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Appendix 1
Attrition from the Public Housing
Student Sample
A total of 1,198 children lived in public housing and enrolled in any one grade
in K–6 in Montgomery County Public Schools during 2001–07. As described
below, only the 877 out of 1,198 children living in public housing that had at
least two years of test scores and received less than fourteen hours per week
of special education services were considered in the analysis. But of the entire
population of 1,198 children in public housing who were enrolled in the district
at some point during 2001–07, 4 percent exited the district during 2001–07
before reaching seventh grade. (When children rise into seventh grade, they
drop from the sample.) The 48 exiting children (4 percent of 1,198) were no
different in aggregate from their remaining peers in public housing in terms
of family income, initial test scores, or initial school poverty levels. Of the 48
children who exited the sample for nonstructural reasons, the first school in
which they enrolled had an average of 26 percent of schoolmates qualified
for free and reduced price meals (FARM), versus an average of 29 percent of
schoolmates who qualified for FARM in the first year of school for the balance
of the public housing students. Of the 48 exiting students, 21 were enrolled
in at least one grade level that was tested, and the remaining 27 were not.
(Recall the district tested second through sixth graders for at least some of the
years between 2001 and 2007.) For those with at least one test score, exiting
children’s first math and first reading score were not statistically different from
the first scores of their peers in public housing.
Putting this in a regression framework, students whose first test score was
above the average of their peers in public housing and whose first school had
moderately high poverty (that is, more than 20 percent of students qualified
for FARM) were no more likely to exit the sample than their peers in public
housing who also first scored above average but were enrolled in the district’s
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lowest-poverty schools (where less than 20 percent of students qualified for
FARM).
A total of 877 out of 1,019 children living in public housing met the three
sample restrictions—(a) enrolled in elementary grades K–6 for at least two
consecutive years within the 2001–07 school-year period, (b) have at least
one test score and (c) do not qualify for special education services of more
than fourteen hours per week. Of these 877 children, a total of 2 percent of the
sample (19 children) exited, leaving a total of 858 children for the analysis.
The 19 children that met the sample criteria and that exited the district were
not systematically higher (or lower) performing than their peers, nor did they
first attend public schools that were poorer or wealthier on the whole than their
peers.
Looking at attrition from a different angle, approximately one hundred
public housing family apartments become available to new admittees in any
given year in the county. Most of the turnover occured in public housing situated in the poorer neighborhoods within the county. This means that a disproportionate share of the newest families in the public housing system lived in
the highest-poverty areas where public housing is located. However, families
without elementary-age children drove the turnover. In other words, families in
public housing whose children originally were assigned to the highest-poverty
schools (that is, more than 40 percent of schoolmates qualify for FARM) were
no more likely to switch schools or to leave the district during the 2001–07
window of this study than families with children originally assigned to lowpoverty elementary schools (that is, where less than 20 percent of schoolmates
qualify for FARM).

Low-Poverty
Moderate-Poverty
Moderately High-Poverty
Schools
Schools
Schools
(0–20% of first
(20–40% of first
(40–85% of first
grade-mates
grade-mates
grade-mates
qualify for FARM*)
qualify for FARM*)
qualify for FARM*)
			
Characteristics of students in public housing in the first year of school within the district
African American
73%
69%
71%
Asian American
4%
7%
7%
Hispanic
16%
15%
17%
White
5%
7%
5%
Female
48%
52%
55%
Earliest grade
level in district
1.85
2.07
1.80
English as a
second language
9%**
13%
16%**
Receives 1–14
hour a week of
special education
services
9%
12%
8%
Average math
score (percentile rank)
39
36
37
Average reading
score (percentile rank)
42
37
42

Randomization of Children across School Poverty Levels
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Moderate-Poverty
Schools
(20–40% of first
grade-mates
qualify for FARM*)

Moderately High-Poverty
Schools
(40–85% of first
grade-mates
qualify for FARM*)

** Within the same row, the t-statistic indicates that there is less than a 5 percent likelihood that the difference in the distribution of that
row’s characteristic is solely due to chance.

* FARM stands for free and reduced-price meals, which is the only income measure public schools collect.

Note: The results include 958 children in public housing, 345 of which attended low-poverty, 353 moderate-poverty, and 260 moderately
high-poverty schools in their first year. Only 235 of 958 children were in grade levels such that they had test scores in their first year
within the district. The 958 children are distributed across 114 of the elementary schools in the district. Note that, for completeness, the
sample includes all forms of special education students, which exceeds the number of students included in the regression analyses.

Characteristics of families in public housing in child’s first year of school within the district
Average household
income
$21,147
$20,253
$20,571
Average household
assets
$448
$986
$743
Average number of
children age 0–18
in family
3.26
3.26
3.31
Household headed
by a female
88%
86%
85%
Age of head of
household (years)
40.19**
39.97
38.66**
Wages is a primary
source of income
69%
76%
71%
Head of household
7%
7%
is disabled
8%

Low-Poverty
Schools
(0–20% of first
grade-mates
qualify for FARM*)
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Appendix 3: Effects of Four Levels of School Poverty
Figure A1. Math Scores of Public Housing Students:

0–20 Percent versus 20–85 Percent of Schoolmates in Poverty
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Figure A2. Math Scores of Public Housing Students:

0–25 Percent versus 25–85 Percent of Schoolmates in Poverty
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0% – 25% of schoolmates in previous year qualified for FARM
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Figure A3. Math Scores of Public Housing Students:

0–30 Percent versus 30–85 Percent of Schoolmates in Poverty
50
0%-30% of schoolmates in previous year qualified for FARM

Average NCE math scores
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Figure A4. Math Scores of Public Housing Students:

0–35 Percent versus 35–85 Percent of Schoolmates in Poverty
50
0% – 35% of schoolmates in previous year qualified for FARM

Average NCE math scores
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Appendix 4
Technical Appendix
Test Scores
To maximize the number of students, grades, and years analyzed, the
results of analyses shown in Figures 3, 4, and 6–10 draw on individual students’
norm-referenced test scores from the CTBS TerraNova, CTBS TerraNova2,
and Stanford 9 (which were are part of the Maryland State Assessment) tests
administered to second, fourth, and sixth grades in 2001 and 2002, and second
through sixth grades in 2003 through 2007. The national percentile rank normreferenced scores of students in public housing were available from each test
type. In each case, individual students’ national percentile rank scores first
were converted using a published conversion equation to normal curve equivalent (NCE) scores using grade- and year-specific Montgomery County district
data. This conversion from percentile rank scores to normal curve equivalent
(NCE) scores was necessary to place the individual students’ test scores on an
equal interval scale.
An NCE score measures where a student falls on the normal curve of
test scores for that grade and year within the school district. NCE scores range
from 1 to 99, and have a mean score of 50 and a standard deviation of 21.06.
Put another way, the average NCE math score in the school district for any
grade level in any year is 50, and two-thirds of students in the district in any
given grade level scored between 28.94 and 71.06 (50 +/- 21.06).
To check whether the results shown in the figures were biased due to
the use of public housing students’ test scores from two test types (Stanford
9 on the Maryland State Assessment and CTBS), I performed separate sensitivity analyses using scores from only one of the tests (the Maryland State
Assessment), first with students’ norm-referenced scores and then with
their criterion-referenced scale scores. (Note that students obtained both a
norm-referenced score and a criterion-referenced score from the MSA derived
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from subsets of the MSA test questions. The criterion-references scores on
the MSA were used for accountability purposes to determine whether schools
passed or failed Adequate Yearly Progress. The norm-referenced scores, which
are the ones used in the primary analysis and in figures throughout the report,
had no accountability stakes attached to them. The MSA was administered
to third and fifth graders in 2003 and to third through sixth graders in 2004 –
2007. Analyzing only the scores from the MSA and not the CTBS TerraNova
reduced the number of scores included in the regression analysis from 2,034
math NCE scores and 2,001 reading NCE scores to 1,344 math and 1,249 reading scale scores from the Maryland State Assessment. Nevertheless, the trend
lines and effect sizes from the MSA scale score-only analyses are largely the
same as those for the NCE scores shown in the narrative that combines scores
from both the MSA and the TerraNova. The differences between the scores
of children in public housing in the lowest-poverty versus moderate-poverty
schools using the MSA-only tests are also statistically significant at the 10
percent level in year five to year seven.

Empirical Analysis
Since children in public housing across the county are assigned randomly to neighborhoods and schools, the concept behind estimating the effect
of school and neighborhood poverty levels is relatively simple: compare the
average performance of children in public housing according to the poverty
levels of their schools and neighborhoods. Call Y the outcome measure (that
is, reading or math score) in year t for student i. The estimated effect for children in public housing of moving from moderately high poverty to the lowestpoverty schools equals:
Equation 1

δ
= Ε [Υit | Lowpov.schooli(t-1)=1] - Ε [Υit| Modpov.school i (t-1)=1]
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where Lowpov.school is a dichotomous variable that either equals 1 if less
than 20 percent of the student’s schoolmates in the previous year (t–1)
qualified for FARM or equals 0 if not. Likewise, modpov.school is a binary
variable that equals 1 if more than 20 percent of the student’s grademates
in the previous year (t–1) qualified for FARM. Schoolmates from the year
prior to the test score are chosen since the outcome measure (Y) is a test
administered before the end of the school year. The estimated effect of
neighborhood poverty rates is identical, with the substitution of indicators
for lowpov.neighborhood and modpov.neighborhood, respectively.
In Equation 1, δ represents the average effect of shifting from a
moderate-poverty to a low-poverty school for all the children in public
housing in the sample, regardless of how many years those children have
been enrolled in the district during 2001–07. It is important to recall that
the population parameter δ applies to children of families who signed
up for and then won admission to public housing in an affluent suburb.
Strictly speaking, this means the impacts are generalizable to this kind of
student.
However, the structure of the longitudinal data is such that typically
there are multiple test scores per child, multiple children in public housing
per school, and multiple children in public housing per neighborhood.39
To take advantage of the multiple years of information about children,
the unit of analysis in the study is not the student but rather a test score
Y obtained by student i in year t. However, test scores corresponding to
a single student should be highly correlated with one another. To a lesser
degree, test scores corresponding to students who live in the same neighborhood or attend the same school should also be correlated. To account
for the dependencies among the test scores, I fit a multilevel regression
model where test scores (level 1) are nested within students (level 2A) who
are, in turn, nested within schools (level 3) and separately nested within
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neighborhoods (level 2B). Since neighborhoods as defined in this study
(that is, census block groups) are unaligned with school boundaries,40 the
fitted model has both a nested and non-nested structure.
Equation 2: Three-level model to estimate impact of school
(neighborhood) poverty level on the test scores
of children in public housing
Level 1: test score-level equation			
Y =α +α
it

i

j[it]

+ β1 low.povschoolit-1 + β2 mod.povschoolit-1 + Xiβ + ε

it

where:
Y = standardized math or reading score
i = student
t = time t = school year 2001…2007
j = neighborhood where student i lived at time t
X = vector of five predictors to control for random differences in student
characteristics across the three treatment groups and for time trends—
i.e., student ESL status and school year dummies

ε

it ~ N (0, σ ε )
2

Here, each test score Y for student i at time t is modeled as a linear
function of: a mean for the student i who produced the score; the contribution of school s in which student i was enrolled at time t; the contribution
of neighborhood j in which student i lived at time t; the poverty level of the
school student i attended in the year t-1; and student i’s ESL status at time
t and year fixed effects (contained in X). The residual term εit represents
the unexplained difference between the student i’s test score at time t and
the sum of the fitted model predictors. It is assumed that εit is normally
distributed and has a mean of zero and a standard deviation of σit.
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Level 2A: student-level regression
α = αs[it] + εi
i

where i = 1, … students and s = 1,…n schools, and

ε

i ~ N (0, σ ε )
2

The level 2A equation models the child-level variation within each
school, where αs[it] is the average standardized test score of children in public
housing who attended the school s that student i attended at time t. εi is normally distributed, with a mean of zero and a standard deviation of σα[i]. The
error term, εi, represents the variation among students that is not explained by
the data-level predictors (level 1) and the school-level predictor.
Level 3: school-level regression
α

s[it]

= μα[s] + εs[it]

where s = 1,…n schools, and

ε

S

~ N (0, σ 2ε )

The level 3 equation models the school-level variation between the
elementary schools that children in public housing attended. The index
term s refers to the school student i attended at time t. The error term, εs,
is normally distributed with a mean value of zero and a standard deviation of σα[s].
Level 2B: neighborhood-level regression
α

j[it]

= μα[j] + εj[it]

where j = 1, … n neighborhoods, and

ε

j ~ N (0, σ ε )
2

The level 2B regression models the neighborhood-level variation between
the neighborhoods where children in public housing lived. The error term, εj,
is normally distributed with a mean value of zero and a standard deviation of
σα[j].41
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The slopes β1 and β2 from level 1 of the model—which are fixed in
the sense that the two coefficients do not vary over the observations whereas
the two random effect intercepts do—indicate the average effect of the two
respective poverty levels (low and moderate) among schools in the year prior
to a student’s test score in the following year. For example, taking the difference between fitted coefficients for β1 and β2 provides the estimated average
effect of moving from a low-poverty school to a moderate-poverty school in
the prior year on a public housing student’s subsequent year’s test score. The
standard deviation of the respective coefficients for α α and α indicate what
s,

j,

i-s

proportion schools, neighborhoods, and students respectively comprised of the
variability in public housing students’ test scores.
For the purposes of this study, taking the difference between the estimated coefficients β1 and β2 answer the primary question: do poor students
benefit academically from exposure to low-poverty schools? But they do not
address the more policy-rich questions of when effects occur. To test when
effects occur, I expand the baseline model (equation 2) by introducing nine
additional predictors: the interactions of three time-related predictors—time
(in days) elapsed since student i first entered the school district and time t of
the test score, time elapsed squared, and time elapsed cubed—with each of the
two poverty-related predictors (β1 and β2). The interaction terms are included
to see if the effects of poverty differ according to the number of years the child
has been enrolled in the district.
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