

Neighborhood segregation and elementary school quality, Oakland, California

Background
There is a long history of policy and scholarship assessing the impact of segregation on educational outcomes. In the educational context, segregation has often been studied in relation to the racial and economic composition of the school population, with extensive research documenting the association between segregated student bodies and poorer academic achievement for low-income students and students of color (see for example Goldsmith 2009). Studies of racial and income residential segregation also show that segregation at the metropolitan level is associated with poorer educational outcomes for low-income and African American students. For example, citywide-level racial residential segregation is associated with lower rates of high school and college graduation among poor and Black students (Quillian 2014), and the test score gap between Black and White students is higher in more segregated cities (Card and Rothstein 2007; Condron et al 2012). Income segregation is also associated with school achievement gaps between poor and wealthy students (Owens 2017). A notable trend is that while segregation is associated with poorer health and educational outcomes for Black and poor populations, segregation is not associated with a decline in health or educational status for White and wealthy populations (see for example: Do et al 2017; Quillian 2014). 

Segregation
Segregation is typically identified in terms of five dimensions: evenness (how evenly population groups are distributed across geographic space), isolation (how likely individuals are to interact with others of the same or a different racial group in a defined geographic location), concentration (density of a specific population group in a defined geography), centralization (extent to which a specific population group is concentrated in the urban center), and clustering (proximity of racially similar neighborhoods across an urban area) (Massey and Denton, 1988). Numerous measures have been developed to assess these dimensions of segregation, primarily focused on racial residential segregation though increasingly also examining income segregation. 

The Index of Concentration at the Extremes (ICE) is one measure of segregation, first developed by Douglas Massey and now used in a range of social science fields to understand the effects of both income and racial segregation on diverse social and health outcomes. ICE measures are seen to have several advantages over other measures of segregation, including: ICE provides different scores for highly privileged or highly deprived areas, where the Gini coefficient and Index of Dissimilarity show the same score for geographic areas that are highly privileged or deprived (Krieger et al 2016), and ICE provides measures of segregation at small geographic levels (e.g., census tracts), while other measures of segregation such as the Index of Similarity are measured at a larger geographic scale (e.g., city), making ICE a useful measure for understanding the impact of local segregation on health and other outcomes (Krieger et al 2017). There is a growing body of literature using ICE measures to assess the impact of segregation on health and welfare, showing an association between ICE scores and infant and premature mortality (Krieger et al 2016), preterm birth (Huynh et al 2017), hypertension (Feldman et al), exposure to violence (Krieger et al 2017), and black carbon exposure (Krieger et al 2015). 

Both segregation and educational outcomes have strong links to health. Residential segregation is associated with poorer health outcomes through a number of pathways including but not limited to: reduced economic opportunities for low-income and communities of color; exposure to higher levels of violence, crime, and social isolation; and exposure to higher levels of environmental risks (Kramer and Hogue 2009). And higher educational attainment is associated with improved health outcomes and reduced mortality (Byhoff et al 2017). As a result, understanding the relationship between segregation and education is an important public health question. 

ICE measures have not previously been used to assess the relationship between neighborhood segregation and educational quality or attainment. This brief paper assesses the relationship between neighborhood segregation and elementary school quality in Oakland, CA using ICE measures for both racial and income segregation. 

Methods	Comment by test: Should describe what methods you used for your associations 
ICE provides a measure of the extent to which residents in a defined geographic area are concentrated into the extremes of deprivation and privilege. The measure was first developed by Massey as a measure of income segregation, and calculated in the following way: 

ICEi=(Ai – Pi)/Ti

where in a given neighborhood i, Ai is the number of affluent households in the neighborhood, Pi is the number of poor households in the neighborhood, and Ti is the total number of households for which household income information is available. ICE scores for a geographic area can range from -1, indicating that 100% of the area’s residents are in the most deprived group, to 1, indicating that 100% of the area’s residents are in the most privileged group. ICE typically defines affluent households as those with income above the 80th percentile and poor households as those with income below the 20th percentile. The 20th and 80th percentile of household income in Oakland in 2015 was $19,000 and $115,000 respectively. Given the income categories in the ACS, this analysis set the thresholds for poor and affluent households at $20,000 and $100,000, which corresponds to the national 20th and 80th percentiles of household income in the 2010 Census and follows the thresholds of other papers using ICE to assess health and social outcomes. 

ICE scores were calculated for each elementary school that is part of the Oakland Unified School District (OUSD) using data from the U.S. Census Bureau’s 2015 American Community Survey (ACS) 5-year estimates. Charter and private schools were not included in the analysis. To calculate an ICE score, each census tract in the city was assigned an elementary school based on school catchment area maps from OUSD (Oakland Unified School District). Catchment areas ranged in size from one to four census tracts. Six variants of the ICE scores for different income and race domains were calculated for each school, combining data from all assigned census tracts in the case that more than one tract was included in a school’s catchment area (Table 1).  

	Table 1. Index of Concentration at the Extremes Calculations

	Income
	

	ICE Income
	((Households w/ income > $100,000) – (Households w/ income < $25,000)) / Total households

	Race

	ICE White/Black
	((non-Hispanic White) – (non-Hispanic Black)) / Total population

	ICE White/Hispanic
	((non-Hispanic White) – (Hispanic)) / Total population

	ICE White/Asian
	((non-Hispanic White) – (non-Hispanic Asian)) / Total population

	Income and Race combined

	ICE Income White/Black
	((non-Hispanic White households w/ income > $100,000) – (non-Hispanic Black households w/ income < $20,000)) / Total households

	ICE Income White/Non-White
	((non-Hispanic White households w/ income > $100,000) – (total households w/ income < $20,000 – non-Hispanic White households w/ income < $20,000)) / Total households



Elementary school quality was assessed by the percentage of students meeting or exceeding statewide standards as measured by the Smarter Balanced Assessment System, a computer-based test used to assess performance on Common Core State Standards for English language arts and math (California Department of Education). Data on school-level performance on the Smarter Balanced Assessment tests was accessed through the Oakland Unified School District public data dashboards (OUSD Department of Research, Assessment and Data, 2017). School testing data from 2015 was used, to align with the year of ACS data. 

Results
Among the 49 elementary schools included in this analysis, there is a very large variation in elementary school quality, with schools ranging from less than 10% to almost 90% of students meeting or exceeding state standards for English language arts and math. This analysis shows that there is a strong correlation between neighborhood segregation and elementary school quality on measures of income, race, and combined income and race segregation (Table 2). The strongest correlations are for Black-White racial segregation, and combined Black-White income and racial segregation. Figures 1 and 2 show the associations between ICE segregation scores and school performance in English Language Arts. Schools in neighborhoods with ICE scores below 0, indicating a higher concentration of non-White households and households below the 20th percentile of income, had significantly lower school quality than those schools located in neighborhoods with a higher concentration of White households and households above the 80th percentile of income. 

For five of the ICE measures: ICE Income, ICE Income and Race Combined Black-White, ICE Income and Race Combined White/non-White, ICE Race White/Black, and ICE Race White/Hispanic the pattern of the association between segregation and school quality was nearly identical. The only variation was in the ICE measure of Race White/Asian, in which there was a weaker relationship between segregation and school quality. In part, this could be due to the lower level of White/Asian segregation as compared to segregation among other racial pairings. 	Comment by test: This belongs in the discussion. Also, are there other reasons? Do you think that Asians face the same disadvantage as other racial/ethic groups?
[image: ][image: ]
	Table 2. Correlation Coefficients

	
	English Language Arts
	Math

	ICE Income
	0.71
	0.66

	ICE Income and Race Black/White
	0.79
	0.76

	ICE Income and Race White/Non-White
	0.75
	0.70

	ICE Race White/Black
	0.82
	0.82

	ICE Race White/Hispanic
	0.71
	0.71

	ICE Race White/Asian
	0.61
	0.54



 Discussion
This analysis shows that neighborhood segregation is associated with poorer school quality. The analysis aligns with findings of prior research on segregation and education, showing that low-income and communities of color are negatively affected by segregation, while high-income and White students are not affected. Segregated neighborhoods with high concentrations of households in the deprived group had poorer elementary school quality, while those neighborhoods that were highly segregated but with high concentrations of households in the privileged group had very good elementary school quality. While prior research has evaluated the impact of school and city-wide segregation on high-school and longer-term educational outcomes, few if any studies have evaluated census tract level measures of segregation on elementary educational quality. Because students may have less geographic mobility in elementary school and therefore may be more likely to attend their neighborhood school, additional investigation in the relationship between neighborhood segregation and educational quality may be useful. 	Comment by test: Is? 

This analysis has a number of important limitations. First, conducting analysis of trends over time was not feasible due to a number of limitations in the data. The change in state standards and testing to the Common Core makes a comparison of school performance on the SBAC to school performance under prior testing regimes difficult. In addition, since the early 2000’s Oakland Unified School District has aggressively pursued a move towards small schools, the result of which has been a dramatic recent increase in the number of schools, including elementary schools. Therefore, the school catchment areas used in this analysis are not consistent over time, nor are the schools that would be included in the a longitudinal analysis. 

This analysis used data from 2015, following a change in the elementary school enrollment policies. The Oakland Unified School District modified its enrollment policies to expand school choice by switching to an open lottery enrollment system enabling students to access schools outside of their neighborhood. This lottery, “designed to provide each student equitable access to the range of opportunities available throughout the District” allows parents to identify multiple schools in ranked order, and places students in their highest-ranking school based on available openings (OUSD Enrollment Guide 2018-2019). Recognizing the wide variation in school quality across geography in the city, an analysis of trends over time would be useful to assess if the change in school enrollment policies resulted in any change in the relationship between segregation and educational opportunity.  

A second limitation is the inability of this analysis to determine if children from the school neighborhood actually attend their neighborhood school, and therefore the actual relationship between neighborhood exposure and school exposure. The exclusion of private and charter schools from the analysis further added to this limitation. These schools were excluded given their different enrollment and testing practices from OUSD. However, there are a number of new charter elementary schools in highly segregated areas and if these schools have higher performance than their public equivalents that would potentially modify the effect of neighborhood segregation on access to quality schools. Finally, this analysis was not able to look at causal relationships between segregation and educational quality, or educational outcomes, and was not able to assess any of the other factors associated with both segregation and educational quality such as housing and school funding policies. 

Conclusion
Despite these limitations, this analysis does provide evidence that there is a strong association between neighborhood segregation, measured at the census tract level, and access to quality education, measured by neighborhood elementary school test scores. Future work to assess the trends and causal pathways would be useful in understanding the health and social impacts of this association. 
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Figure 2. ICE Race Scores and Elementary School Quality, Oakland 2015
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Figure 1. ICE Income Scores and Elementary School Quality, Oakland 2015
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