
boxa <- ggplot(df, aes(y = DP03_0062E)) + ​
  geom_boxplot() + ​
  ggtitle("Affluence") +  ​
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  ylab("Median Income ($)") +  ​
  theme(aspect.ratio = 1.5,​
    axis.text.x = element_blank(),   ​
    axis.title.x = element_blank(),  ​
    axis.ticks.x = element_blank(),​
    text = element_text(family = "Times New Roman"))​
boxb <- ggplot(df, aes(y = DP03_0119PE)) + ​
  geom_boxplot() + ​
  ggtitle("Poverty") +  ​
  ylab("% Families in Poverty") +  ​
  theme(aspect.ratio = 1.5,  ​
    axis.text.x = element_blank(),   ​
    axis.title.x = element_blank(),  ​
    axis.ticks.x = element_blank(),​
    text = element_text(family = "Times New Roman"))​
boxc <- ggplot(df, aes(y = DP02_0067PE)) + ​
  geom_boxplot() + ​
  ggtitle("Education") +  ​
  ylab("% High School Diplomas") +  ​
  theme(aspect.ratio = 1.5,  ​
    axis.text.x = element_blank(),   ​
    axis.title.x = element_blank(),  ​
    axis.ticks.x = element_blank(),​
    text = element_text(family = "Times New Roman"))​
boxd <- ggplot(df, aes(y = DP02_0115PE)) + ​
  geom_boxplot() + ​
  ggtitle("English Fluency") +  ​
  ylab("% Not Fluent") +  ​
  theme(aspect.ratio = 1.5,  ​
    axis.text.x = element_blank(),   ​
    axis.title.x = element_blank(),  ​
    axis.ticks.x = element_blank(),​
    text = element_text(family = "Times New Roman"))​
boxe <- ggplot(df, aes(y = DP02_0154PE)) + ​
  geom_boxplot() + ​
  ggtitle("Internet Access") +  ​
  ylab("% Broadband Subscription") +  ​
  theme(aspect.ratio = 1.5,  ​
    axis.text.x = element_blank(),   ​
    axis.title.x = element_blank(),  ​
    axis.ticks.x = element_blank(),​
    text = element_text(family = "Times New Roman"))​
boxf <- ggplot(df, aes(y = DP05_0067PE)) + ​
  geom_boxplot() + ​
  ggtitle("Race") +  ​
  ylab("% Black or African American") +  ​
  theme(aspect.ratio = 1.5,  ​
    axis.text.x = element_blank(),   ​
    axis.title.x = element_blank(),  ​
    axis.ticks.x = element_blank(),​
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    text = element_text(family = "Times New Roman"))​
# font_import()​
plot_grid(boxa, boxb, boxc, boxd, boxe, boxf, labels="AUTO")​
​
boxg <- ggplot(df, aes(y = DP02_0001E)) + ​
  geom_boxplot() + ​
  ggtitle("Households") +  ​
  ylab("Total Number Households") +  ​
  theme(aspect.ratio = 1.5,  ​
    axis.text.x = element_blank(),   ​
    axis.title.x = element_blank(),  ​
    axis.ticks.x = element_blank(),​
    text = element_text(family = "Times New Roman"))​
boxh <- ggplot(df, aes(y = Requests)) + ​
  geom_boxplot() + ​
  ggtitle("Requests") +  ​
  ylab("Total Number Requests") +  ​
  theme(aspect.ratio = 1.5,  ​
    axis.text.x = element_blank(),   ​
    axis.title.x = element_blank(),  ​
    axis.ticks.x = element_blank(),​
    text = element_text(family = "Times New Roman"))​
boxi <- ggplot(df, aes(y = Requests_per_household)) + ​
  geom_boxplot() + ​
  ggtitle("Requests per Household") +  ​
  ylab("Requests per Household") +  ​
  theme(aspect.ratio = 1.5,  ​
    axis.text.x = element_blank(),   ​
    axis.title.x = element_blank(),  ​
    axis.ticks.x = element_blank(),​
    text = element_text(family = "Times New Roman"))​
plot_grid(boxg, boxh, boxi, labels="AUTO")​
​
boxj <- ggplot(request_type, aes(y = Visit_request)) + ​
  geom_boxplot() + ​
  ggtitle("Type of Request") +  ​
  ylab("% Requests for Visits") +  ​
  theme(aspect.ratio = 1.5,  ​
    axis.text.x = element_blank(),   ​
    axis.title.x = element_blank(),  ​
    axis.ticks.x = element_blank(),​
    text = element_text(family = "Times New Roman"))  ​
boxk <- ggplot(status, aes(y = Completed)) + ​
  geom_boxplot() + ​
  ggtitle("Status") +  ​
  ylab("% Requests Completed") +  ​
  theme(aspect.ratio = 1.5,  ​
    axis.text.x = element_blank(),   ​
    axis.title.x = element_blank(),  ​
    axis.ticks.x = element_blank(),​
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    text = element_text(family = "Times New Roman"))  ​
​
par(family = "Times")  ​
par(mar = c(5, 5, 5, 4))​
category_count_department <- table(requests$CREATED_DEPARTMENT)​
bara <- barplot(category_count_department, main = "Department that Created 
Request", col = "lightblue", las = 2, names.arg = c("311", "Aldermen", "DOT", 
"DFSS", "DWM", "S&S"), family = "Times New Roman", ylim = c(0, 15000))​
text(bara, category_count_department + 1000 , 
paste(category_count_department, sep="") ,cex=1)​
​
​
​
plot_grid(boxj, boxk, labels="AUTO")​
​
​
​
requests$CREATED_DATE <- as.POSIXct(requests$CREATED_DATE, format = "%m/%d/%Y 
%I:%M:%S %p")​
requests$CLOSED_DATE <- as.POSIXct(requests$CLOSED_DATE, format = "%m/%d/%Y 
%I:%M:%S %p")​
requests$CREATED_DATE <- as.Date(requests$CREATED_DATE)​
requests$CLOSED_DATE <- as.Date(requests$CLOSED_DATE)​
​
# Filter data for 'Completed' status and calculate the time difference​
completed <- requests %>%​
  filter(STATUS == "Completed") %>%​
  mutate(time_diff = as.numeric(difftime(CLOSED_DATE, CREATED_DATE, units = 
"days")))​
​
# Calculate the average length of time (in days)​
average_time <- mean(completed$time_diff, na.rm = TRUE)​
​
# Print the average time​
print(average_time)​
summary(completed$time_diff) 

# Maps​
df <- df %>%​
  mutate(GEOID = GEO_ID)​
merged_geometry_data <- merge(chicago_income_filtered, df, by = "GEOID", 
all.x = TRUE)​
merged_geometry_data$Requests[is.na(merged_geometry_data$Requests)] <- 0​
merged_geometry_data$Requests_per_household[is.na(merged_geometry_data$Reques
ts_per_household)] <- 0​
ggplot(merged_geometry_data) +​
  geom_sf(aes(fill = DP03_0062E), color = "black", size = 0.001) +  # Color 
tracts by the 'value' column​
  scale_fill_viridis_c(option = "plasma", name = "Median Household Income") +  
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# Choose a color palette​
  labs(title = "Median Household Income") +​
  theme_minimal() +​
  theme(legend.position = "right",​
        text = element_text(family = "Times New Roman"))​
  ​
ggplot(merged_geometry_data) +​
  geom_sf(aes(fill = DP02_0067PE), color = "black", size = 0.001) +  # Color 
tracts by the 'value' column​
  scale_fill_viridis_c(option = "plasma", name = "Education") +  # Choose a 
color palette​
  labs(title = "Education") +​
  theme_minimal() +​
  theme(legend.position = "right",​
        text = element_text(family = "Times New Roman"))​
​
ggplot(merged_geometry_data) +​
  geom_sf(aes(fill = DP03_0119PE), color = "black", size = 0.001) +  # Color 
tracts by the 'value' column​
  scale_fill_viridis_c(option = "plasma", name = "Poverty") +  # Choose a 
color palette​
  labs(title = "Poverty") +​
  theme_minimal() +​
  theme(legend.position = "right",​
        text = element_text(family = "Times New Roman"))​
​
ggplot(merged_geometry_data) +​
  geom_sf(aes(fill = DP02_0115PE), color = "black", size = 0.001) +  # Color 
tracts by the 'value' column​
  scale_fill_viridis_c(option = "plasma", name = "% of population that speaks 
English less than well") +  # Choose a color palette​
  labs(title = "English Fluency") +​
  theme_minimal() +​
  theme(legend.position = "right",​
        text = element_text(family = "Times New Roman"))​
​
ggplot(merged_geometry_data) +​
  geom_sf(aes(fill = DP02_0154PE), color = "black", size = 0.001) +  # Color 
tracts by the 'value' column​
  scale_fill_viridis_c(option = "plasma", name = "Internet Access") +  # 
Choose a color palette​
  labs(title = "Internet Access") +​
  theme_minimal() +​
  theme(legend.position = "right",​
        text = element_text(family = "Times New Roman"))​
​
ggplot(merged_geometry_data) +​
  geom_sf(aes(fill = DP05_0067PE), color = "black", size = 0.001) +  # Color 
tracts by the 'value' column​
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  scale_fill_viridis_c(option = "plasma", name = "Black and African 
American") +  # Choose a color palette​
  labs(title = "Black and African American") +​
  theme_minimal() +​
  theme(legend.position = "right",​
        text = element_text(family = "Times New Roman"))​
​
ggplot(merged_geometry_data) +​
  geom_sf(aes(fill = Requests), color = "black", size = 0.001) +  # Color 
tracts by the 'value' column​
  scale_fill_viridis_c(option = "plasma", name = "Requests") +  # Choose a 
color palette​
  labs(title = "Requests") +​
  theme_minimal() +​
  theme(legend.position = "right",​
        text = element_text(family = "Times New Roman"))​
​
ggplot(merged_geometry_data) +​
  geom_sf(aes(fill = Requests_per_household), color = "black", size = 0.001) 
+  # Color tracts by the 'value' column​
  scale_fill_viridis_c(option = "plasma", limits = c(0,0.4), oob = 
scales::squish, name = "Requests per household") +  # Crop outliers​
  labs(title = "Requests per household") +​
  theme_minimal() +​
  theme(legend.position = "right",​
        text = element_text(family = "Times New Roman")) 

# Scatter plot of total number of requests per census tract against median 
household income​
ggplot(df, aes(x = DP03_0062E, y = Requests)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Total number of requests and median income",​
       x = "Median income",​
       y = "Total number of requests") +​
  theme_minimal()​
model <- lm(Requests ~ DP03_0062E, data = df)​
summary(model)​
​
# Scatter plot of total number of requests per census tract against median 
household income less than 150,000​
df_filtered <- df %>%​
  filter(DP03_0062E < 150000)​
ggplot(df_filtered, aes(x = DP03_0062E, y = Requests)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Total number of requests and median income",​
       x = "Median income",​
       y = "Total number of requests") +​
  theme_minimal()​
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model <- lm(Requests ~ DP03_0062E, data = df_filtered)​
summary(model) 

# Scatter plot of average requests per household against median household 
income​
ggplot(df, aes(x = DP03_0062E, y = Requests_per_household)) +​
  geom_point() +​
   geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Requests per household and median income",​
       x = "Median income",​
       y = "Requests per household") +​
  theme_minimal()​
model <- lm(Requests_per_household ~ DP03_0062E, data = df)​
summary(model)​
​
# Scatter plot of average requests per household against median household 
income less than 150,000​
ggplot(df_filtered, aes(x = DP03_0062E, y = Requests_per_household)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Requests per household and median income",​
       x = "Median income",​
       y = "Requests per household") +​
  theme_minimal()​
model <- lm(Requests_per_household ~ DP03_0062E, data = df_filtered)​
summary(model)​
​
# Pull out max outlier​
df[which.max(df$Requests_per_household),]​
outlier <- requests[requests$GEOID == 17031612100,]​
# remove?​
outliertest <- PivotTable$new()​
outliertest$addData(outlier)​
outliertest$addColumnDataGroups("STREET_ADDRESS")​
outliertest$defineCalculation(calculationName = "total", summariseExpression 
= "n()")​
outliertest$renderPivot() 

# Scatter plot of total number of requests per census tract against percent 
of families in poverty​
ggplot(df, aes(x = DP03_0119PE, y = Requests)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Total number of requests and percent poverty",​
       x = "Percentage of families in poverty",​
       y = "Total number of requests") +​
  theme_minimal()​
model <- lm(Requests ~ DP03_0119PE, data = df)​
summary(model)​
​
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# Scatter plot of total number of requests per household against percent of 
families in poverty​
ggplot(df, aes(x = DP03_0119PE, y = Requests_per_household)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Average requests per household and percent poverty",​
       x = "Percentage of families in poverty",​
       y = "Average requests per household") +​
  theme_minimal()​
model <- lm(Requests_per_household ~ DP03_0119PE, data = df)​
summary(model) 

# Scatter plot of total number of requests per census tract against percent 
of people above 25 with a high school degree or higher​
ggplot(df, aes(x = DP02_0067PE, y = Requests)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Total number of requests and education",​
       x = "Percentage with high school or above",​
       y = "Total number of requests") +​
  theme_minimal()​
model <- lm(Requests ~ DP02_0067PE, data = df)​
summary(model)​
​
# Scatter plot of total number of requests per household against percent of 
people above 25 with a high school degree or higher​
ggplot(df, aes(x = DP02_0067PE, y = Requests_per_household)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Average requests per household and education",​
       x = "Percentage with high school or above",​
       y = "Average requests per household") +​
  theme_minimal()​
model <- lm(Requests_per_household ~ DP02_0067PE, data = df)​
summary(model) 

# Scatter plot of total number of requests per census tract against percent 
of households with internet​
ggplot(df, aes(x = DP02_0154PE, y = Requests)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Total number of requests and internet access",​
       x = "Percentage of households with internet access",​
       y = "Total number of requests") +​
  theme_minimal()​
model <- lm(Requests ~ DP02_0154PE, data = df)​
summary(model)​
​
# Scatter plot of total number of requests per household against percent of 
households with internet​

103 



 

ggplot(df, aes(x = DP02_0154PE, y = Requests_per_household)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Average requests per household and internet access",​
       x = "Percentage of households with internet access",​
       y = "Average requests per household") +​
  theme_minimal()​
model <- lm(Requests_per_household ~ DP02_0154PE, data = df)​
summary(model) 

# Scatter plot of total number of requests per census tract against percent 
of population that speaks English less than very well​
ggplot(df, aes(x = DP02_0115PE, y = Requests)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Total number of requests and English proficiency",​
       x = "Percentage of population that speaks English less than very 
well",​
       y = "Total number of requests") +​
  theme_minimal()​
model <- lm(Requests ~ DP02_0115PE, data = df)​
summary(model)​
​
# Scatter plot of total number of requests per household against percent of 
population that speaks English less than very well​
ggplot(df, aes(x = DP02_0115PE, y = Requests_per_household)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Average requests per household and English proficiency",​
       x = "Percentage of population that speaks English less than very 
well",​
       y = "Average requests per household") +​
  theme_minimal()​
model <- lm(Requests_per_household ~ DP02_0115PE, data = df)​
summary(model) 

# Scatter plot of total number of requests per census tract against percent 
of population that is Black or African American ​
ggplot(df, aes(x = DP05_0067PE, y = Requests)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Total number of requests and percent of population that is 
Black",​
       x = "Percentage of population that is Black",​
       y = "Total number of requests") +​
  theme_minimal()​
model <- lm(Requests ~ DP05_0067PE, data = df)​
summary(model)​
​
# Scatter plot of total number of requests per household against percent of 
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population that is Black or African American​
ggplot(df, aes(x = DP05_0067PE, y = Requests_per_household)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Average requests per household and percent of population that 
is Black",​
       x = "Percentage of population that is Black",​
       y = "Average requests per household") +​
  theme_minimal()​
model <- lm(Requests_per_household ~ DP05_0067PE, data = df)​
summary(model) 

# Scatter plot of total number of requests per census tract against percent 
of population that is Hispanic ​
ggplot(df, aes(x = DP05_0073PE, y = Requests)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Total number of requests and percent of population that is 
Hispanic",​
       x = "Percentage of population that is Hispanic",​
       y = "Total number of requests") +​
  theme_minimal()​
model <- lm(Requests ~ DP05_0073PE, data = df)​
summary(model)​
​
# Scatter plot of total number of requests per household against percent of 
population that is Hispanic​
ggplot(df, aes(x = DP05_0073PE, y = Requests_per_household)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Average requests per household and percent of population that 
is Hispanic",​
       x = "Percentage of population that is Hispanic",​
       y = "Average requests per household") +​
  theme_minimal()​
model <- lm(Requests_per_household ~ DP05_0073PE, data = df)​
summary(model) 

# Controlling for variables, ie including multiple variables in model and 
analyzing individual coefficients​
​
​
# Add concentration of lead/risk as explanatory variable ​
​
# Housing age as a proxy​
boxplot(df$percent_old, main="Housing Age", ylab="% Houses Built Before 
1989", col="lightblue")​
ggplot(merged_geometry_data) +​
  geom_sf(aes(fill = percent_old), color = "black", size = 0.001) +  # Color 
tracts by the 'value' column​

105 



 

  scale_fill_viridis_c(option = "plasma", name = "% Houses Built Before 
1989") +  # Choose a color palette​
  labs(title = "Housing Age") +​
  theme_minimal() +​
  theme(legend.position = "right")​
​
risk <- lm(formula = Requests_per_household ~ percent_old, data = df)​
summary(risk)​
ggplot(df, aes(x = percent_old, y = Requests_per_household)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Requests per household and percent of houses built before 
1989",​
       x = "Percentage of houses built before 1989",​
       y = "Requests per household") +​
  theme_minimal()​
​
model <- lm(formula = Requests_per_household ~ DP03_0062E + DP03_0119PE + 
DP02_0067PE + DP02_0154PE + DP02_0115PE + DP05_0067PE + DP05_0073PE + 
percent_old, data = df)​
summary(model)​
​
# Only include the significant explanatory variables ​
​
model_simple <- lm(formula = Requests_per_household ~ DP03_0062E + 
DP03_0119PE + DP05_0067PE + percent_old, data = df)​
summary(model_simple)​
​
​
​
# Model residuals​
model_residuals = model_simple$residuals​
hist(model_residuals)​
qqnorm(model_residuals)​
qqline(model_residuals) # right skewed​
​
# Multicollinearity assumption check ​
reduced <- df[c("DP03_0062E", "DP03_0119PE", "DP05_0067PE", "percent_old")]​
corr_matrix = round(cor(reduced), 2)​
ggcorrplot(corr_matrix, hc.order = TRUE, type = "lower", lab = TRUE)​
​
# Gini importance index ​
gini_df <- df[c("Requests_per_household", "DP03_0062E", "DP03_0119PE", 
"DP02_0067PE", "DP02_0154PE", "DP02_0115PE", "DP05_0067PE", "DP05_0073PE")]​
rf_model <- randomForest(Requests_per_household ~ ., data = gini_df, 
importance = TRUE)​
print(rf_model)​
importance(rf_model)​
varImpPlot(rf_model, type = 2) 
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# Investigation into differences in requests for test kits and test visits ​
​
# Calculate percentage of each category by location​
requests_percentage <- requests %>%​
  group_by(GEOID, SR_TYPE) %>%​
  summarise(count = n(), .groups = "drop") %>%​
  group_by(GEOID) %>%​
  mutate(total_count = sum(count), ​
         percentage = (count / total_count) * 100) %>%​
  select(-count, -total_count)  # Remove intermediate columns​
​
# Pivot the data to wide format​
request_type <- requests_percentage %>%​
  pivot_wider(names_from = SR_TYPE, values_from = percentage, values_fill = 
list(percentage = 0))​
request_type <- request_type %>%​
  rename(GEO_ID = GEOID)​
request_type <- request_type %>%​
  rename(Visit_request = "Water Lead Test Visit Request")​
​
# Combine with census data​
request_type <- merge(request_type, df, by = "GEO_ID")​
​
# Comparisons with demographic data ​
ggplot(request_type, aes(x = DP03_0062E, y = Visit_request)) +​
  geom_point() +​
   geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Proportion of requests for visits and median income",​
       x = "Median income",​
       y = "Proportion of requests for visits") +​
  theme_minimal()​
model <- lm(Visit_request ~ DP03_0062E, data = request_type)​
summary(model)​
​
ggplot(request_type, aes(x = DP03_0119PE, y = Visit_request)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Proportion of requests for visits and percent poverty",​
       x = "Percentage of families in poverty",​
       y = "Proportion of requests for visits") +​
  theme_minimal()​
model <- lm(Visit_request ~ DP03_0119PE, data = request_type)​
summary(model)​
​
ggplot(request_type, aes(x = DP02_0067PE, y = Visit_request)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Proportion of requests for visits and education",​
       x = "Percentage with high school or above",​
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       y = "Proportion of requests for visits") +​
  theme_minimal()​
model <- lm(Visit_request ~ DP02_0067PE, data = request_type)​
summary(model)​
​
ggplot(request_type, aes(x = DP02_0154PE, y = Visit_request)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Proportion of requests for visits and internet access",​
       x = "Percentage of households with internet access",​
       y = "Proportion of requests for visits") +​
  theme_minimal()​
model <- lm(Visit_request ~ DP02_0154PE, data = request_type)​
summary(model)​
​
ggplot(request_type, aes(x = DP02_0115PE, y = Visit_request)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Proportion of requests for visits and English proficiency",​
       x = "Percentage of population that speaks English less than very 
well",​
       y = "Proportion of requests for visits") +​
  theme_minimal()​
model <- lm(Visit_request ~ DP02_0115PE, data = request_type)​
summary(model)​
​
ggplot(request_type, aes(x = DP05_0067PE, y = Visit_request)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Proportion of requests for visits and percent of population 
that is Black",​
       x = "Percentage of population that is Black",​
       y = "Proportion of requests for visits") +​
  theme_minimal()​
model <- lm(Visit_request ~ DP05_0067PE, data = request_type)​
summary(model)​
​
ggplot(request_type, aes(x = DP05_0073PE, y = Visit_request)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Proportion of requests for visits and percent of population 
that is Hispanic",​
       x = "Percentage of population that is Hispanic",​
       y = "Proportion of requests for visits") +​
  theme_minimal()​
model <- lm(Visit_request ~ DP05_0073PE, data = request_type)​
summary(model)​
​
# plot_grid(scattera, scatterb, scatterc, scatterd, scattere, scatterf, 
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labels="AUTO")​
​
model <- lm(formula = Visit_request ~ DP03_0062E + DP03_0119PE + DP02_0067PE 
+ DP02_0154PE + DP02_0115PE + DP05_0067PE + DP05_0073PE, data = request_type)​
summary(model)​
​
simplified_model <- lm(formula = Visit_request ~ DP02_0154PE + DP05_0067PE + 
DP05_0073PE, data = request_type)​
summary(simplified_model)​
​
gini_df <- request_type[c("Visit_request", "DP02_0154PE", "DP05_0067PE", 
"DP05_0073PE")]​
rf_model <- randomForest(Visit_request ~ ., data = gini_df, importance = 
TRUE)​
print(rf_model)​
importance(rf_model)​
varImpPlot(rf_model, type = 2) 

# Investigation into status of requests, are the requests that are cancelled 
or left open different from those that are completed​
​
# Remove most recent year of data ​
#requests$date <- substr(requests$CREATED_DATE, 1, 10)​
#requests$date <- as.Date(requests$date, format = "%Y/%m/%d")​
requests_old <- requests %>%​
  filter(CREATED_DATE < as.Date("2023-10-29"))​
​
# Calculate percentage of each category by location​
status_percentage <- requests_old %>%​
  group_by(GEOID, STATUS) %>%​
  summarise(count = n(), .groups = "drop") %>%​
  group_by(GEOID) %>%​
  mutate(total_count = sum(count), ​
         percentage = (count / total_count) * 100) %>%​
  select(-count, -total_count)  # Remove intermediate columns​
​
# Pivot the data to wide format​
status <- status_percentage %>%​
  pivot_wider(names_from = STATUS, values_from = percentage, values_fill = 
list(percentage = 0))​
status <- status %>%​
  rename(GEO_ID = GEOID)​
​
# Combine with census data​
status <- merge(status, df, by = "GEO_ID")​
​
# Comparisons with demographic data ​
ggplot(status, aes(x = DP03_0062E, y = Completed)) +​
  geom_point() +​
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   geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Proportion of requests completed and median income",​
       x = "Median income",​
       y = "Proportion of requests completed") +​
  theme_minimal()​
model <- lm(Completed ~ DP03_0062E, data = status)​
summary(model)​
​
ggplot(status, aes(x = DP03_0119PE, y = Completed)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Proportion of requests completed and percent poverty",​
       x = "Percentage of families in poverty",​
       y = "Proportion of requests completed") +​
  theme_minimal()​
model <- lm(Completed ~ DP03_0119PE, data = status)​
summary(model)​
​
ggplot(status, aes(x = DP02_0067PE, y = Completed)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Proportion of requests completed and education",​
       x = "Percentage with high school or above",​
       y = "Proportion of requests completed") +​
  theme_minimal()​
model <- lm(Completed ~ DP02_0067PE, data = status)​
summary(model)​
​
ggplot(status, aes(x = DP02_0154PE, y = Completed)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Proportion of requests completed and internet access",​
       x = "Percentage of households with internet access",​
       y = "Proportion of requests completed") +​
  theme_minimal()​
model <- lm(Completed ~ DP02_0154PE, data = status)​
summary(model)​
​
ggplot(status, aes(x = DP02_0115PE, y = Completed)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Proportion of requests completed and English proficiency",​
       x = "Percentage of population that speaks English less than very 
well",​
       y = "Proportion of requests completed") +​
  theme_minimal()​
model <- lm(Completed ~ DP02_0115PE, data = status)​
summary(model)​
​
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ggplot(status, aes(x = DP05_0067PE, y = Completed)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Proportion of requests completed and percent of population 
that is Black",​
       x = "Percentage of population that is Black",​
       y = "Proportion of requests completed") +​
  theme_minimal()​
model <- lm(Completed ~ DP05_0067PE, data = status)​
summary(model)​
​
ggplot(status, aes(x = DP05_0073PE, y = Completed)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Proportion of requests completed and percent of population 
that is Hispanic",​
       x = "Percentage of population that is Hispanic",​
       y = "Proportion of requests completed") +​
  theme_minimal()​
model <- lm(Completed ~ DP05_0073PE, data = status)​
summary(model)​
​
model <- lm(formula = Completed ~ DP03_0062E + DP03_0119PE + DP02_0067PE + 
DP02_0154PE + DP02_0115PE + DP05_0067PE + DP05_0073PE, data = status)​
summary(model)​
​
model_simple <- lm(formula = Completed ~ DP03_0119PE + DP05_0067PE + 
DP05_0073PE, data = status)​
summary(model_simple)​
​
gini_df <- status[c("Completed", "DP03_0062E", "DP03_0119PE", "DP02_0067PE", 
"DP02_0154PE", "DP02_0115PE", "DP05_0067PE", "DP05_0073PD")]​
rf_model <- randomForest(Completed ~ ., data = gini_df, importance = TRUE)​
print(rf_model)​
importance(rf_model)​
varImpPlot(rf_model, type = 2) 

# Investigation into origin, how are people filing requests ​
​
# Calculate percentage of each category by location​
origins_percentage <- requests %>%​
  group_by(GEOID, ORIGIN) %>%​
  summarise(count = n(), .groups = "drop") %>%​
  group_by(GEOID) %>%​
  mutate(total_count = sum(count), ​
         percentage = (count / total_count) * 100) %>%​
  select(-count, -total_count)  # Remove intermediate columns​
​
# Pivot the data to wide format​
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request_origin <- origins_percentage %>%​
  pivot_wider(names_from = ORIGIN, values_from = percentage, values_fill = 
list(percentage = 0))​
request_origin <- request_origin %>%​
  rename(GEO_ID = GEOID,​
         Alderman = "Alderman's Office",​
         Mobile = "Mobile Device",​
         Call = "Phone Call",​
         Salesforce = "Salesforce Mobile App",​
         Department = "City Department",​
         In_house = "Generated In House")​
​
# Combine with census data​
request_origin <- merge(request_origin, df, by = "GEO_ID")​
​
# Comparisons with demographic data ​
ggplot(request_origin, aes(x = DP03_0062E, y = Internet)) +​
  geom_point() +​
   geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Proportion of requests through the internet and median 
income",​
       x = "Median income",​
       y = "Proportion of requests through the internet") +​
  theme_minimal()​
model <- lm(Internet ~ DP03_0062E, data = request_origin)​
summary(model)​
​
ggplot(request_origin, aes(x = DP03_0119PE, y = Internet)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Proportion of requests through the internet and percent 
poverty",​
       x = "Percentage of families in poverty",​
       y = "Proportion of requests through the internet") +​
  theme_minimal()​
model <- lm(Internet ~ DP03_0119PE, data = request_origin)​
summary(model)​
​
ggplot(request_origin, aes(x = DP02_0067PE, y = Internet)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Proportion of requests through the internet and education",​
       x = "Percentage with high school or above",​
       y = "Proportion of requests through the internet") +​
  theme_minimal()​
model <- lm(Internet ~ DP02_0067PE, data = request_origin)​
summary(model)​
​
ggplot(request_origin, aes(x = DP02_0154PE, y = Internet)) +​
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  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Proportion of requests through the internet and internet 
access",​
       x = "Percentage of households with internet access",​
       y = "Proportion of requests through the internet") +​
  theme_minimal()​
model <- lm(Internet ~ DP02_0154PE, data = request_origin)​
summary(model)​
​
ggplot(request_origin, aes(x = DP02_0115PE, y = Internet)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Proportion of requests through the internet and English 
proficiency",​
       x = "Percentage of population that speaks English less than very 
well",​
       y = "Proportion of requests through the internet") +​
  theme_minimal()​
model <- lm(Internet ~ DP02_0115PE, data = request_origin)​
summary(model)​
​
ggplot(request_origin, aes(x = DP05_0067PE, y = Internet)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Proportion of requests through the internet and percent of 
population that is Black",​
       x = "Percentage of population that is Black",​
       y = "Proportion of requests through the internet") +​
  theme_minimal()​
model <- lm(Internet ~ DP05_0067PE, data = request_origin)​
summary(model)​
​
ggplot(request_origin, aes(x = DP05_0073PE, y = Internet)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Proportion of requests through the internet and percent of 
population that is Hispanic",​
       x = "Percentage of population that is Hispanic",​
       y = "Proportion of requests through the internet") +​
  theme_minimal()​
model <- lm(Internet ~ DP05_0073PE, data = request_origin)​
summary(model)​
​
model <- lm(formula = Internet ~ DP03_0062E + DP03_0119PE + DP02_0067PE + 
DP02_0154PE + DP02_0115PE + DP05_0067PE + DP05_0073PE, data = request_origin)​
summary(model)​
​
simplified_model <- lm(formula = Internet ~ DP02_0154PE + DP05_0067PE + 
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DP05_0073PE, data = request_origin)​
summary(simplified_model)​
​
gini_df <- request_origin[c("Internet", "DP03_0062E", "DP03_0119PE", 
"DP02_0067PE", "DP02_0154PE", "DP02_0115PE", "DP05_0067PE", "DP05_0073PE")]​
rf_model <- randomForest(Internet ~ ., data = gini_df, importance = TRUE)​
print(rf_model)​
importance(rf_model)​
varImpPlot(rf_model, type = 2) 

# Investigation into time, has the pattern of who is requesting tests changed 
over time (could indicate becoming more well known)​
​
# Create a year column in the original request dataframe​
requests$year <- year(requests$CREATED_DATE)​
​
# New dataframe with counts of unique entries for geo_id​
year_request_counts <- requests %>%​
  group_by(GEOID, year) %>%​
  summarise(count = n(), .groups = 'drop')  # Count occurrences and drop 
grouping​
colnames(year_request_counts) <- c("GEO_ID", "Year", "Requests")​
​
# Merge requests with ACS data​
df_years <- merge(year_request_counts, ACS, by = "GEO_ID")​
df_years <- df_years %>%​
  mutate(DP02_0001E = as.integer(DP02_0001E))​
df_years <- df_years %>%​
  filter(DP03_0062E != "-")​
df_years <- df_years %>%​
  mutate(DP03_0062E = case_when(​
    DP03_0062E == "250,000+" ~ "250,000",​
    TRUE ~ DP03_0062E              # Keep original value for all others​
  ))​
df_years <- df_years %>%​
  mutate(DP03_0062E = as.double(DP03_0062E))​
df_years <- df_years %>%​
  mutate(DP03_0119PE = as.double(DP03_0119PE))​
df_years <- df_years %>%​
  filter(!is.na(DP03_0062E))​
df_years <- df_years %>%​
  mutate(DP02_0067PE = as.double(DP02_0067PE))​
df_years <- df_years %>%​
  mutate(DP02_0068PE = as.double(DP02_0068PE))​
df_years <- df_years %>%​
  mutate(DP02_0154PE = as.double(DP02_0154PE))​
df_years <- df_years %>%​
  mutate(DP02_0115PE = as.double(DP02_0115PE))​
df_years <- df_years %>%​
  mutate(DP05_0067PE = as.double(DP05_0067PE))​
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df_years <- df_years %>%​
  mutate(DP04_0026PE = as.double(DP04_0026PE))​
df_years <- df_years %>%​
  mutate(DP04_0025PE = as.double(DP04_0025PE))​
df_years <- df_years %>%​
  mutate(DP04_0024PE = as.double(DP04_0024PE))​
df_years <- df_years %>%​
  mutate(DP04_0023PE = as.double(DP04_0023PE))​
df_years <- df_years %>%​
  mutate(DP04_0022PE = as.double(DP04_0022PE))​
df_years <- df_years %>%​
  mutate(DP04_0021PE = as.double(DP04_0021PE))​
df_years <- df_years %>%​
  mutate(DP02_0006PE = as.double(DP02_0006PE))​
df_years <- df_years %>%​
  mutate(DP02_0007PE = as.double(DP02_0007PE))​
df_years <- df_years %>%​
  mutate(DP02_0010PE = as.double(DP02_0010PE))​
df_years <- df_years %>%​
  mutate(DP02_0011PE = as.double(DP02_0011PE))​
df_years <- df_years %>%​
  mutate(DP05_0073PE = as.double(DP05_0073PE))​
df_years <- df_years %>%​
  mutate(Requests_per_household = Requests / DP02_0001E)​
df_years$percent_old <- df_years$DP04_0026PE + df_years$DP04_0025PE + 
df_years$DP04_0024PE + df_years$DP04_0023PE + df_years$DP04_0022PE + 
df_years$DP04_0021PE​
​
coefficients_list <- list()​
for (i in unique(df_years$Year)) {​
  subset_data <- subset(df_years, Year == i)​
  model <- lm(Requests_per_household ~ DP03_0062E + DP03_0119PE + DP05_0067PE 
+ percent_old, data = subset_data)​
  coefficients_list[[as.character(i)]] <- coef(model)​
}​
coefficients_df <- as.data.frame(coefficients_list)​
coefficients_df <- t(coefficients_df)​
coefficients_df <- as.data.frame(coefficients_df)​
colnames(coefficients_df) <- c("Intercept", "DP03_0062E", "DP03_0119PE", 
"DP05_0067PE", "percent_old")​
coefficients_df$Year <- c("2019", "2020", "2023", "2024", "2021", "2022", 
"2018")​
coefficients_df$Year <- as.numeric(coefficients_df$Year)​
​
ggplot(coefficients_df, aes(x = Year, y = Intercept)) +​
  geom_line(color = "blue", size = 1) +    ​
  labs(title = "Intercept over Time", ​
       x = "Year", y = "Intercept")​
ggplot(coefficients_df, aes(x = Year, y = DP03_0062E)) +​
  geom_line(color = "blue", size = 1) +    ​
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  labs(title = "Median Income Coefficients over Time", ​
       x = "Year", y = "Median Income")​
ggplot(coefficients_df, aes(x = Year, y = DP03_0119PE)) +​
  geom_line(color = "blue", size = 1) +    ​
  labs(title = "Percent Poverty Coefficients over Time", ​
       x = "Year", y = "Percent Poverty")​
ggplot(coefficients_df, aes(x = Year, y = DP05_0067PE)) +​
  geom_line(color = "blue", size = 1) +    ​
  labs(title = "Black/AA Coefficients over Time", ​
       x = "Year", y = "Black/AA")​
ggplot(coefficients_df, aes(x = Year, y = percent_old)) +​
  geom_line(color = "blue", size = 1) +    ​
  labs(title = "Proxy Risk Coefficients over Time", ​
       x = "Year", y = "Risk")​
​
​
# New dataframe with counts of unique entries for geo_id​
day_request_counts <- requests %>%​
  group_by(GEOID, CREATED_DATE) %>%​
  summarise(count = n(), .groups = 'drop')  # Count occurrences and drop 
grouping​
colnames(day_request_counts) <- c("GEO_ID", "Day", "Requests")​
​
# Merge requests with ACS data​
df_days <- merge(day_request_counts, ACS, by = "GEO_ID", all = TRUE)​
df_days <- df_days %>%​
  mutate(DP02_0001E = as.integer(DP02_0001E))​
df_days <- df_days %>%​
  filter(DP03_0062E != "-")​
df_days <- df_days %>%​
  mutate(DP03_0062E = case_when(​
    DP03_0062E == "250,000+" ~ "250,000",​
    TRUE ~ DP03_0062E              # Keep original value for all others​
  ))​
df_days <- df_days %>%​
  mutate(DP03_0062E = as.double(DP03_0062E))​
df_days <- df_days %>%​
  mutate(DP03_0119PE = as.double(DP03_0119PE))​
df_days <- df_days %>%​
  filter(!is.na(DP03_0062E))​
df_days <- df_days %>%​
  mutate(DP02_0067PE = as.double(DP02_0067PE))​
df_days <- df_days %>%​
  mutate(DP02_0068PE = as.double(DP02_0068PE))​
df_days <- df_days %>%​
  mutate(DP02_0154PE = as.double(DP02_0154PE))​
df_days <- df_days %>%​
  mutate(DP02_0115PE = as.double(DP02_0115PE))​
df_days <- df_days %>%​
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  mutate(DP05_0067PE = as.double(DP05_0067PE))​
df_days <- df_days %>%​
  mutate(DP04_0026PE = as.double(DP04_0026PE))​
df_days <- df_days %>%​
  mutate(DP04_0025PE = as.double(DP04_0025PE))​
df_days <- df_days %>%​
  mutate(DP04_0024PE = as.double(DP04_0024PE))​
df_days <- df_days %>%​
  mutate(DP04_0023PE = as.double(DP04_0023PE))​
df_days <- df_days %>%​
  mutate(DP04_0022PE = as.double(DP04_0022PE))​
df_days <- df_days %>%​
  mutate(DP04_0021PE = as.double(DP04_0021PE))​
df_days <- df_days %>%​
  mutate(DP02_0006PE = as.double(DP02_0006PE))​
df_days <- df_days %>%​
  mutate(DP02_0007PE = as.double(DP02_0007PE))​
df_days <- df_days %>%​
  mutate(DP02_0010PE = as.double(DP02_0010PE))​
df_days <- df_days %>%​
  mutate(DP02_0011PE = as.double(DP02_0011PE))​
df_days <- df_days %>%​
  mutate(DP05_0073PE = as.double(DP05_0073PE))​
df_days <- df_days %>%​
  mutate(Requests_per_household = Requests / DP02_0001E)​
df_days$percent_old <- df_days$DP04_0026PE + df_days$DP04_0025PE + 
df_days$DP04_0024PE + df_days$DP04_0023PE + df_days$DP04_0022PE + 
df_days$DP04_0021PE​
​
summarized_df <- day_request_counts %>%​
  group_by(Day) %>%​
  summarise(total_requests = sum(Requests), .groups = 'drop')​
​
ggplot(summarized_df, aes(x = Day, y = total_requests)) +​
  geom_line(color = "blue", size = 1) + ​
  labs(title = "Requests Over Time", x = "Date", y = "Requests")​
​
# Spikes in July 2019​
requests_July <- requests %>%​
  filter(year(CREATED_DATE) == 2019, month(CREATED_DATE) == 7)​
​
requests_spike <- requests[requests$CREATED_DATE == '2019-07-09' | 
requests$CREATED_DATE == '2019-07-10' | requests$CREATED_DATE == 
'2019-07-11',]​
category_count_ward <- table(requests_spike$WARD)​
barplot(category_count_ward, main = "Wards", col = "lightblue", las = 2, 
family = "Times New Roman", ylim = c(0, 200)) 

# Add gender of head of household as a variable ​
boxplot(df$DP02_0010PE, main="Female householders", ylab="% Households with a 
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female householder", col="lightblue")​
ggplot(merged_geometry_data) +​
  geom_sf(aes(fill = DP02_0010PE), color = "black", size = 0.001) +  # Color 
tracts by the 'value' column​
  scale_fill_viridis_c(option = "plasma", name = "% Households with a female 
householder") +  # Choose a color palette​
  labs(title = "Female householders") +​
  theme_minimal() +​
  theme(legend.position = "right")​
​
boxplot(df$DP02_0006PE, main="Male householders", ylab="% Households with a 
male householder", col="lightblue")​
ggplot(merged_geometry_data) +​
  geom_sf(aes(fill = DP02_0006PE), color = "black", size = 0.001) +  # Color 
tracts by the 'value' column​
  scale_fill_viridis_c(option = "plasma", name = "% Households with a male 
householder") +  # Choose a color palette​
  labs(title = "Male householders") +​
  theme_minimal() +​
  theme(legend.position = "right")​
​
# Female householder, no spouse/partner present​
gender <- lm(formula = Requests_per_household ~ DP02_0010PE, data = df)​
summary(gender)​
ggplot(df, aes(x = DP02_0010PE, y = Requests_per_household)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Requests per household and gender of householder",​
       x = "Percentage of household with a female householder",​
       y = "Requests per household") +​
  theme_minimal()​
​
model <- lm(formula = Requests_per_household ~ DP03_0062E + DP03_0119PE + 
DP02_0067PE + DP02_0154PE + DP02_0115PE + DP05_0067PE + DP02_0010PE + 
DP05_0073PE + percent_old, data = df)​
summary(model)​
​
model_simple <- lm(formula = Requests_per_household ~ DP03_0062E + 
DP03_0119PE + DP05_0067PE + DP02_0010PE + percent_old, data = df)​
summary(model_simple)​
​
# Male householder, no spouse/partner present​
​
gender <- lm(formula = Requests_per_household ~ DP02_0006PE, data = df)​
summary(gender)​
ggplot(df, aes(x = DP02_0006PE, y = Requests_per_household)) +​
  geom_point() +​
  geom_smooth(method = "lm", color = "blue", se = TRUE) +​
  labs(title = "Requests per household and gender of householder",​
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       x = "Percentage of household with a male householder",​
       y = "Requests per household") +​
  theme_minimal()​
​
model <- lm(formula = Requests_per_household ~ DP03_0062E + DP03_0119PE + 
DP02_0067PE + DP02_0154PE + DP02_0115PE + DP05_0067PE + DP02_0006PE + 
DP05_0073PE + percent_old, data = df)​
summary(model)​
​
model_simple <- lm(formula = Requests_per_household ~ DP03_0062E + 
DP03_0119PE + DP05_0067PE + DP02_0006PE + percent_old, data = df)​
summary(model_simple) 
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