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1 Introduction

In 1992 the National Commission on Severely Distressed Public Housing estimated

that there were 86,000 families in the United States living in public housing units

facing “distress, high rates of serious crimes, barriers to managing the environment,

and/or physical deterioration of the building” (Green and Lane 1992). In response to

that report, Housing Opportunities for People Everywhere (HOPE VI), a U.S. De-

partment of Housing and Urban Development (HUD) program, has awarded grants

totaling nearly $6.6 billion since 1993 for the purposes of renovation or demolition

of such low-quality public housing stock (HUD 2012b). This program aimed to help

public housing residents move into neighborhoods with lower concentrations of disad-

vantage and to improve that areas previously hosting public housing projects through

replacement with mixed-income developments. While previous research has tested the

effects of such projects on public housing residents themselves, at this point there has

been no study on the effect of such changes for those who remain in the neighborhood

after the public housing project has gone.

The present study investigates how the removal of public housing projects affects

the health of those who remain in the vicinity of former public housing projects. In

doing so, it engages with the sociological and public health literature around the ef-

fects of neighborhood composition and social capital on individual and population

health. This literature predicts that neighborhoods suffering from concentrated dis-

advantage will exhibit lower levels of interpersonal trust, collective efficacy, and be

less able to enforce community norms of behavior than more affluent neighborhoods.

The removal of public housing should lessen the concentrated disadvantage in these

neighborhoods thus leading to a long-term improvement in well-being, but the rapid

population change may disrupt the beneficial social ties and in the short term cause

poorer health outcomes.

This research utilizes data from the Project on Human Development in Chicago
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Neighborhoods (PHDCN) to investigate the effects of removal of public housing

projects on the self-reported health of individuals living near these demolitions. Data

on the timing and location of public housing demolitions between 1994 and 2011 was

obtained from the Chicago Housing Authority. The public housing project demo-

litions in Chicago during this time period coupled with the rich longitudinal data

available in the PHDCN provide an opportunity to study the phenomenon of rapid

neighborhood change through public housing project removals at both a large scale

and in great detail. I find that exposure to public housing demolition has a signifi-

cant negative effect on child health. This effect is mediated by both large changes in

neighborhood composition and decreases in measures of neighborhood social capital

and collective efficacy, both of which are significantly associated with nearby public

housing demolition.

2 Background

The original motivation for the National Commission on Severely Distressed Public

Housing, and later HOPE VI, was twofold: first, that individuals and families living

in sub-standard housing is in and of itself a social ill that should be remedied; and

second, that the existence of such large concentrations of poverty in neighborhoods

presents distinct disadvantages to residents over and above individual- and household-

level poverty (Green and Lane 1992). This second line of reasoning determined, to a

large extent, the direction of reforms after the 1992 report. Grants have been made

with a large emphasis on “reintegrating public housing developments into surrounding

communities” while improving the environment for both public housing residents and

nearby non-residents through “deconcentration and dispersion, development of mixed-

income communities, demolition and/or renovation of current developments, emphasis

on family self-sufficiency, and resident management of the properties” (Fosburg et al.,
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1996, p. v). Through HOPE VI, nearly $400 million have been spent on public housing

demolitions alone, with over $6 billion more going towards revitalization grants, which

cover both demolition and major rehabilitation, often for the purposes of creating

mixed-income housing communities (HUD 2012b).

The Chicago Housing Authority (CHA) has been and remains the second largest

public housing agency in the country, directly managing over 40,000 public housing

units in 1996. By 2012, the number of directly-managed units had fallen to 21,000.

At the same time, Section 8 vouchers for privately-managed subsidized housing had

grown from just 15,000 households in 1996 to over 50,000 in 2012 (HUD, 1996, 2012a).1

While these public housing units were spread across the city of Chicago, as shown in

figure 1, demolitions were not, and disproportionately affected the near North, West,

and South sides of the city (figure 2). This selective demolition of public housing

in Chicago, removing over 22,000 units between 1994 and 2011, led to large, uneven

changes to the face of the city, with neighborhoods formerly hosting public housing

in some cases being redeveloped on a large scale (in the case of the United Center,

near the site of the former Henry Horner Homes), but in other cases simply retaining

large empty lots where formerly thousands of residents lived and worked (in the case

of Robert Taylor Homes on State Street).

Public housing has been shown to be associated with a number of negative health

outcomes, even after controlling for the low socioeconomic status (SES) of those

typically resident in public housing projects. In particular, living in public housing

has been shown to be associated with an increased risk of exposure to violence (Fertig

and Reingold 2007), decreased physical activity among adults (Heinrich et al. 2007;

Lewis et al. 1993), and an increased risk of infectious disease (Hota et al. 2007).

1The shift from project-based to voucher-based subsidies in Chicago is indicative of a larger shift
towards voucher-based housing subsidies in the United States as a whole. In 1996, there were an
approximately equal number of Section 8 vouchers and public housing units (1.35 million and 1.33
million respectively). By 2012, public housing units had decreased to 1.15 million while Section 8
vouchers had increased over 70% to 2.34 million (HUD, 1996, 2012a).
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Figure 1: All public housing units managed by the CHA, 1994-2011.

Figure 2: Demolitions of public housing units managed by the CHA, 1994-2011.
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These findings may be partly due the concentration of poverty and racial segregation

which are associated with public housing projects, and therefore the removal of public

housing projects and resettlement of current residents in lower-poverty, less-segregated

neighborhoods should bring health benefits to past residents of public housing projects

(Fauth et al. 2004; Ludwig et al. 2011), though observed effects have been modest at

best in experimental studies (Fauth et al., 2004; Sanders et al., 2003; Ludwig et al.,

2011).

The expectation in the current study is that public housing demolition should lead

to a deconcentration of disadvantage in the neighborhoods surrounding the former

public housing projects, and therefore should benefit the health of those individuals

living in those neighborhoods in the long term. In the short term however, the dis-

placement of large proportions of the population should attenuate social capital, and

especially the thick ties which are nurtured by similarity and long-standing kinship

and neighborhood ties (Kawachi et al., 1997; Kim, 2010; Lochner et al., 2003). By

this line of reasoning, the depletion of social capital should lead to relatively worse

health outcomes for individuals remaining in the neighborhood.

The current project proposes to add to the extant literature on health in and

around public housing projects in two ways. First, it will address the lack of evidence

on the health effects of public housing projects on those who do not live in public

housing projects themselves but rather live nearby. Second, it will examine changes in

neighborhood composition and social capital that are associated with public housing

demolitions, and test whether these potential changes mediate the direct effect of

public housing demolition on health in a way consistent with the sociological theory

described above.
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2.1 Neighborhood effects

The deconcentration imperative itself stems from the neighborhood effects literature,

which has found large and persistent negative effects of exposure to concentrated

poverty and segregation on educational and health outcomes, both in schools and in

residential neighborhoods (Chaplin 2002; Hipp 2007; Joseph et al. 2007). More af-

fluent neighborhoods often have better measures of social capital, including interper-

sonal trust, collective efficacy, and community participation, which are independently

associated with improvements in health and well-being (Sampson, 2012), while mixed-

income or racially diverse areas provide broader access to public goods and services

(Joseph et al. 2007).

William Julius Wilson’s influential work, The Truly Disadvantaged, showed that

disadvantage–poverty, racial segregation, crime, and other social ills–is concentrated

spatially and has wide-ranging effects on individuals, directly impacting individual

health, exposure to (and participation in) violence, economic outcomes, and even cog-

nitive ability (1987). Later studies have found diverse health effects of neighborhood

disadvantage, including increased rates of cardiovascular disease, later staging of can-

cer at diagnosis, increased rates of domestic violence, and increased rates of mental

illness (Caughy et al. 2003; Dekeseredy and Schwartz 2002; Ross and Mirowsky 2001).

The Moving to Opportunity (MTO) study was a prospective experimental study

proposed as a solution for the endogeneity issues present in the above observational

studies of neighborhood effects (Katz et al., 2001; Sampson, 2008). The inclusion

criteria2 restricted the study to the neediest of families. Families choosing to take

place in the study were assigned randomly to one of three study arms: a voucher

which may be paid to any private landlord in a tract with less than a 10% poverty

rate; a standard Section 8 voucher; or control (no change) (Katz et al., 2001). The

2Households with children, living in public or assisted (Section 8) housing, and living in a tract
with higher than 40% poverty, and living in one of five pre-selected cities
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project suffered from a number of drawbacks that limit its generalizability, especially

that the inclusion criteria limit the study population to as little as 5% of the total

urban population (Sampson, 2008), and that once a family was placed in a study arm

they were under no obligation to actually participate. Nevertheless, moves to lower

poverty areas were significantly associated with improvements adult mental health,

and adolescent female physical health, mental health, educational attainment, and

participation in risky behaviors, while outcomes worsened for adolescent male physical

health and delinquency (Katz et al., 2001; Kling et al., 2007; Leventhal and Brooks-

Gunn, 2003; Ludwig et al., 2001, 2008; Orr et al., 2003; Sampson, 2008). A more

recent study of long-term outcomes among adults in the MTO program found that,

after 10-15 years, subjective well-being, physical health, and mental health outcomes

were significantly improved for subjects moving to lower-deprivation neighborhoods

(Ludwig et al., 2013).

The results of the MTO studies are particularly interesting in the context of the

present study, in that they provide insight into the effects of neighborhood depriva-

tion, while also testing, experimentally, the effects of (leaving) public housing. While

the effects of living in and leaving public housing are discussed in more detail below,

it is important to note here that the neighborhood effects here are extremely partic-

ular: they are limited to those individuals who live in public housing and (choose to)

leave. Any changes in the neighborhood experienced by individuals are caused by

moving residences, rather than in situ neighborhood change experienced by individ-

uals remaining in the same location with the neighborhood changing around them.

The present study investigates neighborhood changes related to the same processes

(residents moving out of public housing projects), but instead seeks to understand the

in situ effects for households living in the neighborhood of public housing projects,

but who are affected by neighborhood changes brought about by the demolition of

those projects.
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2.2 Social capital

While the deconcentration of disadvantage may have positive effects in the long term,

in the short term3 there is reason to believe that the direction of the effect on health

may in fact be negative. Large-scale disruptions to neighborhood structures and

larger turnovers of population, of the type presupposed in the above programs, would

disrupt the social ties that form the basis of neighborhood social capital, though these

ties could be reconstituted over time. Social ties linking individuals to other forms

of capital form the basis of social capital (Bourdieu, 1985). Social capital theorists

propose that this public good is formed especially in the context of homogeneous com-

munities, and perhaps especially in opposition to a perceived exclusion from broader

society (Cattell 2001). Furthermore, various measures of social capital, such as fre-

quency and intensity of social interactions within a neighborhood, have been found

to be associated with significantly improved health and employment outcomes, even

in conditions of high poverty and other measures of deprivation (Kawachi et al. 1997;

Lochner et al. 2003).

The current literature on social capital has recognized and studied two types of

social capital. The first type is characterized by strong (“thick”) ties between similar,

often closely-related individuals is able to provide social, emotional, and often mate-

rial support (Cattell 2001; Wellman and Wortley 1990). This type may be seen to be

at least functionally similar to the Durkheimian conception of mechanical solidarity,

whereby similar individuals coalesce to form a highly cohesive community (Durkheim

1997). The opposing type (analogous to Durkheim’s concept of organic solidarity),

3“Long term” and “short term” are left intentionally undefined, as there has been no research
on the temporal dynamics of neighborhood changes in the wake of public housing demolitions. One
may, however, assume that the “short term” is the time it takes for social networks disrupted by
public housing demolition to re-form. This process would involve the removal of individuals from
public housing, the demolition of the buildings themselves, the redevelopment of the public housing
site, and the formation of social networks linking new residents of redeveloped public housing sites
to residents remaining from before demolition, a process which would likely take between three and
ten years
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characterized by weaker (“thin”) ties between individuals in a heterogeneous commu-

nity, is able to facilitate the flow of knowledge and resources across a much broader

network and between disparate communities in a highly complex society (Durkheim

1997; Granovetter 1973).

These two types of social capital may provide different types of benefits to the

individuals holding them. Denser, “thick” social capital networks based on kinship

ties, residential proximity, and homophily, for example, may provide greater benefits

for those seeking childcare or small interpersonal loans. Additionally, feelings of

trust, similarity, and solidarity with others living in close proximity have been found

to be associated lower rates of mental illness and lower rates of all-cause mortality

and mortality from cardiovascular disease (Kawachi et al. 1997; Kim 2010; Lochner

et al. 2003). On the other hand, “thin” social capital present in a neighborhood is

more likely to result in greater access to higher quality services and an improved

ability to mobilize diverse resources across a society, which may be seen as a primary

goal of poverty deconcentration projects (Joseph et al. 2007; Williamson et al. 2009).

Research focusing on the effect of social capital on health has, for the most part,

focused on “thick” social capital, while, to some extent, the neighborhood effects

literature focuses on “thin” social capital in advocating for economically and racially

diverse neighborhoods as a boon to individual well-being.

For the present study, (thick) social capital is operationalized along two dimen-

sions: participation in community institutions and governance (community participa-

tion) and collective efficacy. Collective efficacy is defined as “social cohesion among

neighbors combined with their willingness to intervene on behalf of the common good”

(Sampson, 1997, p. 918) and may be seen as a specific application of Bourdieu’s defi-

nition of social capital, with dense ties supporting specific resources (collective action

in the face of threats to neighborhood order). In this definition, collective efficacy is a

public, non-excludable good, where benefits accrue not only to those directly embed-
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ded in a social network, but also to those living in the vicinity (neighborhood) of the

network that facilitates and generates collective efficacy (Sampson, 1997; Sampson

and Raudenbush, 1999; Sampson et al., 1999; Sampson, 2012). The concept of collec-

tive efficacy also connects social capital with earlier work on neighborhood effects and,

especially, the concept of disorder, which was epitomized in the “broken window the-

ory” of Wilson and Kelling (1982). In this sense visible disorder, a “broken window”,

is a physical sign of low collective efficacy, and physical signs of disorder are predictive

of crime precisely because they signal to outside individuals that the neighborhood

lacks effective social control, and is therefore to some extent “undefended”.

Collective efficacy itself is, theoretically, based on interpersonal trust, expecta-

tions, and obligations, which are themselves drawn from co-participation in commu-

nity structures and social groups (Putnam, 1995), resulting in even greater partici-

pation in these groups and higher levels of social cohesion (Coleman, 1988). In this

way, community participation can be seen as a necessary but not sufficient precursor

to collective efficacy, thus meriting its inclusion in this study as a distinct but related

facet of neighborhood social capital.

Literature examining the health effects of inequality hypothesizes that inequality,

lack of social capital (thick capital being depleted or prevented from forming in the

context of high inequality), and the stress incurred by both may have a direct physi-

ological effect on health. Heightened, and especially chronic, stress leads to increased

cortisol production, which over the course of time downregulates the immune system

and increases the formation of arterial plaque (Sapolsky, 2004; Shively and Clarkson,

1994). This may be extended to infer that chronic stress from social inequality or

negative social interactions may negatively impact health through biological path-

ways, and thus social capital may benefit health not through its conversion into other

forms of capital, but through the physiological benefits of the social interactions that

form social capital.
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2.3 Neighborhoods and Children’s Health

While most of the previous research has focused on adult health outcomes, there

is evidence to show that neighborhoods, and chronic stress produced or negated

within them, have an equally strong impact on the health of children and adolescents,

through many of the same pathways. Within the hospital environment, experimen-

tal studies have show that environmental stress is related to physiological responses

within children, while increased social and emotional support for children and their

families results in reduced recovery periods with fewer negative sequelae (Skipper and

Leonard, 1968).

Neighborhood-based studies have further examined this link. Neighborhood dis-

order, of the type described by Wilson and Kelling (1982) and operationalized as a

predictor of adult health by Ross and Mirowsky (2001), has been shown to be pre-

dictive of caregiver-rated health in children and adolescents, with this association

mediated by depression and anxiety, in turn provoking physiological signs of distress

such as dizziness, nausea, and shortness of breath (Hill et al., 2005). The physiolog-

ical response to stress in children has been further explored and linked to many of

the same cortisol-based pathways governing inflammatory processes as chronic stress

in adulthood (Evans and Schamberg, 2009; Dulin-Keita et al., 2012; McEwen, 2012).

While the pathways may be similar in children and adolescents to that seen in adults,

the timing of the exposure to chronic stress and elevated allostatic load in children

has been shown to have far-reaching effects on health outcomes across the life course

(Evans and Schamberg, 2009; Henderson et al., 2005).

Stress within the neighborhood also indirectly affects children through the home

environment. Neighborhood disorder and lack of social cohesion is filtered into the

home via adults’ perceptions of stress within the neighborhood, affecting family dy-

namics and adult mental health, and subsequently determining children’s well-being

(Kohen et al., 2008; Chen and Paterson, 2006). Specifically, increased parental expe-
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riences of mental illness and depression, related to experience of stress in the neigh-

borhood, are associated with higher incidences of asthma in children in urban en-

vironments (Quinn et al., 2010; Shalowitz et al., 2006). The present study adds to

these findings in investigating the association between rapid neighborhood change

in the context of public housing demolition, a presumed environmental stressor, on

children’s health, as mediated by changing social conditions within the neighborhood.

3 Methods

3.1 Data sources

Individual-level data on health and potentially confounding factors are derived from

the Project on Human Development in Chicago Neighborhoods (PHDCN), a longi-

tudinal study of children growing up in Chicago neighborhoods, followed in three

waves between late 1994 and early 2002.4 Interviewees were selected from 80 of 343

neighborhood clusters in Chicago. Neighborhood clusters were defined by PHDCN

researchers as sets of contiguous census tracts sharing common demographic and

socioeconomic characteristics, and thus may be seen as analogous to, though not in-

terchangeable with, the community areas as defined by Chicago school researchers in

the early twentieth century. The PHDCN includes interviews from 5,576 individuals

in a representative sample of 3,683 Chicago households. These individuals were fol-

lowed over three waves, with an average time of two years between waves, for a total

of 16,381 observations. Individuals were sampled within 7 age cohorts at the first

wave (approximately 0, 3, 6, 9, 12, 15 and 18 years of age), with the youngest being

three weeks old at the first interview, and the oldest being three months shy of his

twentieth birthday.

4The first wave was conducted between 1994 and 1997, the second between 1997 and 2000, and
the third in 2000 and 2001

12



In addition to the longitudinal survey, this study also uses a community survey

undertaken as part of the PHDCN of 8,872 individuals in all neighborhood clusters

at the first wave (in 1994 and 1995). This community survey is used here to calcu-

late neighborhood-level community participation and collective efficacy measures, as

described below.

Administrative data on the number of available and occupied public housing units,

their dates of demolition, and their locations were obtained from the CHA through a

Freedom of Information Act request. Addresses for individual buildings within larger

housing projects (for example, there were 28 individual buildings within the Robert

Taylor Homes complex) were geocoded using ArcGIS and placed within neighborhood

cluster boundaries.

Neighborhood-level measures of racial and ethnic composition and poverty were

obtained from the 1990, 2000, and 2010 decennial censuses. These measures were

then spatially and temporally interpolated so as to be placed within 1990 census

boundaries, which could then be directly related to neighborhood clusters used in the

PHDCN at the time of each interview.5

The current analysis restricts the full PHDCN sample in three ways, two of which

are due to theoretical concerns and one of which is due to practical data limitations.

First, the sample is restricted to those individuals in the 6- to 15-year-old cohorts.

That is, all children in the sample are roughly school-age throughout observation, and

thus engaged somewhat in the neighborhood around their caregivers’ home. Second,

in order to understand the effect of changes in the built and social environments on

residents of neighborhoods which see public housing project demolitions, the sample

is restricted only to individuals who have remained in their same neighborhood since

the first wave of the survey. Therefore, all observations are included from the first

5While linear interpolation introduces a certain amount of error, and especially prevents the
actual estimation of the causal effect of public housing demolition on neighborhood change measures,
interpolated measures will always have less error than measures fixed at the beginning of the decade
under the assumption of monotonicity of change over the course of the decate.
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wave, but the third wave observations only include individuals living in the same

neighborhood as they were at the first wave. Finally, for some analyses the sample

excludes observations from the second wave of the survey because collective efficacy

measures were only recorded in the first and third waves of the survey.6

3.2 Measures

The outcome of interest for the present study is self-reported health, which has been

shown to be a robust and sensitive indicator of overall health status in a variety

of settings (Idler and Benyamini, 1997; Miilunpalo et al., 1997; Jylhä, 2009). This

measure was recorded across five levels, representing poor, fair, good, very good,

or excellent health, and is treated in the analysis as a continuous variable.7 The

primary treatment of interest in this study is proximity to public housing demolition.

Individuals were considered exposed to public housing demolition if they were living

in a neighborhood cluster or adjacent to a neighborhood cluster in which a public

housing project was demolished, at the time of demolition. Exposure to demolition

was then considered permanent–there is no waning effect with time. Exposure is a

simple dichotomous variable representing any demolition of public housing within one

neighborhood cluster of adjacency.8

Covariates of particular interest, as potential mediators of the effect of public

housing demolition on health, are levels of and changes in measures of neighborhood

composition, social capital, and collective efficacy (table 1). For variables derived

from the census or CHA data (demolition and neighborhood composition), neighbor-

hoods are defined as the individual neighborhood cluster (from the PHDCN sampling

frame) in which the individual lived at the time of the interview and all adjacent

neighborhood clusters to that neighborhood cluster. Neighborhood composition is

6Community participation was measured at all three waves.
7Lower values of this variable denote poorer health, while higher values indicate better health.
8See appendix A for a more detailed discussion of the selection of the exposure measure
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measured by the percent white and percent black, the percent below the poverty line,

and neighborhood entropy9, all of which were derived from census measures and lin-

early extrapolated to the date of the survey. Changes in neighborhood composition

are measured as the annual percent change in a given measure between censuses.

Community participation and collective efficacy variables were measured at the

neighborhood cluster level as the mean of the sum of questions at the individual

level (Sampson, 1997; Sampson and Raudenbush, 1999). Community participation

was measured at all three waves, with the first-wave values being derived from the

community survey. Questions measuring community participation gauged whether

individuals attended church, worked collectively with neighbors to address neighbor-

hood issues, worked specifically with government officials or were themselves elected

to a body designed to address collective issues, or attended any government or non-

governmental hearing or meeting to address neighborhood issues. Collective efficacy

questions measured how likely individuals in the neighborhood were to intervene in

the following scenarios: children skipping school and hanging out on a street corner;

children spray-painting graffiti; a child showing disrespect for an adult; a fight in front

of a residence; or a fire station was threatened with closure due to budget cuts.

Collective efficacy variables were only measured in the PHDCN at waves 1 and 3.

For this reason, two sets of models were estimated, one set using all three waves and

the first three community participation variables, and the other set using only waves

1 and 3 and all collective efficacy and community participation variables.10

9Entropy is a measure of diversity within a parcel, and is defined as Ej = −
∑

k pjk log pjk. Here
entropy is scaled so as to range from 0 (least diverse) to 100 (most diverse)

10Community participation and collective efficacy variables, while incorporated as neighborhood-
level measures in this model, are subject to the same issues of attrition as individual-level variables.
First-wave measures, based on the community survey, are representative of all individuals in Chicago
at the time. At the time of the second and third waves, however, these variables are measured in
the longitudinal survey, and therefore may be biased by loss to follow-up. Because these measures
are expected to be affected by the very changes in neighborhoods that are explicitly the object of
this study, however, adjusting for attrition may control for the effects which I seek to describe. For
example, if a non-random selection of individuals moves out of a neighborhood in response to public
housing demolition, while they may systematically report different levels of collective efficacy than
those who stay, their leaving the neighborhood might actually affect the collective efficacy of those
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Beyond variables of interest, controls were included for age, age squared,11 race/ethnicity,12,

primary caregiver education,13, the maximum socioeconomic index (SEI) of adults in

the household, and fixed effects for wave of interview.

Variable Coding Level

Self-rated health (Outcome) Continuous (1-5) Individual
Exposure to public housing demolition (Treatment) Dichotomous Individual
Neighborhood current percent White Continuous (0-100) Neighborhood
Neighborhood current percent Black Continuous (0-100) Neighborhood
Neighborhood current percent below poverty line Continuous (0-100) Neighborhood
Neighborhood current entropy Continuous (0-100) Neighborhood
Community participation Continuous (0-4) Neighborhood
Collective efficacy Continuous (5-25) Neighborhood

Table 1: Definition of selected measures of interest.

3.3 Modeling approach

This study breaks the analyses into two parts: first, describing the neighborhood com-

positional and contextual changes which occur subsequent to public housing demoli-

tion, and then including these measures of neighborhood change in models predicting

individual health. In the first, descriptive, phase, I model change in neighborhood

composition measures as predicted by public housing demolitions. Here, neighbor-

hood compositional change is measured as the change in racial and ethnic composition

and percent below the poverty line between decennial censuses, while controlling for

baseline neighborhood composition and neighborhood fixed effects, as shown in equa-

tion 1 below.

who remain. For this reason, measures of collective efficacy and community participation are left
unadjusted, and should be interpreted as the reported social capital of measured respondents in the
neighborhood, though perhaps not of the neighborhood residents as a whole.

11Age squared was included to allow for limited non-linear effects of age on health
12Coded as non-Hispanic White, non-Hispanic Black, Hispanic of any race, or any other

race/ethnicity. Non-Hispanic White was considered the reference category
13Coded as less than high school, a high school diploma, or more than high school
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Djt = α0 + αj + αt + βTjt + δNNjt + ε (1)

Djt in the equation above is the change in the neighborhood characteristic D

over decade t (either 1990-2000 or 2000-201014) as a function of a fixed neighborhood

trend in that characteristic (αj), fixed effects of overall trend of that characteristic

in that decade (αt), exposure to to public housing over the course of decade t (Tjt),

and the vector of neighborhood composition measures at the beginning of decade t

(Njt). Changes in neighborhood composition measures as dependent variables (Djt)

are tested separately, and include change in percent non-Hispanic White, change in

percent non-Hispanic Black, change in percent below the federal poverty line (BPL),

and change in neighborhood entropy. The level of each of these characteristics at

the beginning of the decade in question is then included in vector of neighborhood

composition measures Njt.

In describing neighborhood effects, it is predicted that public housing demolition

in a neighborhood will reduce overall levels of neighborhood social capital–here mea-

sured as participation in community organizations (“community participation”) and

collective efficacy–through the mechanism of large-scale turnover of population and

gentrification of the neighborhood. This process would be measured as an increase in

percent non-Hispanic White and entropy, and a decrease in non-Hispanic Black and

percent BPL, and should mediate the association between public housing demolition

and social capital. Therefore, equation 2 shows level of social capital variables C in

neighborhood j at time t as a function of fixed neighborhood and time effects (αj and

αt, respectively), public housing demolition in the neighborhood (Tjt), neighborhood

composition (Njt), and change in neighborhood composition (Djt).

14There are therefore two observations for each neighborhood: change from 1990 to 2000, with
baseline characteristics in 1990; and change from 2000 to 2010, with baseline characteristics in 2000
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Cjt = α0 + αj + αt + βTjt + δNNjt + δDDjt + ε (2)

In order to describe the effects of public housing demolition on individual health,

this study uses nested hierarchical linear models (HLM) to test first the association

between public housing demolitions and health when controlling for neighborhood

composition, and then test whether this association is mediated substantially by ei-

ther observed neighborhood change or neighborhood-level social capital (as measured

by community participation and collective efficacy). Models were estimated with

standard errors corrected for both heteroskedasticity, with random effects present at

the individual and neighborhood levels, and fixed effects at each wave. The neighbor-

hood composition model, shown in equation 3, includes individual binary exposure

to public housing demolitions at each wave, Tjt, and a vector of individual-level con-

trols, Xijt that are described above. Current neighborhood composition is measured

in vector Njt, which includes current neighborhood proportion White, current neigh-

borhood proportion Black, and current neighborhood proportion below the federal

poverty line (BPL). In this model, wj represents the neighborhood-level random in-

tercept (assumed ∼ N(0, σ2
w)), vij the individudal-level random intercept (assumed

∼ N(0, σ2
v)), and uijt the residual for each observation (assumed ∼ N(0, σ2

u)).

Hijt = α0 + αt + βTjt + δXXijt + δNNjt + uijt + vij + wj (3)

The neighborhood change model, shown in equation 4, includes the annual change

in neighborhood composition measures (∆N·jt) in addition to the measures included

above.

Hijt = α0 + αt + βTjt + δBXijt + δNNjt + δDDjt + uijt + vij + wj (4)

Under the theoretical framework laid out above, the effect of exposure to public
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housing on health (β) should at this point be reduced in magnitude and significance,

while the individual components measuring the association between neighborhood

change and health, δD, should have a significant association with health.

The final model, incorporating social capital variables, is shown in equation 5.

This model incorporates neighborhood-level measures of community participation

and collective efficacy in vector Sjt.

Hijt = α0 + αt + βTjt + δBXijt + δNNjt + δDDjt + δSSjt + uijt + vij + wj (5)

Here, lower social capital in neighborhoods experiencing rapid change in composi-

tion should mediate the effects of public housing demolition and neighborhood change

and health. The coefficients on neighborhood change, δD, should therefore be reduced

in magnitude and significance, while the coefficients on social capital variables, δS,

should be significant and positive.

4 Results

Table 2 shows individual level characteristics by wave of the PHDCN. While health,

age, and exposure were measured at each wave of the survey, all other measures were

recorded only at baseline and thus any changes seen are due to attrition from the

study. Notably, less-educated, non-Hispanic Black individuals are seen to be lost to

follow-up at a greater rate than other groups.

Table 3 shows neighborhood-level characteristics by wave,15 within the 80 neigh-

borhood clusters sampled in the PHDCN longitudinal study. Neighborhoods overall

became more diverse and slightly less impoverished over the course of the study. In-

15Wave at the neighborhood level is determined as the mean date of interview for all individuals
within that neighborhood
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Variable Wave 1 Wave 2 Wave 3

Self-reported health 3.885 4.011 3.932
(0.996) (0.976) (0.98)

Exposure to public housing demolition (%) 7.9 13.8 23.6
(26.9) (34.5) (42.5)

Age 10.239 12.306 14.025
(3.36) (3.37) (3.42)

Sex (% male) 49.8 50.1 50.2
(50.0) (50.0) (50.0)

Race/Ethnicity (%)
White, non-Hispanic 16.0 17.9 20.5

(36.7) (38.4) (40.4)
Black, non-Hispanic 34.8 31.8 29.5

(47.6) (46.6) (45.6)
Hispanic, any race 44.5 45.6 45.2

(49.7) (49.8) (49.8)
Other 4.6 4.7 4.8

(21.0) (21.1) (21.5)
SEI at baseline 41.9 42.3 42.7

(17.2) (17.6) (17.8)
Parent education (%)

Less than high school 37.5 37.4 34.5
(48.4) (48.4) (47.5)

High school 13.4 12.8 14.3
(34.1) (33.4) (35.1)

Greater than high school 49.0 49.8 51.2
(50.0) (50.0) (50.0)

N 3210 2051 1074

Table 2: Descriptive table of individual characteristics, by wave. Standard deviations
in parentheses.
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terestingly, the index of community participation (ranging from 0 to 3) fell markedly,

while indices of collective efficacy (ranging from 5 to 25) rose over the same period,

a result which would not be predicted by the literature.16

Variable Wave 1 Wave 2 Wave 3

Exposure to public housing demolition 0.125 0.19 0.238
(0.333) (0.395) (0.428)

Percent White 32.684 30.607 29.845
(24.754) (24.004) (23.838)

Percent Black 34.886 35.446 34.959
(33.157) (33.182) (33.105)

Percent BPL 21.01 20.785 20.524
(9.939) (9.306) (8.803)

Entropy 54.046 55.241 56.145
(21.141) (21.463) (21.367)

∆Percent White -0.787 -0.761 -0.023
(1.26) (1.259) (0.826)

∆Percent Black 0.069 0.064 -0.178
(0.574) (0.581) (0.393)

∆Percent BPL -0.194 -0.196 0.162
(0.466) (0.467) (0.371)

∆Entropy 0.526 0.49 0.233
(0.937) (0.913) (0.621)

Community participation 0.892 0.7 0.949
(0.195) (0.268) (0.375)

Collective efficacy 17.582 – 19.179
(1.816) – (1.979)

N 80 79 80

Table 3: Descriptive table of neighborhood characteristics, by wave.

Figures 3, 4, and 5 show the exposure to public housing demolition in 1996, 1998,

and 2001, which are the median dates of waves 1, 2, and 3, respectively. At the outset,

exposure to public housing demolition is confined primarily to West, North, and South

side areas near the city center. By 1998 exposure has spread fully across the City

16Putnam specifically theorizes that participation in community activities will lead to greater
feelings of social control and enforcement of community norms, and hence higher levels of collective
efficacy
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Figure 3: Neighborhood exposure to public housing demolition in 1996, approximately
wave 1.

of Chicago to the West and South to encompass the State Street corridor, though

central Chicago remains unexposed. Finally, by 2001, the central city is exposed, and

exposure spreads westward from the State Street corridor into the Lower West Side

and McKinley park areas. Notably, at no time does exposure increase northwards

(beyond demolitions at such near North side sites as Cabrini-Green), but rather the

overall trend is towards the South and the West.

Table 4 shows, by way of description, the relationship between public housing

demolition and neighborhood change, at the neighborhood level. Accounting only for

decade and neighborhood fixed effects, public housing demolition in a neighborhood

is weakly associated with a decrease in the percent non-Hispanic White population,

and strongly associated with an increase in entropy. Once baseline neighborhood

characteristics are controlled for, however, these associations reduce to null, but pub-

lic housing demolitions are significantly and negatively associated with change in

percent non-Hispanic Black in a neighborhood. This association is to be expected,

given that public housing projects managed by the CHA serve a population which is

overwhelmingly Black.17

17The average public housing project managed by the CHA in 1996 was approximately 75%
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Figure 4: Neighborhood exposure to public housing demolition in 1998, approximately
wave 2.

Figure 5: Neighborhood exposure to public housing demolition in 2001, approximately
wave 3.
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non-Hispanic Black, and the overall population of residents living in CHA-managed public housing
project was over 90% (HUD, 1996; Hunt, 2009).
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Table 5 shows the relationship between demolition and community participation

(columns 1 and 2) and collective efficacy (columns 3 and 4). Public housing demoli-

tion is weakly associated with a decrease in community participation, and significantly

associated with decreases in collective efficacy. Overall, a decrease in community par-

ticipation is weakly associated with public housing demolition when controlling for

neighborhood composition, while collective efficacy is more strongly and again neg-

atively associated with public housing demolition when controlling for neighborhood

variables. Contrary to what is predicted by theory, these associations are stronger

when one controls for neighborhood composition and change. Specifically, the inclu-

sion of the percent of the population that is non-Hispanic Black (percent Black) in

the model largely accounts for this change in estimated effect size, increasing the esti-

mated magnitude of effect of public housing demolition on collective efficacy by over

33%, though there is no significant interaction effect between the two (regressions not

shown).

Table 6 shows the results of hierarchical linear models using public housing demoli-

tion to predict public housing demolition to predict health, while testing for mediation

by neighborhood composition, neighborhood change, and community participation,

with random intercepts at both the individual and neighborhood level.18 There is a

significant negative effect of public housing demolition on health when controlling for

neighborhood composition, but this effect is reduced in magnitude and significance

when additional controls for neighborhood change and community participation are

introduced, for an overall reduction of approximately 15%. There are, however, no

significant effects of neighborhood change or community participation on health.

Table 7 shows the results of the hierarchical linear modelsusing wave 1 & 3 obser-

vations, in order to include neighborhood collective efficacy as a predictor.19 Though

18Individual-level variables for age, age2, sex, race/ethnicity, parent education, socioeconomic
index, and fixed effects for wave were included in the regression but excluded from the table for
brevity.

19Again, individual-level variables and fixed effects by wave were included in the models estimated,
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Community participation Collective efficacy
(1) (2) (3) (4)

Demolition -0.141 -0.165† -1.021∗ -1.474∗∗

(0.094) (0.096) (0.494) (0.542)
Wave 2 -0.174∗∗∗ -0.181∗∗∗

(0.033) (0.040)
Wave 3 0.073† 0.160∗ 1.712∗∗∗ 1.834∗∗∗

(0.042) (0.069) (0.197) (0.313)
% White 0.004 0.015

(0.015) (0.071)
% Black 0.007 -0.193

(0.026) (0.130)
% BPL -0.052∗ -0.054

(0.025) (0.148)
Entropy -0.007 0.027

(0.013) (0.074)
∆ % White -0.081 0.292

(0.053) (0.291)
∆ % Black -0.083 0.284

(0.068) (0.437)
∆ % BPL -0.125 -0.849

(0.101) (0.591)
∆ Entropy -0.008 -0.182

(0.043) (0.303)
Constant 0.907∗∗∗ 1.897 17.709∗∗∗ 23.831∗∗

(0.025) (1.635) (0.103) (8.565)
Observations 239 239 160 160

Standard errors in parentheses
† p < .1, ∗ p < .05, ∗∗ p < .01, ∗∗∗ p < .001

Table 5: Fixed-effects regression of effects of public housing demolition on community
participation and collective efficacy.
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(1) (2) (3)
Demolition -0.098∗ -0.083† -0.085†

(0.046) (0.048) (0.048)

% White 0.003∗ 0.004∗ 0.004∗

(0.001) (0.002) (0.002)

% Black -0.000 -0.000 -0.000
(0.001) (0.001) (0.001)

% BPL 0.003 0.007† 0.006†

(0.002) (0.003) (0.003)

Entropy -0.001 -0.001 -0.001
(0.001) (0.001) (0.001)

∆ % White -0.002 -0.003
(0.019) (0.019)

∆ % Black 0.034 0.034
(0.032) (0.032)

∆ % BPL 0.039 0.037
(0.053) (0.054)

∆ Entropy 0.006 0.007
(0.019) (0.019)

Community participation -0.031
(0.064)

Constant 4.050∗∗∗ 3.969∗∗∗ 3.992∗∗∗

(0.161) (0.177) (0.183)
Observations 6335 6335 6335

Standard errors in parentheses
† p < .1, ∗ p < .05, ∗∗ p < .01, ∗∗∗ p < .001

Table 6: Random-intercept models of self-rated health using community participation
variables, Waves 1, 2, & 3.
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this model omits wave 2 observations relative to the above results, point estimates are

essentially the same as found above. Collective efficacy (but not community partici-

pation) does appear to have a significant and positive effect on health, controlling for

neighborhood composition and change, though theory would predict that collective

efficacy would (partially) mediate the effect of these variables. Overall, there is at

best minimal evidence of mediation by any variables of the effect of public housing

demolition on self-rated health, with a reduction in magnitude of the coefficient of

less than 6%. Interestingly, there is a significant and positive effect of neighborhood

poverty on health, when controlling for neighborhood collective efficacy.

but not shown in the table.
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(1) (2) (3)
Demolition −0.108∗ −0.110∗ −0.102†

(0.053) (0.056) (0.056)

% White 0.002† 0.003† 0.003†

(0.001) (0.002) (0.002)

% Black −0.001 −0.001 −0.001
(0.001) (0.001) (0.001)

% BPL 0.005† 0.006 0.008∗

(0.002) (0.004) (0.004)

Entropy 0.000 −0.001 0.000
(0.001) (0.001) (0.001)

∆ % White −0.009 −0.009
(0.020) (0.020)

∆ % Black 0.039 0.033
(0.036) (0.036)

∆ % BPL −0.029 −0.014
(0.061) (0.061)

∆ Entropy −0.014 −0.015
(0.021) (0.022)

Community participation −0.046
(0.079)

Collective efficacy 0.028∗∗

(0.010)

Constant 4.107∗∗∗ 4.064∗∗∗ 3.531∗∗∗

(0.171) (0.190) (0.281)
Observations 4284 4284 4284
Standard errors in parentheses
† p < .1, ∗ p < .05, ∗∗ p < .01, ∗∗∗ p < .001

Table 7: Random-intercept regression of self-rated health using community partici-
pation and collective efficacy variables, Waves 1 & 3.
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5 Discussion

The above analysis of PHDCN data shows a clear correlation between public housing

demolition, neighborhood change, and the community participation and collective

efficacy aspects of neighborhood social capital. This association appears to weakly

mediate a portion of the effect of public housing demolition on health, which itself

is significant and negative. Neighborhood collective efficacy has a significant and

positive association with health among children, while community participation has

a null effect.

Public housing demolition appears to have the intended association with neighbor-

hood change–disadvantage, as defined by concentration of minority and impoverished

individuals, was significantly reduced in areas with public housing demolitions, at

the same time that poverty and minority concentration was increasing in most neigh-

borhoods. Additionally, diversity, as measured by entropy, significantly increased in

areas experiencing public housing demolition. These changes indicate that, over the

decades in which they experienced demolition, neighborhoods became significantly

more diverse, both racially and economically, potentially drawing in additional ser-

vices and amenities that would improve the well-being of individuals remaining in the

neighborhood.

Net of neighborhood-level predictors, however, public housing demolition is only

weakly associated with decreases in community participation, but strongly predictive

of decreases in measures of perceived collective efficacy. While sociological theory

predicts that these two measures would be strongly correlated, in this instance the

larger decrease in collective efficacy relative to community participation seems rea-

sonable. Those most most likely to participate in local government, churches, and

neighborhood associations may be less likely to move from their neighborhoods in the

wake of large changes, while those likely moving into these areas would be unlikely to

initiate participation in neighborhood organizations in the short-term, thus leading
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to null changes in the wake of public housing demolitions. Collective efficacy, on the

other hand, decreases significantly as a direct effect of perceptions both of and by

newcomers in a neighborhood. Individuals staying in the neighborhood, while they

may have had initially higher trust in the enforcement of norms by neighbors, report

lower levels of trust due to newcomers moving in, while the newcomers have yet to

form the interpersonal trust that promotes collective efficacy, leaving a net decrease

in the aftermath of public housing demolition.

In affecting health, public housing demolition has a weakly negative effect, which

is mediated somewhat by changing neighborhood conditions in the model employing

three waves of data. In this model, the effect of public housing demolition on health

decreases by over 15% when including neighborhood change measures (though no

neighborhood change measures are independently significant), and the inclusion of

the index of community participation does not alter the estimate further.

Using only two waves of data, the initial point estimate of the effect of public

housing demolition on health remains the same, but this effect does not appear to

be mediated by changes in neighborhood composition or community participation

between wave 1 and wave 3, but rather only slightly affected by the inclusion of

a measure of collective efficacy, which itself has a significant and positive effect on

health.

The effect of collective efficacy on children’s health may stem from two possible

(and possibly complementary) directions: first, higher collective efficacy may reduce

neighborhood-level environmental stressors which may directly or indirectly (through

mediation in the home environment) lead to worse health outcomes. Second, as many

of the collective efficacy questions utilized in this study deal directly with control of

youth behavior, this type of collective efficacy may directly impact youth behavior

through direct enforcement of community norms, or signal communities in which par-

ents more closely monitor and control youth behavior. If this monitoring and control
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leads to greater participation in positive health behaviors (or lower exhibition of neg-

ative behaviors), then collective efficacy or the parental efficacy it may signal may

directly impact child health. Greater school attendance (which would be directly af-

fected by the collective efficacy measured here), in particular, may have an effect both

through preventive attention from school nurses and through the potential improved

nutrition via free and reduced-price lunch programs.

In either case, there is a substantial unexplained effect of public housing demolition

on children’s health, which is neither explained by changes in the neighborhood com-

position or changes in the measured social characteristics of the neighborhood. There

may be direct effects of demolition health through noise and dust pollution, and more-

over, public housing demolitions may signal broader demolition and building drives

in the neighborhood, amplifying the actual effect. Additionally, neighborhood crime,

which was not measured here, may play a substantial role in changing neighborhoods.

While crime would not necessarily be impacted by changing racial composition, the

demolition of public housing, and especially large public housing projects, may have

disrupted gang and other criminal activity, without affecting the specific activities

addressed in the collective efficacy measures.

The above results are limited in a few ways. First, while they control for the

correlation of random errors at the individual and neighborhood levels, the models

above to not fully account for error that is systematic at the level of the individual

or neighborhood (in the case of omitted variables bias). Systematic biases may re-

sult from unmeasured factors at the individual or neighborhood levels, such as those

causing individuals with worse health to concentrate in poor neighborhoods, or un-

measured neighborhood factors affecting composition of individuals within them and

their probability of exposure to public housing demolition. While fixed effects esti-

mation results in a a meaningful reduction in effect size, there are methodological

reasons that may make these specifications less than ideal under certain assumptions.
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These issues are explored more fully in appendix B.

The second issue of bias results from the possible misspecification of the functional

form of both exposure to public housing demolition as well as observed covariates.

Exposure, as it is defined here, is dichotomous, permanent, and, and has a sharp

“boundary” at one neighborhood cluster of adjacency. Other specifications might

consider time lags, more flexible functions of geographic distance, and functions re-

lating to the number of individuals displaced by demolitions, all of which are consid-

ered more fully in appendix A. The current measure was chosen for its parsimony,

and alternative spatial or magnitude-related exposure measures, again, make little

difference in the conclusions drawn by the current study.

Finally, the nature of the observational data, with exclusion of individuals lost to

follow-up and of “movers” from the analyses, introduces biases if these individuals

are systematically different with respect to both exposure to public housing demo-

lition and health status from those individuals and observations which are actually

observed. The sensitivity of the current findings to these potential biases are explored

in appendix C, with findings accounting for these biases largely confirming the results

presented above.

In spite of the limitations described above, this study does provide important

evidence that exposure to public housing demolitions is associated with short- and

medium-term differences in individual health, though the actual mechanisms for this

difference are not fully explained. This finding has implications for public housing

policy, in that the experiences, and health, of residents of neighborhoods hosting

public housing projects must be taken into account when redevelopment of public

housing projects is taking place.
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Appendix A Selection of exposure measures

The exposure measure used here was, as indicated above, a dichotomous indicator

variable of any demolition observed within a neighborhood cluster or an adjacent

neighborhood cluster prior to a given date. This measure was, for the most part,

chosen due to its simplicity, and could have been defined differently. Specifically, there

are three dimensions along which decisions may be made (given no detailed knowledge

of the nature of interactions between individuals in different residential locations in

Chicago at this time): exposure might take into account different temporal leads or

lags; exposure might incorporate different functions of distance; and exposure might

be weighted by a function of the number of residents of each building.

The data available from the CHA include three types of information which are

applicable to the construction of the exposure measure: the address of the building,

which was converted to a point through geocoding; the “start date” of the demolition,

which was taken to be the “effective” date of demolition; and the number of units

(apartments) in the building. Data on the number of units occupied in the building

prior to the demolition, the total number of tenants prior to demolition, when tenants

and community members were informed of demolition, and when the final tenants

were moved out, were not available. Because these data were not available, more

specific measures of the “social” timing of demolitions, or the neighborhood impact

beyond the size of buildings, are not possible.

The scale of demolitions is of primary concern in this analysis: larger demolitions,

and thus a larger movement of individuals out of neighborhood, should lead to larger

effects on individuals. However, it is likely that there is a threshold or marginally

declining effect effect: the effect of one more unit being demolished in a neighborhood

is likely greater in a neighborhood with few demolitions up to that point relative to

the effect in a neighborhood which has already had a large number of demolitions.

For this reason, a number of formulations designed to weight exposure by the number
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of units (apartments, in most cases) demolished were considered, including a linear

term (no declining marginal effect, T = U where U is the number of units), scaling

exposure by the square root of the number of units demolished (T =
√
U), and scaling

it by the natural log of the number of units demolished plus one (T = log (U + 1),

the most sharply declining marginal effect). Dichotomous threshold effects were also

considered, which set a threshold of exposure at a certain number of units demolished

within a neighborhood, above which individuals and neighborhoods were considered

uniformly exposed (thus T = 1) and below which they were considered unexposed

(T = 0). Three thresholds were set, which were based on an examination of the

building-specific data provided by the CHA: any demolitions versus none (threshold

set at 1), demolition of more than 12 units, and demolitions more than 75 units. The

threshold at 12 was set because there were a large number of smaller buildings with

12 or fewer units, and buildings over 12 units tended to be much larger, indicating

a natural break point. The 75-unit threshold was set because buildings over 75

units accounted for approximately 50% of public housing units demolished, and thus

75 was approximately the total building size from the perspective of the “average”

public housing unit.

In order to avoid possible data mining, exposure measures were tested in a simple

bivariate model of exposure on health using only wave 1 data (to avoid issues of at-

trition), and a final decision on the scaling of the unit was made before multivariate

analysis began. The median number of units demolished within an individual’s neigh-

borhood among those exposed at wave 1 was 367, while the mean number was 245.

The coefficient on the dichotomous exposure variable with the threshold at 1 (“any

versus none”) was −0.197, indicating a decrease in health of about 0.2. When using

a linear scaling by the number of units, the detriment to health for a median-exposed

individual was approximately 0.15, while the detriment to health for a mean-exposed

individual was 0.1, indicating a slightly smaller effect on health. Using the square root
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exposure measure, median-exposed individuals’ health was decreased by about 0.18,

while mean-exposed individuals suffered a decrease in health by about 0.15. Sim-

ilarly, for the log-transformed exposure measure, median-exposed health decreased

by approximately 0.2, while mean-exposed health decreased by approximately 0.18.

Coefficients on dichotomous measures were approximately −0.19 for the threshold at

12 units and −0.14 for the threshold at 75 units. All associations were significant at

the α = 0.05 level except for the linear measure (p = 0.065) and the threshold at 75

(p = 0.051). Overall, all measures led to the same basic conclusion, and therefore the

threshold at 1 was selected for parsimony.

Proper spatial measurement of exposure was also considered, though was not

tested as thoroughly. Other types of measures could have considered monotonic

decreasing functions of geographic distance (rather than adjacency) to be the pri-

mary distance weight function, for example, 1
e−D , where D is the distance between

the centroid of the neighborhood cluster and the housing demolition. In the end,

a 1-adjacency measure was used for two reasons: first, it lends itself to a direct in-

terpretation in a model, rather than a more esoteric spatial weight multiplier; and

second, because it creates boundaries around potentially meaningful neighborhoods,

with a radius (from the centroid of the target neighborhood cluster) of on average less

than 1.5 kilometers. While this neighborhood is certainly larger than the “walkable”

immediate neighborhood within approximately 500 meters of a household, it seems

reasonable that with public transit in a dense city, residents will be able to regularly

utilize resources in this area. Using a more narrowly-defined neighborhood limited

just to the individual’s neighborhood cluster would both drastically limit the analysis

(because relatively few neighborhoods at this point would be considered “exposed”)

and potentially miss important effects of demolition on residents of similar neigh-

borhoods nearby: among the exposed over 95% were exposed to a public housing

demolition of over 60 units near their neighborhood, indicating that this broadening
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is unlikely to be picking up small, unimportant exposures to demolition.

Finally, the effects of exposure may lead or lag actual demolition of a building

because of its central social character. The theory presented in the above analysis is

that the social changes which are brought about by the demolition of public housing

projects are linked to the rapid change of population in the area. Because households

are informed of the impending demolition of their building months or even years in

advance, the process of population change in a neighborhood may lead the actual

demolition of a public housing project. On the other hand, the accumulation of

stress due to rapid neighborhood change and the long-term effects of this chronic

stress may take months or years to manifest, thus leading to substantially downward-

biased estimates of effects if a lagged exposure measure is not used. Because of the

theoretical uncertainty surrounding the actual timing of effects of exposure on health

in neighborhoods, this study employed neither leads nor lags in its assignation of

exposure status.

Appendix B Alternative model specifications

The analyses presented in the main text account for correlated random errors of ob-

servations within individuals and of individuals nested within neighborhood clusters.

This approach allows for correlated errors within each level, under the assumption

that within clusters, these errors are normally distributed with a mean of zero. If these

issues are not random, however, there may be biases with respect to the “true” effect

of exposure to public housing demolition on health. In particular, there may be un-

measured or unobservable, fixed characteristics which lead certain types of individuals

to reside in specific neighborhoods, and unobserved characteristics of neighborhoods

which make them more or less likely to be exposed to public housing demolitions.
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B.1 Fixed-effects approaches

A potential issue for this analysis is the presence of unmeasured variables which

affect both the treatment (exposure to public housing demolition) and the outcome

(self-rated health of children). Because of the hierarchical design of the study, these

unmeasured factors could affect treatment and outcome at two levels: in leading to

endogenous of selection of individuals into neighborhoods, and by leading to non-

random selection of neighborhoods into treatment and control.

Fixed-effects regression incorporating fixed effects for individuals or neighborhoods

removes bias associated with time-invariant characteristics at that level, and is already

employed to adjust for variation by wave. The closest approximation to randomization

with the current data is to incorporate an interaction between neighborhood and wave

fixed effects, as shown in equation 6

Hijt = β0 +β1Tjt +β2WAV Et +β3NCj + γWAV Et×NCj +β4Xijt +β5Xjt +u (6)

Equation 6 identifies the average treatment effect20 (β1) as the difference in mean

health between exposed and unexposed individuals within the same neighborhood at

the same wave, adjusting for individual observable characteristics (Xijt) and neigh-

borhood observable characteristics (Xjt). This identification is possible because expo-

sure, while a neighborhood-level characteristic, is determined at the time of interview,

and interviews for the same wave stretched out over as much as two years. In this

specification, the actual differences in neighborhood characteristics are likely to be

extremely small for composition measures (which are linearly-interpolated at inter-

view points) and null for social capital measures (which are pooled by neighborhood

and wave), and thus the effects of these measures on health (and their mediation of

20For all of these specifications, there is an assumption that the effect of the treatment on indi-
viduals is not correlated with the probability of receiving treatment.
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the relationship between exposure and health) are expected to be null.

While this model should approximate a “pure” average treatment effect21, it is

entirely possible (even probable) that any identified effect would be noise. Because

plausible time lags may be positive, negative, or null (see discussion in appendix A),

and this model identifies effects based on differences in exposure over the course of a

few months between interviews in the same wave, it will be extremely susceptible to

misspecification of exposure time, and therefore likely biasing the results towards the

null.

Hijt = β0 + β1Tjt + β2WAV Et + β3NCj + β4Xijt + β5Xjt + u (7)

Equation 7 includes fixed effects within waves and within neighborhoods, but not

the interaction of the two, thus identifying the effect as the difference in mean health

between treated and untreated individuals in the same neighborhood, adjusted for the

pooled (across neighborhoods) mean health in each observation’s wave and the the

composition of individuals across neighborhoods. While this model directly controls

for the issue of non-random selection into treatment by neighborhood, it does directly

not address non-random selection of individuals into neighborhoods.

Table 8 shows the results of the model specified in equation 7 using observations

from all three waves, while table 9 includes only observations from waves 1 and 3

in order to include collective efficacy variables.22 Here we see that the inclusion of

neighborhood fixed effects (while still adjusting standard errors for individual-level

clustering) meaningfully reduces the observed effect of exposure to public housing

demolition on health. This large change (from ≈ −0.10 to ≈ −0.07, a 30% reduction)

indicates substantial selection effects of treatment towards neighborhoods with worse

21Under the joint assumption of (1) non-correlation between the effect of treatment and living in
a neighborhood that receives treatment and (2) the random ordering of interviews within neighbor-
hoods

22As in previous models, individual-level characteristics were included in the model but excluded
from the table for the sake of clarity.
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mean health at the outset.

These unmeasured neighborhood-level factors which determine may be meaning-

ful confounders of the relationship between public housing demolition and health.

On the other hand, given the selection of exposure measure, this approach leads to

identification of effect based only on neighborhoods which experienced public housing

demolition during the PHDCN–exposed neighborhoods at the outset and those neigh-

borhoods which remained unexposed throughout are controlled out through fixed

effects.

A second approach to fixed effects would be to include fixed effects at the indi-

vidual level, as shown in equation 8. Because observations of individuals are limited

to individuals remaining in the same neighborhood as at baseline, the inclusion of

individual fixed effects also controls for neighborhood fixed effects. Individual-level

fixed effects in this context control for unmeasured individual characteristics which

lead to both selection into a neighborhood which will be exposed to public housing

demolition, and fixed neighborhood-level characteristics that control for selection of

neighborhoods into exposure.

Hijt = β0 + β1Tjt + β2WAV Et + β3SUBIDij + β4Xijt + β5Xjt + u (8)

Tables 10 and 11 show the results of OLS regressions incorporating subject-level

fixed effects, utilizing all waves of data and waves 1 and 3, respectively. Here we see

that adjusting for individual selection into neighborhoods and neighborhood selection

into exposure or treatment, results are mixed on the magnitude of effect of public

housing demolition on health, ranging from approximately 30% below the estimates

given by random intercepts models to 75% above those estimates, depending on the

measures employed. At this point, standard errors on all variables have increased such

that no coefficients are significant at the α = 0.05 level. This approach, however, has

the effect of removing all variables which do not change over the course of the study,
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(1) (2) (3)
Demolition -0.069 -0.061 -0.065

(0.071) (0.072) (0.073)

% White 0.003 0.008 0.008
(0.010) (0.013) (0.013)

% Black -0.008 0.001 0.001
(0.018) (0.020) (0.020)

% BPL 0.009 0.020 0.019
(0.024) (0.027) (0.027)

Entropy 0.003 0.007 0.007
(0.009) (0.010) (0.010)

∆ % White 0.033 0.032
(0.047) (0.047)

∆ % Black 0.066 0.064
(0.068) (0.068)

∆ % BPL 0.127 0.120
(0.102) (0.104)

∆ Entropy 0.015 0.014
(0.032) (0.032)

Community participation -0.036
(0.081)

Constant 4.002∗∗∗ 3.136∗ 3.189∗

(1.184) (1.366) (1.373)
Observations 6335 6335 6335

Standard errors in parentheses
† p < .1, ∗ p < .05, ∗∗ p < .01, ∗∗∗ p < .001

Table 8: OLS regression with neighborhood fixed effects, all waves.
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(1) (2) (3)
Demolition -0.066 -0.039 -0.000

(0.086) (0.089) (0.099)

% White -0.004 0.000 0.001
(0.011) (0.018) (0.018)

% Black -0.002 0.015 0.020
(0.020) (0.027) (0.027)

% BPL -0.023 -0.035 -0.027
(0.026) (0.034) (0.035)

Entropy -0.006 -0.020 -0.021
(0.010) (0.015) (0.015)

∆ % White 0.005 0.005
(0.067) (0.068)

∆ % Black 0.099 0.099
(0.089) (0.091)

∆ % BPL -0.076 -0.039
(0.124) (0.127)

∆ Entropy -0.067 -0.066
(0.046) (0.046)

Community participation 0.073
(0.116)

Collective efficacy 0.028
(0.023)

Constant 5.238∗∗∗ 5.500∗∗ 4.589∗

(1.281) (1.842) (2.014)
Observations 4284 4284 4284

Standard errors in parentheses
† p < .1, ∗ p < .05, ∗∗ p < .01, ∗∗∗ p < .001

Table 9: OLS regression with neighborhood fixed effects, waves 1 and 3.
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such at sex, race, parental education, and economic status (SEI was measured only

at the first wave).

While this approach would controls for these variables and others, it is possible,

and even probable, that these variables should have effects on both the levels and the

trajectories of health over the course of the study, and thus interactions between these

variables and wave of interview may better control for these effects. Additionally,

and similar to neighborhood-level fixed effects, in this formulation the effect of public

housing demolition is only identified among individuals who experience change in their

exposure status during the study, while individuals who are exposed at the outset or

remain unexposed throughout are essentially removed, leading to potentially more

severe biases if the spatial or temporal character of exposure is misspecified.

The above results for fixed effects approaches show that, while the inclusion of

individual- or neighborhood-level fixed effects addresses some biases within the study,

they may also lead to other biases due to misspecification of exposure measures, either

due to left-censoring of observations or due to misspecification of the functional (tem-

poral or spatial) form of the exposure measure. In any case, fixed effects regression

controlling for both individual- and neighborhood-level effects find point estimates

of the effect of public housing demolition on health that broadly agree with the re-

sults from random intercept models, though standard errors in this case are greatly

increased with the inclusion of a large number of additional dummy variables.

B.2 Propensity score approaches

In order to most most directly model the effect of selection on observable charac-

teristics, a propensity score approach was also employed. Under this approach, as

described by Rubin and Rosenbaum (1984), the propensity score is modeled itera-

tively as the probability of treatment, which is a function of polynomials and interac-

tion terms of observable characteristics related to selection. Therefore, in the current
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(1) (2) (3)
Demolition -0.071 -0.064 -0.075

(0.131) (0.130) (0.128)

% White 0.011 0.015 0.016
(0.020) (0.024) (0.024)

% Black 0.002 0.014 0.015
(0.028) (0.034) (0.034)

% BPL 0.025 0.033 0.030
(0.048) (0.059) (0.060)

Entropy 0.006 0.011 0.010
(0.015) (0.016) (0.016)

∆ % White 0.029 0.027
(0.068) (0.067)

∆ % Black 0.082 0.080
(0.095) (0.096)

∆ % BPL 0.122 0.103
(0.171) (0.177)

∆ Entropy 0.023 0.021
(0.047) (0.046)

Community participation -0.082
(0.140)

Constant 3.282 2.324 2.420
(2.413) (2.736) (2.754)

Observations 6335 6335 6335

Standard errors in parentheses
† p < .1, ∗ p < .05, ∗∗ p < .01, ∗∗∗ p < .001

Table 10: OLS regression with individual fixed effects, all waves.
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(1) (2) (3)
Demolition -0.150 -0.118 -0.178

(0.183) (0.184) (0.202)

% White 0.004 -0.002 -0.005
(0.026) (0.043) (0.040)

% Black 0.006 0.041 0.035
(0.038) (0.072) (0.072)

% BPL -0.018 -0.053 -0.061
(0.062) (0.062) (0.064)

Entropy -0.003 -0.011 -0.011
(0.020) (0.031) (0.030)

∆ % White -0.042 -0.057
(0.174) (0.168)

∆ % Black 0.156 0.131
(0.234) (0.243)

∆ % BPL -0.143 -0.168
(0.266) (0.270)

∆ Entropy -0.007 -0.001
(0.093) (0.098)

Community participation -0.175
(0.288)

Collective efficacy -0.004
(0.044)

Constant 5.042 4.877 5.549
(3.233) (4.710) (4.709)

Observations 4284 4284 4284

Standard errors in parentheses
† p < .1, ∗ p < .05, ∗∗ p < .01, ∗∗∗ p < .001

Table 11: OLS regression with neighborhood fixed effects, waves 1 and 3.
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analysis, the propensity score is included as follows:

Hijt = β0 + β1Tijt + β2Xijt + β3P̂j + β4Xjt + u (9)

where

P̂j = P (TjY = 1|Xj0) = f(Xj0). (10)

In the above equation, TjY is the exposure status of neighborhood j in year Y ,

with Y being defined as an arbitrary endpoint that is beyond the end of observation

of the PHDCN. In this way, what is explicitly being modeled is the probability that

a neighborhood will be exposed to public housing demolition by year Y , not that

an individual or neighborhood is exposed in a specific year. As such, this approach

identifies a “latent” treatment group, assuming differences in actual treatment for

individuals or neighborhoods at a given level of probability of treatment are due

to random differences in the timing of treatment, and are uncorrelated with either

observable or unobservable neighborhood characteristics.

This approach address assignation of exposure status realistically in a number of

ways. First, as exposure to public housing demolition is assigned at the neighborhood

level, with all individuals in a neighborhood being assumed to have the same exposure

status, this approach models the probability of exposure at the neighborhood level.

Second, while treatment status is readily observed for individuals at the time of the

survey, it is likely that neighborhood-level exposure occurs both before and after

the observation period (and depending on the temporal lead or lag employed, these

neighborhoods may actually be “exposed”). The data on demolitions occurring after

the PHDCN was completed in 2002 provides additional information on neighborhoods

which could be matched according to being the type of neighborhood which would be

exposed. For this reason, the propensity score is constructed according to end dates
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of 2008 and 2011 (the final year of available CHA data), where it is directly modeling

the probability of exposure in a neighborhood by an arbitrary end date. Because

of the larger proportion of potentially exposed observations, propensity scores using

later end dates were more easily balanced than those using earlier dates.

Tables 12 and 13 show the results of a random intercept regression (as described in

equation 5) employing a propensity score estimated based on neighborhood exposure

by 2011. The estimated propensity scores have null effects on self-rated health, and

their inclusion in models changes little from early random intercepts models. Results

from models including an estimated propensity score based on exposure by 2008 (not

shown) are nearly identical. Given that the estimated propensity scores employed

are unbiased estimates of the “true” propensity score, there does not seem to be

significant selection on observable neighborhood characteristics driving the models.

Propensity scores were estimated using 2008 and 2011 as end dates because of

the relatively low number of exposed neighborhoods by 2002 and 2005, and therefore

greater difficulty in achieving “balance” of the scores for these earlier dates. This

approach may introduce bias into the results if there are large differences in those

individuals or neighborhoods that are exposed earlier (prior to 2002) versus later (be-

tween 2002 and 2011). Table 14 focuses on the 1,087 individuals who were living in

neighborhoods which were exposed to public housing by 2011, and compares baseline

characteristics of groups who were or would have been exposed by the end of the

observed period (by 2002) with those who would have been exposed later. There are

significant differences in race and ethnicity, with Hispanic and non-Hispanic white

individuals being more likely to be exposed in earlier time periods, and non-Hispanic

black individuals exposed in later periods. Similarly, poorer, less-educated households

were exposed in earlier time periods, while more wealthy and better-educated house-

holds were exposed between 2002 and 2011. These differences, especially in SEI and

education, would likely bias results away from the null, which may be partially off-set
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(1) (2) (3)
Demolition -0.097∗ -0.087† -0.088†

(0.048) (0.049) (0.049)

Propensity score - 2011 -0.013 0.068 0.063
(0.142) (0.151) (0.151)

% White 0.003∗ 0.003∗ 0.003∗

(0.002) (0.002) (0.002)

% Black -0.000 -0.001 -0.000
(0.001) (0.001) (0.001)

% BPL 0.004 0.005 0.005
(0.005) (0.005) (0.005)

Entropy -0.001 -0.001 -0.001
(0.001) (0.001) (0.001)

∆ % White -0.003 -0.003
(0.019) (0.019)

∆ % Black 0.036 0.035
(0.032) (0.032)

∆ % BPL 0.047 0.044
(0.056) (0.057)

∆ Entropy 0.006 0.006
(0.019) (0.019)

Community participation -0.029
(0.064)

Constant 4.041∗∗∗ 4.000∗∗∗ 4.019∗∗∗

(0.185) (0.190) (0.195)
Observations 6335 6335 6335

Standard errors in parentheses
† p < .1, ∗ p < .05, ∗∗ p < .01, ∗∗∗ p < .001

Table 12: Random intercepts incorporating propensity score for probability of expo-
sure by 2011, waves 1 and 3.
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(1) (2) (3)
Demolition -0.106† -0.110† -0.105†

(0.056) (0.057) (0.056)

Propensity score - 2011 0.035 0.066 0.065
(0.156) (0.165) (0.161)

% White 0.002 0.003 0.003
(0.002) (0.002) (0.002)

% Black -0.001 -0.001 -0.001
(0.001) (0.001) (0.001)

% BPL 0.003 0.004 0.007
(0.005) (0.005) (0.005)

Entropy -0.000 -0.001 -0.000
(0.001) (0.001) (0.001)

∆ % White -0.009 -0.009
(0.021) (0.020)

∆ % Black 0.041 0.034
(0.037) (0.036)

∆ % BPL -0.022 -0.006
(0.064) (0.064)

∆ Entropy -0.015 -0.016
(0.022) (0.022)

Community participation -0.043
(0.079)

Collective efficacy 0.028∗∗

(0.010)

Constant 4.125∗∗∗ 4.094∗∗∗ 3.557∗∗∗

(0.202) (0.208) (0.289)
Observations 4284 4284 4284

Standard errors in parentheses
† p < .1, ∗ p < .05, ∗∗ p < .01, ∗∗∗ p < .001

Table 13: Random intercepts incorporating propensity score for probability of expo-
sure by 2011, waves 1 and 3.
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by the racial and ethnic differences in the sample, which may bias results towards the

null.
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Appendix C Sensitivity analyses

In order to examine issues related to the imposed restrictions on data in this study,

namely that individuals do not move from their original neighborhoods and are not

lost to follow-up, two additional sets of models were estimated. The concern is that if

individuals attrit or move non-randomly, this would bias estimates. Non-random mov-

ing and attrition are especially concerning in this instance due to the time-sensitive

nature of the exposure–by the above definition, as time goes on, more individuals

move into the exposed category without any individuals leaving this category. If poor

health is positively associated with attrition or moving, the sample over time will be

both healthier and more exposed to demolition, thus leading to a spurious (positive)

correlation. This may be balanced out by increased attrition or moving by those who

would otherwise be exposed, which would tend to bias results downwards.

Table 15 shows results for random intercept models using only observations from

wave 1.23 Tables 16 and 17 show results for random intercept models which restrict

the sample to only individuals who do not move at any point24 (table 16) and only

individuals who do not attrit at any point during the survey (table 17). It can be

seen that, overall, these models lead to the same conclusions (and nearly identical

point estimates) as the earlier results. These findings indicate that, while selection

may play some role in driving associations, the basic correlation are likely to remain

the same even when if there was no attrition or moving from the sample.

23As there was less than 3% missing data on all variables included, this sample, which is not
subject to either moving or loss to follow-up, is representative of all children in Chicago. Because
only one observation per subject is used, random intercepts are estimated at only the neighborhood
level.

24Previous models included all individuals up until the time they moved, and thus included first-
wave observations for individuals who moved between the first and third waves. The models pre-
sented here exclude those first-wave observations for individuals who had moved by the third wave.
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(1) (2) (3)
Demolition -0.137† -0.167∗ -0.173∗

(0.070) (0.079) (0.079)

% White 0.003† 0.003† 0.004†

(0.002) (0.002) (0.002)

% Black -0.001 -0.000 -0.001
(0.001) (0.001) (0.001)

% BPL 0.004 0.003 0.003
(0.003) (0.004) (0.004)

Entropy -0.001 -0.001 -0.001
(0.001) (0.001) (0.001)

∆ % White -0.238 -0.253
(0.243) (0.244)

∆ % Black 0.179 0.165
(0.410) (0.410)

∆ % BPL -0.891 -0.966
(0.737) (0.744)

∆ Entropy -0.024 -0.030
(0.028) (0.030)

Community participation 0.084
(0.118)

Constant 4.523∗∗∗ 4.501∗∗∗ 4.423∗∗∗

(0.235) (0.256) (0.278)
Observations 3210 3210 3210

Standard errors in parentheses
† p < .1, ∗ p < .05, ∗∗ p < .01, ∗∗∗ p < .001

Table 15: Random intercept model restricted to only observations from wave 1.
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(1) (2) (3)
Demolition -0.106∗ -0.093† -0.097†

(0.048) (0.050) (0.050)

% White 0.003∗ 0.003∗ 0.004∗

(0.001) (0.002) (0.002)

% Black -0.001 -0.001 -0.000
(0.001) (0.001) (0.001)

% BPL 0.004 0.006† 0.006†

(0.002) (0.004) (0.004)

Entropy 0.000 -0.000 -0.000
(0.001) (0.001) (0.001)

∆ % White -0.012 -0.013
(0.019) (0.019)

∆ % Black 0.015 0.015
(0.033) (0.033)

∆ % BPL 0.025 0.020
(0.055) (0.055)

∆ Entropy 0.004 0.005
(0.019) (0.019)

Community participation -0.066
(0.066)

Constant 4.112∗∗∗ 4.021∗∗∗ 4.071∗∗∗

(0.174) (0.191) (0.198)
Observations 5331 5331 5331

Standard errors in parentheses
† p < .1, ∗ p < .05, ∗∗ p < .01, ∗∗∗ p < .001

Table 16: Random intercepts model restricted to only individuals who did not move
at any time during the study.
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(1) (2) (3)
Demolition -0.093† -0.088 -0.086

(0.054) (0.057) (0.057)

% White 0.002 0.002 0.002
(0.002) (0.002) (0.002)

% Black 0.000 0.000 0.000
(0.001) (0.001) (0.001)

% BPL 0.001 0.003 0.003
(0.003) (0.004) (0.004)

Entropy 0.000 0.000 0.000
(0.001) (0.001) (0.001)

∆ % White 0.013 0.013
(0.022) (0.023)

∆ % Black 0.040 0.040
(0.040) (0.040)

∆ % BPL 0.021 0.023
(0.065) (0.065)

∆ Entropy 0.002 0.002
(0.022) (0.023)

Community participation 0.029
(0.076)

Constant 4.040∗∗∗ 4.021∗∗∗ 4.002∗∗∗

(0.204) (0.225) (0.231)
Observations 3854 3854 3854

Standard errors in parentheses
† p < .1, ∗ p < .05, ∗∗ p < .01, ∗∗∗ p < .001

Table 17: Random intercepts model restricted only to individuals who were not lost
to follow-up at any point in the study.
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