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Abstract 

 
Change in Neighborhood Deprivation, Residential Mobility, and Early Academic 

Achievement among First Grade Students in Georgia 
By Lauren Owens 

 
 

Background:  Early childhood cognitive development is an important component in 
establishing a solid foundation that affects the trajectory of a person’s life. Early 
childhood cognitive development is impacted by and/or associated with socioeconomic 
status, maternal education level, nurturing and enrichment in the home environment, 
household stability, and neighborhood disadvantage. This analysis examined the 
association of change in neighborhood deprivation with the odds of failure of the three 
Criterion-Referenced Competency Tests (CRCT). 
 
Methods: Data are from the Georgia Birth to School Cohort; 19,805 students with linked 
birth and first grade school records were included. Multivariable logistic regression was 
used to investigate the association between census tract level deprivation and the odds of 
failing the three CRCTs. 
 
Results: The logistic regression models indicated that change in neighborhood 
deprivation, while controlling for baseline deprivation, gender, maternal marital status, 
maternal race, and an interaction term between change in deprivation and marital status, 
was predictive of failure of the CRCT. Compared to those who did not move or had no 
net change in deprivation, the odds of failing for those with the biggest increase in 
deprivation was 1.50 (95% CI: 1.15, 1.97) for reading; 1.45 (95% CI: 1.16, 1.82) for 
English language arts, and 1.64 (95% CI: 1.29, 2.08) for math. The odds of failure 
increased across all three tests when examining the interaction term of change in 
deprivation and marital status. 
 
Conclusion: In addition to change in neighborhood deprivation and residential mobility 
being significant predictors of failure of the CRCT, the multiplicative interaction between 
change in neighborhood deprivation and marital status was also significant. Further 
research should investigate the relationship between neighborhood deprivation, 
residential mobility, and marital status, and their effects on early childhood development. 
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Literature Review 

Introduction 

 Early childhood cognitive development is an important component in establishing 

a solid foundation that impacts the trajectory of a person’s life, including school 

readiness, grade retention, overall educational attainment, employment and higher 

earnings, lower rates of involvement with the criminal justice system and substance 

abuse, and overall health (1-4). Early childhood cognitive development is impacted by 

and/or associated with socioeconomic status, maternal education level, nurturing and 

enrichment in the home environment, household stability, and neighborhood 

disadvantage (5-9). One of the first opportunities to assess cognitive development on a 

large scale is in a school setting where both school readiness and academic achievement 

can be evaluated as indicators of development. Since cognitive development at this level 

is associated with a multitude of success and health factors later in life, it is important to 

understand the factors that contribute to this development. 

 One growing area of research is that of neighborhood factors and their effects on 

cognitive development. Previous research on neighborhood effects show their association 

with cognitive development, as well as with a number of health outcomes, including child 

well-being, infant mortality, low birth weight, obesity, diabetes, hypertension, behavioral 

problems, depression, suicide, and other mental health problems (7, 8, 10-12). The 

neighborhood effect of deprivation is an emerging field of study, but has already been 

associated with cognitive development and academic achievement (1).  

 Logically related to the concept of neighborhood as exposure is that of residential 

mobility. Residential mobility in childhood and adolescence is associated with behavioral 
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and educational problems, and alcohol and drug use (13, 14). Though there is research 

examining the relationship between how a change in residence impacts early childhood 

academic achievement, there is more to learn about the specific combination of 

neighborhood deprivation and residential mobility. Many factors contribute to changing 

residences, including change in housing structure (e.g., marriage or divorce), poverty, 

mental health issues, and substance abuse, which can be confounders when studying the 

effects of change of residence (15-17). The purpose of this analysis is to examine whether 

the change in neighborhood deprivation is associated with early childhood academic 

achievement in the context of residential mobility, baseline deprivation, and other factors 

that contribute to cognitive development. 

Neighborhood effects  

 Where people choose to live is not random, and therefore the effects of residential 

distribution are not random either. The neighborhoods in which people choose to live are 

shaped by a number of factors including, but not limited to, decisions related to 

individual socioeconomic status and racial identity as well as public policy, an effect that 

has been described as “geography of opportunity” (11, 18, 19). Given the distribution of 

geographic patterns of disparities, neighborhood effects can be markers for many 

inequalities, including health, as well as employment and education opportunities. The 

study of these indicators on populations aims to identify these social and structural 

predictors of health and other outcomes that are common at the neighborhood level. 

 The interest in research on neighborhood effects started appearing in the second 

half of the twentieth century, then in the 1990s, interest in the subject became much more 

popular and continues in popularity through present day (10). Results from this research 
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show that neighborhood-level effects have been associated with, and are indicators for, a 

number of health outcomes, including child well-being, infant mortality, low birth 

weight, obesity, diabetes, hypertension, behavioral problems, depression, suicide, and 

other mental health problems (7, 10, 11). Part of the utility of determining neighborhood 

level effects is that their results are policy-relevant, from urban planning to housing 

policy and school zoning (11). In a broader context, due to the social and physical 

contexts neighborhoods provide, it is important to understand the associations between 

neighborhood characteristics and health in comparison to the associations between 

individual characteristics and health (11). 

 Because of this, neighborhood data have also been linked to educational outcomes 

in children. Longitudinal studies following the life-course of individuals, starting as 

infants through adulthood, with relevant neighborhood data history linked to outcomes 

can be costly and difficult logistically, but linking school data to birth records is a logical 

and relevant way to perform retrospective research (11). Birth records include the 

mother’s address at the time of delivery from which a child’s census tract can be 

identified. Census tracts have been used as proxies for neighborhoods in research due to 

their size – approximately 4,000 people on average – and relative permanence (20, 21). 

Neighborhood-level indicators are associated with readiness for school in both early 

childhood and adolescence, cognitive ability/development, intelligence quotient (IQ), and 

grade retention (7, 22-24). 

Cognitive development and life course theory 

 Neighborhood effects considered as an exposure in early childhood are important 

when considering life course theory. Elder’s life course theory posits that one’s trajectory 
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in life is shaped by the aggregation of events in historical context; that experiences for 

different people in different time periods result in differing endpoints and 

achievements (25). This would suggest that early exposures, such as childhood 

deprivation as discussed with regard to his Great Depression cohort, would have 

significant effects over the course of a person’s life.  

 Bronfenbrenner’s bioecological theory of human development builds on Elder’s 

conception of time and place, and identifies four areas that define a person’s 

development: process, person (their disposition, resources, and demands), context 

(environmental), and time (as in time period) (26). According to this theory, the processes 

a person experiences as he goes through life shapes his development. How these 

processes are navigated is shaped by a person’s personality, his skills and abilities in 

handling situations, how much he demands of others, his neighborhood environment, and 

the time period during which the development takes place. Applied to an educational 

setting, being able to achieve academically early-on will put someone on a different life 

course trajectory than that of someone who does not achieve in an academic setting. 

 For example, it has been shown that children who were retained in a grade while 

their peers advanced are more likely to have less educational attainment as teenagers and 

adults (24). In that same study, a differential effect by gender is also seen in that among 

children who were retained in a grade, the girls did better than the boys in reading but not 

mathematics while in the elementary grades. Another study found a significant 

correlation with experiencing neighborhood level poverty during early childhood as a 

predictor of adult income (27). Persistent, rather than temporary, poverty during 

childhood also has a negative effect on children’s cognitive abilities – especially affecting 
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verbal skills (23, 28, 29). Finally, level of education attainment is linked with behaviors 

that are known to be associated with a shorter lifespan. Those with more education tend 

to smoke cigarettes less, be less obese, and drink less alcohol than their less-educated 

peers (3, 30). Beyond those frequently discussed risk behaviors, the same study showed 

that more education was positively correlated with preventive health behaviors in adults, 

like obtaining age-appropriate health screening and obtaining immunizations. To prevent 

any of these adverse health outcomes, it is important to understand the nuances of life 

course exposures that are opportunities for intervention. 

 Other childhood exposures related to neighborhood and living situation are 

residential mobility and stability. For adolescents, there is support in the literature 

suggesting that teens who have less residential stability are more likely to have poorer 

mental health and worse relationships later in life, while in younger children, residential 

stability is positively correlated with good self-rated health as an adult (31). Other 

research showed that moving in early childhood was associated with lower achievement 

in math and behavioral problems, after controlling for decreased quality of the home, 

increased maternal depression, and decreased maternal responsiveness/sensitivity (32). 

Furthermore, evidence from a study examining the effects of hyper/high residential 

mobility found an association with educational issues even when controlling for factors 

that contribute to residential mobility, like poverty or change in parental marital status 

(14). The timing of the move was important as well, as it appeared that moves occurring 

between birth and a child’s second birthday had more of a negative impact than those 

occurring between ages 2 and 9 (33). Instability and residential mobility are driven by a 

number of factors including family structure at birth and change in that structure 
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(cohabitating parents versus single parents versus married biological parents), pregnancy 

and childbirth, quality-of-life motivations, and poverty (15, 16, 34, 35). Research on the 

complete spectrum of residential mobility is incomplete due to the difficulty of recruiting 

and retaining families with low stability and/or high residential mobility. However, 

studies suggest that further evaluation of the effects of low stability and high mobility is 

warranted. 

 Racial disparities exist in academic achievement, socioeconomic status markers, 

and geographic distribution, making race an important factor in this and other analyses of 

social constructs. Research has shown that Hispanic and African American students have 

worse performance than their white peers, mostly related to the skills, support, and 

resources available to the different groups (36). Until the disparities between the groups 

are less glaring, examining race in the context of a social analysis is required. 

Neighborhood Deprivation Index 

 One specific indicator to investigate with regard to educational achievement is 

neighborhood level deprivation. Neighborhood deprivation is a construct that embodies 

contextual socioeconomic status, including the construct of poverty and access to 

resources. It can be characterized by metrics such as income, education attainment among 

adults, unemployment, and crowding (37). Many of these data can be found in the 

information collected in the United States Census, a widely used source for studying 

socioeconomic status. Since socioeconomic status is not a well-defined term, the 

application of census data has not been consistent across the literature, thus making 

comparisons between studies difficult (38, 39). Individually, a number of factors have 

been used to study socioeconomic status, for example, federally defined poverty, median 
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rent, and use of public assistance (38). At the same time, neighborhood indicators are 

often related to one another, which means they could be combined into a single 

deprivation index (10).  

 Dr. Lynne C. Messer at University of North Carolina – Chapel Hill headed a team 

in 2006 to develop such an index. Messer’s neighborhood deprivation index (NDI) is 

composed of eight census variables: percent of males in management and professional 

occupations, percent of crowded housing, percent of households in poverty, percent of 

female headed households with dependents, percent of households on public assistance 

and households earning less than $30,000 per year (estimating poverty), percent of adults 

with less than a high school education, and the percent unemployed (38). It is 

standardized with a mean of 0 and a standard deviation of 1. Positive numbers above 1 

(one standard deviation) indicate above-average deprivation, and negative numbers below 

-1 indicate below-average deprivation. It was developed using principal component 

analysis and factor analysis that resulted in that final model. It is a validated scale and has 

been studied with preterm birth, prostate cancer, red meat consumption and mortality, 

food retail environment in rural America, and the availability of nutritious food at small 

urban stores (38, 40-42). It has promise to be widely applicable in the United States and 

studies should apply it to further its use as a predictive factor. 

Georgia and the Criterion-Referenced Competency Tests 

 Criterion-Referenced Competency Tests (CRCT) are standardized tests that have 

been used to assess students’ skills and knowledge in Georgia since 2000, when testing 

was started in grades four, six, and eight (43). Testing was expanded to all grades from 

one through eight in 2002. The CRCTs assessed reading, English language arts (ELA), 
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and mathematics ability against standards defined by the Common Core Georgia 

Performance Standards for all grade levels, with grades three through eight also testing 

on social studies and science. The tests are given toward the end of the school year; for 

2014 they were scheduled during the months of April and May (44). Georgia’s schools 

receive funding from Federal, state, and local sources. Federal funding is focused on 

historically at-risk students, including those needing special education services, those 

living in poverty, and English language learners, and is the smallest piece of funding 

(45). It also includes funding from the No Child Left Behind Act, to which the CRCT 

scores are tied (46). Georgia allocates its state funding based on how much it costs to put 

a teacher in each setting, with those with more needs or younger students increasing that 

cost. Local systems are funded through property taxes, bonds, and sales tax (as approved 

by voters), which leave poorer districts more reliant on state and federal funding. This 

creates the opportunity for there to be great inequality between schools, and schools 

serving students from low-income areas are recognized as facing more challenges than 

schools serving a higher-income population, which contradicts the idea that education is 

the great American equalizer (47). The differences in low-income and high-income are 

no small matter. In a recent analysis done by the Brookings Institution on data from 2012, 

Georgia’s capital, Atlanta, was named the city with the highest level of income inequality 

- showing that the richest 5 percent of those in Atlanta earned more than 18 times as 

much as those in the poorest 5 percent (48). 

 Starting in 2003, budgetary constraints caused the state of Georgia to decrease the 

amount of funding school districts receive (49). As a result, first and second grade 

students have not been assessed with CRCTs since 2010 (50).  
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 Like any standardized testing system, the data provided to teachers, schools, and 

the state of Georgia by the CRCTs helps the educational system assess itself on a regular 

basis. It also faces the same criticism of all standardized testing, which is that “pressure 

to raise test scores has resulted in practices which pollute the inferences we make from 

these scores” (51). Therefore, it is an imperfect tool to accurately assess individual 

cognitive development. However, the relative ease of access to this type of school 

administrative data makes these results a good starting point to study child development.  

 First grade students were tested on vocabulary and comprehension for the reading 

portion; on grammar/phonological awareness/phonics, sentence construction, and 

research for the English language arts portion; and on number and operations, 

measurement, geometry, and data analysis and probability for the mathematics portion 

(52-54). Students had to pass all three portions to pass the test, though scores and 

pass/fail rates are available for each individual section. Advancing to the next grade is not 

solely based on passing the CRCT (55). 

Research question 

 Neighborhood deprivation, residential mobility, and early academic achievement 

are important social and public health issues for the reasons discussed above. While there 

is significant research covering both neighborhood deprivation and residential mobility 

and their impacts on cognitive development and early academic achievement, there is 

more to learn about how the two interact over time – how the change in neighborhood 

deprivation caused by a move relates to cognitive development. This analysis aims to 

answer the following question: 
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1. Is the change in neighborhood deprivation, caused by a move of residences in 

early childhood, associated with poor cognitive development, as measured by first 

grade standardized test failure? 

Answering this question will add to the body of research attempting to identify and 

intervene on risk factors contributing to poor cognitive development among children. 

This analysis will also provide a basis for further population-based research to examine 

how both neighborhood deprivation and residential mobility influence child development. 
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Methods 

Data 

 The Georgia Birth to School dataset contains data on a retrospective cohort and is 

composed of birth records linked to school administrative records for first grade. The 

birth records are from the Georgia Department of Public Health for children born in the 

state of Georgia from 1998 through 2003. The school records are from the Georgia 

Department of Education and include first grade CRCT scores for reading, math, and 

English language arts for the years 2004 through 2010. In the initial linking, 53% of 

births in the state of Georgia were matched with a school record. The study was approved 

by the Emory University Institutional Review Board. 

Inclusion/exclusion criteria 

 The study population was defined as all of the first index children (index children) 

of mothers who had two or more children. Data from the second child’s birth was used to 

determine exposures, including change in residence, change in NDI, and maternal marital 

status. To start, a subset of the original dataset was defined as all observations that had a 

valid maternal longitudinal identification number (ID) that was needed to link children to 

a shared mother. Using this maternal ID, the number of children born to each mother was 

counted and all observations where a maternal ID was only linked to one child were 

dropped. For mothers who had at least two children in the dataset, the first two 

observations for each maternal ID were included. At this point the data were 

concatenated by matching on maternal ID. Then, observations where the birthdates for 

the two siblings were the same (indicating a plural birth) were dropped since that second 

birth does not provide a second time point for this particular longitudinal study. The data 
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were further restricted to include only those where the mother’s race/ethnicity was 

defined as Hispanic, non-Hispanic black, or non-Hispanic white. Finally, the data were 

restricted to exclude observations with unlikely or missing values for the outcomes or 

covariates of interest. Observations were dropped for having missing values for any of 

the CRCT scores, maternal education, marital status, and outlier child test ages. 

Exposures 

 The change in neighborhood deprivation following a move in residences in early 

childhood is the exposure of interest for this study. The census tracts where the mother 

lived at the time of birth for both the index and second child were used as the proxy for 

neighborhood as has been done in previous research due to their size and relative 

permanence (56). The move was determined by using the second child’s birth as a second 

neighborhood measure in the life of the index child. If the census tract IDs for the two 

siblings were the same, the index child was defined as having not moved. If the census 

tract IDs were different, then the arithmetic difference in their deprivation index values 

was determined. 

 To determine the change in neighborhood deprivation, the birth dataset was first 

merged with an area-based dataset containing NDI values for each census tract for each 

birth year for each sibling. This was when baseline NDI was determined and then 

categorized into three levels: average deprivation (0±1), below-average deprivation (<-1 

standard deviation), and above-average deprivation (>1 standard deviation). The NDI at 

birth for this population had a mean of 0.015, a minimum of -1.62 and maximum of 4.53. 

The change in deprivation was determined by subtracting the baseline deprivation value 

from the deprivation value at the second time point. For analysis purposes, the final 
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distribution of change in deprivation was divided into quintiles, with the first quintile 

indicating the biggest move from high deprivation to low deprivation and the fifth 

quintile indicating the biggest move from low deprivation to high deprivation. The third 

quintile represented those individuals who experienced a move but had no net change in 

deprivation, which served as the referent group. Those who did not move were initially 

categorized separately from the five quintiles, but after preliminary analyses were 

performed, it was determined that the association was the same if they were included in 

the referent group – the third quintile. 

Outcomes 

 The outcomes of interest for this study are failure of any, or all, of the three first 

grade CRCTs – reading, English language arts, and math. The Georgia Department of 

Education divides the scores for the CRCT into three categories: does not meet standards, 

meets standards, and exceeds standards. For this study, the outcome was dichotomized. 

Those whose scores fell into the category of does not meet standards were categorized as 

having failed the test, while those who met or exceeded standards were categorized as 

passing the test.  

Covariates 

 Other variables of interest were gleaned from both the birth and school record 

portions of the data set including race/ethnicity for both student and mother, student’s 

birth date, gender, year the CRCT was taken, gestational age, birth weight, maternal age, 

mother’s marital status, and education level attained by the mother.  

 The change in marital status between the index child’s birth and that of the second 

child became a variable of interest. After preliminary analyses were performed using a 
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four-level treatment of marital status (married-married, married-unmarried, unmarried-

married, and unmarried-unmarried), the longitudinal marital status variable was 

dichotomized as always married (married-married) versus ever unmarried 

(married-unmarried, unmarried-married, and unmarried-unmarried). 

 To calculate the child’s age at testing, it was assumed, on average, the CRCT was 

given on April 15 of the testing year. The arithmetic difference in days between date of 

birth and the average date of testing was divided by 365.25 and rounded down to estimate 

age at last birthday of the students. 

 The inter-pregnancy interval was calculated by taking the arithmetic difference, in 

days, between the birth dates of the index and second children matched by maternal ID. 

Weeks were calculated by dividing the number of days by 7; months were calculated by 

dividing the number of days by 30; years were calculated by dividing the number of days 

by 365.25. Those observations with fewer than 196 days (28 weeks) between the two 

siblings were excluded as implausible on the basis of fertility not returning until at least 6 

weeks after childbirth and the earliest preterm birth of 22 weeks. 

 Maternal age was categorized into five-year time intervals. Maternal education 

was categorized into less than high school (0 to 11 years), high school (12 years), some 

college (13 to 15 years), and college or more (16 or more years). 

 Gestational age was dichotomized into preterm birth status, where those born 

before 37 weeks gestation were categorized as being born preterm, and those reaching 37 

or more weeks gestation at birth were categorized as being born term. Similarly, birth 

weight was dichotomized to low birth weight (2,500 grams and under) or not (over 2,500 

grams). 
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Data Analysis 

 All analyses were performed using SAS 9.3 (Cary, NC) (57). Descriptive statistics 

for the exposure, outcomes, and all covariates were computed using PROC FREQ and 

PROC UNIVARIATE. Chi-square tests were evaluated at p-value of α=0.05 and used to 

assess significant differences for variables across test failure and NDI quintile categories. 

Using PROC GENMOD, generalized estimating equation models were used to obtain 

odds ratios for the change in NDI as adjusted for the covariates (58). The odds ratios 

were assumed to approximate risk ratios (59, 60). Modeling the failure of the reading 

CRCT was accomplished using a series of multivariable logistic binomial generalized 

estimating equation (GEE) models that included a repeated statement to account for those 

living in the same census tract. This was to account for the non-independence cluster of 

similar outcomes of those living in the same neighborhood. 

 A series of models were run using this method to assess the association between 

the change in NDI and probability of failing the CRCT. The first three were baseline 

models for each reading, English language arts, and math CRCT that included the NDI 

quintiles and baseline NDI; baseline NDI was included since it better informed the 

variable of change in NDI. The next models solely assessed the probability for failing the 

reading CRCT to determine the final model. The fourth model included the crude model 

variables and all covariates with the exception of child’s age at test and birth year. The 

fifth model included change in NDI, baseline NDI, and gender. The sixth model included 

change in NDI, baseline NDI, and marital status. The seventh included change in NDI, 

baseline NDI, maternal race, and maternal education. The eighth and final model 

included change in NDI, baseline NDI, gender, marital status, maternal race, and an 
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interaction term between change in NDI and marital status to assess multiplicative 

interaction between that exposure and covariate. Upon determining this final model for 

failing the reading CRCT, the same model was used for models 9 and 10 for the ELA and 

math CRCTs. 
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Results 

 The original linked birth-to-school dataset contained 341,979 observations for 

children who took the CRCT in the state of Georgia. Due to lack of valid maternal 

longitudinal ID numbers, 75,105 were excluded. Out of the 266,874 with valid maternal 

longitudinal identification numbers required to link index and second children, 242,176 

were unique women (duplicates removed). There were 47,186 observations relating to the 

first and second birth events for women who had two or more births in the state of 

Georgia. When the siblings were linked by maternal longitudinal identification numbers, 

this resulted in 23,593 observations. In the subsequent data cleaning, 2,872 observations 

were dropped because of identical birthdates (indicating plural births) for the index and 

second child; another 77 were dropped due to an inter-pregnancy interval less than 28 

weeks between the mother’s index child and second child (6 weeks of postpartum 

amenorrhea plus 22 weeks of gestation) (61). Other observations were dropped due to 

missing values: 351 were dropped for missing maternal education, 21 were dropped for 

missing CRCT scores for reading, 21 were dropped for missing CTCT scores for math, 

4 were dropped for missing CRCT scores for ELA, 441 were dropped for having a 

maternal race/ethnicity that was not one of the three used in the analysis, five were 

dropped for child’s testing age being 4, and one was dropped for missing marital status. 

The final dataset for analyses contained 19,805 observations. 

 Descriptive statistics about the final study population are included in Table 1. A 

majority (68%) of the population had an average level of neighborhood deprivation and 

47% of the population experienced a residential move prior to taking the CRCT. The 

population was evenly distributed between females and males, and a majority of the 
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students were born in 1999, though births occurred in every year from 1999 through 

2001. The range of age at testing spanned from 5 to 9 years old; the majority (63%) of the 

students were 7 years old at the time of testing. The largest proportion of the population 

was non-Hispanic white (49%) followed by non-Hispanic black (40%); these proportions 

were mirrored in the race/ethnicity of the student’s mothers. The majority (81%) of 

mothers were between the ages of 15 and 29 at time of birth of the index child, with the 

average age being 24 years old. About 58% of the population had mothers who were 

married at both time points whereas the remainder of the population had mothers who 

were unmarried at one or both time points. More than 60% of the students had mothers 

who obtained a high school education or less. About 10% of the population was born 

preterm and about 7% had low birth weight. 

 The English language arts section of the CRCT had the highest level of failure at 

19% (n=3,815); 15% (n=2,991) of students failed the math section and about 12% 

(n=2,332) failed reading. Compared to roughly equal distributions of below- (16%) and 

above-average (15%) deprivation at baseline in the entire population, there were three to 

four times more students with above-average baseline deprivation compared to those 

below-average baseline deprivation among the students who failed the three CRCTs. 

Across all three tests, a larger proportion of those who failed were male – 63% male 

versus 37% female for reading, 55% male versus 45% female for math, and 61% male 

versus 39% female for ELA. In contrast to the total population where the largest 

proportion were non-Hispanic white, the largest proportion of those who failed each of 

the CRCTs were non-Hispanic black (60% of those who failed reading, 64% of those 

who failed math, and 55% of those who failed ELA). The maternal education level 
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achieved at time of childbirth was lower among the population who failed the tests. 

Where 20% of the total population had mothers who finished college (16+ years of 

school), that level comprised 3% of those who failed reading, 3% of those who failed 

math, and 4% of those who failed ELA. Conversely, those with mothers with less than a 

high school education (up to 11 years of education) comprised 31% of the total 

population, 51% of those who failed reading, 50% of those who failed math, and 49% of 

those who failed ELA. 

 The descriptive statistics of the population across the main exposure is found in 

Table 2; Table 3 describes the main exposure, change in NDI. The average change in 

NDI between the two time points (index child’s birth and the birth of a subsequent 

sibling) was -0.11, with a range from -4.71 to 4.76, indicating that, on average, the 

deprivation level of the students decreased as a result of a move. The proportion of the 

genders across all quintiles of change in NDI plus those who did not move was equal. 

The median inter-pregnancy interval was 21.17 months, with a minimum as defined in 

the data cleaning as 6.56 months and a maximum of 44.5 months (3 years and 8.5 

months). This indicates that most students spent more time at the second residential 

location if they moved. 

 Table 4 contains the three baseline models examining the association between the 

failure of each of the three CRCTs, the change in NDI, and baseline NDI. Compared to 

the referent group (quintile 3, containing those with no net change in NDI and also those 

who did not experience a move), the odds of failing the reading CRCT if a child 

experienced the biggest increase in deprivation (quintile 5) increased by 1.46 (95% 

CI: 1.26, 1.69); for ELA it was 1.51 (95% CI: 1.34, 1.70), and for math it was 1.53 
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(95% CI: 1.34, 1.76). Compared to the referent group, the odds of failure for a child in 

the fourth quintile of change in NDI was 1.19 (95% CI: 1.03, 1.39) for reading, 1.27 

(95% CI: 1.11, 1.44) for ELA, and 1.23 (95% CI: 1.07, 1.42) for math. For those whose 

level of deprivation was decreased after moving residences, the risk of failing in the 

second and first quintiles, respectively, compared to the referent were 1.10 (95% CI: 

0.94, 1.28) and 0.99 (95% CI: 0.84, 1.14) for reading, 1.05 (95% CI: 0.93, 1.19) and 1.04 

(95% CI: 0.91, 1.19) for ELA, and 1.08 (95% CI: 0.94, 1.24) and 1.00 (95% CI: 0.87, 

1.14) for math. 

 Table 5 contains a series of models that build on baseline model 1 for the reading 

CRCT that adjust for various demographic variables and end up with the fully adjusted 

final model, number 8. To start, model 4 includes the baseline model and adjusts for 

gender, mother’s marital status, maternal race/ethnicity, maternal education attainment, 

child’s race/ethnicity, maternal age, preterm birth, and low birth weight. Adjusting for all 

these variables in Model 4 resulted in a non-significant p-value for the chunk test for the 

odds ratios. Adjusting for gender (Model 5) showed a decrease in the odds of failure by 

about 40% (OR: 0.59, 95% CI: 0.54, 0.65) for females compared to males. Adjusting for 

marital status alone (Model 6) and for maternal race and education (Model 7) resulted in 

non-significance in the GEE chunk test. The final adjusted model (Model 8) included 

change in NDI, baseline NDI, gender, marital status, maternal race, and an interaction 

term between change in NDI and marital status. In this model, controlling for the other 

factors, the risk odds of failure was highest among students whose change in NDI was in 

the fifth quintile compared to the referent quintile (no move/no net change in deprivation) 

(OR: 1.50, 95% CI: 1.15, 1.97). In this model, the odds of failure of the reading CRCT 
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was 0.46 (95% CI: 0.37, 0.57) for those whose baseline deprivation was below average 

compared to those living in an area with average deprivation.  The maternal race that 

predicted the highest risk of failing was among students whose mothers were Hispanic 

(OR: 2.34, 95% CI: 1.96, 2.80), compared to those with non-Hispanic white mothers. The 

odds of failing the reading CRCT were twice as high among students whose mothers 

were ever unmarried compared to those who were married at both time points (95% CI: 

1.77, 2.35). These patterns were similar for predicting the risk of failure of the ELA and 

math CRCTs as well (Table 6: Models 9 and 10). 

 The multiplicative interaction between change in NDI and marital status is 

explored in Table 7. The p-value for the generalized estimating equation chunk test for 

the interaction term was 0.009, suggesting the significance of the interaction between 

these two changes in early childhood. The risk of failing any of the tests was higher 

among the students with mothers who were ever unmarried compared to always married 

and in the fifth quintile of NDI change (biggest increase in deprivation): 1.93 (95% CI: 

1.59, 2.34) compared to 1.50 (95% CI: 1.15, 1.97) for reading; 2.20 (95% CI: 1.86, 2.61) 

compared to 1.45 (95% CI: (1.17, 1.82) for ELA; and 1.95 (95% CI: 1.64, 2.33) 

compared to 1.64 (95% CI: 1.29, 2.08) for math.  
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Discussion 

 The results of this analysis suggest that, compared to no change in neighborhood 

deprivation (by either not moving or not changing deprivation level after a move), an 

increase in neighborhood deprivation as a result of a residential move in early childhood 

increases the odds of failing any of the three CRCTs taken in first grade in Georgia when 

controlling for baseline NDI, gender, marital status, and maternal race. In those final 

models, marital status is also a strong predictor of failure of any of the CRCTs, with the 

risk of failure doubling for students with mothers who were ever unmarried compared to 

those who were married at both time points, controlling for change in NDI, baseline NDI, 

gender, and maternal race. Additionally, the results also suggest that there is a 

multiplicative effect between change in NDI and marital status when predicting the 

failure of any of the CRCTs.  

 The increased odds of failure of any of the CRCTs for students with change in 

NDI in quintiles 2, 4, and 5 (compared to the combined group of those with no net 

change in NDI and those who did not move) have varying meanings. Students whose 

change in NDI put them in quintile 2 saw a moderate decrease in their neighborhood 

deprivation but an increase in their odds of failing, which would point to the disruptive 

force of moving and possibly to a decrease in social capital (change in friendships and 

support) for both the child and parents (17, 32). Those with a change in NDI in quintile 4 

(moderate increase in deprivation) would have that same disruption from moving and 

decrease in social capital with the added effect of moving to a worse neighborhood; 

however, only for the ELA CRCT was the fourth quintile odds higher than that of the 

second quintile – it was lower for reading and about equal for math. Across all three 
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CRCTs, those students who experienced the largest increase in deprivation (quintile 5) 

had the highest odds of failing compared to the other quintiles, indicating that the move, 

loss of social capital, and high deprivation have a cumulative negative effect on cognitive 

development. Higher deprivation can also mean fewer resources given to schools through 

the mechanisms in place relating to local property taxes or less supportive parents (47). 

 Baseline deprivation level was included in the models since it informs the change 

in deprivation as mediated by the move in residence. Controlling for other factors, 

including the change in deprivation, having lived in an area with below-average 

deprivation at birth reduced the risk of failure by more than half for all three CRCT 

subject areas. This is consistent with other studies looking at deprivation from the single 

time point of birth, with those from more affluent areas having a lower risk of 

failure (62). This also confirms prior research showing that neighborhood level 

socioeconomic inequality had a stronger effect than other influences closer to the 

individual in the social-ecological model, like individual socioeconomic status (1).  

 As a measure of household stability, the variable representing the student’s 

mother’s marital status was also significant in the model. Compared to students whose 

mothers were married at both their birth and that of their younger sibling, students whose 

mothers were ever unmarried at either time point had a two-fold increase in risk of 

failure. This is similar to a study that showed having a single parent increased the risk of 

repeating a grade by a factor of two (63). For those students whose household 

experienced a divorce, this result is also consistent with studies that have shown that the 

dissolution of a family and increased instability have negative effects on children’s 

academic performance and increase emotional distress (64). Previous studies have 
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indicated that growing up with married biological parents results in better outcomes for 

children across many domains – including cognitive and emotional development – 

compared to children who grow up with a single parent or parents that divorce (65). 

Patterns of coupling and marriage vary by race, with white adults reporting the highest 

percentage of being married compared to black or Hispanic, and black adults reporting 

the highest percentage of never being married compared to white or Hispanic adults (66). 

Additionally, black children experience their parents separating (divorce or break up) at a 

higher frequency than white or Hispanic children (67).  

 The interaction between change in deprivation and marital status behaved as 

would be expected based on the individual effects of each exposure.  Those who moved 

to more deprived areas with a mother who was married at both time points had, 

minimally, 20% less risk than those who moved with a mother who was unmarried at 

either time point. 

Having an ever-unmarried mother increased the risk of CRCT failure among 

those who made residential moves to less deprived areas as well, indicating that the 

instability of single parenthood or disruption of divorce was enough of a destabilizing 

factor to nearly double the risk of failure. This may also be the effect of moving at all, 

since even a move to a better place can still be disruptive socially and with regard to 

familiar surroundings. The risk was greatest for the ELA portion of the CRCT, which 

also had the highest percentage of failure among this population overall. Among those 

with ever-unmarried mothers, the risk among those who moved to the fifth quintile level 

of deprivation had a slightly smaller risk than those whose move resulted in a change 

placing them in the fourth quintile, which could indicate that the marital status was the 
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more important factor of the two. Since moves are associated with single parenthood and 

sometimes caused by divorce, the level of deprivation is unimportant.  

Female gender and maternal race appear to have the most significant effect on the 

odds of failing any of the CRCTs among all of the covariates analyzed for this project. 

Being female decreased the risk of failure by 19% for the math CRCT (95% CI: 0.75, 

0.88) and by nearly half (reading: 0.57, ELA: 0.59) for the other two models that 

controlled for gender. This is consistent with research done by Leventhal and Brooks-

Gunn that showed that girls did better than boys in subjects other than math, with the 

bigger difference between gender occurring in the reading and ELA CRCTs (24).  

 Students whose mothers were either Hispanic or non-Hispanic black had higher 

odds of failure compared to students with non-Hispanic white mothers on all three tests, 

which is consistent with previous studies examining overall testing performance (36). 

However, for subject-specific testing, the higher odds of failure on the math CRCT for 

students with Hispanic mothers is inconsistent with other research showing that, when 

compared to non-Hispanic white students, Hispanic students have a smaller gap than non-

Hispanic black students for math and a larger gap than non-Hispanic black students for 

reading (68). This result could be due in part to students with Hispanic mothers only 

comprising 6.9% of the study population, which could exaggerate the effect of that group. 

Also, if Hispanic race is at all a proxy for a language barrier, that could also produce this 

result since the first grade CRCT questions are read aloud to students by the teacher, and 

that language barrier could carry across all three tests rather than being lifted when math 

is done on paper. 
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 In the absence of a standardized measure of socioeconomic status, educational 

attainment has been used in previous studies as the proxy for socioeconomic status (9, 

37). Therefore, it was somewhat surprising that maternal education was not a significant 

confounder for change in NDI in the final model.  This suggests that the neighborhood 

effect of deprivation is not affected by individual lack of resources, as proxied by 

maternal education attainment. In Model 4 (Table 5), maternal education appears to have 

a linear relationship with risk of failure, with children of mothers with the least amount of 

education having the highest odds of failure, but the variable was non-significant upon 

further analysis using the GEE chunk test. 

 The implications of this analysis are that knowing a child’s history up until the 

start of schooling is important when attempting to allocate resources to help out the 

students most likely to struggle. A history of moving, of single parenthood or divorce, 

and of moving to a worse neighborhood, are all important factors that predict the risk of 

test failure, this study’s proxy for cognitive development. 

Strengths and Limitations 
 This analysis adds to the body of research that investigates the impacts of 

neighborhood deprivation, residential mobility, and marital status on early childhood 

academic achievement and cognitive development.  

 In addition to adding to the body of work examining the risk factors for early 

academic achievement and cognitive development, this study has many strengths. The 

sample is large and population based, following a birth cohort (born from 1999 through 

2001) through first grade. Recall bias is reduced since the data are from administrative 

records rather than a survey of the participants. 
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 Several limitations of this analysis exist, starting with the data. Since only 53% of 

the initial births were linked with school records, a large portion of the population born in 

Georgia from 1998 to 2003 are missing from the analysis. This could happen for a 

number of reasons. First, a child could move out of the state before entering first grade 

and for that reason would not be captured. Also, only public schools are required to 

administer CRCTs, so those outside the public school system would be missed. Also 

missing would be children who died before reaching first grade testing. Finally, if the 

linking failed to match a birth record with its corresponding school record, then those 

students are missing. 

 Since data on the actual number of times a student moved between birth and first 

grade was not collected, the comparison of the address at birth of an index child was 

compared to the birth address of a sibling to capture one move before a child entered first 

grade. This required that the siblings each had a valid maternal longitudinal ID and that 

they matched. Observations for students who had no sibling in the data set were 

excluded, thus removing only children from the study. Observations would also have 

been excluded for students whose siblings were not born until after taking the CRCT, but 

none were discovered in the data cleaning and linking stage. 

 Being able to link index children and second children to a mother based on 

longitudinal maternal ID also had many of the same issues regarding being born in 

Georgia. This analysis only captured families where siblings shared a mother and took 

the CRCT between the years 2004 and 2009. Children in the same household but not 

sharing the same mother would not be matched on maternal ID in this analysis. This 

analysis would also miss any pair of children not born to a single woman, which includes, 
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but is not limited to, adoptions, children being raised by extended family, and some 

families with gay or lesbian parents. 

 Given that only data on a single move can be gleaned from two birth records, 

hypermobility and its impact on these children’s lives cannot be assessed. Similarly, the 

variable of marital status is also crude. A mother could have had the same status at each 

time point, but we do not know the extent of what happened in the intervening years. 

Both a marriage and divorce (or divorce and marriage) could have occurred, but it would 

appear that the status remained unchanged due to the limited measure. Per how this 

variable was defined, this would falsely inflate the number of students in the category of 

having mothers who were always married. 

 Since students who fail the CRCT are given an opportunity to retest, it is unclear 

which set of results are included in this dataset. There could have been a higher number 

of failures that are masked by passing retesting. 

 Finally, the scores from the CRCT are not a true measure of cognitive 

development. As a standardized test, the CRCT is designed to not just evaluate the 

children but to also evaluate the performance of the school. In light of that, the cheating 

scandal that occurred in the Atlanta Public Schools in Fulton County is an important 

perspective to discuss. Due to the funding that is linked to the results of standardized 

testing, many jurisdictions feel the pressure to improve their scores. Educators from 30 

schools in the county confessed to cheating, and investigators discovered that it occurred 

in 78.6% of elementary and middle schools that they looked into in 2009. As reported in 

the special investigation ordered by Georgia Governor Nathan Deal, teachers cited 

unrealistic testing targets and unreasonable pressure placed on teachers and principals to 
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meet those targets, and intimidation and retaliation for unmet targets (46). The scandal 

reached the whole way to the school superintendent and 178 educators were believed to 

have been involved. 

Further Directions 

 This exploratory analysis supports the importance of this kind of ecological study 

and the factors that contribute to initiating an optimal life trajectory. What this subject 

needs is a prospective population-based longitudinal study to fully collect all relevant 

data missing from either school administrative records or birth records, including total 

number of moves and stability of parental units. The results of this analysis suggest that 

moving, and a move to a more-deprived area, as well as an unstable family structure all 

increase the risk for impeding cognitive development in young children. Information like 

this has strong policy implications for early intervention programs like Head Start, as 

well as any that support single parents and provide social support for children. 

 In conclusion, there is evidence of an effect of change in neighborhood 

deprivation and marital status on the potential for failure of all three portions of Georgia’s 

CRCT.  
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Tables 

Table 1. Descriptive statistics of the first grade students in Georgia overall and among those who failed the reading, math, and ELA 
CRCTs 
  All   Failed Reading   Failed Math   Failed ELA 
 N=19,805  n=2,332  n=2,991  n=3,815 
 n %  n % p-value  n % p-value  n % p-value 
Deprivation at birth      <.0001    <.0001    <.0001 

Below average 3,267 16.50  130 5.57   158 5.28   257 6.74  
Average 13,530 68.32  1,637 70.20   2,087 69.78   2,708 70.98  
Above average 3,008 15.19  565 24.23   746 24.94   850 22.28  

Moved 9,237 46.64  1,212 51.97 <.0001  1,578 52.76 <.0001  1,992 52.21 <.0001 
Gender      <.0001    <.0001    <.0001 

Female 9,569 48.32  870 37.31   1,338 44.73   1,481 38.82  
Male 10,236 51.68  1,462 62.69   1,653 55.27   2,334 61.18  

Child's birth year      0.0106    <.0001    0.0165 
1999 12,227 61.74  1,489 63.85   1,661 55.53   2,432 63.75  
2000 6,456 32.60  698 29.93   1,132 37.85   1,174 30.77  
2001 1,122 5.67  145 6.22   198 6.62   209 5.48  

Child's age at testing      <.0001*    <.0001*    <.0001* 
5 5 0.03  0 0.00   1 0.03   0 0.00  
6 6,451 32.57  893 38.29   985 32.93   1,384 36.28  
7 12,648 63.86  1,271 54.50   1,773 59.28   2,160 56.62  
8 696 3.51  167 7.16   229 7.66   268 7.02  
9 5 0.03  1 0.04   3 0.10   3 0.08  

Child's race/ethnicity      <.0001    <.0001    <.0001 
Hispanic 1,641 8.29  282 12.09   318 10.63   505 13.24  
Non-Hispanic black 7,858 39.68  1,395 59.82   1,903 63.62   2,114 55.41  
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Non-Hispanic white 9,700 48.98  594 25.47   706 23.60   1,105 28.96  
Other 606 3.06  61 2.62   64 2.14   91 2.39  

Gestational age      0.0004    <.0001    <.0001 
< 37 weeks 2,050 10.35  290 12.44   409 13.67   508 13.32  
≥ 37 weeks 17,755 89.65  2,042 87.56   2,582 86.33   3,307 86.68  

Birth weight      <.0001   0.00 <.0001   0.00 <.0001 
≤ 2,500 grams 1,394 7.04  241 10.33   340 11.37   384 10.07  
> 2,500 grams 18,411 92.96  2,091 89.67   2,651 88.63   3,431 89.93  

Maternal age (Mean=24.19, SD=5.52)    <.0001    <.0001    <.0001 
Under 15 years 82 0.41  17 0.73   19 0.64   20 0.52  
15-19 years 4,638 23.42  789 33.83   1,006 33.63   1,250 32.77  
20-24 years 6,486 32.75  899 38.55   1,202 40.19   1,499 39.29  
25-29 years 4,849 24.48  391 16.77   495 16.55   652 17.09  
30-34 years 2,875 14.52  184 7.89   215 7.19   307 8.05  
35-39 years 810 4.09  48 2.06   51 1.71   82 2.15  
40-44 years 65 0.33  4 0.17   3 0.10   5 0.13  

Maternal race/ethnicity      <.0001    <.0001    <.0001 
Hispanic 1,365 6.89  237 10.16   270 9.03   427 11.19  
Non-Hispanic black 7,889 39.83  1,394 59.78   1,896 63.39   2,108 55.26  
Non-Hispanic white 10,551 53.27  701 30.06   825 27.58   1,280 33.55  

Maternal marital status      <.0001    <.0001    <.0001 
Always married 11,549 58.31  817 35.03   1,006 33.63   1,442 37.80  
Ever unmarried 8,256 41.69  1,515 64.97   1,985 66.37   2,373 62.20  

Maternal education      <.0001    <.0001    <.0001 
Less than high school 6,206 31.34  1,184 50.77   1,505 50.32   1,884 49.38  
High school 6,391 32.27  872 37.39   1,116 37.31   1,406 36.85  
1-3 years of college 3,336 16.84  199 8.53   281 9.39   374 9.80  
Finished college 3,872 19.55  77 3.30   89 2.98   151 3.96  
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Chi-square p-values for all tests except *= Fisher's exact test; CRCT=Criterion-Referenced Competency Test; ELA=English Language Arts 
Table 2. Descriptive statistics for those students whose census tract did not change between their birth and that of the next younger 
sibling and across the quintiles of change in NDI	
  

  

Non-movers 
(same census 
tract at birth 
and second 
time point)   

1st Quintile 
Greatest 

decrease in 
deprivation   

2nd Quintile 
Moderate 

decrease in 
deprivation   

3rd Quintile 
No net 

change in 
deprivation   

4th Quintile 
Moderate 
increase in 
deprivation   

5th Quintile 
Greatest 

increase in 
deprivation     

 n=10,568  n=1,848  n=1,848  n=1,848  n=1,848  n=1,848   
 n %  n %  n %  n %  n %  n %  p-value 
Deprivation at birth  	
     	
     	
     	
     	
     <.0001 
Below average 2,182 20.65  0 0.00  70 3.79  320 17.32  354 19.16  341 18.45   
Average 6,959 65.85  896 48.48  1,511 81.76  1,408 76.19  1,377 74.51  1,379 74.62   
Above average 1,427 13.50  952 51.52  267 14.45  118 6.39  116 6.28  128 6.93   
Gender                   0.8013 
Female 5,103 48.29  878 47.51  881 47.67  898 48.59  898 48.59  911	
   49.30   
Male 5,465 51.71  970 52.49  967 52.33  948 51.30  949 51.35  937	
   50.70   
Child's birth year                 0.7745 
1999 6,255 59.19  1,164 62.99  1,209 65.42  1,194 64.61  1,217 65.85  1,188 64.29   
2000 3,667 34.70  588 31.82  549 29.71  556 30.09  532 28.79  564 30.52   
2001 646 6.11  96 5.19  90 4.87  96 5.19  98 5.30  96 5.19   
Child's age at testing               0.9999* 
5 3 0.03  2 0.11  0 0.00  0 0.00  0 0.00  0 0.00   
6 3,414 32.31  608 32.90  596 32.25  609 32.95  600 32.47  624 33.77   
7 6,834 64.67  1,167 63.15  1,174 63.53  1,162 62.88  1,166 63.10  1,145 61.96   
8 315 2.98  70 3.79  78 4.22  74 4.00  81 4.38  78 4.22   
9 2 0.02  1 0.05  0 0.00  1 0.05  0 0.00  1 0.05   
Child's race/ethnicity               <.0001 
Hispanic 808 7.65  165 8.93  145 7.85  163 8.82  174 9.42  186 10.06   
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NH black 3,751 35.49  1,088 58.87  725 39.23  577 31.22  677 36.63  1,040 56.28   
NH white 5,713 54.06  539 29.17  900 48.70  1,048 56.71  952 51.52  548 29.65   
Other 296 2.80  56 3.03  78 4.22  58 3.14  44 2.38  74 4.00   
Gestational age                 0.1126 
< 37 weeks 
(preterm) 1,038 9.82  219 11.85  207 11.20  172 9.31  200 10.82  214 11.58   
≥ 37 weeks 
(term) 9,530 90.18  1,629 88.15  1,641 88.80  1,674 90.58  1,647 89.12  1,634 88.42   
Birth weight                 0.1885 
≤ 2,500 grams 664 6.28  159 8.60  153 8.28  122 6.60  144 7.79  152 8.23   
> 2,500 grams 9,904 93.72  1,689 91.40  1,695 91.72  1,724 93.29  1,703 92.15  1,696 91.77   
Maternal age (Mean=24.19, SD=5.52)               <.0001 
Under 15 years 47 0.44  9 0.49  8 0.43  5 0.27  3 0.16  10 0.54   
15-19 years 2,040 19.30  538 29.11  477 25.81  466 25.22  482 26.08  635 34.36   
20-24 years 3,035 28.72  712 38.53  671 36.31  629 34.04  705 38.15  734 39.72   
25-29 years 2,873 27.19  392 21.21  438 23.70  430 23.27  404 21.86  312 16.88   
30-34 years 1,954 18.49  156 8.44  205 11.09  252 13.64  197 10.66  111 6.01   
35-39 years 568 5.37  39 2.11  46 2.49  59 3.19  52 2.81  46 2.49   
40-44 years 51 0.48  2 0.11  3 0.16  5 0.27  4 0.22  0 0.00   
Maternal race/ethnicity              <.0001 
Hispanic 690 6.53  142 7.68  109 5.90  132 7.14  142 7.68  150 8.12   
NH black 3,769 35.66  1,094 59.20  728 39.39  575 31.11  673 36.42  1,050 56.82   
NH white 6,109 57.81  612 33.12  1,011 54.71  1,139 61.63  1,032 55.84  648 35.06   
Maternal marital status               <.0001 
Always married 6,910 65.39  759 41.07  1,035 56.01  1,126 60.93  1,026 55.52  693 37.50   
Ever unmarried 3,658 34.61  1,089 58.93  813 43.99  720 38.96  821 44.43  1,155 62.50   
Maternal education                 <.0001 
Less than high 
school 2,774 26.25  756 40.91  642 34.74  584 31.60  648 35.06  802 43.40   
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High school 3,247 30.72  644 34.85  601 32.52  602 32.58  628 33.98  669 36.20   
1-3 years of 
college 1,885 17.84  260 14.07  320 17.32  318 17.21  299 16.18  254 13.74   
Finished college 2,662 25.19  188 10.17  285 15.42  342 18.51  272 14.72  123 6.66   
*Fisher's exact test; NDI=neighborhood deprivation index; NH=Non-Hispanic; SD=standard deviation 
 
The quintiles describe how the NDI changed over a move in residences between birth of the index child (baseline) and the second indicator 
child; NDI is measured at the census tract level. A negative number indicates that the deprivation at the second time point (second child’s birth) 
is lower than at baseline; the move was to a less deprived area. A positive number indicates that the deprivation increased between the child's 
birth and the second time point; the move was from a less deprived area to a more deprived area. Thus, those in the first quintile comprise those 
who had the greatest decrease in deprivation and the fifth quintile comprises those who had the greatest increase in deprivation; the third quintile 
straddles the mean, representing move in residences with essentially no net change in deprivation. 
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Table 3. Distribution of change in NDI at the census tract level between a 
student's birth and that of a subsequent sibling in the linked cohort 
Mean -0.1065 
Standard Deviation 0.9811 
Minimum -4.7076 
Maximum 4.7629 
Quintile cut points 

1 -0.7802  
2 -0.2811 
3 0.0784 
4 0.5581 
5 4.7629 

NDI = Neighborhood Deprivation Index 
 
The quintiles describe how the NDI changed over a move in residences between 
birth of the index child (baseline) and the second indicator child. A negative 
number indicates that the deprivation at the second time point (second child’s 
birth) is lower than at baseline; the move was to a less deprived area. A positive 
number indicates that the deprivation increased between the child's birth and the 
second time point; the move was from a less deprived area to a more deprived 
area. Thus, those in the first quintile comprise those who had the greatest 
decrease in deprivation and the fifth quintile comprises those who had the 
greatest increase in deprivation; the third quintile straddles the mean, 
representing move in residences with essentially no net change in deprivation. 
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Table 4. Baseline logistic models of the failure of the reading, math, and ELA CRCTs controlling for change in NDI and baseline NDI 
 Reading / Model 1 ELA / Model 2 Math / Model 3 

Variables 
Odds 
ratio CI p-value 

Odds 
ratio CI p-value 

Odds 
ratio CI p-value 

Change in NDI    
1 (greatest decrease) 0.99 (0.85, 1.14) 0.8461 1.04 (0.91, 1.19) 0.5838 1.00 (0.87, 1.14) 0.9536 
2 (moderate decrease) 1.10 (0.94, 1.28) 0.2267 1.05 (0.93, 1.19) 0.4160 1.08 (0.94, 1.24) 0.2515 
3 (referent, no net change) 1 - - 1 - - 1 - - 
4 (moderate increase) 1.19 (1.03, 1.39) 0.0224 1.27 (1.11, 1.44) 0.0003 1.23 (1.07, 1.42) 0.0033 
5 (greatest increase) 1.46 (1.26, 1.69) <.0001 1.51 (1.34, 1.71) <.0001 1.53 (1.34, 1.76) <.0001 

Baseline deprivation          
Below average 0.30 (0.25, 0.37) <.0001 0.34 (0.29, 0.40) <.0001 0.28 (0.23, 0.33) <.0001 
Average (referent) 1 - - 1 - - 1 - - 
Above average 1.75 (1.54, 2.00) <.0001 1.63 (1.44, 1.85) <.0001 1.89 (1.66, 2.16) <.0001 

CI=confidence interval; CRCT=Criterion-Referenced Competency Tests; ELA=English language arts; NDI=neighborhood deprivation index 
 
The quintiles describe how the NDI changed over a move in residences between birth of the index child (baseline) and the second indicator child; 
NDI is measured at the census tract level. A negative number indicates that the deprivation at the second time point (second child’s birth) is lower 
than at baseline; the move was to a less deprived area. A positive number indicates that the deprivation increased between the child's birth and the 
second time point; the move was from a less deprived area to a more deprived area. Thus, those in the first quintile comprise those who had the 
greatest decrease in deprivation and the fifth quintile comprises those who had the greatest increase in deprivation; the third quintile straddles the 
mean, representing move in residences with essentially no net change in deprivation. 



45 

	
  

Table 5. Modeling evolution for CRCT Reading scores 
 Model 4*  Model 5  Model 6* 

 OR CI p-value  OR CI p-value  OR CI p-value 
Change in NDI            
1 (greatest decrease) 0.97 (0.84, 1.13) 0.7052  0.98 (0.85, 1.14) 0.7996  0.98 (0.84, 1.14) 0.7924 
2 (moderate decrease) 1.08 (0.93, 1.26) 0.3296  1.09 (0.94, 1.27) 0.2475  1.07 (0.92, 1.25) 0.3749 
3 (no net change, ref) 1 - -  1 - -  1 - - 
4 (moderate increase) 1.00 (0.85, 1.17) 0.9726  1.20 (1.03, 1.40) 0.0198  1.08 (0.92, 1.26) 0.3472 
5 (greatest increase) 0.95 (0.82, 1.10) 0.5086  1.47 (1.27, 1.70) <.0001  1.15 (0.99, 1.33) 0.0626 

Baseline deprivation            
Below average 0.74 (0.60, 0.92) 0.0068  0.30 (0.24, 0.37) <.0001  0.41 (0.33, 0.51) <.0001 
Average (referent) 1 - -  1 - -  1 - - 
Above average 0.98 (0.85, 1.12) 0.7272  1.76 (1.55, 2.01) <.0001  1.25 (1.10, 1.43) 0.001 

Female (male = referent) 0.56 (0.51, 0.62) <.0001  0.59 (0.54, 0.65) <.0001     
Ever unmarried 
(always married=referent) 1.27 (1.11, 1.45) 0.0003 

 
   

 
2.38 (2.15, 2.65) <.0001 

Maternal race/ethnicity            
Hispanic 1.11 (0.79, 1.56) 0.5340         
Non-Hispanic black 1.29 (0.91, 1.82) 0.1564         
Non-Hispanic white (referent) 1 - -         

Maternal education            
Less than high school 1.38 (1.24, 1.54) <.0001         
High school (referent) 1 - -         
1-3 years of college 0.46 (0.39, 0.54) <.0001         
Finished college 0.19 (0.15, 0.24) <.0001         

Child's race/ethnicity            
Hispanic 1.66 (1.20, 2.30) 0.0024         
Non-Hispanic black 1.57 (1.09, 2.27) 0.0154 	
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Non-Hispanic white (referent) 1 - - 	
   	
   	
   	
   	
   	
   	
   	
  

Other 1.12 (0.84, 1.49) 0.4559 	
   	
   	
   	
   	
   	
   	
   	
  
Maternal age    	
   	
   	
   	
   	
   	
   	
   	
  

Under 15 years 0.87 (0.49, 1.56) 0.6420 	
   	
   	
   	
   	
   	
   	
   	
  
15-19 years 0.90 (0.80, 1.01) 0.0684 	
   	
   	
   	
   	
   	
   	
   	
  

20-24 years 1 - - 	
   	
   	
   	
   	
   	
   	
   	
  
25-29 years 1.02 (0.89, 1.17) 0.7780 	
   	
   	
   	
   	
   	
   	
   	
  

30-34 years 1.09 (0.91, 1.32) 0.3422 	
   	
   	
   	
   	
   	
   	
   	
  
35-39 years 0.94 (0.68, 1.29) 0.6892 	
   	
   	
   	
   	
   	
   	
   	
  

40-44 years 1.01 (0.36, 2.83) 0.9799 	
   	
   	
   	
   	
   	
   	
   	
  
Preterm birth 0.95 (0.82, 1.11) 0.5172 	
   	
   	
   	
   	
   	
   	
   	
  

Low birth weight 1.39 (1.18, 1.65) 0.0001 	
   	
   	
   	
   	
   	
   	
   	
  
*non-significant GEE chi-square p-value for terms	
  
CI=confidence interval; NH=Non-Hispanic; NDI=neighborhood deprivation index; OR=odds ratio	
  
The quintiles describe how the NDI changed over a move in residences between birth of the index child (baseline) and the second 
indicator child; NDI is measured at the census tract level. A negative number indicates that the deprivation at the second time point 
(second child’s birth) is lower than at baseline; the move was to a less deprived area. A positive number indicates that the deprivation 
increased between the child's birth and the second time point; the move was from a less deprived area to a more deprived area. Thus, 
those in the first quintile comprise those who had the greatest decrease in deprivation and the fifth quintile comprises those who had the 
greatest increase in deprivation; the third quintile straddles the mean, representing move in residences with essentially no net change in 
deprivation. 
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Table 5. Modeling evolution for CRCT Reading scores, continued 
 Model 7*  Model 8 - Final 

 OR CI p-value  OR CI p-value 
Change in NDI        
1 (greatest decrease) 0.98 (0.84, 1.14) 0.7765  0.83 (0.61, 1.13) 0.2467 
2 (moderate decrease) 1.09 (0.93, 1.27) 0.2740  1.29 (1.03, 1.63) 0.0301 
3 (no net change, ref) 1 - -  1 - - 
4 (moderate increase) 1.01 (0.86, 1.18) 0.9173  1.06 (0.81, 1.38) 0.6709 
5 (greatest increase) 0.97 (0.84, 1.12) 0.6892  1.50 (1.15, 1.97) 0.0029 

Baseline deprivation        
Below average 0.73 (0.59, 0.91) 0.0045  0.46 (0.37, 0.57) <.0001 
Average (referent) 1 - -  1 - - 
Above average 1.02 (0.89, 1.16) 0.8214  1.09 (0.95, 1.25) 0.2218 

Female (male = referent)     0.57 (0.52, 0.63) <.0001 
Ever unmarried 
(always married=referent)    

 
2.04 (1.77, 2.35) <.0001 

Maternal race/ethnicity        
Hispanic 1.78 (1.49, 2.13) <.0001  2.34 (1.96, 2.80) <.0001 
Non-Hispanic black 2.12 (1.89, 2.36) <.0001  1.79 (1.58, 2.02) <.0001 
Non-Hispanic white (referent) 1 - -  1 - - 

Maternal education        
Less than high school 1.39 (1.27, 1.54) <.0001     
High school (referent) 1 - -     
1-3 years of college 0.45 (0.38, 0.53) <.0001     
Finished college 0.18 (0.14, 0.23) <.0001     

Interaction terms        
Change in NDI 1  * Ever unmarried     1.21 (0.86, 1.71) 0.2775 
Change in NDI 2 *  Ever unmarried     0.76 (0.56, 1.02) 0.0649 
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Change in NDI 4 * Ever unmarried     1.02 (0.73, 1.42) 0.9222 
Change in NDI 5 * Ever unmarried     0.63 (0.46, 0.86) 0.0043 

*non-significant GEE chi-square p-value for terms	
   	
   	
   	
   	
  
CI=confidence interval; NH=Non-Hispanic; NDI=neighborhood deprivation index; OR=odds ratio 
	
  
The quintiles describe how the NDI changed over a move in residences between birth of the index child 
(baseline) and the second indicator child; NDI is measured at the census tract level. A negative number 
indicates that the deprivation at the second time point (second child’s birth) is lower than at baseline; the 
move was to a less deprived area. A positive number indicates that the deprivation increased between the 
child's birth and the second time point; the move was from a less deprived area to a more deprived area. 
Thus, those in the first quintile comprise those who had the greatest decrease in deprivation and the fifth 
quintile comprises those who had the greatest increase in deprivation; the third quintile straddles the 
mean, representing move in residences with essentially no net change in deprivation. 
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Table 6. Final adjusted models for failing ELA and Math CRCTs 
 ELA / Model 9   Math / Model 10 

 
Odds 
ratio CI p-value  

Odds 
ratio CI p-value 

Change in NDI        
1 (greatest decrease) 1.00 (0.80, 1.26) 0.9792  1.11 (0.87, 1.40) 0.4016 
2 (moderate decrease) 1.14 (0.95, 1.38) 0.1663  1.22 (0.98, 1.52) 0.0763 
3 (no net change, ref) 1 - -  1 - - 
4 (moderate increase) 1.35 (1.11, 1.64) 0.0028  1.21 (0.97, 1.51) 0.0966 
5 (greatest increase) 1.45 (1.16, 1.82) 0.0009  1.64 (1.29, 2.08) <.0001 
Baseline deprivation        
Below average 0.50 (0.43, 0.58) <.0001  0.47 (0.39, 0.56) <.0001 
Average (referent) 1 - -  1 - - 
Above average 1.05 (0.92, 1.20) 0.4371  1.08 (0.94, 1.23) 0.2836 
Female (male=referent) 0.59 (0.54, 0.63) <.0001  0.81 (0.75, 0.88) <.0001 
Ever unmarried 
(always married= 
referent) 2.19 (1.96, 2.45) <.0001  2.16 (1.90, 2.45) <.0001 
Maternal 
race/ethnicity 

       

Hispanic 2.64 (2.31, 3.02) <.0001  2.28 (1.93, 2.68) <.0001 
Non-Hispanic black 1.54 (1.40, 1.70) <.0001  2.20 (1.97, 2.46) <.0001 
Non-Hispanic white 
(referent) 

1 - -  1 - - 

Interaction terms        
Change in NDI 1 *  
Ever unmarried 1.00 (0.77, 1.31) 0.9827  0.84 (0.63, 1.11) 0.2176 
Change in NDI 2 *  
Ever unmarried 0.85 (0.66, 1.10) 0.2280  0.82 (0.62, 1.08) 0.1618 
Change in NDI 4 *  
Ever unmarried 0.75 (0.58, 0.96) 0.0251  0.86 (0.64, 1.14) 0.2885 
Change in NDI 5 *  
Ever unmarried 0.69 (0.53, 0.90) 0.0066  0.55 (0.41, 0.74) <.0001 
*non-significant GEE chi-square p-value for terms     
CI=confidence interval; CRCT=Criterion-Referenced Competency Tests; ELA=English 
language arts; NDI=neighborhood deprivation index 
 
The quintiles describe how the NDI changed over a move in residences between birth of the 
index child (baseline) and the second indicator child; NDI is measured at the census tract 
level. A negative number indicates that the deprivation at the second time point (second 
child’s birth) is lower than at baseline; the move was to a less deprived area. A positive 
number indicates that the deprivation increased between the child's birth and the second time 
point; the move was from a less deprived area to a more deprived area. Thus, those in the first 
quintile comprise those who had the greatest decrease in deprivation and the fifth quintile 
comprises those who had the greatest increase in deprivation; the third quintile straddles the 
mean, representing move in residences with essentially no net change in deprivation. 
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Table 7. Odds ratios of strata of change in NDI among ever unmarried and 
always married mothers for all three CRCT tests 
 Reading 
 Ever Unmarried Always Married 

Quintile of Change in NDI OR CI OR CI 
1 (greatest decrease) 2.06 (1.70, 2.50) 0.83 (0.61, 1.13) 
2 (moderate decrease) 2.00 (1.61, 2.48) 1.29 (1.03, 1.63) 
3 (referent, no net change) 2.04 (1.77, 2.35) 1 - 
4 (moderate increase) 2.20 (1.78, 2.72) 1.06 (0.81, 1.38) 
5 (greatest increase) 1.93 (1.59, 2.34) 1.50 (1.15, 1.97) 

     
 English Language Arts 
 Ever Unmarried Always Married 
Quintile of Change in NDI OR CI OR CI 
1 (greatest decrease) 2.21 (1.86, 2.62) 1.00 (0.80, 1.26) 
2 (moderate decrease) 2.14 (1.79, 2.57) 1.14 (0.95, 1.38) 
3 (referent, no net change) 2.19 (1.96, 2.45) 1 - 
4 (moderate increase) 2.21 (1.85, 2.63) 1.35 (1.11, 1.64) 
5 (greatest increase) 2.20 (1.86, 2.61) 1.45 (1.17, 1.82) 
     
 Math 
 Ever Unmarried Always Married 
Quintile of Change in NDI OR CI OR CI 
1 (greatest decrease) 2.00 (1.67, 2.39) 1.11 (0.87, 1.40) 
2 (moderate decrease) 2.16 (1.78, 2.63) 1.22 (0.98, 1.52) 
3 (referent, no net change) 2.16 (1.90, 2.45) 1 - 
4 (moderate increase) 2.23 (1.83, 2.71) 1.21 (0.97, 1.51) 
5 (greatest increase) 1.95 (1.64, 2.33) 1.64 (1.29, 2.08) 
CI=confidence interval; CRCT=Criterion-Referenced Competency Tests; 
NDI=neighborhood deprivation index; OR=odds ratio 

Other variables controlled for in each of these models are: change in NDI and 
marital status individually, baseline deprivation, child's gender, and maternal 
race/ethnicity. 
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Appendix – IRB Letter 

 


