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& Scheffler, 2014; Mulligan et al., 2013; Razani et al., 2014). For youth with ADHD, trends in
educational achievement are significantly affected by stressful home environments and changes
in school contexts/routines (Langberg et al., 2008). Behavior modification studies suggest that
providing structured yet simplified home and school environments produce behavioral and
educational improvement whereas changing those environments to be less structured or more
complex leads to worsened behavior and educational outcomes (Langberg et al., 2008).
Neighborhoods represent a primary context for development where youth spend
substantial amounts of time; they also represent non-familial/school environments that may
exacerbate or improve educational outcomes in children with ADHD. Yet, neighborhood effects
research in this area is lacking. To my knowledge, no studies have examined how neighborhood
contexts contribute to educational achievement in children with ADHD. My previous work
(chapter 2, chapter 4) demonstrated that residential and school contexts are associated with both
direct and indirect influences on reading and math scores during elementary and middle school,
net of family and school environments. In this study, | use nationally representative data, growth
curve models, longitudinal propensity scores, and residential and school neighborhoods to
examine whether neighborhoods exert more influence on reading and math scores in elementary
students with ADHD versus those without. | hypothesize that, because youth with ADHD are
extremely sensitive to place, particularly disruptive environments, residential and school
neighborhood environments will be more influential for youth with ADHD than their non-

impaired peers.

METHODS

Data
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The Early Childhood Longitudinal Study — Kindergarten Cohort (ECLS-K), sponsored by the
Department of Education (National Center for Education Statistics, 2006), is a nationally
representative study that followed a cohort of more than 21,400 children who entered
kindergarten during the 1998-1999 school year through 8" grade. Data collection took place
during the fall and spring of kindergarten (1998-1999) and 1% grade (1999-2000) and the spring
of 3 (2002), and 5™ (2004), and 8" (2007) grades. The ECLS-K employed a multistage
probability sample design. In the base year the primary sampling units (PSUs) were geographic
areas consisting of counties or groups of counties. From these PSUs, approximately 24 children
were randomly sampled from each of the 1,277 schools, both public and private. In order to
maximize the amount of longitudinal data, subsamples of children were followed if they changed
schools and any child flagged to be followed at one point in time continued to be followed in
subsequent data collections. In a longitudinal sample, attrition due to non-response and eligibility
change is expected. During the first four waves (kindergarten through 5™ grade), the ECLS-K
had a 40% attrition rate. However, the ECLS-K included weights to compensate for both
sampling strategy and attrition; all analyses in this study are weighted appropriately. Results of
weighted analyses are generalizable to the U.S. population of kindergarten children in the 1998-
1999 school year and first graders in 1999-2000. Subsequent waves are only representative of the
ECLS-K cohort.

The ECLS-K contains longitudinal and geocoded data collected directly from children,
parents, teachers, and school administrators, providing comprehensive information on education,
development, and home, school, and neighborhood environments. The ECLS-K did not provide
census tract geocodes for the 5™ grade; thus, 5" grade geographic information was only available

for children who did not move in elementary school (83% of the sample). Kindergarten, 1%, and
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3" grade geocodes were linked to the 2000 US Decennial Census; 5" grade geocodes were

linked to the 2005-2009 American Community Survey (ACS) 5- year estimates.

Measures

Math and Reading Achievement — IRT Scale Scores

Academic achievement from kindergarten to 5" grade was measured using reading (N=9,790)
and math (N=9,810) scores calculated from item response theory (IRT) procedures. “IRT uses
the pattern of right, wrong, and omitted responses to the items actually administered in an
assessment and the difficulty, discriminating ability, and ‘guess-ability’ of each item to place
each child on a continuous ability scale” (National Center for Education Statistics, 2006, p. 3-5).
Responses across waves were pooled to stabilize longitudinal estimates; the child’s response at
each wave represents estimates of the number of items the child would have answered correctly
at each point in time if they had taken all of the 186 questions in the reading forms and all of the
153 questions in all of the mathematics forms. Scores were standardized with a mean of 50 and a

standard deviation of 10 (Table 5.1).



Table 5.1. Descriptive statistics of child, family and school characteristics for reading and math achievement — Combined and
stratified by ADHD diagnosis. Weighted and pooled sample from the ECLS-K sample — kindergarten through 5™ grade.

Combined ADHD No ADHD
N Mean SE N Mean SE N Mean SE ANOVA

Math Achievement 40700 49.79 0.24 1200 4553 0.49 37870 50.23 0.27 ***
Reading Achievement 41580 49.84 0.27 1200 4538 0.45 35060 50.18 0.24 ***
Child and Family Characteristics
Child diagnosed with ADHD 54890 0.03 0.00
Race and Ethnicity

White 60110 0.58 0.02 1720 0.71  0.02 53020 0.60 0.02 ***

Black 60110 0.15 0.02 1720 0.12 0.02 53020 0.14 0.02 *

Hispanic 60110 0.19 0.02 1720 0.10 0.01 53020 0.19 0.02 ***

Other 60110 0.08 0.01 1720 0.07 0.01 53020 0.07 0.01
Child in good health 54770 0.83 0.00 1720 0.77 0.01 53050 0.84 0.00 ***
Male 60300 0.52 0.00 1720 0.76  0.02 53170 0.51 0.00 ***
Parents married 57030 0.71 0.01 1720 0.64 0.02 53100 0.71 0.01 ***
Residential Mobility 41350 0.14 0.00 1480 0.17 0.01 36520 0.16 0.00

Maternal Education
Less than high school education 53410 0.13 0.01 1500 0.12 0.01 49440 0.13 0.01

High school and some college 53410 0.63 0.01 1500 0.66 0.02 49440 0.62 0.01 **
Bachelor’s degree 53410 0.18 0.01 1500 0.16 0.01 49440 018 001 *
Graduate or professional degree 53410 0.07 0.00 1500 0.06 0.01 49440 0.07 0.00

SES 57440 -0.03 0.02 1720 -0.13 0.03 53170 -0.02 0.02 ***
Parent Communication 56720 2.61 0.05 1710 1.97 0.11 52820 2.66 0.05 ***

Parental Involvement in Education 57090 -0.01 0.02 1720 -0.08 0.04 53170 0.03 0.02 ***
School Characteristics

% Minority Students

0- <25% 57660 0.49 0.03 1610 0.53 0.03 50870 050 0.03 *
25 - <50% 57660 0.17 0.01 1610 0.19 0.02 50870 0.17 0.01 **
50 - <75% 57660 0.12 0.01 1610 0.14 0.02 50870 0.11 0.01 ***

TZT



>=75% 57660 023 0.02 1610 014 0.02 50870 022 0.02 ***
Parents are active in school programs 46460  0.79 0.01 ~ 1340 0.80 0.01 41200 0.80 0.1

Problem with teacher turnover 46490 0.07 0.01 1340 0.06 0.01 41240 0.07 001 7
Per ECLS-K guidelines, Ns are rounded to the nearest 10 to protect participants. Data are in “long” form and measured in person-years. There are N=9,810 and
N=9,790 individual students for math and reading achievement, respectively. N=630 children diagnosed with Attention Deficit Hyperactivity Disorder (ADHD).
Statistics are estimated with probability weights and sandwich estimators to adjust for clustering within primary sampling units. Analysis of Variance (ANOVA)
tests whether means are significantly different between ADHD and non-ADHD youth.
T p <0.10. * p<0.05. ** p<0.01. *** p<0.001.

¢cl



123

Child and Family Level Variables
| controlled for a variety of child and family characteristics in all multivariate models based on
previous studies of educational achievement and theoretical rationale — all measures except child
race/ethnicity and sex were time-varying (Dupere et al., 2010; Leventhal & Brooks-Gunn, 2000;
Lloyd et al., 2010; Sampson et al., 2002; Sampson et al., 2008). Sociodemographic
characteristics included child race and/or ethnicity, child health status (good health vs. poor
health), child sex, family structure (married vs. unmarried parents), maternal education,
socioeconomic status (SES), and residential mobility (Root & Humphrey, 2014b). The SES
measure is a continuous scale, constructed by the ECLS-K at each wave, combining information
on household-level education, occupation, and income. A binary measure of ADHD diagnosis
was constructed based on parent responses at each wave regarding whether a child was ever
diagnosed with ADD, ADHD, or hyperactivity (National Center for Education Statistics, 2006).

| also included indirect and direct measures of parental involvement in the child’s
education. Communication with other parents was measured by asking parents “how many of
your child’s classmates’ parents do you speak with regularly?” | also created a scale which
directly measured parental involvement in education. The scale was created by summing positive
responses on questions such as “attended an open house” or “met the child’s teacher.” Because
the number of questions varied at each survey wave, the scores were standardized with a mean of

0 and standard deviation of 1 to make the scale comparable across waves (Table 5.1).

School Level Variables
School context was measured by time-varying principal report of the percentage of minority

students, whether parents were active in school programs, and whether there was a problem with
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teacher turnover. Teacher turnover was included as a means to assess the social climate within

schools (Table 5.1).

Neighborhood Construction— Residential Tracts, School Tracts, School Attendance Zones
Time-varying neighborhood contexts were defined using residential census tracts, school census
tracts, and school attendance zones. Census tract neighborhoods were defined using the tract in
which the child lived and the tract in which the school was located. Official school attendance
zones (SAZs) were not available on a national scale for the years this study took place.
Therefore, | created SAZs by aggregating the school tract and each residential tract associated

with that school.

Neighborhood Characterization - Residential Tracts, School Tracts, School Attendance Zones,
and Perceived Disorder of the School Neighborhood
Residential tracts, school tracts, and SAZs were characterized using four time-varying
sociodemographic attributes commonly found in neighborhood effect studies during childhood
(Leventhal & Brooks-Gunn, 2000; Meyer & Mcintosh, 1992; Sampson et al., 2002): proportion
of residents living below the federal poverty line, proportion of residents with less than a high
school education, proportion of affluent residents - those with at least 4-year degrees, and a
diversity index. The diversity index represents the likelihood that two persons, chosen at random
from the same neighborhood, belong to different racial groups. This equation is:
Vi=(1-XYp%)
Where pi represents the proportion of the population in each racial group for each census tract. |

then transformed the raw proportions or index values into binary values by cutting the variable
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above or below the median (Table 5.2). | transformed the neighborhood variables because it is
necessary for the “treatment” variable, neighborhood, to be in binary form to support the
propensity score methodology (Rosenbaum & Rubin, 1983).

The ECLS-K also provides a time-varying measure of perceived disorder of the “school
neighborhood.” At each wave of the survey, school principals were asked to rate (on a scale of 1-
3) “how much of a problem are the following in the neighborhood where the school is located?”:
a) tensions based on racial, ethnic, or religious differences, b) garbage, litter, or broken glass in
the street or road, on the sidewalks, or in yards, c) selling or using drugs or excessive drinking in
public, d) gangs, e) heavy traffic, f) violent crimes like drive-by shootings, g) vacant houses and
buildings, and h) crime in the neighborhood. I summed each principal’s response to create a
score of perceived disorder then standardized across each wave with a mean of 0 and standard

deviation of 1.



Table 5.2. Descriptive analysis of residential and school neighborhoods — Combined and stratified by ADHD diagnosis.
Weighted and pooled sample from the ECLS-K sample — kindergarten through 5™ grade.

Pooled ADHD No ADHD
N
Median Mean SD Median Mean SD Median Mean SD ANOVA (Tracts & SAZs)

Residential Tract

Poverty 009 013 011 0.09 012 0.10 009 012 011 * K 4740

Less than High School 016 020 0.5 016 018 0.12 016 020 0.5 k]t

Education 5110

Affluence 019 024 0.17 019 024 0.17 0.19 024 0.17 3rd 5007

Diversity 009 013 011 016 021 0.17 0.16 0.22 0.18 5t NA
School Tracts

Poverty 010 014 0.2 0.10 0.13 0.10 010 013 0.11 K 1434

Less than High School o

Education 0.17 020 0.15 0.16 0.18 0.12 0.17 020 0.15 folakalN | 1434

Affluence 019 024 0.17 019 024 0.17 0.18 0.24 0.17 3 1434

Diversity 0.17 023 0.18 017 021 0.17 0.17 022 0.18 5t 1434
School Attendance Zones

Poverty 0.10 0.13 0.10 0.10 0.12 0.08 0.10 0.13 0.09 * K 1952

Less than High School akx qst

Education 018 020 0.13 0.16 0.18 0.10 0.17 020 0.12 1 2083

Affluence 020 024 0.5 020 024 0.5 020 024 0.15 3 3022

Diversity 023 026 0.19 020 024 0.17 021 025 0.18 5t 2391

Perceived Disorder of the
“School Neighborhood”
Principal’s opinion 0.00 1.30 1.63 0.00 114 1.54 0.00 1.27 1.63 *

Per ECLS-K guidelines, Ns are rounded to the nearest 10 to protect participants. Data are in “long” form and measured in person-years. There are N=9,810 and
N=9,790 individual students for math and reading achievement, respectively. N=630 children diagnosed with Attention Deficit Hyperactivity Disorder (ADHD).
Med=Median. NA = not available. Census tracts were not provided for the 5 grade wave. Statistics are estimated with probability weights and sandwich
estimators to adjust for clustering within primary sampling units. Analysis of Variance (ANOVA) tests whether means are significantly different between ADHD
and non-ADHD youth.
T p <0.10. * p<0.05. ** p<0.01. *** p<0.001.

9T
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Analytic Strategy

Time-varying Propensity Scores (TVPS)

For residential tracts, school tracts, and school attendance zones, | used logistic regression
models to create propensity scores for each child for each characterization of neighborhood at
each wave of the survey. In each model, | regressed neighborhood type (reference set as “low” —
see median values in Table 5.2) on family characteristics from the same wave; the predicted
probability from each model represents the propensity score, or the likelihood that a family
selected into their neighborhood type based on background characteristics. Because children
moved over the course of the survey, time-varying propensity scores are needed to mitigate

selection bias at each wave (Root & Humphrey, 2014a; Root & Humphrey, 2014b).

Multilevel Growth Curve Models
The multivariate analyses use growth curve models for continuous outcomes to predict
trajectories of reading and math achievement by analyzing time points (Level 1) nested within
individual children (Level 2). Thus, the child’s grade is the Level 1 unit, and child is Level 2
(Singer & Willett, 2003). Models included information on the child, family, school, and
neighborhood characteristics as well as time-varying propensity scores. Because there were not
enough students per residential census tract to estimate 3-level models, I did not estimate 3-level
models for any of the school tracts or school attendance zones for the sake of comparability.

| first compared linear and quadratic functions of grade at Level 1. For math scores, the
linear model was the best fit, suggesting that scores changed uniformly over time. For reading
scores, the quadratic model was the best fit, suggesting that scores increased as children

progressed but eventually leveled off. Models were estimated using xtmixed in Stata 12
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(StataCorp, 2011) with child-, family-, and school-level controls as well as probability weights
and a sandwich estimator of standard errors, which adjusts for clustering within the primary
sampling unit. | assigned one unique variance parameter per random effect and assumed the
covariance parameters were zero. The basic model specification is:

Yij = mo; + m;GRADE;j + o0 Wi + &5

where: mo; = Yoo + YonXi + $oi

Ty = Y10 + YinZi + ¢

Y;; shows the level-1 model which includes GRADE (centered at kindergarten) as the trajectory
of educational achievement across students and W as a matrix of time-varying predictors of
educational achievement. mr,; and m,; are the level-2 models which show how the initial status
and trajectory are modified over time. X; and Z; are matrices of time-invariant variables that
modify the intercept and slope over time, respectively. | use the Bayesian information criterion

(BIC) and the Akaike information criteria (AIC) to assess model fit.

RESULTS

Descriptive Analysis

Table 5.1 presents a descriptive analysis of child, family, and school in the overall sample as
well as stratified by ADHD diagnosis. As expected, children with ADHD had significantly lower
reading and math scores than their non-impaired peers with an initial difference of around 5
points (half of one standard deviation) on both subjects. Generally, children with ADHD were
less likely to be reported as “healthy” by parents, they were less likely to live in homes with
married parents, and their parents were less involved in their education on both direct and

indirect measures. On the other hand, compared to non-ADHD peers, ADHD youth were
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generally white, male, lived in households with a higher socioeconomic status, and attended
schools with lower proportions of minorities.

Table 5.2 presents a descriptive analysis of neighborhood characteristics in the pooled
sample as well as stratified by ADHD diagnosis. Generally, elementary school students with and
without ADHD were exposed to similar neighborhood contexts. However, on average, children
with ADHD lived in or attended schools with significantly fewer uneducated residents, and were

exposed to significantly less perceived disorder of the school neighborhood.

Growth Curve Models

Table 5.3 presents coefficients representing neighborhood effects on reading and math scores of
youth with ADHD living in a high, relative to low, neighborhood context or experiencing a one
standard deviation increase in perceived disorder, i.e., coefficients are calculated as 8; + Bs.
Due to convergence or over-fitting issues, | was unable to interact grade by neighborhood to
examine neighborhood effects on trajectories of reading or math scores. Thus, coefficients
represent effects at kindergarten. Compared to non-ADHD youth, kindergarten reading and math
scores of children with ADHD were more heavily influenced by neighborhood context, after
applying time-varying propensity scores, and controlling for family characteristics and school
context. In particular, the association between kindergarten math scores and census tract and
school attendance zone neighborhoods were especially strong. Across each context, children
with ADHD living in high poverty neighborhoods, for example, had math scores that were
roughly 1.7 standard deviations lower than their non-impaired counterparts, a 17 point deficit.
Absolute effect sizes across neighborhoods characterized by high levels of affluence, diversity,

and residents with less than a high school diploma also exerted strong and consistent effects,
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with effect sizes ranging from 0.83 to 1.89. Associations between reading scores and census tract
and school attendance zone neighborhoods were weaker and inconsistent. However, living in a
high poverty census tract reduced initial reading scores by 19 points (b=1.89) for youth with
ADHD compared to their non-impaired peers, and exposure to high levels of uneducated
residents results in an 11 point deficit in reading scores for ADHD youth. Interestingly,
perceived disorder of the school neighborhood was decreased reading scores by 0.27 standard

deviations, relative to non-ADHD youth; no significant association was found for math scores.



Table 5.3. Coefficients from final growth curve models estimating neighborhood effects on initial
math and reading scores for children with ADHD during elementary school, net of family
characteristics, school context, and time-varying propensity scores.

Reading Math

Mean = 50; SD=10

Residential — Tract
(ref=low)
Poverty
Less than high school education
Affluence
Diversity
School - Tract
(ref=low)
Poverty
Less than high school education
Affluence
Diversity
School - Attendance Zone
(ref=low)
Poverty
Less than high school education
Affluence
Diversity
School - Perceived Disorder
(z-score) 2
Principal's Opinion

-1.89%*
-1.13%
1.15
-1.12%

-1.30
-1.39%

1.39
-1.06

-1.20%
-1.20%
1.88
-0.87%**

-0.27**

-1.81*
-1.07**
1.89%
-0.83*

-171R
-1.29**

1.73**
-0.79

S1.72%%%
-1.44%%%

1.23%
-2

-0.26%

N=9,810 students for math achievement; N=9,790 students for reading achievement. These are the final growth
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curve models, which include controls for: child’s race/ethnicity, health status, sex, parental marital status, maternal

education, family SES, parent communication with other parents, level of involvement with child’s education,
residential mobility, school minority levels, culture of active parenting within schools, problems with teacher

turnover in schools, and time-varying propensity scores to mitigate selection bias. Each model is estimated with a

measure (1=yes; 0=no) of whether or not the child has a diagnosis of ADHD and an interaction term between

ADHD and neighborhood (1=high; 0=low) or perceived disorder (mean=0; standard deviation=1). The coefficients

represent the effect of a child with ADHD living in a “high” neighborhood context or experiencing a 1 standard
deviation increase in perceive disorder, i.e., ; + B3. Each model is estimated with probability weights and

sandwich estimators.

aModels estimating the effects of perceived disorder do not include time-varying propensity scores.
1 p <0.10. * p<0.05. ** p<0.01. *** p<0.001
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DISCUSSION

This study used nationally representative data, growth curve models, longitudinal propensity
scores, and residential and school neighborhood contexts to examine whether neighborhoods
exert more influence on reading and math scores in elementary students with ADHD versus
those without. | hypothesized that neighborhood effects would be stronger for elementary school
students with ADHD relative to their non-impaired peers. Growth curve models supported my
hypothesis and bolster behavioral theories suggesting youth with ADHD are especially
responsive to context. Generally, the observed effects were strong for math scores across census
tract and school attendance zone neighborhoods characterized by high levels of poverty,
affluence, diversity, and uneducated residents, associations were weak and inconsistent for
reading scores. Because | controlled for time-varying propensity scores, | do not believe these
results are due to selection bias.

Theoretically, neighborhood environments may influence the manifestation of ADHD
symptoms, which are directly related to educational outcomes (Langberg et al., 2008; Loe &
Feldman, 2007). Generally, boys with ADHD display hyperactive and impulsive symptomology
whereas girls with ADHD tend to display inattentive symptomology, frequently mistaken as
depression or anxiety (Hinshaw & Scheffler, 2014). Several studies have shown that
internalizing and externalizing behaviors vary systematically with the quality of children’s
neighborhoods. My previous work (chapter 3) demonstrated that residential environments
directly influenced child behaviors, but also worked through family and school contexts to
impact levels of internalizing and externalizing behaviors during elementary school. Because
youth with ADHD are profoundly affected by the environments to which they are exposed,

neighborhoods represent an important context for educational achievement in children diagnosed
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with ADHD. To my knowledge, there have been three published studies that examined
neighborhood effects on childhood ADHD. In each of these studies, the authors examined the
association between perceived social support of the child’s residential context and either ADHD
diagnosis or severity (Butler et al., 2012; Hinojosa et al., 2012; Razani et al., 2014). Generally,
they found that social support buffered or exacerbated ADHD for either parents (e.g.,
neighborhood social support increased parental mental health which reduced parent-child strain),
or children (e.g., deprivation of social support was associated with increased ADHD
symptomology). This research combined with the strong associations found in my study lend
support for the notion that neighborhood context, be it residential or school and characterized by
structural or social factors, is significantly associated with ADHD and subsequent educational
outcomes.

In my previous work examining neighborhood effects on educational achievement
(chapter 2, chapter 4), | found that the results for math scores were often weaker than those for
reading scores in the general sample. In this study, | found the opposite to be true — there were
stronger associations between neighborhood context and math scores for kindergarteners with
ADHD than for reading scores. These findings mimic those at the individual level. That is, youth
with ADHD often perform more poorly on math assessments than reading assessments.
Mathematics learning requires memory, visuospatial skills, executive skills, and cumulative
building blocks that children with ADHD struggle with due to developmentally excessive levels
of trouble concentrating, paying attention, staying organized, and remembering details (Capano,
Minden, Chen, Schachar, & Ickowicz, 2008; Loe & Feldman, 2007). Thus, it is unsurprising that
neighborhood effects would be stronger for math scores as the growth models are likely picking

up those differences. Given that we know children with ADHD have lower academic
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achievement scores, they are particularly sensitive to local environments, and this research
demonstrated non-trivial influences on initial math and reading scores, | believe neighborhood
contexts need to be further explored across all academic outcomes, which are critical for future

economic and social success.

LIMITATION

This study has several limitations. First, ADHD was measured by parent report rather than a
clinical diagnosis. Similarly, psychologists are beginning to argue that, similar to autism, ADHD
severity exists on a spectrum and should be treated as such (Hinshaw & Scheffler, 2014). Thus,
my binary measure of ADHD may be underestimating diagnosis or symptomology that affects
educational achievement. As such, I believe these are conservative estimates of neighborhood
influences on educational achievement in children with ADHD. Second, residential census tracts,
school census tracts, and school attendance zone environments were characterized in crude ways
via low/high sociodemographic characteristics, which may mask a lot of variation. However,
identifying more nuanced thresholds is difficult at a national scale, and | believe this research
demonstrates the importance of considering neighborhood environments as an influential context
for children with ADHD. Third, both reading and math outcomes used in this study were scaled
to the 5" grade. Thus, these measures were only available for children who remained in the
survey through elementary school. However, | limited bias as much as possible by estimating
models with survey weights that compensated for attrition. Another limitation is that the results
are only generalizable to the U.S. population of kindergarten children in the 1998-1999 school
year and first graders in 1999-2000; subsequent waves are only representative of the ECLS-K

cohort. While this is important to consider when interpreting results, | also point out that the
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ECLS-K surveyed a large and diverse population of children, which is a strength of the dataset

and my analyses.

CONCLUSIONS

Despite these limitations, my findings have important implications for future studies examining
contextual effects in children with ADHD. By using an inclusive growth curve modeling
approach that simultaneously controlled for time-varying family and child characteristics, school
context, and propensity scores to mitigate selection bias, | demonstrated that both residential and
school neighborhoods more strongly influence educational outcomes for children with ADHD
compared to their non-impaired pers. Given the high personal, societal, and economic costs
associated with ADHD, my study has demonstrated the importance of exploring neighborhood as
a relevant context in mitigating educational disparities between children with and without
ADHD.

Since the passage of the Individuals with Disabilities Education Act (IDEA) in 2004,
many schools have implemented a response to intervention (RTI) framework, whereby children
with ADHD who struggle behaviorally or academically are provided with tiered evidence-based
interventions (Tresco, Lefler, & Power, 2010). As children move up tiers within the RTI (e.g.,
children have more severe cases of ADHD), more intensive family- and school-level
interventions are incorporated into plans to help children succeed. I believe this research could
be used as evidence to conduct behavioral modification studies within the neighborhood context
and to promote the incorporation of community-level factors into RTI frameworks for children

with ADHD.
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CHAPTER 6
CONCLUSIONS & FUTURE GOALS
This dissertation has important implications for future studies examining neighborhood effects
on child health, well-being and development. Overall, | found that: (1) after controlling for
multiple social ecologies as well as selection bias, residential and school neighborhood contexts
exerted significant and direct effects on educational and behavioral outcomes, (2) both family
and school contexts simultaneously mediated between residential neighborhood contexts and
reading and math scores and internalizing and externalizing behaviors, (3) for reading and math
scores, the mediating effect of family and school lessened over time whereas the direct effect of
neighborhoods increased over time, (4) school attendance zones represented the ideal local
context for examining contextual effects on childhood development, and (5) neighborhoods more
strongly influence educational outcomes for children with ADHD relative to their non-impaired
peers.

While writing this dissertation, | came to a few broad conclusions and ideas for future
research in this area. First, | demonstrated that direct associations between residential context
and math and reading scores increased over time, while indirect effects via family and school
decreased over time. | believe these findings drive home my points about needing to model
multiple social ecologies, the importance and impact of environmental and social contexts, and
the timing associated with neighborhood effects. Although researchers and policymakers
generally focus on the school as the critical arena in which development occurs, | argue that the
focus should be on a combination of child, family, school, and neighborhood but the focus
should shift over time. In light of these findings, it may be that policymakers focus on improving

the social and structural components of family and school contexts in early childhood and
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mental health status — including ADHD — as well as information on the child’s family,
neighborhood, and social context. | would like recreate my analysis, as closely as possible, to test
whether neighborhoods really are more impactful for children with ADHD, or if these findings

are just an artifact of the ECLS-K data.
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Appendix A. List of variables included in time-varying propensity score equations

Paternal education

Mother’s age

Father’s age

Mother works full time

Father works full time

Parental health status

Household income

Urban/suburban/rural residential location

Family living below federal poverty line

Family receiving federal assistance via food stamps

Student is eligible for free or reduced lunch at schools

Parents chose where to live so child could attend his/her current school

Child’s school is chosen/assigned

Parental social interaction

English speaking household

Distance from child’s home to the school they attend

Problems with safety issues for children to play outside during the day in the child’s
neighborhood

Problems with garbage, litter, or broken glass in the street or road, on the sidewalks, or in
the yards in the block around the child’s house

Problems with selling or using drugs or excessive drinking in the block around the child’s
house

Problems with burglary or robbery in the block around the child’s house

Problems with violent crimes like drive-by shootings in the block around the child’s
house

Problems with vacant houses and buildings in the block around the child’s house
Problems with vacant houses and buildings in the block around the child’s house
Parent suffering from depressive symptoms

Parent feels lonely

Parent feels sad

Child race/ethnicity*

Residential mobility*

*These variables are included in the growth curve models as well.
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Appendix B. Nested growth curve models estimating the relationship between
neighborhood context and reading scores among children and adolescents in the ECLS-K
sample. Model 1 includes neighborhood context and TVPS. Model 2 adds child and family
characteristics. Model 3 adds school characteristics.

Poverty Poverty  Poverty Income Income Income
Modell  Model2  Model3 Modell  Model2  Model 3
b b b b b b

Fixed Effects
32.4133 16.6271 16.4268 32.6040 17.2109 16.6698

Inltlal StatUS *k*k *k*k *k*k *kk ***k *kx
71.8557  70.9503 71.8167  70.9200

Grade *k* *k*% *k*k *kx
-5.4250 -8.4006 -8.1675 -5.4168 -8.3980 -8.1658

Grade/\z *k* *k* *k*k *k* *k*k *kxk

Child/Family Characteristics
Race (ref=white)

-9.3472  -10.0164 -9.8994  -10.4094
Black *k*k *k*k *k*k **k*k
-5.8140 -4.2177 -6.4236 -4.6005
HISpanIC *k*k *kk *k*k **k*k
3.1103 3.5434 2.6710 3.3026
AS'an * ** * **
-4.3596 -4.0752 -4.5991 -4.1800
Other + * i *
2.6993 3.0666 2.7230 3.0682
Child in good health faleded faladed faladed faaed
-4.5387 -4.6112 -4.5615 -4.6457
Male *k*k *kk *k*k **k*k
-1.8100 -1.4606 -1.8268 -1.4784
Parents not married * * * *
0.9419 0.7237 0.9308 0.7169
Residential Mobility Hhk ** Hhx *
Maternal Education (ref=HSSC)
-5.9503 -8.3199 -6.0554 -8.4233
LTH S *k*k *k*k *k*k *k*k
3.3640 3.4494 3.4348 3.5159
Bachelor *k*k *k*k *k*k *k*k
5.6201 5.5655 5.5834 5.5108
Grad/professional Hhk Fhx Hhx Fxk
6.3561 6.3174 6.4680 6.4487
SES (continuous measure) falele faleie falele falaied
0.0347 0.0688 0.0351 0.0713
Parent Communication T * i *
0.2544 0.2383 0.2526 0.2307
Parental Involvement in Education * T * T
School Characteristics
% Minority Students (ref=0-<25%)
25 - <50% 0.1497 -0.0035
50 - <75% -0.3305 -0.7077
-3.0482 -3.5230

>:750/0 *% *kx
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1.0860 1.1398

Parents are active in school programs il T

Problem with teacher turnover -1.069 -1.0612
Neighborhood Characteristics Poverty  Poverty  Poverty Income Income Income

1.2904 1.6682 2.1051 0.5999 1.9963 2.6600

Time-Varying Propensity Score T ** faled t falaie

Neighborhood Tertiles (ref= Moderate)
4.2019 1.9916 1.6613 -4.5422 -2.3610 -1.9485

Low faleie t Fhx falele falaie
-5.6865 -2.2506 -2.4342 3.9579 0.7687 0.7544
High falele falele falaie Fhx t T
Random Effects
Intercept
Slope
AIC 40446018 28890676 23603954 40477418 28894633 23607744
BIC 40446090 28890854 23604165 40477491 28894811 23607955
LTHS LTHS LTHS Grad Grad Grad
Model 1  Model 2 Model3 Modell Model2 Model 3
b b b b b b

Fixed Effects
32.8641 17.3916 16.6959 32.2339 16.6982 16.4316

|ﬂltla| status *kx *kx **kx *kx *kx *k*x
55.8479 71.7945 70.9184 55.6787 71.7563 70.9029
Grade *k*k *k*k **kx *kx *k*k *kx
-5.4093 -8.3899 -8.1619 -5.3902 -8.3876 -8.1635
Grade/\z *kx *kx *kk *kx *k*k *kKk

Child/Family Characteristics
Race (ref=white)

-9.4847  -10.2090 -10.3452  -10.6830

Black *k*k **kx **k*x *k%k

-5.6288 -4.0769 -6.4057 -4.3990

HISpaI’IIC *k*k **k%k **k*x *k%k

3.0794 3.5023 2.6948 3.4109

ASIaI’I * **% * **

-4.6158 -4.3556 -4.9088 -4.4347

Other + * ¥ *

2.6797 3.0578 2.7112 3.0848

Child in good health Fkk Fhx Fxk Hhx

-4.5456 -4.6251 -4.5470 -4.6546

Male **k*%k **k%k *kk **k*k

-1.8732 -1.5130 -1.9525 -1.5860

Parents not married fale * il *

0.8484 0.5989 0.9164 0.6802

Residential Mobility fale * Fokk *
Maternal Education (ref=HSSC)

-5.8543 -8.2682 -6.2104 -8.5684

LTH S **k*%k **k%k * k% **k*k

Bachelor 3.2886 3.3753 3.1893 3.3068
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*k*% *k%k *kx *k%k

5.3929 5.3498 5.2154 5.2108
Grad/professional falele il Fhx il
6.3655 6.2938 6.4521 6.3477
SES (continuous measure) falele falaie falaie falele
0.0364 0.0747 0.0319 0.0676
Parent Communication + wx T *
0.2720 0.2414 0.2768 0.2585
Parental Involvement in Education * il * t
School Characteristics
% Minority Students (ref=0-<25%)
25 - <50% 0.2053 -0.0331
50 - <75% -0.313 -0.7027
-2.9537 -3.6828
>:75% ** *k*k
1.0347 1.0931
Parents are active in school programs i
Problem with teacher turnover -0.951 -0.964
Neighborhood Characteristics LTHS LTHS LTHS Grad Grad Grad
1.7422 1.6627 2.6928 0.8772 1.8058 2.2955
* ** *

Time-Varying Propensity Score T

Neighborhood Tertiles (ref= Moderate)
3.7388 1.0762 1.1293 -3.7300 -0.8975 -1.1132
*

LOW *k* ** *k* ** *k*k
-6.3842 -3.0777 -3.0640 4.8273 2.0756 1.8817
ngh *k* *k* *k*k *k* *kk *k*k

Random Effects

Intercept

Slope

AlIC 40442589 28890913 23603003 40473722 28895892 23607577
BIC 40442661 28891091 23603214 40473795 28896070 23607788

+p <0.10. * p<0.05. ** p<0.01. *** p<0.001.
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neighborhood context and math scores among children and adolescents in the ECLS-K
sample. Model 1 includes neighborhood context and TVPS. Model 2 adds child and family

characteristics. Model 3 adds school characteristics.
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Fixed Effects
Initial status

Grade

Graden2

Child/Family Characteristics
Race (ref=white)

Black

Hispanic

Asian

Other
Child in good health
Male
Parents not married

Residential Mobility
Maternal Education (ref=HSSC)

LTHS
Bachelor
Grad/professional

SES (continuous measure)
Parent Communication

Parental Involvement in Education
School Characteristics
% Minority Students (ref=0-<25%)
25 - <50%
50 - <75%
>=75%

Parents are active in school programs

*k*k

Poverty Poverty  Poverty Income Income Income
Modell  Model2  Model3 Modell  Model2  Model 3
b b b b b b
30.9334  38.3816  37.5624  30.6779 38.5514  37.8610
*k*%k *k*%k *k%k **k*%k *k%k *kk
29.9530 27.0413 26.7394  29.8990 27.0156  26.7146
**k*%k **k*%k *k%k **k*%k *k%k *kk
-11.9302  -12.2160 -12.2828  -12.3805
**k* **k%k **k*k *kk
-3.8869 -3.0888 -4.2128 -3.2511
*k*k * *k*k **
1.7759 2.6605 1.5473 2.5548
* *%* * **
-4.4697 -4.7368 -4.6314 -4.7907
i T
1.4085 1.2904 1.4239 1.2964
**k* **k*k **k* *kk
3.2870 3.1947 3.2782 3.1787
**k* **k*k **k*k *kk
-2.2921 -2.3368 -2.3054 -2.3361
**k*k *kk *kk *k*x
-3.3418 -3.7536 -3.3459 -3.7506
**k*k *kk *k*k *k*x
-4.0203 -5.2377 -4.1158 -5.2849
**k*%k **k%k **k*k *kk
3.1619 2.8097 3.1744 2.8325
**k*k *kk *kk *k*x
4.1952 3.6486 4.1607 3.6314
**k*k *kk *k*k *k*x
5.6492 6.1908 5.6954 6.2297
**k*k *kk *k*k **k*x
-0.0299 -0.0114 -0.0292 -0.0102
0.4985 0.2684 0.4976 0.2652
**k*k *kk
-0.8869 -0.937
-0.9026 -1.0518
-0.0928 -0.3023
3.1812 3.1988

*kk
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Problem with teacher turnover 0.2776 0.2926
Neighborhood Characteristics Poverty  Poverty  Poverty Income Income Income
1.6786 1.8858 1.6873 0.8386 1.6678 1.3619
Time-Varying Propensity Score ** ** * ** *
Neighborhood Tertiles (ref= Moderate)
3.0050 0.7466 0.4631 -3.6029 -0.8391 -0.9746
LOW *k*k *k*k * **
-5.1864 -1.2982 -1.2521 3.6094 0.6365 0.2431
ngh *k*k *k*k *k%k *k*k
Random Effects
Intercept
Slope
AIC 40242790 28226116 23023671 40271602 28228155 23024851
BIC 40242855 28226286 23023875 40271667 28228325 23025055
LTHS LTHS LTHS Grad Grad Grad
Model 1 Model 2 Model 3  Modell Model2  Model 3
b b b b b b
Fixed Effects
29.9317  37.3564  36.4288  30.1086  37.7665  36.7766
Inltlal StatUS *k*k *k*k **k*x *k*k *kx **k*k
29.9458  27.0678  26.7674  29.8662  27.0260  26.7299
Grade *k*k *k*k *kk **k*k **k*k *k*k
Grade”2
Child/Family Characteristics
Race (ref=white)
-11.9327  -12.2849 -12.3524  -12.4745
Black *k*k **k%k **k*x *k%k
-3.8008 -3.0470 -4.0727 -3.0926
HISpaI’IIC *k*k * **k*x *
1.6265 2.5144 1.4860 2.4956
ASIan * ** * *
-4.5608 -4.8362 -4.6553 -4.8632
Other T T
1.4009 1.2947 1.4143 1.3017
Child in good health Hhk Fhx Fxk Hhx
3.2792 3.1851 3.2704 3.1548
Male *k*k **kx **k*x *k%k
-2.3349 -2.3624 -2.3595 -2.3956
Parents not married falele faleie falaied falele
-3.4033 -3.8082 -3.3838 -3.8006
Residential Mobility falaled falaked ok falaked
Maternal Education (ref=HSSC)
-3.9821 -5.2442 -4.1191 -5.3558
LTHS *k*k *kxk *kx *k%k
3.1232 2.7790 3.0052 2.6787
Bachelor *k*k *kxk *kx *k%k
4.0377 3.5123 3.9574 3.4430

Grad/professional

*k*k

*k%

*k%x

*k%



SES (continuous measure)
Parent Communication

Parental Involvement in Education
School Characteristics
% Minority Students (ref=0-<25%)
25 - <50%
50 - <75%
>=75%

Parents are active in school programs
Problem with teacher turnover
Neighborhood Characteristics

Time-Varying Propensity Score
Neighborhood Tertiles (ref= Moderate)

Low

High
Random Effects
Intercept
Slope
AlIC
BIC

LTHS
4.0033

*k*k

3.5090

*k*

-5.2630

*k*

40224306
40224371

5.6459

*k*k

-0.0285
0.5086

*k*k

LTHS
4.7785

*k*k

0.3975

-1.7368

**

28218668
28218839

6.1841

*kk

-0.0082
0.2704

-0.8832
-0.9635

-0.1398
3.1406

*k*%k

0.3292

LTHS
4.4100

*k%

0.3920

-1.3549
*

23018914
23019118

5.6391
-0.0323
0.5067
Grad Grad
2.1946 3.7370

-3.5166 -1.1291

*k* *kk

4.1380 0.9228
*

*k*

40257331 28223463
40257395 28223634
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6.1095

*k*k

-0.0132
0.2800

-0.9697
-1.028

-0.3416
3.1379

*k*

0.36

Grad
3.5620

*k%

-0.9361
*

1.0283
*

23021123
23021327

+p <0.10. * p<0.05. ** p<0.01. *** p<0.001.



Appendix D. Nested growth curve models estimating the relationship between
neighborhood context and internalizing behaviors among elementary school children in the
ECLS-K sample. Model 1 includes neighborhood context and TVPS. Model 2 adds child

and family characteristics. Model 3 adds school characteristics.

161

FHHH FHHH FHHH Instability  Instability Instability
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
b b b b b b
Fixed Effects
-0.1864 0.2091 0.1871 -0.2467 0.2961 0.2920
Inltlal StatUS *k%k ** ** **k*%k **k*%k *k%k
Grade 0.0001 0.0024 0.0057 -0.0003 0.0028 0.0063
Child/Family Characteristics
Race (ref=white)
-0.1236 -0.1037 -0.0782 -0.0760
Black *k*k **k%k *%* *k*k
-0.1656 -0.1112 -0.1336 -0.0945
HISpanIC **k* **k*k **k* **k*k
-0.1061 -0.1214 -0.0862 -0.1114
Other ** **k*k * **
-0.1237 -0.1493 -0.1335 -0.1612
Child in good health Hkk Fhx Fkk falea
0.0760 0.0709 0.0752 0.0701
Male *k*k **k%k **k*k *k*k
-0.2020 -0.1890 -0.2195 -0.2099
Parents married faleled falaled falaled falaled
Maternal Education (ref=LTHS)
-0.0571 -0.0580 -0.0587 -0.0568
HSSC * * * *
-0.0858 -0.0686 -0.0870 -0.0663
Bachelor fale * *x i
Grad/professional -0.0605 -0.0478 -0.0475 -0.0303
-0.0839 -0.0887 -0.1179 -0.1277
SES (continuous measure) Fkk Fhx Hkk Hhx
0.0670 0.0775 0.0703 0.0822
M Obl I Ity **k*%k **k%k **k*% **k*k
School Characteristics
% Minority Students
(ref=0-<25%)
25 - <50% 0.0092 0.0264
50 - <75% -0.0538 -0.0198
-0.0988 -0.0556
>:75% *k%k *
Parents are active in school programs 0.0113 0.0051
Neighborhood
Characteristics FHHH FHHH FHHH Instability  Instability Instability
Time-Varying Propensity 0.3868 0.1693 0.2168 0.4460 0.0043 0.0137
Score **k%k **k*%k **k%k * k%
High Neighborhood 0.0272 0.0414 0.0418 0.0408 0.0382 0.0315
(REfZLOW) * * Fkk * T
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Random Effects

Intercept 0.2560 0.2473 0.2469 0.2660 0.2488 0.2490
*kk *k*k *kk *k*k *k*k *k*k

Slope

AIC 22780709 12953796 10426214 22828820 12958265 10431536

BIC 22780760 12953933 10426379 22828871 12958402 10431701

t p <0.10. * p<0.05. ** p<0.01. *** p<0.001.
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neighborhood context and externalizing behaviors among elementary school children in the

ECLS-K sample. Model 1 includes neighborhood context and TVPS. Model 2 adds child

and family characteristics. Model 3 adds school characteristics.

FHHH FHHH FHHH  Instability Instability Instability
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
b b b b b b
Fixed Effects
-0.2166 -0.2544  -0.2659 -0.3184 -0.2026 -0.2171
Inltlal StatUS **k*%k *k%k *k%k *k%k * **
0.0193 0.0167 0.0211 0.0200 0.0174
Grade 0.0220*** *k%k *%* *k%k *k%k **
Child/Family Characteristics
Race (ref=white)
0.2964 0.3464 0.3376 0.3720
Black *kk *kk *kk *kk
-0.1153  -0.0591 -0.0881 -0.0453
Hispanic * *
-0.1121 -0.1194 -0.0943 -0.1097
Other * * il *
Child in good health -0.0057 -0.0096 -0.0153 -0.0215
0.4157 0.4104 0.4149 0.4097
Male *kk *kk *kk *k*k
-0.1352 -0.1381 -0.1516 -0.1572
Parents married falaled falaled falaled falaled
Maternal Education (ref=LTHS)
HSSC 0.0024 0.028 0.002 0.0297
Bachelor -0.051  -0.0274 -0.0511 -0.0249
Grad/professional -0.0306 -0.0273 -0.0158 -0.008
SES (continuous -0.0715 -0.0662 -0.1087 -0.1085
measure) *kk *kk *kk *k*k
Mobility 0.0129 0.0053 0.0125 0.0043
School Characteristics
% Minority Students
(ref=0-<25%)
-0.0544 -0.0436
25 - <50% **k%k **
50 - <75% -0.0262 -0.0044
-0.0865 -0.0572
>=75% *x i
Parents are active in school programs -0.0067 -0.0107
Neighborhood
Characteristics FHHH FHHH FHHH  Instability Instability Instability
Time-Varying 0.3073 0.2134 0.266 0.5210 0.0971 0.153
Propensity Score ek ok Trx* ok
High Neighborhood 0.1329 0.0280 0.0197 0.0649 0.0391 0.0283
(REf:LOW) F*kk T T * T

Random Effects



0.5440 0.4638

Intercept Fxk ekl
0.0092 0E+00

Slope faleie

AIC 21340603 12302153

BIC 21340664 12302299

0.4553

*kk

0E+00

9940315
9940488

0.5568

*kk

0.0101

*k*k

21387698
21387758

0.4651

*kk

0E+00

12306997
12307143

0.4573

*k*k

OE+00

9945898
9946071

+p <0.10. * p<0.05. ** p<0.01. *** p<0.001.
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Appendix F. Descriptive statistics of child, family, and school, characteristics for reading
and math achievement and internalizing and externalizing behaviors. Weighted and pooled
sample from the ECLS-K sample — kindergarten through 5 grade.

Pooled Sample

Outcomes
Reading Scores
Math Scores
Internalizing Behaviors
Externalizing Behaviors

Child and Family Characteristics

Race and Ethnicity
White
Black
Hispanic
Other
Child in good health
Male
Parents married
Residential Mobility
Maternal Education
LTHS
High school and some college
Bachelor’s degree

Graduate or professional degree

SES
Parent Communication

Parental Involvement in Education

School Characteristics
% Minority Students

0- <25%

25 - <50%

50 - <75%

>=75%

Parents are active in school programs

Problem with teacher turnover

N Mean SE Min Max
40700 49.79 0.24 15.00 143.68
41580 49.84 0.27 18.62 120.17
52130 0.01 0.01 -1.17 4.67
52480 0.02 0.01 -1.14 4.06
60110 0.58 0.02 0 1
60110 0.15 0.02 0 1
60110 0.19 0.02 0 1
60110 0.07 0.01 0 1
60110 0.83 0.01 0 1
60300 052 0.01 0 1
57030 0.71 0.01 0 1
41350 0.14 0.00 0 1
53410 0.13 0.01 0 1
53410 0.63 0.01 0 1
53410 0.18 0.01 0 1
53410 0.07 0.00 0 1
57440 -0.03 0.03 -4.75 2.88
56720 2.61 0.05 0 99
57100 -0.01 0.02 -3.89 2.18
57660 049 0.03 0 1
57660 0.17 0.01 0 1
57660 0.12 0.01 0 1
57660 0.23 0.02 0 1
46460 0.78 0.01 0 1
46490 0.07 0.01 0 1

N=9,810 students for math achievement; N=9,790 students for reading achievement. Reading and math scores were

standardized with mean=50 and standard deviation=10. N=16,080 students for internalizing behaviors; 16,160

students for externalizing behaviors. Internalizing and externalizing behavior scores were standardized with mean=1
and standard deviation=0. Per ECLS-K guidelines, all N’s are rounded to the nearest 10 to protect student privacy

and weighted with sample weights.
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Appendix G. Scale and Variable Description for K-means Cluster Analysis Creation:
Following the work of Sampson (1999; 1997), Krieger (1997), and Townsend (1988), | created a
socioeconomic deprivation index using the proportion of residents living below the federal line,
proportion who receive public assistance, proportion who identify as non-Hispanic black, the
proportion of unemployed male residents, the proportion of renter occupied housing, and the
proportion of households that do not have access to a car. For each wave, these variables were a
principal components analysis was estimated to ensure that these variables could be condensed
into one dimension. At each wave, the PCA produced one factor with and Eigenvalue over three.
For ease of interpretation, the socioeconomic deprivation index was create by summing
standardized z-values for each of the component variables.

Because the 2000 Decennial Census asked if residents lived in the same residence 5-years prior
to the survey, while the 2005-2009 ACS asked if residents lived in the same residence 1-year
prior to the survey, the measure could not be directly compared across data. Thus, | transformed
each measure of residential stability into quintiles where 1 represented school tracts with the
lowest levels of residential stability and 5 represented the highest stability. This allowed for
comparisons of levels of stability across the census and ACS datasets.

The Diversity Index (Meyer & Mcintosh, 1992) represents the likelihood that two persons,
chosen at random from the same area, belong to different racial groups. This equation is:

Vi=(1-3p%)
where pi represents the proportion of the population in each racial group for each census tract.

All variables/scales were time varying.



