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Abstract
Nearly 9 million Americans live in extreme-poverty neighborhoods, places that also tend to be
racially segregated and dangerous. Yet the effects on the well-being of residents of moving out of
such communities into less-distressed areas remain uncertain. Using data from Moving to
Opportunity, a unique randomized housing mobility experiment, we find that moving from a high-
poverty to lower-poverty neighborhood leads to long-term (10 to 15 year) improvements in adult
physical and mental health and subjective well-being, despite not affecting economic self-
sufficiency. A 1 standard deviation decline in neighborhood poverty (13 percentage points)
increases subjective well-being by an amount equal to the gap in subjective well-being between
people whose annual incomes differ by $13,000, a large amount given that the average control
group income is $20,000. Subjective well-being is more strongly affected by changes in
neighborhood economic disadvantage than racial segregation, which is important because racial
segregation has been declining since 1970 but income segregation has been increasing.

Nearly 9 million people in the United States live in “extreme-poverty” neighborhoods in
which at least 40 percent of residents have incomes below the federal poverty threshold,
which for 2011 equaled about $23,000 for a family of four (1, 2). Such neighborhoods also
tend to be racially segregated with high rates of crime and disorder and low-quality public
services (3). Studies dating back as far as the 17th century have shown that people living in
distressed neighborhoods have greater criminal involvement and fare worse on educational,
economic, and health outcomes than those living in less-distressed areas (3–6). These
patterns have generated long-standing concern that distressed neighborhood environments
might themselves adversely affect people’s lives and “doubly-disadvantage” their low-
income residents.

But much uncertainty remains about the degree to which variation across neighborhoods in
people’s outcomes reflects the independent causal effects of neighborhood environments per
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se instead of the propensity of different types of people to live in different areas. Even the
most detailed data collection effort may be unable to measure adequately all of the
individual- or family-level characteristics that influence both neighborhood selection and
life outcomes. This type of “selection bias” can substantially distort non-experimental
estimates of “neighborhood effects” (7). Yet determining the importance of changes in
people’s neighborhood environments for their life outcomes is a central issue for the social
and medical sciences and social policy.

An understanding of the mechanisms through which neighborhood environments affect
people’s lives is a crucial issue for policy design. Much of the debate among researchers has
focused on the relative importance of residential racial segregation versus economic
segregation. Nearly 70 years ago Gunnar Myrdal argued that racial segregation enabled
policymakers to reduce the quality of public services to blacks without harming whites (8), a
concern echoed by the 1968 National Advisory Commission on Civil Disorders (the “Kerner
Report”) (9). Douglas Massey and Nancy Denton subsequently argued in their widely-cited
1993 book American Apartheid that “residential segregation has been instrumental in
creating a structural niche within which a deleterious set of attitudes and behaviors – a
culture of segregation – has arisen and flourished” (10, p. 8).

In contrast, William Julius Wilson’s landmark 1987 book The Truly Disadvantaged argued
that the flight of black working- and middle-class families out of ghettos in the 1960s and
1970s was harmful to the families who remained behind not because of any increased racial
segregation, but rather because this exodus removed “mainstream role models that help keep
alive the perception that education is meaningful, that steady employment is a viable
alternative to welfare, and that family stability is the norm, not the exception” 11, p.49.
Subsequent work has examined other pathways through which spatially-concentrated
disadvantage might affect people’s lives such as declines in “collective efficacy” – the
willingness and ability of community residents to work together to support shared norms (3,
5).

Distinguishing the effects of changes in racial versus income segregation also helps answer
the question of whether the problem of harmful neighborhood effects on disadvantaged
populations is getting better or worse over time, given opposing recent trends in U.S.
residential segregation by race and income. Specifically, racial segregation in America
peaked in 1970 and has been declining over the past 40 years, to levels not seen since 1910
(12), whereas income segregation has been increasing since 1970 (13, 14.

This paper examines the long-term effects of moving into a less-distressed neighborhood
environment on the well-being of low-income adults using new data from a unique, large-
scale randomized social experiment – the U.S. Department of Housing and Urban
Development’s (HUD) Moving to Opportunity (MTO) demonstration. Via random lottery,
MTO offered some public housing families but not others the chance to move into a less-
distressed area (see supplementary materials section 1). MTO randomization generates
large, persistent differences in neighborhood conditions across otherwise comparable groups
of families and enables us to attribute differences in post-baseline outcomes across groups to
the MTO-assisted moves.

Unlike many social experiments that follow people for short periods, we focus on long-term
effects through in-person data collected 10–15 years after randomization. We have shown
elsewhere that MTO moves have long-term beneficial effects on a narrow but important set
of physical health measures, related to extreme obesity and diabetes (15). The implications
for how neighborhoods affect the overall quality of the lives of participating families were
not addressed in that work.
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In the current report, we use data from the MTO experiment to examine the long-term
effects of moving to less distressed neighborhoods on broad measures of the well-being of
low-income adults. We examine “objective” outcomes (economic self-sufficiency, physical
health, and mental health) that have been the traditional focus of this literature. We also take
a new approach in examining experimental neighborhood effects on a comprehensive
measure of people’s quality of life as they perceive it, using adult self-reports of subjective
well-being (SWB). And we investigate the relative importance of racial segregation vs.
income segregation in affecting the SWB of low-income adults.

The Moving to Opportunity experiment
From 1994 to 1998 MTO enrolled 4,604 low-income public housing families living in high-
poverty neighborhoods within five U.S. cities: Baltimore, Boston, Chicago, Los Angeles,
and New York. Families were randomized into three groups: i) the Low-Poverty Voucher
(LPV) group, which received housing vouchers that subsidize private-market rents, but
could only be used in census tracts with 1990 poverty rates below 10 percent; ii) the
Traditional Voucher (TRV) group which received regular housing vouchers without any
MTO relocation constraint; and iii) a control group which received no assistance through
MTO. Some 48% of the adults assigned to the LPV group and 63% of those assigned to the
TRV group managed to relocate using an MTO voucher (the MTO “compliance rate”).
Because the effects of LPV and TRV assignment on neighborhood conditions converge over
time, and to maximize statistical power, we initially present results that pool the two
treatment groups together. (Separate estimates for the LPV and TRV groups are in tables S1-
S4).

Data from baseline surveys collected from all MTO adults shows these families were quite
economically disadvantaged when they applied for MTO (table 1). Most household heads
were African-American or Hispanic females; fewer than 40% had completed high school.
By far the most common reason applicants reported signing up for MTO was to get away
from gangs and drugs, with around three-quarters reporting this as one of their top two
reasons for wanting to move.

As one would expect from a properly-conducted random assignment, the distribution of
baseline characteristics is balanced between the treatment and control groups. Among the 21
baseline characteristics reported in table 1 just two treatment-control differences are
significant at P<.10 and none is significant at the P<.05 threshold. An F-test fails to reject
the null hypothesis that treatment-control differences in the baseline variables shown in table
1 are jointly zero (P=.462).

Measures
To measure long-term effects of changing neighborhoods on adults in the MTO
demonstration, the Institute for Social Research at the University of Michigan—under
subcontract with our research team—collected in-person data from participants 10–15 years
after random assignment (hereafter “long-term survey;” see supplementary materials section
2 for details). Interviewers were blinded to the MTO group assignments of participating
families. The effective response rate for MTO adults was 90% and was similar across
randomized MTO groups.

To measure the neighborhood conditions in which families were living during the follow-up
study period, we linked address information for MTO adults to census tract-level data on
population characteristics from the 1990 and 2000 decennial censuses and the 2005–09
American Community Surveys. Our main results focus on duration-weighted tract
characteristics averaged over the entire post-randomization study period, since people’s life
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outcomes may depend on cumulative exposure to neighborhood environments not just
current neighborhood conditions (16). The long-term surveys also asked MTO participants
to self-report on conditions of the neighborhoods and housing units in which they were
living at the time.

To measure neighborhood effects on traditional “objective” measures of well-being, we
construct summary indices of long-term adult outcomes in the domains of economic self-
sufficiency, physical health, and mental health. We focus on adults in part because of our
interest in well-being over the long term, which may not yet be evident for the MTO
children. Our outcome indices are constructed from a set of individual outcomes that are re-
scaled so that higher values represent “better” outcomes and then converted to Z-scores
using the control group distribution. Aggregating outcomes improves statistical power to
detect impacts and reduces risk of “false positives” from examining numerous outcomes (7).
To reduce the risk of false positives due to data mining, we examine outcome indices that
were pre-specified for the interim (5-year) MTO follow-up (7).

We also examine a self-reported measure of comprehensive subjective well-being (SWB)—
the first time the effect of neighborhoods on SWB has been assessed in an experimental
analysis. Our primary measure of SWB is based on responses to the following question from
the General Social Survey (GSS) that we included on our long-term follow-up survey of
MTO adults: “Taken all together, how would you say things are these days – would you say
that you are very happy, pretty happy, or not too happy?” (17). This type of happiness
question yields results similar to those from questions about general life satisfaction; both
provide global retrospective assessments of how people think their lives are going and are
increasingly used to assess public policy impacts (18). We use the same 3-point response
scale as the GSS to benchmark MTO against national samples; tradeoffs with this scaling
are discussed in the supplementary materials. Another reason we focus on adults is because
more is known about measuring SWB of adults than youth (19). SWB was not included in
the interim MTO survey but was added to the long-term survey to be one of the key
summary measures of the net impacts on families from moving to a less-distressed
neighborhood. MTO controls are slightly happier than adults in national surveys with similar
socio-demographic characteristics (table S2).

Methods
We begin by presenting intention-to-treat (ITT) estimates that capture the effect of being
offered the chance to use an MTO voucher to move into a different neighborhood. These
estimates are calculated as the difference in average outcomes for families assigned to
treatment versus those assigned to the control condition. ITT estimation assumes that
randomization was carried out correctly, that there is no selective attrition in measuring
outcomes across groups, and that MTO’s effect on a given family is independent of the
treatment status of other families.

We can also use the MTO experimental data to estimate the relationship between outcomes
and some specific neighborhood attributes W as in equation (1). Ordinary least squares
estimation of (1) may yield biased estimates because of possible correlation of W with
unmeasured individual characteristics (ε) that influence both neighborhood selection and
outcomes, Y. We instead use two-stage least squares to generate instrumental variables (IV)
estimates, where in the first stage equation we use interactions of MTO random assignment
and indicators for which MTO site families live in at baseline as instrumental variables to
generate predicted values of W that are then substituted for the actual value in the second
stage eq. (1) (7). The equation also includes a set of baseline characteristics, Xincluding
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indicators for MTO demonstration site and numerous participant socio-demographic
characteristics, to improve the precision of our estimates.

(1)

IV estimation of equation (1) essentially fits a “dose-response” model, and asks whether
those treatment groups and sites that experience relatively larger gains in specific elements
of W as a result of treatment assignment also experience relatively larger gains in the
outcome of interest. This estimation approach assumes this is the only reason why the effect
of treatment assignment on outcomes varies across randomized groups and demonstration
sites. It also assumes the only pathway through which the instruments affect the outcomes of
interest is by affecting the neighborhood measures included in equation (1). Given the large
number of neighborhood attributes affected by MTO moves, this approach cannot isolate the
effect of a specific attribute. We instead view any single variable used in W to be a
summary measure of neighborhood environment (for example, tract poverty captures the
effects of moving to an area with a lower poverty rate and other aspects of neighborhood
economic disadvantage that co-vary with tract poverty).

In a model that relates Y to a single neighborhood measure W with the only covariates (X)
being the indicators for the MTO cities, the IV estimation of equation (1) is equivalent to
fitting a regression line through the 15 data points that correspond to the average values of Y
and W for each of the three randomized MTO groups in the five demonstration sites relative
to the site overall mean. Below we present several visual instrumental variables graphs that
show the data and logic behind our IV estimates.

Results
Table 2 shows that MTO does indeed generate sizable and sustained differences in average
neighborhood conditions of the individuals across randomly-assigned groups, despite the
fact that only around half the adults assigned to treatment used a MTO voucher to relocate.
One year after random assignment the average control group family is living in a census
tract with a poverty rate of 50%, compared to 34% for the average family assigned to
treatment (standard error of the difference ±0.7%). This difference in tract poverty across
randomized groups narrows over time, mostly because tract poverty rates decline for
controls over time. This decline is driven by control families increasingly moving into
lower-poverty neighborhoods on their own, as opposed to their baseline neighborhoods
gentrifying around them. Averaged over the entire study period, assignment to treatment
reduces average tract poverty rates by 8.2 percentage points (standard error ±0.5%), or about
one-fifth of the control group average of 40%. This is equal to about two-thirds of a standard
deviation reduction in tract poverty in the national tract-poverty distribution.

Table 2 also shows that MTO had more modest effects on neighborhood racial composition.
Assignment to treatment reduces the average neighborhood minority share experienced by
participants over the study period by 4.6 percentage points (standard error ±0.6%), a small
share of the control group’s average of 88 percent, although there are larger treatment-
control differences in this variable in some sites than others (the source of variation we use
for our instrumental variables estimates; see supplementary materials section 3.3). Table 2
further indicates MTO generated sustained effects on neighborhood safety and other
neighborhood social processes such as collective efficacy that are thought to be important in
changing behavior (3, 5).

Because moving itself is part of the MTO treatment, which could have independent effects
on people’s life outcomes, it is important to keep in mind that the control group averaged
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2.165 moves over the study period (table 2). Treatment assignment increases the number of
moves over 10–15 years by .584 (standard error ±.068).

Figure 1 shows that the opportunity to move through MTO had mixed (null to positive)
long-term effects on objective measures of well-being of the type that have been the
traditional focus of the neighborhood effects literature. ITT effects are not statistically
significant on economic outcomes for adults in MTO households 10–15 years after random
assignment. Effects on a broad index of physical health measures are in the direction of
better health (ITT effect of +0.063 standard deviations, standard error ±.039) but are not
quite statistically significant (P=.107; unless otherwise noted, all remaining statistical results
come from t-tests). Effects on mental health are marginally significant (P=.084) in the
direction of better health (ITT effect of +.070 standard deviations, standard error ±.041).
The final bar of Figure 1 shows, though, that ITT effects are more strongly beneficial for
SWB, with the offer to move to a less-disadvantaged area increasing SWB by +.098
standard deviations (standard error ±.039, P=.013).

Figure 2 shows the basic intuition behind our instrumental variables estimates, which try to
distinguish between the effects on SWB of neighborhood economic disadvantage (as
represented by tract poverty rate) versus racial segregation (as measured by tract share
minority). The x-axis of Fig. 2A represents the average tract poverty rate MTO adults
experience over the study period, while the y-axis represents SWB, both in standardized (Z-
score) form. The data points are the average tract poverty and SWB for adults broken out by
MTO randomized group and demonstration site. The slope of this line is essentially our IV
estimate of the relationship between SWB and tract poverty. A 1 standard deviation decrease
in tract poverty (a 13 percentage point change) is associated with increased SWB equal to .
141 standard deviations (standard error ±.054, P=.0009; table S5).

The remaining panels of Figure 2 suggest that poverty concentration is more important than
racial segregation in affecting the SWB of MTO adults. SWB does not have a statistically
significant relationship with the minority composition of the tracts in which MTO families
reside (P=.478), as illustrated by the relatively flat line in Fig. 2B. The size of the increase in
SWB from a 1 standard deviation reduction in tract poverty nearly doubles once we control
for tract minority share in the same model (from .141 to .261 standard deviations, standard
error ±.093, P=.005; table S9), as seen by comparing Figs. 2A and 2C. In contrast, holding
neighborhood poverty constant, a 1 standard deviation decrease in neighborhood minority
share makes MTO adults if anything worse off -.279 standard deviations, standard error ±.
169, P=.098), shown by the positive slope in Fig. 2D. The conclusion that a decline in
neighborhood economic disadvantage has a more beneficial result for SWB than does a
comparably-sized decline in neighborhood minority composition comes from the fact that
we can reject the null hypothesis that the slopes illustrated by Figs. 2C and 2D are equal (P=.
030; table S9).

Results are qualitatively similar if we estimate models that assume that outcomes are only
affected by current neighborhood conditions, measured at the start of the survey period, May
2008 (tables S6, S10, Figs. S4-S7).

Discussion
To what extent does moving to a less distressed neighborhood environment affect people’s
well-being? In this paper we present results from a large-scale randomized social experiment
(MTO) designed to address this question that has been of long-standing concern to the social
and medical sciences and to policymakers. Random assignment in MTO overcomes
concerns with selection bias by generating differences in the average neighborhood
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conditions experienced by otherwise comparable groups of people. MTO is unique in terms
of the long duration of the follow-up data collection that has been carried out with
participants spanning 10–15 years after randomization.

MTO has strong internal validity, but the MTO findings may not generalize to all U.S.
families. Although the MTO sample is comparable to other urban minority samples in high-
poverty urban areas that have been studied in this literature (20, 21), the sorts of families
living in such extreme-poverty areas are very disadvantaged relative to other American
adults. MTO was carried out during a time when concentrated poverty and crime rates were
declining, and HUD’s HOPE VI program was demolishing many public housing projects
across the country. MTO’s impacts also do not necessarily identify the effects of larger-scale
mobility programs (22).

Keeping these caveats in mind, we find that over the long term (10–15 years) the chance to
move to less distressed neighborhoods in MTO has no detectable long-term effects on adult
economic self-sufficiency. In a previous paper we showed that MTO had important long-
term effects on two particularly important physical health measures that predict long-term
disease risk; namely extreme obesity and diabetes (15). We report here that MTO’s impact
on a broader index of physical health was in the same direction (towards improved health),
but was not quite statistically significant, while we find a marginally significant beneficial
impact of moving to a less distressed neighborhood on a broad index of mental health.

This mixed pattern of MTO impacts for traditional, objective measures of well-being echo
what was found in the interim (5-year) follow up of MTO families (7, 23). These mixed
results have been disappointing to many observers, in part because the Congressional
legislation authorizing the MTO demonstration explicitly mentioned the goal of improving
some outcomes that were unaffected (such as adult earnings). Similar mixed findings are
apparent in recent quasi-experimental studies of other housing mobility programs (24–26).
These mixed results have led influential observers like Yale Law School professor Robert
Ellickson, who is generally sympathetic to the value of housing vouchers over project-based
housing programs, to argue that (27, p. 439) “recently published studies have begun to
destabilize the former consensus that a poor adult or child is significantly disadvantaged by
residing among other poor people … the case for dismantling an entire poor neighborhood
… is hardly so plain.”

Yet the results reported here might lead to quite a different conclusion in that we find sizable
positive effects of moving from a more-distressed to a less-distressed neighborhood on
subjective well-being, a measure that represents a comprehensive assessment by the
participants themselves of the extent to which their lives have been affected. Our results
suggest that living in distressed neighborhoods has more important adverse impacts, and
escaping from such neighborhoods more important positive effects, on the well-being of
low-income adults than was revealed by previous experimental and quasi-experimental
studies of neighborhood effects that focused on traditional measures of socioeconomic and
health outcomes. Whether or not the MTO vouchers imposed additional locational
constraints on families does not appear to matter much for the positive effects of such moves
on well-being (table S4).

Although “happiness” has no natural metric, one can still interpret the magnitude of our
results by noting that a 1 standard deviation reduction in neighborhood poverty (about 13
percentage points) is associated with an increase in SWB that is about two-thirds of the gap
in SWB between U.S. blacks and whites [which is around one-quarter of a standard
deviation in favor of whites (28)], and about equal to the remaining gap in SWB between
families with annual incomes that differ by $13,000 after conditioning on a standard set of
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control variables that differ by income and affect happiness (supplementary materials
sections 3.3). This is a large amount, equal to about two-thirds of the average income of
MTO control group families in our long-term survey ($20,000).

Subject self-reports of SWB have the potential to provide an informative summary measure
of the overall impact of neighborhood conditions on people’s lives. Although SWB
measures are being used with increased frequency in the social sciences and policy analysis,
SWB has not been the focus of much previous “neighborhood effects” research. The proper
interpretation of self-reports about SWB remains the topic of some debate. Previous studies
show different measures of self-reported SWB to be correlated in expected ways with
objective indicators of well-being such as life events, biological indicators (e.g., smiling
frequency; brain activity), and reports from significant others about the person’s happiness
at both the individual and group levels (29, 30; supplemental materials section 2.3. We also
corroborate our findings for SWB by examining the effects of MTO moves on related
measures of psychological distress (table S4).

As noted in the introduction, it is also important for both science and policy to understand
why changes in neighborhood environments affect the well-being of low-income adults.
Isolating mechanisms with the MTO data is challenging and our statistical power to do so is
somewhat limited. We focus on distinguishing the effects of residential income segregation
versus racial segregation because this is a key scientific question, because different policies
may be required to address segregation by income versus race, and because racial
segregation has declined the last 40 years while income segregation has substantially
increased.

Our results suggest that changes in neighborhood poverty are more important than racial
segregation in affecting the SWB of low-income adults in MTO. (We interpret
neighborhood poverty as a marker for a collection of correlated neighborhood characteristics
across the neighborhoods in which the MTO families reside.) The supplementary materials
show the same qualitative pattern holds for adult physical and mental health outcomes as
well.

The rise in U.S. residential income segregation since 1970 raises the possibility that the
problem of harmful neighborhood effects on people’s well-being may be getting worse
rather than better over time. Increased poverty concentration in America does not seem to be
due simply to increases in overall income inequality (31). The average tract poverty rate for
families in the bottom quintile of the U.S. income distribution increased over the past 40
years by about 2.4 percentage points (from 17.6% to 20.0%). If the results from our MTO
sample generalize to other very low-income families, the increase in poverty concentration
over the past 40 years reduced the well-being of the bottom quintile of the income
distribution by an amount that may be equivalent to a decline in annual household income of
about $1,400 (about 8%). If our estimates are correct, the $1,400 dollar-equivalent for the
decline in well-being for families in the bottom quintile caused by increased poverty
concentration from 1970–2007 is about equal in size to the total gain in real annual family
income of $1,300 that the bottom quintile has experienced over roughly the past 40 years
from $15,336 in 1969 to $16,622 in 2007 ((32), converted to 2009 dollars; see
supplementary materials section 3.3).

Our findings are also germane to debates about the proper objectives for public policy. For
example, one recent review of U.S. anti-poverty programs notes that their effectiveness
depends “at least in part, on whether the programs do, in fact, reduce poverty” (33 p. 12. By
that standard, MTO-type policy efforts to improve the neighborhood conditions of poor
families would not be part of an effective anti-poverty strategy, as the program failed to
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produce detectable impacts on family income (7, 23). But if the goal is the broader one of
improving the well-being of poor families, then policies that seek to ameliorate the adverse
effects of dangerous, distressed neighborhoods on poor families are worthy of careful
consideration.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

Acknowledgments
Support for this research was provided by a contract from the U.S. Department of Housing and Urban Development
(HUD; C-CHI-00808) and grants from National Science Foundation (SES- 0527615), the National Institute for
Child Health and Human Development (R01-HD040404, R01-HD040444), the Centers for Disease Control (R49-
CE000906), the National Institute of Mental Health (R01-MH077026), the National Institute for Aging (P20-
AG012180, R56- AG031259, and P01-AG005842-22S1), the National Opinion Research Center’s Population
Research Center (through R24-HD051152-04 from the National Institute of Child Health and Human
Development), University of Chicago’s Center for Health Administration Studies, the U.S. Department of
Education/Institute of Education Sciences (R305U070006), the Bill & Melinda Gates Foundation, the John D. and
Catherine T. MacArthur Foundation, the Russell Sage Foundation, the Smith Richardson Foundation, the Spencer
Foundation, and the Annie E. Casey Foundation. This paper was also supported by a visiting scholar award from
the Russell Sage Foundation to Jens Ludwig and a Robert Wood Johnson Investigator Award in Health Policy
Research to Ludwig and Greg Duncan. Outstanding assistance with the data preparation and analysis was provided
by Joe Amick, Ryan Gillette, Ijun Lai, Jordan Marvakov, Nicholas Potter, Matt Sciandra, Fanghua Yang, Sabrina
Yusuf, and Michael Zabek. The survey data collection effort was led by Nancy Gebler of the University of
Michigan’s Survey Research Center under subcontract to our research team. Helpful comments were provided by
Ingrid Gould Ellen, Alan Krueger, Devah Pager, Genevieve Pham-Kanter, Todd Richardson, Mark Shroder,
Richard Suzman, Justin Wolfers and seminar participants at Princeton University and the Russell Sage Foundation.
MTO data was provided by HUD. The data used in this paper will be made available through the Interuniversity
Consortium on Political and Social Research (ICPSR) at the University of Michigan and the National Bureau of
Economic Research. Any errors and all opinions are our own. The views expressed in this work are those of the
authors and should not be interpreted as those of the Congressional Budget Office or HUD.

REFERENCES
1. Kneebone, E.; Nadeau, C.; Berube, A. The Re-Emergence of Concentrated Poverty: Metropolitan

Trends in the 2000s. 2011. available at http://www.brookings.edu/~/media/Files/rc/papers/
2011/1103_poverty_kneebone_nadeau_berube/1103_poverty_kneebone_nadeau_berube.pdf).

2. U.S. Census Bureau. [accessed July 12 2012] Poverty Thresholds for 2011 by Size of Family and
Number of Related Children Under 18 Years. 2012. http://www.census.gov/hhes/www/poverty/
data/threshld/thresh11.xls

3. Sampson RJ, Raudenbush SW, Earls F. Neighborhoods and violent crime: a multilevel study of
collective efficacy. Science. 1997; 277:918–924. [PubMed: 9252316]

4. Macintyre, SA.; Ellaway, A. Neighborhoods and Health: An Overview. In: Kawachi, I.; Berkman,
LF., editors. Neighborhoods and Health. New York: Oxford University Press; 2003. p. 20-42.

5. Sampson RJ, Morenoff JD, Gannon-Rowley T. Assessing “Neighborhood Effects”: Social Processes
and New Directions in Research. Annual Review of Sociology. 2002; 28:443–478.

6. Kawachi, I.; Berkman, LF., editors. Neighborhoods and Health. Oxford University Press; New
York: 2003.

7. Kling JR, Liebman JB, Katz LF. Experimental Analysis of Neighborhood Effects. Econometrica.
2007; 75:83–119.

8. Myrdal, G. An American Dilemma: The Negro Problem and Modern Democracy. Vol. Volume 1.
Harper Brothers; New York: 1944.

9. U.S. National Advisory Commission on Civil Disorders. The Kerner Report. 1968. http://
www.eisenhowerfoundation.org/docs/kerner.pdf).

10. Massey, DS.; Denton, N. American Apartheid: Segregation and the Making of the Underclass.
Harvard University Press; Cambridge, MA: 1993.

Ludwig et al. Page 9

Science. Author manuscript; available in PMC 2013 March 21.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

http://www.brookings.edu/~/media/Files/rc/papers/2011/1103_poverty_kneebone_nadeau_berube/1103_poverty_kneebone_nadeau_berube.pdf
http://www.brookings.edu/~/media/Files/rc/papers/2011/1103_poverty_kneebone_nadeau_berube/1103_poverty_kneebone_nadeau_berube.pdf
http://www.census.gov/hhes/www/poverty/data/threshld/thresh11.xls
http://www.census.gov/hhes/www/poverty/data/threshld/thresh11.xls
http://www.eisenhowerfoundation.org/docs/kerner.pdf
http://www.eisenhowerfoundation.org/docs/kerner.pdf


11. Wilson, WJ. The Truly Disadvantaged: The Inner City, the Underclass, and Public Policy.
Chicago: University Press; 1987.

12. Glaeser, EL.; Vigdor, JL. The End of the Segregated Century: Racial Separation in America’s
Neighborhoods, 1980–2010 (Manhattan Institute Civic Report No. 66, New York. 2012. http://
www.manhattan-institute.org/pdf/cr_66.pdf).

13. Watson T. Inequality and the Measurement of Residential Segregation By Income in American
Neighborhoods. Review of Income and Wealth. 2009; 55:820–844.

14. Reardon SF, Bischoff K. More Unequal and More Separate: Growth in the Residential Segregation
of Families by Income, 1970–2009 (Report prepared for the Russell Sage Foundation US2010
project, New York, 2011. http://www.s4.brown.edu/us2010/Data/Report/report111111.pdf).

15. Ludwig J, et al. Neighborhoods, obesity, and diabetes-a randomized social experiment. The New
England Journal of Medicine. 2011; 365:1509–1519. [PubMed: 22010917]

16. Sampson, RJ. Great American City: Chicago and the Enduring Neighborhood Effect. University of
Chicago Press; Chicago: 2012.

17. Smith, TW.; Marsden, P.; Hout, M.; Kim, J. General social surveys, 1972–2010 [machine-readable
data file] Sponsored by National Science Foundation. NORC ed. Chicago: National Opinion
Research Center [producer]. Storrs, CT: The Roper Center for Public Opinion Research,
University of Connecticut; 2011.

18. Dolan, P.; Layard, R.; Metcalfe, R. Measuring Subjective wellbeing for public policy:
Recommendations on measures (Special Paper No. 23). 2011. available at http://cep.lse.ac.uk/
pubs/download/special/cepsp23.pdf

19. Huebner ES. Research on assessment of life satisfaction of children and adolescents. Social
Indicators Research. 2004; 66:3–33.

20. Sampson RJ, Sharkey P, Raudenbush SW. Durable effects of concentrated disadvantage on verbal
ability among African-American children. Proceedings of the National Academy of Sciences.
2008; 105:845–852.

21. Ludwig, J. Working Paper, Harris School of Public Policy Studies, University of Chicago. 2012.
The Long-Term Results From the Moving to Opportunity Residential Mobility Demonstration.

22. Sampson RJ. Moving to Inequality: Neighborhood Effects and Experiments Meet Social Structure.
American Journal of Sociology. 2008; 114:189–231.

23. Sanbonmatsu, L., et al. Moving to Opportunity for Fair Housing Demonstration Program: Final
Impacts Evaluation. Washington, DC: U.S. Department of Housing and Urban Development,
Office of Policy Development and Research; 2011. http://www.huduser.org/publications/pdf/
MTOFHD_fullreport_v2.pdf

24. Jacob BA. Public housing, housing vouchers and student achievement: Evidence from public
housing demolitions in Chicago. American Economic Review. 2004; 94:233–258.

25. Oreopoulos P. The Long-Run Consequences of Living in a Poor Neighborhood. Quarterly Journal
of Economics. 2003; 118:1533–1575.

26. DeLuca S, Duncan GJ, Keels M, Mendenhall R. Gautreaux mothers and their children: an update.
Housing Policy Debate. 2010; 20:7–25.

27. Ellickson, R. The Mediocrity of Government Subsidies to Mixed-Income Housing Projects. In:
Ingram, G.; Hong, Y-H., editors. Property Rights and Land Policies. Cambridge, MA: Lincoln
Institute of Land Policy; 2009.

28. Stevenson, B.; Wolfers, J. Subjective and objective indicators of racial progress. Working Paper.
University of Pennsylvania Wharton School; 2010. available at http://bpp.wharton.upenn.edu/
betseys/papers/Happiness_Race.pdf

29. Kahneman D, Krueger AB. Developments in the Measurement of Subjective Well-Being. Journal
of Economic Perspectives. 2006; 20:3–24.

30. Oswald AJ, Wu S. Objective confirmation of subjective measures of human well-being: evidence
from the U.S.A. Science. 2010; 327:576–579. [PubMed: 20019249]

31. Reardon SF, Bischoff K. Income inequality and income segregation. American Journal of
Sociology. 2011; 116:1092–1153.

Ludwig et al. Page 10

Science. Author manuscript; available in PMC 2013 March 21.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

http://www.manhattan-institute.org/pdf/cr_66.pdf
http://www.manhattan-institute.org/pdf/cr_66.pdf
http://www.s4.brown.edu/us2010/Data/Report/report111111.pdf
http://cep.lse.ac.uk/pubs/download/special/cepsp23.pdf
http://cep.lse.ac.uk/pubs/download/special/cepsp23.pdf
http://www.huduser.org/publications/pdf/MTOFHD_fullreport_v2.pdf
http://www.huduser.org/publications/pdf/MTOFHD_fullreport_v2.pdf
http://bpp.wharton.upenn.edu/betseys/papers/Happiness_Race.pdf
http://bpp.wharton.upenn.edu/betseys/papers/Happiness_Race.pdf


32. U.S. Census Bureau. [accessed May 03 2012] Table F-3. Mean Income Received by Each Fifth
and Top 5 Percent of Families, All Races: 1966 to 2010. 2010. http://www.census.gov/hhes/www/
income/data/historical/families/2010/F03AR_2010.xls

33. Ben-Shalom, Y.; Moffitt, RA.; Scholz, JK. Working Paper 17042. Cambridge, MA: National
Bureau of Economic Research; 2011. An Assessment of the Effectiveness of Anti-Poverty
Programs in the United States.

34. Goering, J., et al. Moving to Opportunity for fair housing demonstration program: Current status
and initial findings. Washington, DC: U.S. Department of Housing and Urban Development; 1999.

35. Goering, J.; Feins, JD.; Richardson, T. What have we learned about housing mobility and poverty
deconcentration? In Choosing a better life? Evaluating the Moving to Opportunity social
experiment. Goering, J.; Feins, J., editors. The Urban Institute Press; 2003. p. 3-36.

36. U.S. Census Bureau, Geography Division. [accessed December 1, 2011] Census Tracts and Block
Numbering Areas. 2000. http://www.census.gov/geo/www/cen_tract.html

37. Orr, L., et al. Moving to Opportunity for Fair Housing Demonstration Program: Interim Impacts
Evaluation. Washington, DC: U.S. Department of Housing and Urban Development, Office of
Policy Development and Research; 2003. http://www.huduser.org/Publications/pdf/
MTOFullReport.pdf)

38. Fortson JG, Sanbonmatsu L. Child Health and Neighborhood Conditions: Results from a
Randomized Housing Voucher Experiment. Journal of Human Resources. 2010; 45:840–864.

39. Kling JR, Ludwig J, Katz LF. Neighborhood Effects on Crime for Female and Male Youth:
Evidence from a Randomized Housing Voucher Experiment. Quarterly Journal of Economics.
2005; 120:87–130.

40. Sanbonmatsu L, Kling JR, Duncan GJ, Brooks-Gunn J. Neighborhoods and Academic
Achievement: Results from the Moving to Opportunity Experiment. Journal of Human Resources.
2006; 41:649–691.

41. Groves, RM.; Fowler, FJ.; Couper, MP.; Lepkowski, JM.; Singer, E. Survey Methodology. ed. 7.
New York: John Wiley & Sons; 2004.

42. The American Association of Public Opinion Research. Standard Definitions: Final Dispositions of
Case Codes and Outcome Rates for Surveys. 7th Edition. 2011.

43. Idler EL, Kasl SV. Self-ratings of health: do they also predict change in functional ability? The
journals of gerontology Series B Psychological sciences and social sciences. 1995; 50:S344–S353.

44. Idler EL, Benyamini Y. Self-rated health and mortality: a review of twenty-seven community
studies. Journal of Health and Social Behavior. 1997; 38:21–37. [PubMed: 9097506]

45. Delpierre C, Lauwers-Cances V, Datta GD, Lang T, Berkman L. Using self-rated health for
analysing social inequalities in health: a risk for underestimating the gap between socioeconomic
groups? Journal of Epidemiology & Community Health. 2009; 63:426–432. [PubMed: 19218251]

46. Dowd JB, Zajacova A. Does self-rated health mean the same thing across socioeconomic groups?
Evidence from biomarker data. Annals of Epidemiology. 2010; 20:743–749. [PubMed: 20816313]

47. Wiener JM, Hanley RJ, Clark R, Van Nostrand JF. Measuring the activities of daily living:
comparisons across national surveys. Journal of Gerontology. 1990; 45:S229–S237. [PubMed:
2146312]

48. Institute for Social Research, Health and retirement study: Physical measures and biomarkers.
2008. http://hrsonline.isr.umich.edu/modules/meta/2008/core/qnaire/online/
2008PhysicalMeasuresBiomarkers.pdf

49. Chobanian AV, et al. Seventh report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure. Hypertension. 2003; 42:1206–1252. [PubMed:
14656957]

50. Furukawa TA, Kessler RC, Slade T, Andrews G. The performance of the K6 and K10 screening
scales for psychological distress in the Australian National Survey of Mental Health and Well-
Being. Psychological Medicine. 2003; 33:357–362. [PubMed: 12622315]

51. Kessler RC, et al. Screening for serious mental illness in the general population. Archives of
General Psychiatry. 2003; 60:184–189. [PubMed: 12578436]

Ludwig et al. Page 11

Science. Author manuscript; available in PMC 2013 March 21.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

http://www.census.gov/hhes/www/income/data/historical/families/2010/F03AR_2010.xls
http://www.census.gov/hhes/www/income/data/historical/families/2010/F03AR_2010.xls
http://www.census.gov/geo/www/cen_tract.html
http://www.huduser.org/Publications/pdf/MTOFullReport.pdf
http://www.huduser.org/Publications/pdf/MTOFullReport.pdf
http://hrsonline.isr.umich.edu/modules/meta/2008/core/qnaire/online/2008PhysicalMeasuresBiomarkers.pdf
http://hrsonline.isr.umich.edu/modules/meta/2008/core/qnaire/online/2008PhysicalMeasuresBiomarkers.pdf


52. Kessler RC, Ustün TB. The World Mental Health (WMH) Survey Initiative Version of the World
Health Organization (WHO) Composite International Diagnostic Interview (CIDI). International
Journal of Methods in Psychiatric Research. 2004; 13:93–121. [PubMed: 15297906]

53. Kessler RC, Merikangas KR. The National Comorbidity Survey Replication (NCS-R): background
and aims. International Journal of Methods in Psychiatric Research. 2004; 13:60–68. [PubMed:
15297904]

54. Alwin DF. Information transmission in the survey interview: Number of categories and the
reliability of attitude measurement. Sociological Methods. 1992; 22:83–118.

55. Andrews, FM.; Withey, SB. Social indicators of well-being: Americans’ perceptions of life quality.
New York: Plenum; 1976.

56. Jacoby J, Matell MS. Three-point Likert scales are good enough. Journal of Marketing Research.
1971; 8:495–500.

57. Lehmann DR, James H. Are three-point scales always good enough? Journal of Marketing
Research. 1972; 9:444–446.

58. Ferrer-i-Carbonell A, Frijters P. How Important is Methodology for the estimates of the
determinants of Happiness? The Economic Journal. 2004; 114:641–659.

59. Krueger AB, Schkade DA. The Reliability of Subjective Well-Being Measures. Journal of Public
Economics. 2008; 92:1833–1845. [PubMed: 19649136]

60. Lucas RE, Diener E, Suh EM. Discriminant validity of well-being measures. Journal of Personality
and Social Psychology. 1996; 71:616–628. [PubMed: 8831165]

61. Sandvik E, Diener E, Seidlitz L. Subjective Well-Being: The Convergence and Stability of Self-
Report and Non-Self-Report Measures. Journal of Personality. 1993; 61:317–342.

62. Diener E, Suh EM. Kahneman D, Diener E, Schwartz N. Well-Being: the Foundations of Hedonic
Psychology. 1999:434–450.

63. Diener E, Suh EM, Lucas RE, Smith HL. Subjective well-being: Three decades of progress.
Psychological Bulletin. 1999; 125:276–302.

64. Frey, BS.; Stutzer, A. Happiness and economics. Princeton, NJ: Princeton University Press; 2002.

65. Blanchflower DG, Oswald AJ. Well-being over time in Britain and the USA. Journal of Public
Economics. 2002; 88:1359–1386.

66. Layard, R. Happiness: Lessons from a New Science. London: Penguin; 2005.

67. Steptoe A, Wardle J, Marmot M. Positive affect and health-related neuroendocrine, cardiovascular,
and inflammatory processes. Proceedings of the National Academy of Sciences of the United
States of America. 2005; 102:6508–6512. [PubMed: 15840727]

68. Di Tella R, MacCulloch R. Some Uses of Happiness Data in Economics. Journal of Economic
Perspectives. 2006; 20:25–46.

69. Stevenson B, Wolfers J. Happiness Inequality in the United States. The Journal of Legal Studies.
2008; 37:S33–S79.

70. Stevenson, B.; Wolfers, J. Brookings Papers on Economic Activity, Spring 2008. Elmendorf, DW.;
Gregory, N.; Mankiw; Summers, LH., editors. Vol. vol 39. Washington, DC: Brookings Institution
Press; 2008. p. 1-102.

71. Urry HL, et al. Making a life worth living: neural correlates of well-being. Psychological Science.
2004; 15:367–372. [PubMed: 15147488]

72. Diener, E.; Lucas, RE. Well-being: The Foundations of Hedonic Psychology. Kahneman, D.;
Diener, E.; Schwarz, N., editors. Vol. vol. 37. Guilford Press; 1999. p. 213-229.

73. Van Praag BMS. Ordinal and cardinal utility: An integration of the two dimensions of the welfare
concept. Journal of Econometrics. 1991; 50:69–89.

74. Angrist JD. Estimation of Limited Dependent Variable Models With Dummy Endogenous
Regressors. Journal of Business and Economic Statistics. 2001; 19:2–28.

75. Rubin DB. Comment on “Randomization Analysis of Experimental Data: The Fisher
Randomization Test,” by D. Basu. Journal of the American Statistical Association. 1980; 75:591–
593.

76. Sobel ME. What Do Randomized Studies of Housing Mobility Demonstrate? Causal Inference in
the Face of Interference. Journal of the American Statistical Association. 2006 Dec.101

Ludwig et al. Page 12

Science. Author manuscript; available in PMC 2013 March 21.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



77. Ludwig J, et al. What Can We Learn about Neighborhood Effects from the Moving to Opportunity
Experiment? American Journal of Sociology. 2008; 114:144–188.

78. Bloom HS. Accounting for No-Shows in Experimental Evaluation Designs. Evaluation Review.
1984; 8:225–246.

79. Angrist JD, Imbens GW, Rubin DB. Identification of Causal Effects Using Instrumental Variables.
Journal of the American Statistical Association. 1996; 91:444–455.

80. Angrist, JD.; Pischke, J-S. Mostly Harmless Econometrics: An Empiricist’s Companion. Princeton
University Press; 2009.

81. Ludwig J, Kling JR. Is Crime Contagious? The Journal of Law and Economics. 2007; 50:491–518.

82. Rivers D, Vuong Q. Limited information estimators and exogeneity tests for simultaneous probit
models. Journal of Econometrics. 1988; 39:347–366.

83. Murray MP. Avoiding Invalid Instruments and Coping with Weak Instruments. Journal of
Economic Perspectives. 2006; 20:111–132.

84. Fuller WA. Some properties of a modification of the limited information estimator. Econometrica.
1977; 45:939–953.

85. Stock, J.; Yogo, M. Identification and Inference for Econometric Models: Essays in Honor of
Thomas J. Rothenberg. Andrews, DWK.; Stock, JH., editors. Cambridge University Press; 2005.
p. 80-108.

86. Hahn J, Hausman JA, Kuersteiner G. Estimation with Weak Instruments: Accuracy of Higher
Order Bias and MSE Approximations. Econometrics Journal. 2004; 7:272–306.

87. Kennedy, SD.; Leger, ML. Final Comprehensive Report of the Freestanding Housing Voucher
Demonstration. Washington, DC: U.S. Department of Housing and Urban Development, Office of
Policy Development and Research; 1990.

88. Rubinowitz, LS.; Rosenbaum, JE. Crossing the class and color lines: From public housing to white
suburbia. Chicago: University of Chicago Press; 2000.

89. Feins JD, Shroder M. Moving to opportunity: The demonstration’s design and its effects on
mobility. Urban Studies. 2005; 42:1275–1299.

90. Shroder M. Locational constraint, housing counseling, and successful lease-up in a randomized
housing voucher experiment. Journal of Urban Economics. 2002; 51:315–338.

91. Staiger D, Stock J. Instrumental variables regression with weak instruments. Econometrica. 1997;
65:557–586.

92. U.S. Census Bureau. [accessed May 04 2012] 1970 Census Data. Prepared by Social Explorer.
http://www.socialexplorer.com.ezpprod1.hul.harvard.edu/pub/reportdata/htmlresults.aspx?
ReportId=R10244914

93. U. S. Census Bureau. [accessed May 04 2012] American Community Survey 2005–2009. Prepared
by Social Explorer. http://www.socialexplorer.com.ezpprod1.hul.harvard.edu/pub/reportdata/
htmlresults.aspx?ReportId=R10244926

94. U.S. Census Bureau. [accessed May 03 2012] Table F-1. Income Limits for Each Fifth and Top 5
Percent of Families (All Races): 1947 to 2010. 2010. http://www.census.gov/hhes/www/income/
data/historical/families/2010/F01AR_2010.xls

95. Jacob, BA.; Ludwig, J.; Miller, DL. The effects of housing and neighborhood conditions on child
mortality. Working Paper 17369. Cambridge, MA: National Bureau of Economic Research; 2011.

Ludwig et al. Page 13

Science. Author manuscript; available in PMC 2013 March 21.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

http://www.socialexplorer.com.ezpprod1.hul.harvard.edu/pub/reportdata/htmlresults.aspx?ReportId=R10244914
http://www.socialexplorer.com.ezpprod1.hul.harvard.edu/pub/reportdata/htmlresults.aspx?ReportId=R10244914
http://www.socialexplorer.com.ezpprod1.hul.harvard.edu/pub/reportdata/htmlresults.aspx?ReportId=R10244926
http://www.socialexplorer.com.ezpprod1.hul.harvard.edu/pub/reportdata/htmlresults.aspx?ReportId=R10244926
http://www.census.gov/hhes/www/income/data/historical/families/2010/F01AR_2010.xls
http://www.census.gov/hhes/www/income/data/historical/families/2010/F01AR_2010.xls


Fig. 1.
Impact on each outcome of assignment to the MTO treatment (voucher) groups for adults
interviewed in long-term survey. The squares represent the intent-to-treat (ITT) estimate for
the effect of being assigned to MTO treatment (pooling low-poverty and traditional voucher
groups) rather than control, for the outcomes listed on the x-axis: economic self-sufficiency,
physical health, mental health, and subjective well-being (see Table 2 note, and
supplemental materials sections 1, 4, and 5). The box whiskers represent the 95th percent
confidence interval around the estimates.
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Fig. 2.
Instrumental variable estimation of the relationship between subjective well-being (SWB)
and average (duration-weighted) tract poverty rate (panel A), tract share minority (panel B),
tract poverty controlling for minority share (panel C), and tract minority share controlling
for tract poverty (panel D). The y-axis is a 3-point happiness scale (1=not too happy,
2=pretty happy, 3=very happy) expressed in standard deviation units relative to the control
group. Share poor is the fraction of census tract residents living below the poverty threshold.
Share minority is the fraction of census tract residents who are members of racial or ethnic
minority groups. Tract shares are linearly interpolated from the 1990 and 2000 decennial
census and 2005–09 American Community Survey and are weighted by the time
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respondents lived at each of their addresses from random assignment through May 2008.
Share poor and minority are z-scores, standardized by the control group mean and standard
deviation. The points represent the site (Bal = Baltimore, Bos = Boston, Chi = Chicago, LA
= Los Angeles, NY = New York City) and treatment group (LPV = low-poverty voucher,
TRV = traditional voucher, C = control group). The slope of the line is equivalent to a 2SLS
estimate of the relationship between subjective well-being and the mediator shown in each
panel, using interactions of indicators for MTO treatment group assignment and
demonstration site as instruments for the mediator (controlling for site indicator main
effects).
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Table 1

Baseline characteristics (1994–98) of adults interviewed as part of long-term survey (N=3,273), by
randomized MTO treatment status. Mean values represent shares, except for age and income; missing values
have been imputed (except income). Values are weighted to account for changes over time in treatment
assignment likelihood and for the follow-up survey sampling design (see supplementary materials section 1).

Control group
mean

MTO treatment
(voucher) groups mean

N=1139 N=2134

Gender and age

Female 0.978 0.984

Age as of December 31, 2007 (years) 44.5 44.6

Race and ethnicity

African-American (any ethnicity) 0.660 0.640

Hispanic ethnicity (any race) 0.304 0.325

Other demographic characteristics

Never married 0.637 0.623

Working 0.245 0.270

High school diploma 0.361 0.367

General Educational Development (GED) 0.199 0.169*

Receiving Aid to Families with Dependent Children (AFDC) 0.763 0.752

Household characteristics

Household income (2009 dollars) $12,438.64 $12,833.64

Site

Baltimore 0.135 0.136

Boston 0.205 0.203

Chicago 0.205 0.206

Los Angeles 0.226 0.225

New York 0.229 0.229

Neighborhood characteristics

Household member was crime victim in last six months 0.416 0.425

Very dissatisfied with neighborhood 0.467 0.478

Primary or Secondary Reason for Wanting to Move

To get away from gangs and drugs 0.779 0.770

Better schools for children 0.481 0.516*

To get a bigger or better apartment 0.457 0.440

To get a job 0.069 0.058

***
= P<.01,

**
= P<.05,

*
= P<.10 on two-tailed t-test of difference between MTO treatment and control groups.
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