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Abstract

AN ANALYSIS OF THE PERFORMANCE OF PUBLIC ELEMENTARY
SCHOOLS IN NEW YORK CITY DURING 2001-2005
FROM A GEOGRAPHICAL PERSPECTIVE

by

Ylli Kellici

Advisor: Professor Sean Ahearn

This study examines from a geographical perspective the factorsfhattithe
performance of public elementary schools in New York City during 2001-2005, a period
when its schools were undergoing major reforms at both the local and national level.
Education reforms have focused their attention on schools by increasing their
responsibility and autonomy concurrent with an increase in accountability. This
increased focus on schools as the main agent of change presents a challenge for
geographers to investigate the impact of the geographical context on school peérma
Although school achievement has a geographical component, the contribution of

geographers on this issue has been limited.

There are several major findings of this research. Despite a geteease in
educational achievement in the public elementary schools in New York City dioeing
period of this study, the race/ethnicity achievement gap remains substadt@bes not

change in space or over time. Findings indicate that there is spatiaticfygieschool



performance the majority of which is explained by the spatial pattern of student
socioeconomic characteristics. There is no major spatial variation indhenship

between school performance and student and school characteristics and Sookhgiat

do not change over time. The presence of spatial dependence in school performance, not
accounted for by student and school characteristics, necessitates thepateabf

regression models. The spatial model estimation indicates that in thieréestears of

the study period the spatial error model is a better fit of the data whertbadast two

years the spatial lag model is a better one. The switch from anceardéasld model,

occurring in the first academic year (2003-2004) when education reforras wer
implemented in New York City, is an indication of a global change which can be
identified with the effect of reforms throughout the City’s public schoolgyrésion
analysis shows that some school districts have an impact on school perforntance, af
accounting for the student and school characteristics. From a policy pefspieti
concentration of social disadvantage in space and over time should be taken into
consideration in policies regarding allocation of resources that shouldttzlgpa

focused. Furthermore, the education reforms should consider not only schools but also

school districts in their accountability system.

In addition to its findings, this research contributes to the geographic lieetatur
introducing a robust framework to explore the impact of the geographic comtast.
framework, with the Square Combining Table method at its core, includes alg@igis
Weights and Multiple Comparison procedures. Another important methodological

contribution is the introduction to educational literature of the Jackknife technique to



Vi

examine the spatial variation of the relationship between school perforarahstudent
and school characteristics. The methods applied on the jackknifed coefficienttaalues
study their variation in space and over time can similarly be used in otheagkeogt

phenomena.
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Chapter One

Introduction

This study examines the performance of public elementary schools in New York
City from 2001 to 2005, a period when the public education system in the country was
undergoing major reforms. At the national level, No Child Left Behind (NCLB)#Ac
2001, signed into law in January of 2002, was a major change in the public education
system that expanded the role of federal government. In New York City, Michael
Bloomberg, after winning the mayoral elections in 2001, was granted control of the
biggest public education system in the country by the New York State dteges! In
January 2003, Mayor Bloomberg launched Children First, a reform to radically change

the public education system in the city (Children First History, 2003).

Reforms, at both the national and local level, focus their attention on schools by
increasing their responsibility and autonomy concurrent with an increase in
accountability. They also promote transparency by informing the public ddeositiiool
performance in standardized tests and characteristics of the school andkitésst As a
consequence, this period of education reforms has been associated with new information
that provide an opportunity to research the complex and multifaceted public education
system of New York City. Furthermore, it is an opportunity not only to evaluate the
impact of the reforms, but also to assess the different factors shapingathlcat

achievement.



The remainder of this chapter is organized as follows. First, it provides the
context of this study with an overview of both NCLB and New York City reforms, their
goals and the changes that they brought to the public education system. Then, a
discussion of the purpose of the study and the research questions it is trying to answer

follows. The chapter concludes with the research significance of this study.

1.1. National Reform on Public Education

The NCLB was the latest revision of the Elementary and Secondary Education
Act (ESEA), the federal law on elementary and secondary education, firstctimac
1965. NCLB, passed with strong bipartisan support, represented a significant shift in
federal education policy by making the federal government a major forbapimg the
goals and outcomes of education. Prior to this law, the traditional role of thalfeder
government in education has been limited to provide aid to disadvantaged pupils and
fund research and development (Stiefel et al, 2004). NCLB expanded this role by
establishing a comprehensive framework of standards, testing and accayntabil
stimulate states to raise the achievement of low-performing studentsdare the

achievement gap by race, ethnicity, language and special education sGitis 2902).

ESEA, designed to address the problem of inequality in education, was the first
major change in the role of federal government in education. Under Title § @fdthithe
federal government distributed funding to schools and school districts that had a high
percentage of students from low income families. These funds were beirsgeslloc

based on the number of eligible students, irrespective of whether they improved the



performance of the target population (Fusarelli, 2004). Earlier authorizatio®=# E
required standards and tests, but did not enforce accountability mechanisms (Hannaway
and Hamilton, 2008). Fusarelli (2004) noted that since 1975, reading and math scores on
the National Assessment of Educational Progress (NAEP), the nation’scagphr

showed little improvement even though there was a tenfold increase in federahgpendi

on ESEA. The author suggested that the apparent ineffectiveness of Tdteal fe
expenditures to eliminate the achievement gap and the embrace of accaypiaiizly

nationwide were the major reasons behind the latest revision of ESEA by NCLB.

The shift in education policy from a focus on school inputs to a focus on student
outcomes and from minimum competency to high proficiency standards started with the
national report in 1983 - A Nation at Risk - which stimulated a standards-baset@®@duca
reform across the nation (Lee and Wong, 2004; Fuller et al, 2007). Seven states (New
York one of them) called “first-generation” accountability states, adoptcountability
policies before NCLB and started holding schools accountable for their students
educational achievement (Lee, 2006). NCLB made accountability a national pbfiey
law was designed on the premise that if pressure is put on the low-performing school
receiving federal funds than better results in their performance will folldve intent
was that this external accountability and the imposition of sanctions will $ohm®ls to
improve and motivate teachers to change their instructional practicesngesulietter

school performance (Sunderman et al, 2006).

NCLB raised the expectations for higher achievement for poor and minority

students in the hope of reducing the achievement gap, so no child is left behind. This



goal was to be achieved through the establishment of standards and performadce-bas
accountability mechanism. Standards are defined by subject and grddmtbaee
comprised of important areas for students to learn, while performanag-base
accountability mechanisms establish incentives for teachers and schools teadvanc
learning in those areas. Hannaway and Hamilton (2008) discuss the relationshgnbetwe
them emphasizing that the critical part of the reform is the alignment afuldum and
instructional practices with the standards and, moreover, that this alignmeantreihse

from the response of educators to incentives and assistance provided by the law.

The objective of the law is to bring all students and defined subgroups such as:
economically disadvantaged students, students from major racial/ethnic gtadpsis
with disability and students with limited English ability, to proficiencyaading and
math by the 2013-2014 academic year. NCLB does not create a national achievement
standard but, in line with the principle of local control of schools, assigns eaekthstat
task to develop and implement the academic standards in reading and math. The states
also develop annual tests that are linked to those standards for grades 3 through 8 in both
subjects. These standardized tests are used in evaluating a school’s poagresthe

NCLB goal.

Each school has to make adequate yearly progress (AYP) to achiewvalire g
each of the defined subgroups or otherwise will be identified as “in need of
improvement”. Schools that receive Title | funds and fail to make AYP for tloedec
consecutive year, must offer to all students the option to transfer to another plbdt; s

either in or out of district, with transportation provided by the district. The schoolds



also develop a two-year school improvement plan. In addition, these schools ble eligi
to receive technical assistance from the state. In schools that fail toAYiBKer the

third consecutive year, students are eligible for supplemental educagoneés. For
schools that fail AYP for four consecutive years, the district must implecoergctive
actions to improve them, such as the replacement of staff members or the imglementa
of a new curriculum. Finally, if schools fail to make AYP for five consecuesass,

they can be restructured, taken over by the state or a private managenrastaont
converted to charter schools or reconstituted with new staff (NCLB, 2002). NCLB
requirements that students in failing schools be given the option of obtaining
supplemental services or transferring to successful schools links NGlaBdards-based
accountability to market-based reforms. The objective of policy makers was to
incorporate the assumed benefits of market-driven systems into public eduaétile

preserving its unique character (Fusarelli, 2004).

NCLB emphasized the importance of teacher qualifications in the improvement of
school performance. Research had shown that low-income students had the least
prepared and experienced teachers and that the quality of teachers sulysaffietédid
student achievement. In response to such findings, the law required that all schools
receiving NCLB aid must have qualified teachers. The underlying assumptidhavas
principals and school districts were not trying hard enough to attract gobéreac
impoverished schools and that they could rapidly fix this problem if required by law

(Sunderman, 2006).



Another major change by the NCLB was the promotion of transparency. The law
required that the public be informed about school characteristics and school paderm
in standardized tests. Test results on how each school is performing are made public i
the Annual Report Card and, to help ensure that all groups of students are progtessing
an adequate rate, the results are broken down and reported according to subgroups such
as: race/ethnicity, special education, English language learners@mah@cally
disadvantaged. The disaggregation of the performance by subgroup brings more
attention to low subgroup performance which was hidden before within school, district or
statewide averages. Moreover, this new information allows public officials to look m
closely at student performance and direct instructional resources toward groups
students whose academic needs the school system failed to address. The Annual Report
Card also contains information about the school and its student characteristics such as
professional qualifications of teachers, school’s enrollment, studentsiattee,
students that are recent immigrants, number of students eligible forricke English

language learners and special education students.

Several aspects of the NCLB have been criticized. Regarding NCLB&igbje
of having all students at the proficient level in 2014, Lin et al (2002), using a aefiafti
proficient as in NAEP, concluded that such a goal is so high that it is completely out of
reach. The authors emphasized that setting unobtainable goals can bgckfire b
demoralizing the teachers instead of motivating them. Bryant et al (200B¢dethe
same conclusion for nearly all elementary schools in California, demongttiadit they

will fail to meet the goal of proficiency by 2014. NCLB’s accountability élas been



subject to criticism. Kelly and Monczunski (2007) argued that NCLB unintentyonall
favors schools with fewer minority populations because schools with more subgroups are
less likely to meet AYP. Stiefel et al (2007) share the same concern. Thesausig

data on elementary and middle schools in New York State, note that the accountability
burden will be higher on urban schools that are more racially and ethnicallyatet&gr
compare to rural and suburban schools. Another point of criticism has been that the new
requirements by NCLB were not supported with sufficient resources (Lee, 2006)

addition, Sunderman (2006) disagreed with NCLB’s assumption that teachers will
respond to being sanctioned and labeled as failing. The author argued that teachers can
make a difference but they need external help whereas NCLB did not provide the

policies, support or flexibility needed to meet its goals.

Another concern has been related with the NCLB’s increased emphasis on the
role of standardized testing as a performance indicator. Fusarelli (2004)hadted t
teachers will be forced to spend more time on preparation for the test than on authenti
teaching and learning. Such focus on testing may narrow the curriculum by pushing out
material not covered on the exams and, as a result, nonacademic areas such as sports
music and art may become eliminated because of the focus of attention and résources
preparation for tests. Furthermore, the author observed that even though NCLE\explic
assumes that state tests are aligned to the curriculum, accordingatchieias is
seldom the case. Fuller et al (2002), like other researchers, were conbatribd t
narrow focus on teaching to a state test may produce inflated gains in scomemsswher

fundamental concern should be with improved achievement not just higher test scores.



They also questioned the degree to which the gains on a state test cardezgédrie
gains on other measures of achievement such as for example NAEP. Aftedmur y
since the NCLB was enacted, a study by Lee (2006) concluded that the use of stat
assessments as the basis of school accountability were misleadingéezsts
administered by the states tend to significantly inflate proficiencysegewell as deflate

racial and social achievement gaps in the state.

1.2. New York City’s Education Reform

The New York City’s public education system has undergone major reforms
under Michael Bloomberg who pledged to fix the education system when he ran for
mayor of New York City in 2001. Bloomberg made gaining control of the system one of
his top priorities during the campaign. After being elected, he successfabegrine
state of New York to grant him control of the city schools, beginning in acadehaols
year 2002-2003. The Mayor earned the power to appoint the Chancellor and assumed
responsibility for the schools’ performance. Since then, Bloomberg and his
administration have left virtually no part of the system untouched (Schwartz afel, Sti
2005; Hemphill et al, 2005). In January of 2003, the Mayor launched a plan to reform

governance and curriculum in the New York City’s public schools (Children First, 2003).

This was not the first time that New York City had a central managementtythe c
had mayoral control from 1873 to 1969. By the end of the 1960s there was a campaign
opposing the centralized system and advocating decentralization to beteihsdocal

community needs (Hess, 1999). In the midst of the public concern about equal



educational opportunity, New York State legislators solved the conflict byi@aing
decentralization and creating in 1970 a school system with 32 community school
districts. These districts were governed by community school boardsedaletdtcal
popular elections to give local communities a significant voice in who run tineiolsc

and how (Wolff, 2002). Community school districts in New York City were wholly
responsible for the operation of schools within their districts; they controlled the
allocation of all resources to schools, the development and control of curricula, had the
power to hire community superintendents, principals and assistant principals.
Community superintendent were responsible for all the district’s instrutpohey and
fiscal matters, including hiring, curriculum initiatives and professionatid@ment
(latarola and Fruchte, 2004). In 1997, in an attempt to create greater sysem-wi
accountability, the state legislature stripped local boards of their relpitiasi re-
centralizing power with the Chancellor and superintendents and leaving the bdhards wi

policy setting duties but no real authority (Hess, 1999; Ravitch and Viteritti, 2000).

In her article in Gotham Gazette, a few weeks before the state legasiaive
control to the Mayor, Wolff (2002) described the disagreement that existed an¢he ti
about the value of local boards. She noted that when the community boards worked they
were a real avenue for participation, set sound policies, supported distrits affdy
through them, there was a structured way for people to have a role. Even though voter
turnout was always low, still thousands of people participated in school board elections
In addition, because parents who were not citizens could vote, it gave a voice to people

who often struggled to have their views heard. The author, though, observed that while
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some boards have been avenues for greater community involvement in schools, many
have not. For a long time school boards have ignited criticism and complaints; some had
been accused of patronage and corruption and others for handing out jobs to political

partners.

The legislation signed by Governor George Pataki on June, 2002 turned control of
the school system over to the Mayor. The old and powerful Board of Education was
replaced by the Panel for Educational Policy, which does not have the same power
because the Mayor appoints the majority of its members. The Mayor appointed the
Chancellor Joel Klein who quickly implemented re-organization of the governaruoe of t
schools. Under the new state legislation, the new Chancellor assumed thegidiners
Board of Education and gained direct authority over the district superinteaen32
community school districts. The new law changed the role of community schodaltslistri
boards by replacing them with community district education councils. Each seietdi
council has nine parent members selected by the parents associations fiistritiat
two community members who are appointed by the borough presidents and a nonvoting
student member, appointed by the district superintendent. As with the boards they
replaced, the councils’ duties are largely advisory. Baum (2005) describedvhesact
of education councils over the period of few months after they replaced the 32
community school boards in fall of 2004. The education councils hold monthly meetings
with the superintendent to discuss the district’s educational progress, submit dn annua
performance evaluation of the district’'s leadership to the Chancellor, ho&tiagen

the district’s annual capacity needs, review the district's educatiorgigons and their
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impact on student achievement, approve boundaries between schools, evaluate
supervisors and make recommendations on building use. The author noted that, despite
frustrations and setbacks, the community education councils were more efiethiee

first year than many observers expected.

Along with changes in the organization of the system, curriculum reform
followed. In the academic year 2003-2004, public elementary schools had new and
uniform math and reading curricula. Until then, New York City had no uniform
education program for its more than a million students. Individual community school
districts and schools selected their programs, often changing them froto year.

This confused students and placed a particular burden on low-income youngsters who
tend to switch schools more frequently than their more affluent classrRateisgon,

2004). The Mayor and the Chancellor instituted a new, uniform curriculum, an ambitious
attempt to offer all schools in the city progressive techniques that had prg\weasl

applied in middle-class or wealthy neighborhoods such as Manhattan’s Upp8ideast
Hemphill et al (2005), who surveyed nearly 500 of the New York City’s elementary
schools, described in their book the new changes that had taken place in those schools
such as: more inviting classroom libraries of children’s literature and@ibtoks that

had replaced unappealing textbooks; teachers being encouraged to lead alas®dssc
rather than to offer lectures; children that had begun to write far more freqaedtiy

more depth than had been common in elementary schools.

The quality of teaching was also another subject of the reforms in New Ygrk Cit

To comply with teacher requirements from NCLB act, the city toughened its
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requirements for teaching certificates. The Department of Educatiorriogt o

uncertified teachers and expanded its recruitment of alternativelffezetdachers (Kane

et al, 2007). The New York City Teaching Fellows program had accounted for most of
the growth in alternative certification in the city, for the five yearquesince its creation

in the summer of 2000. The program streamlined and subsidized the certificatios proces
for college graduates willing to teach in low-performing schools, mainly in Baiadx

central Brooklyn (Biederman, 2004). Teachers that graduated from the program
contributed in the improvement of school achievement in new small schools, even in
high-poverty neighborhoods, that had a competent administration and encouraging
environment. In contrast, fellow teachers were not successful in poorly run seftbols

weak leadership (Aspel, 2005).

Children First initiative instituted the parent coordinator program in oodeelp
parents to negotiate the bureaucracy. To encourage involvement in individual schools,
the Department of Education placed full-time paid parent coordinators in all but the
smallest city schools. The parent coordinators help parents with paperwgniosiu®
support for academic success (Robinson, 2004). Other changes that occurred on public
education in New York City included: creation of charter schools, vouchers, a new
training academy for school principals, hiring of reading and math coaxckapyort
teachers and so on. Following the belief that small schools are more sucdessfigrt

to build new schools continued, funded in part by the Gates Foundation.

The New York City’s education reform has not gone through without criticism.

Herszenhorn (2005), in an article on New York Times, noted that on much of the school
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system the main impact of the changes had been confusion, start-up difficulties
conflicting policy changes, high staff turnover and problems with the safetshonls.
Hemphill et al, (2005) also discussed the administrative problems createddaiige

in the organization of the system. Special education students did not get some of the
services they needed because thousands of special education records wecednispla
There has been criticism from principals and staff in some schools, palyicula
Queens, about the micromanagement by the central administration. In thoss,gbleool
reforms were presented as a non-negotiable list of new rules to be follagext,than a
creative new approach to teaching. As a result, dozens of the city’s begtgisiand

administrators left, depriving the school system of their needed leadership.

The system of mayoral control has been criticized for shutting out parents and
others from any meaningful involvement in school decision-making. Critics complain
that parents too often are ignored and do not have elected board members to turn to for
help. Since parent coordinators are hired by the principal, they are not aleaysse
responsive to parent’s needs (Robinson, 2004). The impact of parent coordinator has
varied because every school has just one parent coordinator regardless ofdhthsize

school (Herszenhorn, 2005).

In its report at the end of the academic year 2004-2005, the New York City
Council Education Committee rated the Department of Education “not profiarent” i
class size, teacher and principal morale, special education and operationg §8duln
Herszenhorn, 2005). Even though the administration claimed of having driven down the

cost of school construction, critics said that the new schools and the state money to buil
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them did not materialized fast enough to reduce class size (Herszenhorn, 2005). In
addition, the new small schools aggravated overcrowding in the existing big schools.
Another issue has been the concentration of inexperienced teachers and principals in
schools with high-needs kids. Finally, while the administration considereditng test
scores in 2005 as signs of success, critics questioned whether the scorbaveall
increased significantly. They raised concerns about the validity of tsestegyesting

that the improvement in scores was partly attributable to the decline in the number of
eligible students tested, especially among students with limited Ersgits, and to he

less demanding nature of the 2005 exam.

1.3. Purpose and Research Questions

The central issues of public education reforms over the last decade have been the
increase in school performance, the reduction of the achievement gap betweentdiffe
subgroups and the improvement of school factors affecting performance. Tha®s re
have focused attention on schools by increasing their responsibility and autonomy
concurrent with an increase in accountability. The increased focus on schools as the
main agent of change presents an opportunity for geographers to investigate ti@impa

the geographical context on school performance.

School achievement has a geographical component because it is affected by the
characteristics of the school catchment area, its surrounding areas, hed by t
management and policies of the school district to which the school belongs. NCLB

requires schools to make available to the public, in their Annual Report Cards, data about
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exam results and different school and student characteristics. These datmizgloat
school-level are at the appropriate scale for geographical analyaissbegeographers

are interested in the spatial pattern of school performance and in the sagigbocess
generating its clustering in space at the neighborhood and urban scale. Moheover, t
recent increased importance of school-level test results as an indicator of school
effectiveness and as a measure of the impact of new policies makes drapaigsis

that use schools as the unit of study noteworthy. Although school achievement has a

geographical component, the contribution of geographers on this issue has been limited.

The purpose of this study is to examine from a geographical perspective the
performance of public elementary schools in New York City and factors shaplimgng
2001-2005, a period when its schools were undergoing major reforms. Being the biggest
public education system in the country, reforms in New York City have been of national
interest, with lessons learned being applied in other cities. New York is diverge
and dynamic city which provides the opportunity to study different race/ethnicosyisg
and changes in the system over time. Even though New York City is unique because of
its size, in every other aspect its problems of urban education are similar tolilesns
of urban education in the country. Public elementary schools in the city weretthe firs
have been affected by the reforms and, therefore, their results on statedstaddasts
have been used in evaluating the impact of reforms. The availability of atateadxsam
results for each race/ethnic subgroup in New York City makes it possible e a
more in-depth analysis of the achievement gap over time and space. The low

performance of students in the English Language Arts tests corogheerhath tests has
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created the expectation for a more rapid improvement in this subject. Since rhest of t
nation’s public schools do operate under some form of school district control, this study
considers as important the assessment of their impact on school performagce. E
though the 32 community school districts operate within the public education system of
New York City, they resemble in their functionality and diversity with otheridistin

the country that function under the state system. For three decades the Newityferk C
community school districts have operated as independent units, with their own identities
and serving different student populations. As such, this study’s perspectiysjsaaat

findings are relevant for other districts in the country.

From a geographical perspective, several research questions areydrssed b
study:

¢ Is there inequality in educational achievement in New York City acrosgtiis
and does it change over time?

e Is there variation in the achievement gap between race/ethnicity subgovaps
districts?

e What are the student and school characteristics that explain the spatiaipgtt
of school performance and does this relationship change over time?

e Does the relationship between school performance and student and school
characteristics vary in space?

e [s there a spatial dependence in school performance and what is the spatial

process generating it?
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The first two research questions are addressed in chapter three and thedast thr

chapter four.

1.4. Research Significance

This research investigates, to the best of my knowledge, for the first time the
school performance and the achievement gap in New York City’s public elegpnentar
schools from a spatial perspective. Although school achievement has a gexajraphi
component, the contribution of geographers on this issue has been limited. This study
takes advantage of the new data available and performs a more in-deptls aridhgsi
race/ethnicity achievement gap. It contributes to the educationaluietay introducing
a robust framework to examine the effects on school performance of three components
time, race/ethnicity and space. Within this framework, this study applies a robust
technique, Square Combining Table, to estimate the effects of each componenirand the
interactions. Then, the Multiple Comparison technique is used to assess theadtatis
significance of these effects. In addition, this research introduces tdutatienal
literature the Jackknife technique which is used to explore the spatiaidgesteity of the

relationship between school performance and independent variables.

From a policy perspective the main contribution of this research consists in its
finding about the persistence over space and time of the race/ethnicityeaching gap
between the low performing subgroups (Black and Hispanic) and high performing ones
(White and Asian). After accounting for race/ethnicity effect, tieneequality in

educational achievement between the lowest performing districts in Uppéaln and
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south Bronx and the highest performing ones in north-east Queens and Lower Manhatta
This study finds that districts have no impact in reduction of the racefgghnic

achievement gap. The increase in school performance over the time periodtatithis s

was not associated with a reduction in race/ethnicity achievement gaptimglitat

reforms did not achieve their main goal of gap reduction. Findings indicatbdéhaig

spatial clustering in school performance the majority of which is expléynéae spatial

pattern of students’ socioeconomic characteristics. There is no majat spaation in

the relationship between school performance and student and school characéeriistic

such relationships do not change over time. The presence of spatial dependence in school
performance, not accounted for by student and school characteristics, nesetfstase

of spatial regression models. The concentration of social disadvantage iausgpacer

time should be taken into consideration in policies regarding allocation of resthates
should be spatially focused. Furthermore, the education reforms should consider not only

schools but also school districts in their accountability system.
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Chapter Two

Literature Review

This chapter reviews the literature relevant to several aspects othys st
including: assessment of the impact of NCLB on state performance, ardlysis
racie/ethnicity gap in school performance, the impact of community schaadtdisn
school attainment, school characteristics that effect school perfornahtieea

geographical analysis of school achievement.

2.1. The Impact of NCLB on School Performance at State Level

Previous research on the impact of NCLB on school performance has explored
academic achievement over time at the state level. The law estdlsiateeassessments
as the basis for NCLB accountability, but it recommended corroborating thalie res
using an independent national test, the National Assessment of Educational Progress
(NAEP) which is the federal assessment system run by the Educatiotiat) Beyvice,
the so-called nation’s report card of student achievement. Fuller et al. (B@RI/INAEP
data spanning over the 1992-2006 period fdbgraders in 12 diverse states, to study the
effect of the law. The authors found that the consistent growth in reading test ecer
a three year period before the enactment of the NCLB in 2002, largely faded and
flattened out over the three years after the reform. The progress in matiued from
1999 to 2004, but the growth was slower after compared to before the enactment of

NCLB. The authors admitted that the discrete effect of NCLB, beyond the momenht
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state-led accountability reforms, was difficult to estimate. They foumidbsipatterns
regarding the narrowing of the achievement gap; there was no progress, aadotg r
and math subjects, in reducing the Black-White gap after compared to before the

enactment of the law. In contrast, the Hispanic-White gap continued to narrow.

Lee (2006) analyzed NAEP reading and math results for'tizmd &' graders at
the national and state level. The author using data from pre-NCLB (1990-2001) and
post-NCLB (2002-2005) periods found that NCLB did not have a significant impact on
improving reading and math test results across the nation and states. The national
achievement in reading remained the same as before the NCLB whereals ih mat
continued to grow at the same rate. Math test results for studefitgiade showed a
temporary improvement in the growth rate right after NCLB that wasaeticby a
return to the pre-reform growth rate. The author stated that the continuation of the
current trend will leave the nation far behind the NCLB target of 100 percent pmoficie
by 2014. Similar results were found with respect to the reduction of the racial
achievement gap leading the author to conclude that the NCLB reform had not helped the

nation and states to significantly reduce it.

In addition, Lee (2006) stated that contrary to NAEP results, the only independent
national test, state assessment results showed improvements in readiraghandiha
study concluded that NCLB'’s reliance on state assessment as the basis of school
accountability is misleading since state-administered tests tend ticsigthy inflate
proficiency levels and proficiency gains as well as deflate racial amal sghievement

gaps within the states. The author found that the higher the stakes of stedmants
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the greater the discrepancies between NAEP and state assessmisnt Tésse
discrepancies were particularly large for poor, Black and Hispanic studemesauthor
concluded that if the same policy course is maintained, academic proficsamaikely
to improve significantly, even though it is possible that the state assessitheahtinue
to give a false impression of progress which will encourage more investiteeatfailed

test-driven accountability reform policy.

2.2. Race/Ethnicity Gap in School Performance

The persistence of the gap in school performance between racial and ethnic
subgroups has been the focus of policy makers and researchers for a long time. The
NCLB Act acknowledged that the growing achievement gap was left unadtifes$eo
long and made gap reduction its main goal. The racial/ethnic achievement gaemas
documented and researched extensively using data at the national and statd&evel. T
Equality of Educational Opportunity Report, also known as Coleman Report (Coleman et
al, 1966), one of the largest studies in history funded by the U.S. Department of
Education, has been influential and has served as the base for numerous public policies in
the area of education. The findings of this report strengthened the generalanaliegs
about the existence of the racial/ethnic gap in education achievement. The report
demonstrated quantitatively the important fact that achievement differercedound at

all grade levels and in approximately the same degree.

Several studies in Jencks and Philips (1998) examined the scope and causes of the

racial/ethnic achievement gap. The evidence presented in their volumedddiczt the
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gap emerged prior to kindergarten and persisted throughout the elementary andgeconda
school years. Reardon (2003) examined the causes of the gap in the earliest years of
schooling. The author assessed the contribution of three processes in the development of
test score gaps: out-of-school, between-school, and within-school processefatssing

from Early Childhood Longitudinal Study for kindergarteners through firstegga The

author found that there was a large race/ethnic gap in reading and math tes$tiseas chi
entered the kindergarten and a substantial proportion of that initial gap wasexk|bha
socioeconomic status (SES) differences between race/ethnic groupsvétoedter

controlling for SES and school context, the gap increased during the kindergarten yea
even between students enrolled in the same schools, indicating that within-school
processes played an important role in the growth of the gap. The author also found that
between-school processes accounted for 60 to 80 percent of the change in the gap in first

grade.

Stiefel et al. (2006) examined the size and distribution of the gap in reading test
scores across races within New York City’s public schools and the factorgplahed
that gap. The authors utilized student-level datd"afril §' grades for 2000-2001
academic school year and found significant disparities between the test st@hite
and Black students and those of White and Hispanic students. These test scoreegaps wer
partially explained by differences in student characteristics, susbvasty, and
differences in limitations in English proficiency, at least for the Hisp&vinite gap. The
authors were not able to explain the entire within-schools gap, which remaineafteven

controlling for differences in classrooms. They concluded that differences inschool
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attended by the students were also important and found evidence that school
characteristics mattered. Based on their finding that racial gapshegatively
correlated with school size, the authors suggested that some reduction in thesellgaps c

be achieved by redistributing children across schools.

2.3. The Role of School Districts on School Performance

Over the last two decades the focus of educational reforms has been on schools as the
principal unit of change while the role of district has been overlooked. The NCLB is no
exception. As a result, the focus of the research has been mainly on schools while the
effect of districts on school performance has received much less attengoantli,
however, the accountability systems with schools at their focus, which ignored or
diminished the role of districts in education achievement, have begun to be cliabgnge

public policy makers and researchers (latarola and Fruchter, 2004).

latarola et al. (2002) addressed the question of whether and to what extent
districts contribute to students’ achievement, after controlling for studedhtscaool
characteristics. Using data on New York City’s public schools and didtootsthree
academic years (1996 to 1999) the authors found that school districts had an important
role in student performance. They implemented school-level analysis and edehsur
variation in school-level test score results, that was unaccounted for byovanat
student and school characteristics, which was attributed to district effedtseir
analysis, district effects measured the influence of unmeasured or unoleséactds as

well as measurable district factors that contributed to school-level paricem Their
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findings of significant district effects provide strong statistical eweegor the

effectiveness of districts, an aspect that previous research had not datednstr

latarola and Fruchter (2004) investigated the ways that districts difgect t
academic achievement of students and schools. The authors selected fois, district
among the 32 in New York City, from both high and low performers, which varied in
their characteristics. They found differences between high and low performing
community school districts in terms of educational goals, instructional foaagrhip
development, teacher recruitment and retention, and professional development. The
authors suggested that although national reform efforts such as NCLB areddirecte
primarily at schools, local school districts should be considered becauseehey ar
responsible for a number of functions critical to schooling effectiveness suahras,
collective bargaining, curriculum development, assessment, fiscal operations and

auxiliary functions.

With regard to districts, other than their role in school performance, researc
have examined a wide variety of topics including district administrativedspg, district
consolidation and district size (latarola et al, 2002). In their study, Dristcall(2003)
found that controlling for characteristics of the student population and other
environmental factors, including class and school size, district size appéare a
negative impact on educational achievement, having its biggest impact on middle school

student performance.
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2.4. School Characteristics and Their Effect on School Performance

The Coleman Report (Coleman et al, 1966) is credited with launching a
substantial increase of studies assessing the relationships betwedimeduca
achievement and school characteristics. The authors found that family socioeconom
status and peers were the most important predictors of student performance wherea
school characteristics had little effect. While the subsequent studies hawvmednf
Coleman’s findings with regard to the impact of family characteristicaducational

achievement, the relative importance of school factors has been debated.

Powers (2003), using school as the primary unit of analysis, investigated the
relationship between school performance and school characteristics. Slhrecexi®
relationship across two large urban districts in California to control for unméasure
variations in district policies. The study covered two academic years aththessame
sample of schools to allow for both cross-district and cross-year compariSonsol-
level independent variables were combined in three groups: student, teacher and school
characteristics. Student characteristics included students eligilvkdlfared-price or
free lunch, mobility and English language learners. Teacher chaacsancluded
measures of their credentials, experience and education. The author found a strong
negative correlation between school performance and the variables measuring the
socioeconomic status of the student population such as the percentage of students eligible
for reduced-price or free lunch, mobility and percentage of English lsariiee
variables measuring teachers’ credentials and experience were posiivelated with

performance and were statistically significant. Regarding the patiglcations of her
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findings, the author suggested policies with the goal of integrating schools by
socioeconomic status, attracting and maintaining an experienced staifbalssand
creation of pay or other incentives to encourage experienced teachers to work in hig

poverty schools.

Barrow and Rose (2005) provided evidence that teacher quality mattered and is
positively related with experience. The authors also stated that sntedlesizes can
improve student outcomes. Gibbons (2002) found that after allowing for neighborhood
composition, residential selection and prior school performance there was no evidence
that average incomes influence school performance, although the well-known
relationship between performance and students eligible for free measkgersihe
author stated that most of the relationship between school performance and catchme
area characteristics could be attributed to differences in the undertyibgtas of the
people who live there, rather than the incomes these people receive. School size had a
significant negative effect on assessment tests; an increase in Szkdny one hundred

students decreased school performance by 0.5 percentage points.

2.5. Geographical Analysis of School Performance

Geographers, mostly in England, in their studies of the geography of school
achievement using test scores at the school-level and their relationship with the
socioeconomic characteristics of the school catchment areas, have eeghiasineed
to contextualize school performance (Brimicombe, 2000; Conduit et al. 1996; Gibson and

Asthana, 1998). Bradford (1991) argued that focusing on the school neglects the fact that
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social geography matters and it affects some of the outcomes beingtettrio school
processes. Other studies using information on individual students have also provided
evidence about neighborhood effects on students’ educational achievement (Coombes

and Raybould, 1997; Garner and Raudenbush, 1991).

In a workshop held in Lancaster in 1998, a group of geographers was asked to
analyze the same dataset of primary school performance test scores imrtemtgiand.
They carried out what they considered to be appropriate analyses of this, sathsbe
overall aim of determining how much the test results reflect catchment are
characteristics. Flowerdew and Pearce (2001) used different waysrohge@tchment
areas in their analyses. In this context, they pointed out that the modifiablendrea
problem is also relevant. In other words, the catchment area definitiotedftbe
results of statistical analysis. Their results showed the importanceaiflea such as
parent educational level, ethnicity, housing tenure and unemployment. Martin and
Atkinson (2001) applied an autoregressive model, not previously used in modeling
educational data. They used the Townsend index (which comprises home and car
ownership, overcrowding and unemployment variables) scores as the independent
variable. In this model school test results are regressed not only on Townseadnscore
the school’s catchment area, but also on school scores in surrounding areas.
Fotheringham et al (2001) used Geographically Weighted Regression to detérmi
there were any interesting spatial variations in the relationship éetsahool
performance and environmental variables. They found a negative relationshiprbatwe

school’s overall performance on standardized tests and a high level of unemployment,
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public housing occupancy, and the proportion of single parent households in a school’s

catchment area and positive relationship with the high levels of professionals.

Gibbons (2002), analyzing school level data in England, found that the clustering
of primary school performance remained even after controlling for the obiastcs of
school and catchment area residents, suggesting that school performance depended on the
performance of neighboring schools. The author noted that this spatial dependence could
be a neighborhood human capital spillover, operating through social interaction of pupils

from neighboring schools or a knowledge spillover in terms of teaching technologies.

In a 2007 Special Issue of Urban Studies journal, several researchersreahside
the ways in which educational policies are operating in England and elsewkieze i
developed world. In their introduction to the Special Issue, Butler and Hamnett (2007)
noted that England’s education system stands in between North-Americee-dheen
model of educational allocation and a more geographically driven allocatidel m
traditionally favored in Europe. The authors discussed the connection between
educational attainment and space, social structure and social processesnhessiz=d
that spatial variations in the educational achievement are due to spatigbnaiia
educational provisions, social composition by the segregation of different social groups
and local school catchment policies. It is the interplay between thesenliffectors
that brings in evidence the significance of geography; the existenzssfand
race/ethnicity based residential differentiation and segregation condhi®psovision of
education in those areas resulting in some areas having better school buildings,

equipment or more teachers than others. The authors discussed other effettte from
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concentration of different groups in different areas, termed composition or fees.ef

One aspect of this process is related with the implications created bynttemtration of
social disadvantage which should be taken into consideration and condition spatially
focused policies in the allocation of resources. The other aspect of theegctugion is
evident on the effect of social mix on school performance. Schools located in deprived
areas have a lower performance compared to schools in more sociallyagedaateas,
which is a result of the social mix rather than issues of school management. igye pol
implication resulting from their finding is that the attempt of school accodityabi

initiative with quasi-market policies that discipline failing schools doesaket into

account the social intake mix but attributes poor performance to poor management. The
authors argued the limitations of this policy that is focused only in the role of school
managers and teachers in revitalizing the ethos of the school which, whileanpare

not the most significant part of the problem.

In one of the articles in this Special Issue, Gordon and Monastiriotis (2@V) us
school-level data to examine the impact of location at neighborhood and sub-regional
scales on dexam results in public secondary school. At the school and neighborhood
level the authors found strong evidence of the impact from class and ethnic composition,
school absence, students with special needs and the school intake quality. At the sub-
regional level, the social class effects continued to be significant eixygdhe better
performance of schools in the south of England. In another article in the issue, Hamnet
et al (2007) found that while the ethnic origin of students affected their school a&béinm

in state schools in inner London, it was not as important as their social background. In
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summarizing the findings from the work published in the issue, Butler and Hamnett
(2007) noted that the biggest drivers for differential educational attainmensocat
background and the social mix of the school and that the social composition was more
important than school leadership or teacher motivation. They suggested thatdtese fa
should be taken into consideration by policy-makers. The authors also emphasized that
in England the publication of school results and the expectation that it would drive school

performance were at best marginal.
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Chapter Three

A Robust Framework to Assess the Impact of Time, $ze and

Race/Ethnicity on School Performance

Geographical analysis is the study of the impact of geographic tamée
phenomena under investigation. The geographic context is examined at different level
from local scale such as the geographic location and the surrounding neighborhood, to
more global geographical scale such as regional, state and national laugis study,
the geographic context ranges from the school catchment area, to its surreuadsg
and to the school district to which the school belongs. This chapter investigates
impact of school districts on the overall school performance and more speciicaliyg
race/ethnicity achievement gap. The district effects indicate notlomiynpact of
district management on school performance but also the contribution of the community
within the district, unaccounted for by race/ethnicity. The recent datalaligilay
race/ethnicity subgroups makes it possible for a more in-depth analgdisiat spatial
scale such as that of school district, instead of the larger scale suttesagrastates that

has been the case so far.

This chapter considers as important the assessment of the impact dfalistric
school performance, since most of the nation’s public schools do operate under some
form of school district control. Even though the 32 community school districts operate

within the public education system of New York City, they resemble in theitidunadity
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and diversity with other districts in the country that function under the sttensy For

three decades the New York City’'s community school districts have operated as
independent units, with their own identities and serving different student populations. As
such, this chapter’s perspective, analysis and findings are relevant fodisthets in

the country.

From a geographical perspective, this chapter addressees two researongjuesti
First, is there inequality in educational achievement in New York City sidieficts and
does it change over time? Second, is there spatial variation in the achiegament
between race/ethnicity subgroups? This chapter answers the question cgriberni
existence of spatial inequality in education achievement in New York Cigdessing
the impact of school districts on the performance of schools within the district. tikisom
perspective, this chapter also addresses the question of the impact of schotsl olist
the reduction in the race/ethnicity gap. In other words, the objective is to find whethe
there are districts that have done a better job contributing to the reduction of the
race/ethnicity gap. Additionally, since this study took place during a peridahofye in
school policies at the City level, the overall school performance, the tiofpschool
districts on school performance and on the race/ethnicity gap, arenexkimithe light of

these education reforms.

3.1. Data

Since the advent of mayoral control in 2002, the New York City’s Department of

Education has increasingly relied on standardized exams as an indication afheet!s s
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performance and of the state of the nation’s largest school system. Deaspisencr
standardized tests have become shorthand for determining whether what is beiimg don
the classroom really works. Test results are used as a way to hold priaoghédsachers
accountable while providing information about school performance to parents. This
study uses the performance 8¥grade students in English Language Arts (ELA) annual
state test as a representation of the performance of each public eleraeimtaxty The

data for the ¥ grade state test results were the first to be broken down by race/ethnicity
subgroups in the academic year 2000-2001 and are appropriate to be used for examining

the questions that this chapter is addressing.

Research studies have shown that race/ethnicity gap widens beginning istthe fir
year of elementary schools, so the assessment of the gap at this leveldecrene
important (Jencks and Philips, 1998; Reardon, 2003). The focus of reforms in New York
City was initially on public elementary schools and was accompanied by shange
curriculum. ELA test results have been generally lower than those in math, whi
created the expectation for a more rapid improvement in this subject due to reforms.
These are the reasons why this study selected the ELA test restiés3mgtade to

represent performance of public elementary schools.

The data used for this study, span over the 2001 to 2005 period, were made
available on request from the New York City’s Department of Education. Th@g@ar
is selected as the starting year for this study because it was tlyedirshat the results
from the state exams in ELA for th& grade were broken down by defined subgroups

such as those based on race/ethnicity, special education and English |degureags.
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This chapter takes advantage of this opportunity by using the results in theatate e
disaggregated by race and ethnicity. The 2005 is the last year thatalveeda available

from the Department of Education.

3.1.1. Public Elementary Schools

The academic year 2003-2004 is the first year when reforms introduced by Mayo
Bloomberg were being applied fully in the public education system in New York City
The period of investigation under this study covers the period before mayoral control,
during the transition and after the reforms were implemented throughout th&legty
number of public elementary schools during this period varies by year because new
schools were opened and old schools were closed in a dynamic education systgm as
of New York City (Table 3.1). There are 616 schools included in this analysis because
they have been in activity during the entire five year period. Using theszdmels

throughout the analysis allows for both cross-ethnicity and cross-year ceomsari

Table 3.1. Numbaf Schools per Year

Year 2001 2002 2003 2004 2005 All Years

Number of Schools 712 717 676 686 694 616

3.1.2. Race/Ethnicity Subgroups

Public elementary schools are required under NCLB to report state tetst bgsu

race/ethnicity subgroups such as: American Indian/Alaskan Nativek, Blespanic,
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Asian/Pacific Islanders and White. To ensure students’ privacy, whernetdmat

groups with fewer than five students are tested, the numbers and percentages for the
group are combined with the next smallest group and reported in a separate grdup calle
“Small Group Totals”. This group is not included in the analysis. The other group
excluded is American Indian/Alaskan Native due to their small number oingsude

School performance is assessed using the results achievBaylgdé students in annual
state test, aggregated at the school level for each race/ethnicity subgeseol of their
performance, students in each school are grouped into four levels. Students that perform
at level 1 have serious academic deficiencies and those at level 2 need extrartesp t

the standards established by the state. Students performing at level 3 raeeidaels

and those performing at level 4 exceed the state standards. In this study, thiagerce

of 4" grade students performing at the level 3 and level 4 in the state exam in ELA

subject is used to represent school performance.

3.1.3. Community School Districts

Each public elementary school in New York City is located within one of the 32
school districts (Figure 3.1).ocal community school districts were in charge of
managing public elementary schools in New York City for three decades. School
districts, by serving different student populations and operating as independgnt unit
during this period, have created their own identities within these geographasl &g
June 2002, when the state legislation gave Mayor Bloomberg control over the education

system in the city, it also changed their role from management to a more yadvisor
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The old powerful community school districts were replaced by community educational
councils in fall of 2004 which corresponds to the last academic year in our study period.
While their role has substantially diminished after mayoral control, schstolcts retain

some responsibilities as required by New York State.

Figure 3.1 New York City’s 32 Community School Districts

4 0 4 & Miles A
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3.2. Methods

To answer the research questions posed above, this chapter introduces a robust
framework composed of three components: time, race/ethnicity and spacehdble s
achievement over time and therefore the impact of educational reformessexsby the
time component. The race/ethnicity component is comprised of four major racial and
ethnicity groups in New York City: White, Black, Asian and Hispanic. The remtuot
the gap in achievement between the low and high performing racial/ethnintstbee
been the major focus of the NCLB. The analysis of the spatial component makes use of
the inherent spatial structure of the education system in NYC where each scbogsbel
to one of the 32 school districts. The magnitude and the spatial pattern of distcist effe
provide an indication of the spatial inequality on educational achievement. An advantage
of this framework is that it allows estimating the interaction effedigd®n the three
components which would assess the race/ethnicity gap over space and time, and also the
district effects over time. Within the framework, this study applies a robcishique,

Square Combining Table, to estimate the above effects. Then, the statistiéabsige

of these effects is assessed by using the Multiple Comparison technique.

3.2.1. Framework Layout

This section introduces the layout of the framework to examine the effects on
school performance of three components: time, race/ethnicity and space. utheetf

our data and research questions that this chapter is addressing lend thamsedses
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framework offered by Analysis of Variance (ANOVA) where time gfathnicity and
district are factors with five, four and 32 levels respectively. Any leveladf efithe
three factors occurs in combination with every level of any other factor.shigural
relationship between these three factors is a fully-crossed threaM@YA (Singer,
1991). When two factors are crossed, the overall effects of each factor (caited m
effects), averaging over the other factors, can be assessed. The mauwf ¢fiegear
factor will show the pattern of school achievement over time for New York City
providing evidence of the impact of education reforms. The race/ethnicity fech ef
will show the difference in performance between different race ancceyhsubgroups.
The impact of the district on the performance of schools within it will be revegléeb

district main effect demonstrating the spatial aspect of school achietzeme

Crossed factors allow also for the exploration of school performance as are fact
is changed while holding the other factor fixed. In this study’s data there is more tha
one observation within every combination of crossed levels which creates the pgssibilit
to examine the interaction between different factors. Thus it can be examinédmwhet
the effects of one factor differ according to the level of the other factbthese
interactions can be separated from chance fluctuations in the data. This aitows, f
example, to investigate the performance of each race/ethnicity subgrouprm;eartd
thus make a comparison between years conditional on a given race/ethnaity lev
Similarly, year factor can be held constant to study the achievemebtbgaeen
race/ethnicity subgroups. Moreover, the interaction between race/ettamditistrict

addresses the question about the impact of school districts on the reduction of the
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race/ethnicity gap. The study of interaction effects — which can reveal comple
relationships between the response and factors — is a major goal of analgsiarafe.

“The possibility of examining interaction effects is the major payoff frawing crossed
factors in a data layout” (Singer, 1991, pg. 57). When two factors are crossed, we can
investigate another type of interaction called bicomparisons (double di#és)enthis
interaction is estimated when the levels of two factors are changed. droplexthe
difference in performance between any two race/ethnicity subgroups over time wi
provide evidence of whether education reforms have had an impact in reducing the
achievement gap. For the reasons explained above this study finds the framewedk offe
by ANOVA as the most appropriate to explore the effects of the reforaggetianicity

and districts on school performance.

3.2.2. Square Combining Table

Table 3.2 shows the number of schools per year, by race/ethnicity and district.
The first column contains the district number and the second column the number of
schools located in that district. The third column contains the number of schools in the
year 2001 that have students from Black race/ethnicity subgroup performingl& le
and level 4. For example, in District 1 which has 14 public elementary schools there ar
only nine schools in year 2001 (row one, column three) that have students from Black
race/ethnicity subgroup performing at level 3 and level 4. One reason for this

discrepancy might be that five schools in District 1 have”hgr&de students from Black



Table 3.2. Number of Schools per Year, by Distriand Race/Ethnicity

- Number Black Hispanic Asian White
District of

Schools 2001 2002 2003 2004 2005 2001 2002 2003 2004 2005 2001 2002 2003 2004 2005 2001 2002 2003 2004 2005

1 14 9 12 12 7 5 14 14 14 14 13 5 3 5 4 2 5 4 4 4 3
2 25 20 20 18 17 15 23 23 23 19 22 19 20 17 17 17 16 19 16 17 17
3 14 14 14 14 12 10 14 14 14 11 10 1 3 2 3 3 7 6 6 6 6
4 13 13 13 13 5 5 13 13 13 12 13 0 0 0 0 0 0 0 0 0 0
5 8 8 8 8 8 8 7 7 8 3 3 0 0 0 0 0 0 0 0 0 0
6 17 10 10 12 3 2 17 17 17 14 14 0 0 0 0 0 2 1 1 1 0
7 13 12 13 13 5 4 13 13 13 13 13 0 0 0 0 0 0 0 0 0 0
8 18 18 17 17 9 9 18 18 18 17 18 3 2 5 3 2 4 3 3 3 3
9 19 17 19 19 11 10 18 19 19 16 18 1 2 2 1 1 0 0 0 0 0
10 30 29 29 29 25 22 30 30 30 29 29 13 10 12 10 3 12 14 10 8 6
11 23 23 23 21 21 21 23 23 23 20 19 12 7 9 8 4 11 9 9 9 10
12 11 11 11 11 5 6 11 11 11 10 11 3 2 2 0 0 0 0 0 0 0
13 18 18 18 18 16 16 15 17 13 4 5 0 0 0 0 0 2 2 1 0 0
14 19 14 14 16 6 10 19 19 19 15 15 4 3 3 1 3 6 5 4 4 4
15 23 19 17 17 12 13 23 23 23 19 21 10 7 9 7 7 19 17 20 14 9
16 8 8 8 8 8 8 7 6 6 1 3 0 0 0 0 0 0 0 0 0 0
17 17 17 17 17 14 15 13 16 16 4 4 0 0 0 0 0 0 0 0 0 0
18 12 12 12 12 9 7 8 10 8 6 3 4 4 3 1 3 5 3 2 1 0
19 22 22 22 21 21 20 22 22 22 11 11 5 5 6 2 2 1 1 1 1 1
20 22 6 2 6 2 1 22 21 20 13 10 22 22 22 17 17 22 22 22 20 20
21 22 16 16 12 9 22 21 22 22 15 14 19 20 20 16 17 21 21 20 19 20
22 24 24 24 23 22 22 22 21 22 18 16 15 11 14 13 15 17 15 18 14 18
23 14 14 14 14 14 12 12 12 12 3 4 0 0 0 0 0 0 0 0 0 0
24 20 6 6 8 9 6 19 19 20 16 19 16 16 15 14 10 16 15 16 14 12
25 22 12 11 9 7 7 20 22 22 16 15 22 22 20 17 20 21 21 19 18 15
26 20 11 14 12 10 11 15 16 16 10 11 20 20 20 20 20 20 19 20 20 20
27 30 28 25 19 25 24 29 29 29 24 23 19 19 19 15 16 18 17 16 10 12
28 22 18 17 18 12 15 21 18 21 12 16 17 18 18 17 16 11 12 10 11 11
29 22 22 22 22 18 17 15 14 14 7 7 7 6 6 5 6 3 2 0 1 0
30 22 14 14 12 11 8 22 22 22 22 20 20 18 20 15 16 16 17 15 11 12
31 40 25 22 25 20 19 35 37 37 36 32 21 18 17 10 8 39 40 37 35 32
32 12 12 11 11 4 4 12 12 12 10 11 1 2 2 1 0 0 0 0 0 0

ov
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race/ethnicity subgroup. Another reason might be that even though there aresstudent
from Black race/ethnicity subgroup, the number of those tested is fewer than five and i
this case, to ensure the privacy of students, their results are not reportetéselpatrare
combined with the next smallest group (another race/ethnicity subgroup withtfamer

five students) and reported in a separate group called “Small Group Totals” (ndedc

in the analysis). Table 3.2 reveals that there are districts whose schootaimyaars

have no data for White and Asian race/ethnicity subgroups. Thus, the number of schools

with test results in each cell differs, resulting in an unbalanced dataset.

Square Combining Table (SCT) is a method of analysis that performs better than
ANOVA with datasets that have missing data and are unbalanced (Godfrey, 1985). SC
analysis provides an additive fit to the data where the test result of ealethaicay
subgroup is the sum of different components such as: an overall median which is constant
for all data, a main effect for each factor (year, race/ethnicity atrictisthree two-way
interaction effects (race/ethnicity-year, race/ethnicity-aisaend year—district), and
residuals. There are two constraints imposed on the SCT fit, the sum of allnexat$ i

main effect is zero and the median of the residuals is zero.

A separate SCT is generated for each one of the six effects and the stepseto
one such table are shown using the year factor in the example below. Table 3.3 shows
the SCT for the year factor which by having five levels (one for each ng=ailfs in a

square table with five rows and five columns.
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Table 3.3 Square Combining Table for the Year Factor

2001 2002 2003 2004 2005

2001 0 2.4 7.7 55 15.0
2002 -2.4 0 4.7 3.0 11.7
2003 -7.7 -4.7 0 -2.4 7.0
2004 -5.5 -3.0 2.4 0 8.3
2005 -15.0 -11.7 -7 -8.3 0
Effects -6.1 -3.4 1.6 -0.4 8.4

The SCT makes use of the medians of the differences between each level with the
other levels. The year factor has five levels so ten differences showdttblaied to
account for all combinations. To calculate the difference between one |lgvslea:
2002) with another level (e.g. year 2001), the percentage of students performuad &t le
and level 4 for a given race/ethnicity subgroup at a given school for year 2001 is
subtracted from the percentage of students performing at level 3 and level 4 fon¢he sa
race/ethnicity subgroup from the same school but for year 2002. This diffeceriags
2,464 values (616 schools and four race/ethnicity subgroups for each school), but because
of the missing values (815 in the year 2001 and 842 in the year 2002) 1,537 values are
obtained (927 missing). The median of these values is 2.4 and represents the change in
performance in the city from year 2001 to 2002. It is assigned to the cell irsthe
and second column of Table 3.3. The other values on the first row are the median
differences of the remaining years with the year 2001. The upper trnigble 3.3

contains the values for all ten combinations, diagonals are all zero (threrttE#eof each
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year with itself) and the values in the lower triangle are symmetddhe upper one but
with the opposite signs. The main effects are calculated as the mean of eauhiool

the SCT. The effects satisfy the constraint of their sum being zero. In thersaor,

the main effects are calculated for the district and race/ethnicityrfand their SCT

have 32 and four rows and columns respectively. The three main effects areexibtract
from the raw values and the remaining differences are used to calbeld@itede two-way
interaction effects: race/ethnicity-year, race/ethnicity-disand year—district by

utilizing SCT. To calculate the overall median, first the three interactiecte are
subtracted from the remaining differences mentioned above. Then, the median of the
resulting values is calculated. This overall median represents the scHoohpece

over the entire period and the main and interaction effects are deviations frame it. T
residuals are obtained by subtracting the overall median from the resaliireg above.

By construction the median of the residuals is zero.

SCT method uses median in two instances: finding the median of the differences
between levels of a factor and finding the overall median. In contrast to the mean,
median is less affected by the outliers and therefore SCT is a robust mietlaod.
balanced dataset, if means of the differences are calculated insteatianfsnand an
overall mean instead of median, an ANOVA fit is obtained with residuals haviegua m
zero. All the analysis possible with ANOVA can be done with the SCT method.
Moreover, SCT is robust and more efficient with unbalanced datasets and daithsets
missing data, as is the case with the dataset in this study, which makettdat enbéhod

to be used compared to ANOVA.
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3.2.3. Bisquare Weights

The unit of analysis in the SCT fit is the percentage of students of a racefgthnici
subgroup performing at level 3 and level 4 in each school. The number of students from
each race/ethnicity subgroup that took the test differs and to take that into accaéunt, tha
number is used to weight each test result. These weights are used in thelfifisa8C
the residuals from this fit are used to calculate the weights in the sivecBgings. The
later weights are calculated as the ratio of the residual in the previousoihéonseasure
of the general size of the residuals in that fit, such as:

U = residual(i)
c* S
wherei is the unit of analysis, is a numerical constant agds the median of the
absolute deviations of the residuals and thus measures the spread the residuals. The
result from the above ratio is used with the “Bisquare Weight” function to aédcthie

weightsw:
w(u) = (1 - §)° w<1
w(u) =0 G>=1

Test results that have small residuals get larger weights and as theds\fram
the fit increase, their weights decrease up to the cutoff value of 1 after Wwhycare
zero. The value af used in this study is 6 and it determines how soon the weight
becomes zero. Unusual results that have residuals more tB&o®*the last SCT fit

will get zero weights. The value 8fis used in this study as a measure of convergence
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which gets to a stable value after a few iterations. This weighting sequiinteuses

the residuals from the previous fit to calculate the weights of the neatiotefoffers an
effective fitting procedure that is resistant and robust of efficiedgs{eller and

Tukey, 1977, pg. 378). The weights described above are also used in the analysis in

chapter 4.

3.2.4. Multiple Comparisons

The next step in the analysis is to decide whether the differences between
different effects estimated from SCT fit are real or random variatiohs.eXample with
the year factor is used to illustrate testing the significance of tfezatite in
performance between years. The year effects are -6.1 and -3.4rf@00&aand year
2002, respectively, and their difference is 2.7 (Table 3.3). A t-test is used to conclude
whether this difference is statistically significant at a seleetest rate, such as 0.05, and
a 95% confidence interval of the difference is constructed. Since the null hypothesis
being tested with the t-test is that the difference in performance dretive two years is
zero, then the difference is significant if the confidence interval does natienttie zero.
Year factor has five levels and therefore to account for all yearehffes ten
comparisons need to be performed. If each of the ten comparisons is made tsstg a t-
with an error rate of 0.05 for each test, the probability of making a TyperI(ezjecting
a null hypothesis when it is true) for all comparisons becomes bigger than 0.0&n# me
that some comparisons will be declared as significant when in realityrén@piaat 0.05

error rate.
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Studentized Range Distribution deals with the multiple comparison issue by
increasing the critical value in accordance with the number of effects demgared
(Tukey and Hoaglin, 1991). Figure 3.2 shows the Studentized Range Distribution that is
used in this analysis which depends on the confidence level chosen (0.05 in this case) and
the degrees of freedom of residuals (7,139 in this case). The horizontal axistshows t
number of effects being compared and the vertical axis shows the Studentized Range
value. The critical value for each of the main and interaction effects isopesiton the
distribution and labeled in parenthesis with the number of effects being comparéeé and t

respective critical value.

As in a t—test, the actual difference between the effects is dividee legtimated
standard error of their difference when the null hypothesis of no differemce isthe
estimated standard error of the difference between the effects o@€drand 2002 is
equal to the square root of the sum of the ratio of the mean square error (MSE) from the

SCT fit with the number of values for year 2001 and 2002 as shown below:

SE- \/ MSE MSE
nl n2
wherenlis the number of non missing data for 2001 maéor 2002. The MSE is
calculated by dividing the sum of the squared el (1,688,745) with the degrees of

freedom of the residuals from the SCT fit.
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Figure 3.2. Studentized Range Distribution
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Degrees of freedom (df) are calculated as showowbel
e df = (total number of observations) — (df usedinisting values)
= total number of observations = 12,320
= df used = grand median + df (year) + df (racefeity) +
df (district) + df (race/ethnicity-year) + dace/ethnicity-district) +
df (year-district)
=1+4+3+31+12+76+ 124 =251
*= missing values = 4.930
df = 12,320 — 251 — 4,930 = 7,139

e MSE =1,688,745/7,139 = 237

The standard error of the difference under the mgplothesis of no difference between

years 2001 and 2002 is:

SE= £+£ =054
1648 1,620

The ratio between the actual difference of 2.7 Wi is equal to 4.98 which is bigger
than the critical value from the Studentized RaDggtribution of 3.85 at 0.95 confidence
and 7,139 degrees of freedom, concluding that tvasea significant increase in the

school performance from year 2001 to year 2002.

In Figure 3.3 the horizontal axis shows the 95%fidence interval of the

difference between years and the vertical axis sh@ars being compared. The 95%
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Figure 3.3. Multiple Comparisons Between Years
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confidence interval of the difference between y@&@3 and 2004 includes zero which

means that the null hypothesis of no differencevben these two years cannot be

rejected. It can be concluded that, with the etioapf year 2004 when there was an

insignificant change in performance compared to 883, there has been an increase in

performance in New York City during the period loiststudy. The same procedure is

followed in comparing main effects for race/ethtyicdistricts and three two-way

interactions.
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The code to implement the SCT fit, multiple companis and to produce different

graphs is written using the statistical softwar@RRDevelopment Core Team, 2008).

3.3 Results

The amount of variability associated with eachdaeind their two-way
interactions are shown in the ANOVA Table (Tabk)3.The effects are displayed in a
decreasing order based on mean square values ghthairace/ethnicity is the
component that affects the most school resultsérBLA exam taken by thé"4rade

students in public elementary schools in New Yoity.C

Table 3.4 ANOVA Table

Factors Df Sum Sq Mean Sq
Race/Ethnicity 3 630715 210238
Year 4 191891 47973
District 31 1020916 32933
Race/Ethnicity-District 76 91169 1200
Year-District 124 66722 538
Race/Ethnicity-Year 12 4529 377
Residuals 7139 1644233 230

A graphical summary of the results from the SCTArtELA are displayed in
Figure 3.4 where the median overall performandeliA exam of 4 grade students in

public elementary schools in New York City durifg tperiod of study is 56.9 percent.
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Race/ethnicity subgroup effects, displayed in theter of the graph, show that in
New York City there is a big gap between the lowestorming subgroups of Black and
Hispanic and the highest performing subgroups oit®\dnd Asian. Thus, within the
lowest performing subgroups Hispanic students perfoetter than Blacks (1.9 percent),
and within the highest performing subgroups, Astudents perform better than Whites
(3.1 percent). The biggest race/ethnicity gapetsveen the subgroup of Asian and Black
(21.2 percent) and the smallest between subgroWyhitt and Hispanic (17.1 percent).
Multiple comparison results between the race/ethnstibgroups displayed in Figure 3.5
show that none of the 95% confidence intervalsaiargzero, meaning that all

race/ethnicity subgroups effects differ signifidgritom each other.

Year effects, displayed in the left part of Fig@ré show that the performance in
ELA exam of 4' grade students during the period of study has beeeasing, except
between years 2003-2004, when the multiple comparigsults show that there was an

insignificant change (see Figure 3.3 on sectiomy.2

Figure 3.6 displays district effects in increasamder of their magnitude from left
to right. District numbers are shown at the botfmart of the figure, whereas the
respective values of district effects are showhatop. Results from multiple
comparison analysis on district effects show thate are 29 comparisons that differ
significantly. The difference between each ontheke pairs of districts is bigger than

the threshold difference (which is 26 percent) urtde null hypothesis of no difference.
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Figure 3.5. Multiple Comparisons Between Race/Ethnicity Subgroups
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District 26 is the highest performing district asdstatistically different from each
district that has an effect smaller than 3 per¢tret 22 districts displayed to the left of
district 31 in Figure 3.6). District 2, the secdmdhest, is significantly different from the
four lowest performing districts. The four remaigisignificant differences (out of 29)
are between the high performing districts 22, 28 2 and the lowest performing

district 7.

Figure 3.7 displays the spatial distribution ottiics effects where the worst

district 7 (with an effect of -18 percent) and Hest districts 2 and 26 (with effects of 17
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percent and 29 percent, respectively) are shovseparate categories. The numbers in
parenthesis in legend indicate the total numbaelisificts in each category. Even after
taking into account the race/ethnicity effect, slekon Upper Manhattan, Bronx and
central Brooklyn with majority of enrolled studerfitsm Black and Hispanic subgroups,

are located in the worst districts in the city.

Figure 3.7. Map of District Effects

Percent

[]-18 (1)
[1-12--5 {10
-3 -1 0
M :-4 (6
-1
Wiz, 29 (&)




56

Figure 3.8 is a plot of race/ethnicity and distmteraction effects which are
ordered by the value of district effects from nagato positive (district numbers are
shown on the horizontal axis). Each race/ethnsutygroup is displayed with the initial
letter and different color. Multiple comparison Bsés shows that there is no significant
difference between these interactions. It inde#tat after we have taken into account
district and race/ethnicity effects, there is nibedence in the performance of

race/ethnicity subgroups across districts.

Figure 3.9 is a plot of year and district interaoteffects where each year is
displayed with the last digit and a different colddultiple comparison analysis shows
that there is no significant difference betweers¢hiateractions, indicating that once the
year and district effect are controlled for, thisreo difference in the performance of

each district over time.

Race/ethnicity and year interaction effects araxshm Figure 3.10. Multiple
comparison analysis shows that there is no sigmifidifference between these
interactions, indicating that there is no changee/ethnicity performance over time

and no gap reduction once the year and race/etyeitects are taken into account.
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Figure 3.10. Race/Ethnicity and Year Interaction Effects
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3.4. Summary

Findings from the analysis in this chapter show thee/ethnicity is the most
important component affecting the performance diligptelementary schools in New
York City during the period of study. The achievarhgap between the higher
performing racial/ethnic groups (Asian and Whitedl ahe lower performing ones (Black
and Hispanic) remains substantial. The low perfogschools located in Upper
Manhattan, Bronx and central Brooklyn enroll higihgeatages of Black and Hispanic
students, resulting in a geographical concentraifdow educational achievement. Even
after the race/ethnicity effect is taken into agtgthere is an indication of spatial

inequality in educational achievement revealedheyrtegative effect of school districts
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in Upper Manhattan and south Bronx on the performarftheir schools compared to

the positive effect of school districts in nortrse®ueens and Lower Manhattan.

There was an increase in public elementarydgberformance throughout the
period (before and after the implementation ofréferms) except for the transition
academic year 2003-2004. The improvement has lngésrm across city indicating that
there was no change on the impact of districts twex. Despite this general increase in
school performance and even though its reductisrblean the main goal of the
education reforms, results indicate no decreasigeimace/ethnicity gap after the reforms.

Similarly, districts had no impact on reducing thee/ethnicity achievement gap.

Improvement on school performance has not alwagsa hesociated with
racial/ethnic gap reduction. This chapter examisdlts from two academic years after
new reforms were implemented in New York City’'saals. The first academic year,
2003-2004 is the only one, during the study pendugn there was no increase in school
performance which may be related with the issuemduhe implementation of reforms
in this transition year. The second academic 288v4-2005 experienced the largest
increase in performance during the five year pebiodsuch an increase was not
associated with a reduction in achievement gapgureuesearch should consider more
years to better assess the impact of the reforngapmeduction, since the effect of

reforms may require some more time to materialize.
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Chapter Four

Analysis of Spatial Pattern of School Performance

The increased focus on schools from policy makatsresearchers as the main
agent of change presents a challenge for geogmphervestigate the impact of the
geographical context on school performance. Schcdukvement has a geographical
component because it is affected by the charatitarisf the school catchment area, its
surrounding areas, and by the management andgmbéithe school district to which the
school belongs. This chapter uses student anabkcharacteristics to explain the spatial
pattern of school performance from a geographieedjgective. It addresses and answers
the following three questions. What are the studed school characteristics that
explain the spatial patterning of school perforneaand does their relationship change
over time? Does the relationship between schadbpeance and student/school
characteristics vary in space? Is there a spdaéndence in school performance and

what is the spatial process generating it?

To answer the above questions this chapter usesldelvel data and utilizes
spatial regression models, in addition to Ordiraegst Regression, to assess the
relationship between school performance and stistdol characteristics. Such
models are also used to discover the spatial psapeserating the spatial dependence on
school performance. This chapter introduces tg#ugraphical educational literature
the Jackknife technique to examine the spatiabtian of the relationship between

school performance and student/school characteisti
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4.1. Data

As noted earlier, NCLB and New York City educatreforms promoted
transparency by requiring schools to inform theliouddoout school performance in
standardized tests as well as characteristicseof¢hool and its students. These data are
made public in Annual Report Cards. Informationdach school includes students’
characteristics such as the number of studentbleifipr free lunch, students’
attendance, number of students that are recentgrants, the proportion of students of
each race/ethnicity subgroup, special educatiorEanglish language learners
enrollment. School characteristics include infotioraabout school size, student-teacher
ratio, teacher qualification, their experience tamture. The availability of these data for
each year makes it possible to study the factatsstape school performance over time
as well as to assess the effect of reforms. ThBa@mnd non spatial data used in this

chapter were provided at request from the New Yaiti's Department of Education.

4.1.1. School Zones

The spatial unit of analysis is important in sdadeta analysis because the
calculation of different spatial statistics is cdimmhed on the neighborhood around each
spatial unit. The selection of neighbors depenmdthe way the spatial unit is defined.

The spatial units of analysis in this chapter heegolygons representing the school zones

(Figure 4.1).
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Figure 4.1. Public Elementary Schools and Their Zones

Defining school catchment area has been the fotssveral studies (Flowerdew
and Pearce, 2001; Martin and Atkinson, 2001; Pe@@@0)). The relationship between
the school location and its catchment area is amal the relationship between a facility
and its service area such as a library or hospiteh walkable city as New York the

assumption that people will use the closest fgasita reasonable one and is used, for
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example, in defining the library service areas f®ating Thiessen polygons around the

library locations (Japzon and Gong, 2005).

In New York City a child is generally registeredtla¢ elementary school located
in his/her school zone defined by the New York Gifyepartment of Education. The
school zone for each child is determined by th&shhome address. In addition to the
regulatory reasons, most students for proximitgoea attend the school in their zone.
Some parents, however, look for public alternatvatside of their zone, including gifted
and talented and special education programs. Tdreralso cases of parents not using
their real address but one belonging to a zone avgbhool they prefer. Itis more
difficult for students to register in schools odtsiof their zone because the right to
register is given first to those who reside insbhbool zone. Although the actual flow of
students is complex, it is a fair assumption thased on regulatory and proximity
reasons, most students will register in their zext@ol. Therefore, the school zone is

used as a proxy for the residential locations efdtudents that attend that school.

4.1.2. School Performance

School performance is the dependent variable oatiadysis in this chapter. The
performance in standardized state tests'ajréde students in public elementary schools
is used to represent school performance. More faly, the dependent variable is the
percentage of Agrade students performing at level 3 (the proficielevel defined by
the state) and level 4 (above the state proficidensl) in the ELA annual state exam.

Table 4.1 shows summary statistics of the dependseigble for the % grade students in
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public elementary schools for each academic yeatirsg from 2000-2001 to 2004-2005.
The average performance has increased from 46menc2001 to 61 percent in 2005,
with a slight decrease from 2003 to 2004. The spatiern is observed as well at the
25" percentile (from 31 percent in 2001 to 48 peraer2005) and 78 percentile (from

60 percent in 2001 to 75 percent in 2005) sugggshiat the improvement in school
performance has occurred for the majority of schodlhroughout the period, the school
performance ranges from the lowest of 5 percetti¢diighest at 100 percent. The
number of schools per year differs because foun@shout of 616 schools included in

this study) had missing data and therefore wertudgd.

Table 4.1. Percentage of Students Performing at Levels 3 and 4

Year
Percentiles 2001 2002 2003 2004 2005
25% 31 33 40 36 48
50% 43 46 54 50 61
75% 60 63 68 66 75
Mean 46 49 54 52 61
St. dev 19 19 19 19 18
N of obs. 612 616 612 615 616

4.1.3. Student and School Characteristics

In educational research student and school chaistate are commonly used to

explain the school performance (Powers, 2003).leT4l2 shows the list of selected
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school and student characteristics used as indepéerdriables in this chapter that are

available either at school or grade four levelsgfach year from 2001 to 2005.

Table 4.2. Independent Variables

Available for
School Grade 4

Independent Variables

Students characteristics

Eligible for Free Lunch (%) X
Attendance (%) X
Recent Immigrants (%) X
English Language Learners (%) X

School characteristics

School size (# of students) X
Teachers with master degree (%) X
Teachers more than 2 years in the same school (%) X
Teachers with greater than 5 years experiencehangw®o) X
Teachers fully licensed and permanently assigrihe techool (%) X
Students/Teachers Ratio X

Other
Special Education (%) X

Some school variables selected for the analgdisis chapter represent students’
socioeconomic background such as: percentage olleshstudents in a given school that
are eligible for free lunch, percentage of the nea@migrants measured as the
percentage of enrolled students in a given sch@adlimmigrated within the last three
years, and the percentage Bfgtade students that took the exam and were English

language learners. In Annual Report Cards, atterelacalculated as the percentage of
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days attended by all students - is reported aestusharacteristic and it is considered the
same way in the table above, although it may apoesent some measure of school
characteristic. Student characteristics providxypmeasures of the socioeconomic
status of the schools’ population and as such septdactors that are largely beyond the

schools’ control (Powers 2003).

School characteristics include variables that aaffected by school and district
policies such as: school size measured as the mwhbidents enrolled in the school in
a given academic year, the number of studentsepeher measured as the ratio of the
school enrollment to the number of teachers andraéteacher characteristics
representing teachers’ education, experience anade Teachers’ characteristics,
measured as percentages, include teachers witlemusgjree or higher, teachers with
more than two years in the same school, teachdinsmare than five years of experience
anywhere and teachers fully licensed and permanassigned to the school. Another
student characteristic that may affect school tesinicluded as a control variable, is the

percentage of4grade students in special education that toolexaen.

Table 4.3 shows the mean and standard deviatiordependent variables for

each year over the period of this study. Resntigate that at the mean, students’
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Year
Independent Variables
2001 2002 2003 2004 2005
Students characteristics
Eligible for Free Lunch (%) 74 73 73 72 70
(25) (24) (24) (24) (24)
Attendance (%) 92 93 93 93 93
2 2 2 @ @
Recent Immigrants (%) 7 7 7 8 8
®) (5) 5 ®) ®)
English Language Learners (%) 6 5 4 4 4
(6) (6) ) 5 (6)
School characteristics
School size (# of students) 816 795 776 733 700
(332) (324) (310) (295) (286)
Teachers with master degree (%) 76 75 79 82 84
(12) (13) (10) 9 (8
Teachers more than 2 years in the samensb) 63 65 67 68 69
(15) (13) (11) (11) (11)
Teachers with greater than 5 years expegi@anywhere (%) 54 54 54 55 56
(23) (12) (12) (12) (12)
Teachers fully licensed and permanentiygaed to the school (%) 85 85 91 99 99
(13) (11) Q) @ @
Students/Teachers Ratio 15 16 16 15 15
3 (3) (3) (5) @
Other
Special Education (%) 14 13 13 11 13
(8) (7) (7 (8) (8)

Note: Standart deviation in parentheses.
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characteristics are stable over time, whereasnergé school characteristics have
improved, especially after the implementation dbmes. Among school characteristics,
average school size has decreased from 816 stude2@81 to 700 students in 2005, a
decrease that accelerated after 2003 suggestinththeeforms may have had a role.
Similarly, among teachers’ characteristics the @et@ge licensed and the percentage

with master degree have increased, particulargr 2003.

Previous research has used census data, either@lamaddition to school level
characteristics, to examine the impact of neighbodon school performance. This
chapter does not use census data for several rea€bre reason is that about 20 percent
of students in New York City attend hundreds ofaté and parochial schools (Ravitch
and Vitteriti, 2001). Therefore, census data matyraflect the characteristics of families
and students attending public schools. For exampkerelatively wealthy area students
from higher income families may attend private sthovhereas students from lower
income families may attend public schools. Thessts data are not an accurate
representation of the families of students atteggublic schools. Consequently,
children who attend private schools are drawn ffamilies that are more affluent than
average, and/or those that attach a very highifyritar education. Their absence from
public schools means that the socioeconomic badakgrof pupils at the school is
different than census data would indicate, thowghnt unknown degree. Therefore, due
to the existence of private schools, analysis wsulghest that public schools are not
performing as well as would be expected from theratteristics of census data. Another
reason is that census data are available for Y@@0 @hereas the period of analysis for

this chapter spans from 2001 to 2005, raising aonakout their accuracy over time.
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Finally, the spatial units used in census dataataarrespond to the boundaries of
school zones. Moreover, the school zone may ovaritipmore than one census units.
While census units may differ in their characté&gstrom each other, spatial variation of
socioeconomic characteristics may exist even wightensus unit itself. Therefore, the

interpolation of the census data on the school zah@dd another level of inaccuracy.

For all the above reasons this chapter does natarssis data to assess the
impact of family and parents’ characteristics Imstéad uses only school level data such
as the number of students eligible for free lunela @roxy of family socioeconomic
characteristics, students’ attendance as a praxydi@nts’ involvement in students’
education and students that are English languagedes and recent immigrants as

proxies for demographic characteristics.

4.2. Methods and Results

This study explores the spatial pattern of scheslggmance and uses students’
socioeconomic background and school characteristiegplain that pattern. It
implements a combination of exploratory and redoesanalysis. The spatial pattern of
school performance is investigated using exployagpatial data analysis (ESDA)
methods such as Moran’s | and local indicators afiapautocorrelation (LISA).
Ordinary least squares (OLS) regression is usdaeafirst step to identify whether
spatial pattern of school performance is explaimgthe spatial pattern of independent
variables. If there is an indication of spatialcmorrelation of residuals then spatial

regression analysis are applied. A decision proeeis implemented to determine the
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type of spatial regression, error or lag modelduseaccount for the spatial dependence
on the residuals. Spatial heterogeneity in thaticriship between dependent and each

independent variable is investigated using theklatkanalysis.

4.2.1. Exploratory Spatial Data Analysis

The investigation of the spatial pattern of schmaformance is implemented
through the use of ESDA methods. ESDA is an extena the spatial context of
exploratory data analysis (EDA) which is an apphotacanalyze data for the purpose of
discovering patterns in them and suggesting hysethey allowing the data itself to
reveal its underlying structure (Tukey, 1977). BS®chniques intend to discover
patterns in the data by imposing as little prioncture as possible, identify atypical
locations or spatial outliers, discover patternsptial association, clusters or hot spots,
and suggest spatial regimes or other forms of agagiterogeneity (Messner and Anselin,
2003). This perspective in the analysis of spal#h is gaining ground in other areas of
research such as crime analysis (Baller et al 20@itray et al 2001), child poverty
(Voss et al, 2006), health (Dragicevic, Schuurmaeh REitzerald, 2004), but has received

little attention in the study of the geography dtieational achievement.

4.2.1.a. Spatial V¢ights Matrix

Spatial weights are used to represent the spatationship between units of
analysis. The creation of the spatial weights ixadrthe result of the definition of the
neighborhood around each spatial unit and the weaigfigned to each neighbor. In this

study, the spatial neighbors of each school zoaeansidered those zones that have
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simple contiguity (sharing a common border) of aégn” variety (both borders and
common vertices). The weight assigned to eachhbeigare row standardized which
means that when a school zone is contiguous, famele, with five other school zones,
each one of them will get an equal weight of OTRe spatial weights matrix created

based on the two decisions above is used in diledaalysis in this chapter.

4.2.1.b. Moran’s |

The spatial distribution of school performance iemNYork City exhibits a
clustered pattern (illustrated in Figure 4.2 foary2001), where schools with similar
performance tend to be close in space. The mimure 4.2 shows a concentration of
high performing schools in lower Manhattan, UppestEzide, north-east Queens and
Staten Island. The low performing schools are eatrated in upper Manhattan, south

and central Bronx and central Brooklyn.

One of the spatial statistics that quantifies theva concentration of low and
high performing schools in space is Moran’s | (Olisah and Unwin, 2003), which is a
simple translation of a nonspatial correlation nueaso a spatial context. Moran’s | is a
single measure describing the general extent dfesgdustering of an attribute across the
region of study. Itis used to test the null hyysstis of spatial randomness against the
alternative hypothesis of the presence of spati@arrelation. Moran’s |, as a measure
of spatial association, is conditioned on the dpeoeighborhood structure, represented

in a spatial weights matrix. Itis calculated alofws:
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N2 2, Wil (Xi=X)(Xj - X)
ZiZjWij Zi(Xi _X_)AZ

wheren is the number of spatial units indexeditandj, X is the variable of interest

is the mean oK andwij is a matrix of spatial weights.

Figure 4.2. Percentage of Students Meeting the Standard in 2001
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The global Moran’s | for each year from 2001 t@2QTable 4.4) shows a
consistent spatial clustering of school performanddew York City over time. The
inference for Moran’s | is based on a random pertiartgprocedure, which recalculates
the statistic many times to generate a refererstelulition. The observed statistic is
compared to this reference distribution to deriye\alue. Moran’s | values in Table 4.4
for each year are significant with p-value = 0.0@drived using 999 permutations to
generate the reference distribution.

Table 4.4 shows a decrease in Moran’s | from 200@8 and 2004 to 2005 at
the same time when there was a general increasmool performance in the city. This
is an indication that in general there has beeecaedse in spatial clustering associated
with the increase in performance resulting in giglreduction of spatial disparities.
However, this is not the case between 2001 and 20@2 an increase in performance

was associated with an increase in Moran’s | indhgaa slight increase in spatial

disparities.
Table 4.4 Global Moran's |
Year 2001 2002 2003 2004 2005
Moran's | 0.54 0.57 0.50 0.52 0.47

The spatial clustering of school performance, asather geographical
phenomena, is a manifestation of the spatial agtef the factors that impact it such as
in this case the clustering of student and schioataxcteristics. Table 4.5 shows the

Moran’s | of independent variables over time. Apeapted, there is a distinct spatial
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clustering of students’ characteristics which remmahroughout the period.

Nevertheless, there are major changes in spatisiecing among teacher characteristics.
The Moran’s | for the percentage of the teachelly fiensed decreased dramatically
from 0.64 in 2001 to 0.05 in 2005, due to effortsf the New York City’s Department

of Education to increase the number of licensedess, resulting in a more uniform
spatial distribution. A similar pattern over tinedthough not as dramatic, is observed
with respect to percentage of teachers with makggree and the percentage of teachers

with more than five years of experience anywhere.

Table 4.5. Moran's | of Independent Variables OveiTime

Year

Independent variables
2001 2002 2003 2004 2005

Students characteristics

Eligible for Free Lunch (%) 066 064 067 067 063
Attendance (%) 0.57 0.55 0.53 0.54 0.52

Recent Immigrants (%) 058 059 058 057 053

English Language Learners (%) 0.44 0.50 0.43 0.33 0.29

School characteristics

School size (# of students) 0.29 0.28 0.26 0.26 0.29

Teachers with master degree (%) 0.55 0.56 0.46 0.38 0.27

Teachers more than 2 years in the sameb¥b) 0.22 0.11 0.13 0.14 0.13

Teachers with greater than 5 years expegi@anywhere (%) 0.28 0.27 0.25 0.20 0.15

Teachers fully licensed and permanentygaed to the school (%) 0.64 0.55 0.44 0.14 0.05

Students/Teachers Ratio 0.29 0.23 0.21 0.14 0.23

Other
Special Education (%) 0.15 0.14 0.11 0.10 0.09
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4.2.1.c. Local Indicators of Spatial Association

Global Moran’s | is an indicator of the extent o¢ thverall spatial clustering of
school performance, but it cannot identify wheréwi the city the areas of clustering
are located. Within the framework of ESDA, a senénew approaches has been
developed called local statistics that addressigbige (Fotheringham, 1997; Unwin and
Unwin, 1996). A local version of Moran’s |, ones#veral local indicators of spatial
association (LISA), is particularly useful becaittsalows for the decomposition of the
pattern of spatial association into four categomesresponding with four quadrants in

the Moran’s | Scatterplot (Messner and Anselin, 2003)

Figure 4.3 illustrates the Moran’s | ScatterplatEbA test in 2001 where the
horizontal axis shows the standardized value oElb& results and the vertical axis
shows the standardized value of the average stmreach school’s neighbors, as
defined by the spatial weights matrix. The uppgintrquadrant shows those schools with
above average performance which share boundarieseighboring schools that also
have above average performance (high-high). Twerdeft quadrant contains schools
with below average performance which share bouasdavith neighboring schools that
also have below average performance (low-low). Upyeer right and lower left
guadrants include areas of positive spatial autetaron and when the corresponding
LISA statistics are significant they indicate sphtilustering. The lower right quadrant
has schools with above average performance sureolioygl schools with below average
(high-low) and upper left quadrant has schools Wwélow average performance

surrounded by schools with above average (low-higte lower right and upper left
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guadrants include areas of negative spatial auteletion and when the corresponding
LISA statistics are significant they indicate sphtiutliers. The Moran’s | Scatterplot
also displays the relationship between the locdlglabal autocorrelation because the

slope of the regression line through the pointkésglobal Moran’s | value.

Figure 4.3. Moran'’s | Scatterplot for Test Results in 2001

Moran Scatterplot. 1= 0.54

Standardized Values of Spatial Lag for ELA 2001

Standardized Values of ELA 2001

LISA Cluster Map for test results in 2001 (illustedtin Figure 4.4) shows the

schools where the LISA statistic rejects the nyfidthesis of spatial randomness. It also
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shows the spatial clusters and spatial outliera #se four quadrants of the Moran’s |
Scatterplot described above. The red areas arpresed of high performing schools

whereas the blue ones of low performing schools.

Figure 4.4. LISA Cluster Map for Test Results in 2001
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There is consistent spatial clustering of schodigpmance over time as shown in
Figure 4.5.
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Figure 4.5. LISA Cluster Map for Test Results from 2002 to 2005

The results for LISA are obtained using GeoDa 0-9.%reely downloadable

from http://geodacenter.asu.edu/software/downlqadsich is a software that

implements ESDA and includes functionality randiram simple mapping to
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exploratory data analysis, the visualization obgloand local spatial autocorrelation and

spatial regression (Anselin, Syabri and Kho, 2006).

4.2.2. Ordinary Least Square Regression Analysis

Ordinary least square (OLS) regression analysisesl to establish the extent to
which the spatial patterning of school performacae be explained by the spatial
patterning of the student and school charactesistWhen residuals from OLS fit do not
show spatial autocorrelation than the estimatesiodd from the OLS regression would
be sufficient and therefore there would be no rfeedpatial regression. Table 4.6
shows the results of weighted OLS regression, uBisguare Weights as described in
section 3.2.3, separately for each year over theghe Independent variables included in
the estimation explain the majority of variationschool performance ranging from an
adjusted Rof 79 percent in 2001 to 74 percent in 2005. Studharacteristics are the
main contributors explaining 77 percent of the agon in 2001 and 71 percent in 2005.
Controlling only for the percentage of studentibligfor free lunch, 68 percent is
explained in 2001 and 49 percent in 2005. Tharfigthat student characteristics
explain majority of school performance, free lumtlparticular, is consistent with
previous findings in literature. Moreover, the esttion over time reveals that while
student characteristics remain important, the daution of free lunch decreases and that
of attendance increases. Controlling for attendaimcaddition to free lunch, adds to the
adjusted Ranother 6 percent in 2001 and 18 percent in 206§esting a positive

change most likely as a results of education resorm
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Table 4.6. Weighted Ordinary Least Square Regressidastimates

Year
Independent variables 2001 2002 2003 2004 2005
Students characteristics
Eligible for Free Lunch (%) -0.41* -0.37* -0.32* .-0.37* -0.30

(0.02) (0.02) (0.02) (0.02) (0.02)

Attendance (%) 2.82* 3.15¢ 2.76* 3.14*  3.89*
(0.28) (0.27) (0.29) (0.29)  (0.27)

Recent Immigrants (%) 0.31* 034 027 0.33* 025

(0.09) (0.09) (0.09) (0.09) (0.10)

English Language Learners (%) -0.46*  -0.49* -0.98* -0.61* -0.49*

(0.06) (0.06) (0.09) (0.09) (0.07)

School characteristics

School size (# of students in hundreds) -0.47+ -0.61*  -0.45* -0.56* -0.23

(0.12) (0.11) (0.13) (0.13) (0.14)

Teachers with master degree (%) 0.06  0.12* 0.04 -0.03 0.04

(0.04) (0.04) (0.05) (0.05) (0.05)

Teachers more than two years in the same school (%)0-06* -0.01 0.24*  0.18* 0.11*
(0.03) (0.03) (0.04) (0.04) (0.03)

Other

Special Education (%) -0.36* -0.43* -0.51* -0.50* -0.45*

(0.05) (0.05) (0.06) (0.05) (0.05)

Adjusted-R 079  0.81 076  0.77 0.74

Note: The estimation excludes variables that wersigoificant. Standard error in parentheses.

* denotes significance at the 5 percent level.
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Findings indicate that all variables have the etgubsign. The percentage of
students eligible for free lunch, a proxy for pdydevel in the school zone, has a
significant negative effect on school performankwever, the magnitude of its effect
decreases over time. School attendance, a proxiidaole of family dedication to
education of their children, has a significant pesieffect on school performance, with a
slight increase in the magnitude of the effect002 Interestingly, school performance
increases with the proportion of recent immigrantthe school. As expected, an
increase in the proportion of English languageriees and of special education students
has a negative effect on school performance. Tdgnitude of the negative effect of
English language learners substantially increas@903 maybe due to issues related to
the transition to a new system of administratian,decreases toward the end of the
period to levels close to 2001. The same patgeabserved with special education, but

the magnitude in 2005 is higher than in 2001.

Regarding school characteristics, school size edqus research has shown has a
significant but small negative effect on schoolfpenance, except in 2005 when the
effect is not significant. Among teacher variabtde percentage of teachers with more
than two years in the same school has a positiyefsiant effect on school performance
in all but one year, indicating the important rofdeachers’ stability in students’
performance. Surprisingly, the percentage of teectvith a master degree has no
impact on school performance except in 2002 whbeasta positive effect. The
students/teachers ratio and two teacher variathlegercentage of teachers fully licensed
and the percentage of teachers with more tharyees anywhere, were not significant

and therefore excluded from the regression.
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4.2.3. Assessing Spatial Variation in the Relationship Using Jackknife

Regression results in the above section provideajlestimates of the
relationship between school performance and stistdrol characteristics. A global
regression assumes that such relationship is stabdss space and therefore does not
provide information about the changes of the retahip in different parts of the study
area. However, this assumption should be testealise a spatial variation of the
relationship can reveal different social mechanisfrthe phenomena under
investigation. The existence of the spatial vatabf the relationship, known as spatial
heterogeneity, should be taken into account befardeling the spatial autocorrelation
revealed in the OLS residuals. This is necessarguse the residual spatial

autocorrelation may be due to spatial heterogeriBdijler et al, 2001).

The concept of spatial heterogeneity has been siscumore over the last few
years in the context of local spatial analysisway that this issue has been approached
lately has been through the use of Geographicaltygited Regression (GWR)
(Fotheringham et al, 2000). However, Wheeler alefelsdorf (2005) raised concerns
about several issues related with GWR such as thigcollinearity surrounding the local
GWR coefficients at a single location and the taet GWR ignores that the local
models must relate to a global reference modetderao express the local parameters as
variation around their global counterparts. THiamter uses the Jackknife technique to
assess the spatial variation of the relationshiyvéen school performance and

student/school characteristics.
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The name “Jackknife” is intended to suggest thadrsefulness of a technique
"as a substitute for specialized tools that maybeoavailable, just as the Boy Scout’s
trusty tool serves so variedly” (Mosteller and Tuk&977, pg. 133). The basic idea of
Jackknife is to assess the effect of a subsettaf(da a particular record) on a dataset not
by calculating the statistic on that subset alamettirough the effect that results from
omitting it. In this chapter, the Jackknife methodolves omitting one school from the
data and applying the OLS regression on the resteoflata. This procedure is repeated
for each school resulting in as many regressiontBeas are schools. The jackkniféd

parameters are defined as:
Y,-=k*ya||—(k—1)*y(j) fOI’jzl,...,k

wherek is the number of schoolg, are the coefficients in the OLS regression fit
including all schools ang are the coefficients from the fit that omits {fleschool. The
jackknifed parameter values are an indication efitifluence of the omitted school on

the global parameter estimated for regressioniticaides all schools.

Jackknifed parameter values can also be used tlupeaunbiased estimates of the
parameters for the global OLS model by calculativagr respective means and also to
derive an estimate of their variance (Mosteller dnlley, 1977). Table 4.8 shows that
the results of weighted OLS global jackknife cagéfints, using Bisquare Weights as

described in section 3.2.3, are similar to thoselpced by OLS shown in Table 4.7.
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Table 4.7. Weighted Ordinary Least Square Jackknifd Regression Estimates

Year
Independent variables 2001 2002 2003 2004 2005
Students characteristics
Eligible for Free Lunch (%) -0.42* -0.37* -0.32* .-0.37* -0.28*

(0.03) (0.03) (0.03) (0.03) (0.02)

Attendance (%) 2.81* 318 278 325¢  3.69*
(043) (0.39) (0.41) (0.43) (0.34)

Recent Immigrants (%) 0.33* 0.32¢ 028" 031* 019
(0.13) (0.13) (0.13) (0.13)  (0.11)

English Language Learners (%) -0.46*  -0.49* -0.95* -0.62* -0.49*
(0.06) (0.06) (0.11) (0.10) (0.12)

School characteristics

School size (# of students in hundreds) -0.48*  -0.62*  -0.48" -0.56* -0.20
(0.14) (0.12) (0.16) (0.17) (0.16)

Teachers with master degree (%) 0.05  0.12* 0.05 -0.03 0.01
(0.06) (0.05) (0.06) (0.07) (0.07)

Teachers more than two years in the same s¢#)ol 0.06 -0.02 0.25*  0.18 0.11*

(0.04) (0.04) (0.05) (0.07) (0.04)

Other
Special Education (%) -0.36* -0.43* -0.51* -0.50* -0.35*

(0.06) (0.06) (0.07) (0.08)  (0.06)

Note: The estimation excludes variables that wetesignificant. Standard error in parentheses.

* denotes significance at the 5 percent level.
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Jackknifed parameters are also powerful indicatbraodel performance across
space (Stetzer, 1982). In this chapter, jackknif@@meters values are used to assess the
stability of the relationship over space of eaatejrendent variable with school
performance. Jackknifed parameter values for saelsbol are treated as an ordinary
spatial dataset and they are mapped to exploredpatial variability and to discover
outliers. Their spatial clustering, that would gast spatial heterogeneity, is accessed

using Moran’s | and LISA.

Figure 4.6 shows a LISA map of jackknifed paramegdues for students eligible
for free lunch for year 2001, overlaid with distlimundaries and labeled with district
numbers, which have a global Moran’s | of 0.05 andioe of 0.05, with small clusters
of low values and high values. The lack of majostered areas is an indication that the
relationship between free lunch and school perfoeas the same over the city and that

the global coefficient of -0.41 is a good reprea#@ah of that relationship.

The jackknifed parameters are values around the mledal value and represent
the impact that each school has on the overallagiodiue of the coefficient. Schools
with very low negative values of the jackknifed ggaeter are schools with a high
percentage of students eligible for free lunch tizate, as expected, a low school
performance (like schools clustered within Distéétin Queens), or schools that have a
low number of students eligible for free lunch @angood performance (the school in
Upper East Side in Manhattan). Schools in highevalusters have a higher
performance that would be expected from the gloddationship based on their high

number of students eligible for free lunch (thestdu of schools in downtown
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Manhattan) or are schools with a low number of sttgleligible for free lunch that do

not perform as well as would be expected from thbaj relationship (such as one

school in Staten Island).

Figure 4.6. LISA for Jackknifed Coefficients of Eligible for Free Lunch, 2001
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The spatial variation ot jackknited parameter valuan also be assessed using

SCT analysis, described on section 3.2.2, on justfactor, school districts. Jackknifed
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values have several outliers (because their cdlonla sensitive to the large number of
schools) which makes SCT a better choice, beirjpast method, compare to ANOVA
that is affected by outliers. Nevertheless, reigartree lunch jackknifed coefficients
neither SCT nor ANOVA show any district to be statally different from other

districts.

Figure 4.7. LISA for Jackknifed Coefficients of Recent Immigrants, 2001
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Figure 4.7 shows the LISA map for the jackknifedgpaeter values of the
percentage of students that are recent immigrahitshvhave a positive global
relationship with school performance. The schaolhe low value clusters within
District 24 and 30 have low school performance gwhat is expected from their
number of recent immigrants whereas schools inribist20, 21 and 22 in Brooklyn are
performing as expected. The schools in the lowesktluster have a higher percentage
of Hispanic students compare to the schools irhitjle values cluster where White
students are the majority. This suggests that ¢haumgh the global relationship between
recent immigrants and school performance is pasitivis is not true for the schools in

the low value cluster which are below global averagd clustered.

Figure 4.8 shows the LISA map for the jackknifedgpaeter values of the
percentage of students as English language leaiaeL$ that have a negative global
relationship with school performance. DistrictiilBronx and District 29 in Queens
have clusters of schools that have a low schodbpeance even though they have a

small percentage of students as English languagedes.

Results obtained on the jackknifed parameter vdlresther variables also
indicate that there is no substantial spatial Wamasuggesting that it is appropriate to fit
a global OLS regression (or if there is spatiabaatrelation on the OLS residuals, a
global spatial regression). Table 4.8 shows Moramaues for jackknifed values for
each coefficient over time indicating the lack p&sal clustering and therefore of spatial

heterogeneity.
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Figure 4.8 LISA for Jackknifed Coefficients of ELL, 2001
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A SCT analysis was also performed on the jackknii@eameters, using districts

and years as factors, to test their variation tivee or any interaction with districts. The
findings show that, with the exception of Engliahduage learners’ relationship in 2003,
there is no significant difference and all relatibips are stable over time and space.
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Table 4.8. Moran's | for Jackknifed Coefficients byYear

Year
Independent variables 2001 2002 2003 2004 2005
Students characteristics
Eligible for Free Lunch (%) 0.05*  0.09* 0.04 0.10* 0.00
Attendance (%) 0.06* 0.14* 0.06* 0.13* 0.07*
Recent Immigrants (%) 0.00  0.02 0.03 0.06* -0.02
English Language Learners (%) 0.05*  0.10* 0.08* -0.01 0.03
School characteristics
School size (# of students in hundreds) 0.03 0.04* 001 -001 004
Teachers with master degree (%) 0.00 0.02 -0.01  0.04* -0.01
Teachers more than two years in the same s¢tol 0.03  0.06 -0.01 0.00  -0.06*
Other
Special Education (%) 002  0.03 0.05* 0.04* 0.04

* denotes significance at the 5 percent level.

The code to calculate the jackknifed parametersgusieighted OLS regression is

written using the statistical software R (R Devehgmt Core Team, 2008).

4.2.4. Spatial Regression

The application of spatial regression in this sabea follows the conceptual and
theoretical framework for spatial analysis discdsseBaller et al (2001). Previous
research has shown that the performance of childreahools reflects structural factors
such as: family background, the quality of the stfi@and neighborhood effects. If
school performance is determined solely by thecttral factors included in the

regression model, there should be no spatial patigiof school performance beyond
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that created by covariates’ similarities of geogiaglly proximate schools. This

situation, referred as “Structural Similarity” byalger et al (Figure 1, 2001), is assessed
by testing for spatial autocorrelation on the Ok§ression residuals. For each year there
is a significant spatial autocorrelation of the OdeSiduals for which the Moran’s |

values are shown in Table 4.9. The amount of glpaititocorrelation in school
performance explained from structural covariatésd@nt and school characteristics),
calculated as the difference between the two valti®oran’s | for each year, is

consistent over time ranging from 0.36 in 2001 .400n 2005.

Table 4.9. Moran's | of School Performance and OL®Residuals

Year 2001 2002 2003 2004 2005
Moran's | of school performance 0.54 0.57 0.50 0.52 0.47
Moran's | of OLS residuals 0.18 0.18 0.13 0.13 0.07

The presence of spatial autocorrelation in the @s&luals, an indication of
spatial effects, necessitates the use of spatidetao Two spatial models used to account

for spatial effects, discussed below, are the apatror model and the spatial lag model.

4.2.4.a. Spatial Error Model

The spatial error model uses the clustering oktiners to account for the
clustering of school performance not explained l®asured independent variables. This
situation is referred as “Spatial Error Effects'Baller et al (Figure 1, 2001). In this
case, the observed spatial clustering of schodbpeance is accounted for simply by the

geographic patterning of measured and unmeasudegp@mdent variables. This model
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would be appropriate in situations when spatiabemrtrelation is caused by the
“mechanism of grouping forces” when people with coom characteristics are found
clustered together in space either by choice arrasult of social, economic or political
forces (Voss et al, 2006). A spatial error modedpecified (in matrix notation) as
follows:

y=Xf+u

u=pWu+e¢
wherey is a (n x 1) vector representing the dependendlvia; X is a (n x K) matrix
representing the k — 1 independent variabless a (k x 1) vector of regression
parameters to be estimateds a (n x 1) vector of error terms assumed to lzave

covariance structure as given in the second equatias a spatial lag parameter to be

estimatedW s a (n x n) “weights” matrix defining the “neighithood” structure in the
spatial process such thatuis a (n x 1) vector of spatial lags of the modstutbance

termuande¢ is a (n x 1) vector of independently distributeces.

4.2.4.b. Spatial Lag Model

The spatial lag model incorporates not only theiapmfluence of unmeasured
independent variables but also the effect of thtopmance of neighboring schools
which is identified in the lagged dependent vaealfbpatial lag models are used, for
example, in the estimation of spatial dependend®oficide rates (Morenoff et al,

2001).
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This situation is referred as “Spatial Lag EffeatsBaller et al Figure 1, (2001).
This model would suggest a "feedback mechanism’apatial proximity generally
increases the interactions and the strength dietbgback as in a diffusion process (Voss
et al, 2006). The increase in performance in secheols might have a positive effect on
the neighboring schools if the interaction effeetvieen the schools or between
neighboring children exists. The improvement irff@@nance may be as a result of the
diffusion of educational technologies or as anafté public policies such as school

choice. A spatial lag model is specified (in matrotation) as follows:

y=AWy+ X8 +¢

whereX, £ ande¢ are the same or similar to those presented fospagal error model.

Wyis a (n x 1) vector of spatial lags of the dependariabley, and A is a spatial lag

parameter to be estimated.

4.2.4.c. Model Selection

The spatial model, an error or lag model, thatdvettpresents the data is chosen
according to the selection rule described in Ams@D05). The procedure of the
selection of the model is illustrated with the doling example of regression analysis
with ELA for the year 2001. The first step is tweck for “Structural Similarity” by
implementing an OLS regression and evaluating plagia autocorrelation of the
residuals. The residuals Moran’s | is 0.18 and-tslue, which is based on a normal
approximation and takes into account the factttiede are residuals, is 7.8 and

significant. This dependence in regression ewmmigates the independence assumption
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for errors in OLS fit, affecting the estimationrefyression parameters and their standard
errors. A spatial model, either error or lag, vebtake into account the spatial
autocorrelation of the residuals in the estimatbthe regression parameters and their
significance. While the residuals Moran’s | stétistetects misspecifications in the
model, it is less helpful in suggesting which modehtial error or spatial lag, is a better
fit. Thus, Lagrange Multiplier (LM) test statistiE used to decide the proper spatial

model.

Diagnostics for spatial dependence of OLS resalt&t A in year 2001 show
that both LM statistics (LM-Error and LM-Lag) ar@sificant. In this case, as described
in Anselin (2005), the next step is to comparerth@ust forms. Only the robust LM-
Error is highly significant which means that thesgl error model is the appropriate one
to be estimated. The spatial error model is eséchhy means of maximum likelihood
and adjusted Ris not an appropriate measure to compare thetsdsetween the spatial
error fit and the OLS fit. In this case the comgam between the two fits is based on
three measures: log likelihood, the Akaike InfonmatCriterion and the Schwarz
Criterion. The best model should have higher véless negative is better) for the first
measure and smaller values for the other two. cbneparison of the three measures for
year 2001 suggests an improvement of fit for tregiaperror specification. The

estimated spatial autoregressive coefficient i8 @13 is highly significant.

The model selection procedure illustrated aboveliswed for each of the other
years. Estimation results indicated that in alrgespatial models were a better fit than

OLS regression. Table 4.10 shows the estimatefficdeats and their respective
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Table 4.10. Spatial Regression Estimates

Year
Independent variables 2001 2002 2003 2004 2005
Students characteristics
Eligible for Free Lunch (%) -0.39* -0.34* -0.32* .-0.31* -0.25*

(0.02) (0.02) (0.02) (0.03) (0.03)

Attendance (%) 3.19* 348 285" 3.05¢  3.60*
(029) (0.27) (0.30) (0.34) (0.32)

Recent Immigrants (%) 020 022 013 014 011
(0.09) (0.09) (0.10) (0.11)  (0.11)

English Language Learners (%) -0.53*  -0.56*  -0.91* -0.56* -0.44*
(0.07) (0.06) (0.09) (0.10) (0.08)

School characteristics

School size (# of students in hundreds) -0.33* 047 -0.32% -0.43" -0.18
(0.12) (0.11) (0.13) (0.15) (0.16)

Teachers with master degree (%) 005 011* 0.09 -0.05 0.03
(0.04) (0.04) (0.05) (0.06) (0.06)

Teachers more than two years in the same s¢¥gol 0.05 -0.04 0.20*  0.16* 0.09*
(0.03) (0.03) (0.04) (0.04) (0.04)

Other
Special Education (%) -0.37* -0.42* -0.50* -0.50* -0.40*
(0.05) (0.05) (0.06) (0.06) (0.06)
Spatial regression model Error Error Error Lag Lag
Lambda for Error model and Rho for Lag model 0.33* 3. 0.27* 0.17* 0.12*

Note: The estimation excludes variables that wetesignificant. Standard error in parentheses.

* denotes significance at the 5 percent level.
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standard errors obtained from spatial regressiotieiorl here are no major changes in
the estimated parameters obtained from spatiaéssgm model compare to OLS results.
In general, the magnitude of the coefficients frgpatial regression is slightly smaller
than those from OLS regression and, as expectedstéimdard errors of the coefficients
are slightly bigger. However, the estimates amit thignificance in the former model are
more precise because spatial regression contnotedaspatial autocorrelation in the
residuals. There are a few differences between &idSspatial regression results. In
2001, teachers with more than two years experignttee same school turn out to be
insignificant when using spatial regression. Télatronship between school
performance and recent immigrants becomes insggmitifrom 2003 to 2005 and school

size becomes insignificant in 2005.

For years 2001 to 2003 error model is a bettaffihe data, whereas for years
2004 and 2005 lag model is a better fit. It isamant to note the change between 2003
and 2004, the first year when reforms were fullpliemented in New York City, from an
error model to a lag model. The error model evakithe extent to which the clustering
of school performance not explained by school dandent characteristics can be
accounted for by the clustering of error termsindicates that there are unmeasured
factors at the neighborhood or district level thate an effect in a number of schools that
are close in space. These unmeasured effectsraggepatially autocorrelated errors.
The lag model, similar to the error model incorpesahe effect of unmeasured factors,
but in addition it also takes into account ano#fézct, that of neighboring schools. This
additional effect in the lag model is an indicatafra global change which in this study

can be identified with the effect of reforms thrbogt the city’s public schools. Based
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on Baller et al (Figure 1, 2001), it can be infdrtleat in the presence of a lag model
school performance is not only affected by its @trdent and school characteristics but
also by those of the neighboring schools, afteoacting for the spatial autocorrelation
of the errors. The lag model provides an indicabbthe spatial interaction between the
neighboring schools but does not provide the mashathrough which the interaction
takes place. Further research is needed to distoenechanisms behind the process

suggested by the lag model.

Figure 4.9 shows the LISA map of residuals from @é&&ression in 2001 which
have a Moran’s | of 0.18. The pattern of low valoeer predicted) clusters in District 11
and District 29 is similar to the pattern of jackkd parameter values for English
language learners shown in Figure 4.8. The pattenegative residuals in District 24
and District 30 and the pattern of positive resiglwa District 20, 21 and part of District
22 are similar to the patterns displayed by jadiddvalues of the variable of recent
immigrant students on Figure 4.7. The spatial @utelation of the residuals on the
districts mentioned above might be attributed wltdtal spatial variation of those two

variables.

The major areas with spatially autocorrelated rgaiglare mainly within
boundaries of several districts such as, thosegétive residual clusters in districts 11,
24, 29 and 30 and those with positive residualtelssn districts 2, 18, 20, 21, 22 and
23. The pattern of the residuals within distrietises the question about the role of these

districts in affecting school performance beyonel student and school characteristics.
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Figure 4.9. LISA of Residuals from OLS Regression, 2001
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Table 4.10 shows, together with the student andddawoetticients, the estimated

district effects from a weighted OLS regressiofine Echool performance of District 15

was close to the average value for all district20A1 and therefore was used as the

reference district to calculate the district eféecDistrict coefficients have the expected

sign for the districts that contain spatially autwelated residuals shown in Figure 4.11
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Table 4.11. Weighted OLS Regression Estiamtes wifDistricts by Year

Year
Independent variables 2001 2002 2003 2004 2005
Students characteristics
Eligible for Free Lunch (%) -0.38*  -0.36* -0.33* -0.38* -0.30*
Attendance (%) 3.10* 3.41* 2.96*  3.10* 3.64*
Recent Immigrants (%) 0.19* 0.27* 0.03 0.12 0.04
English Language Learners (%) -0.51*  -0.56*  -0.73* -0.34*  -0.29*
School characteristics
School size (# of students in hundreds) -0.29*  -0.32% -0.19 -0.13 -0.03
Teachers with master degree (%) 0.08 0.11* 0.15* 0.02 0.13*

Teachers more than two years in the same s¢¥gol 0.06* -0.03  0.16*  0.09* 0.07*

Other
Special Education (%) -0.34*  -0.33*  -0.48* -0.45*  -0.48*
Districts

1 3 2 4 5 -2
2 8* 8* 8* 6* 2
3 3 1 -3 -6* -8*
4 3 -1 0 0 -1
5 7% -11%* 0 9% -15*%
6 -1 1 -6* -11* -13*
7 4 -8* -2 -9* -14*
8 4 -4 -3 -4 -5*
9 -1 2 2 5* -1
10 5* 3 1 5% 0
11 7% -10* -6* -8* -6*
12 1 3 8* -3 2
13 0 -2 7* 2 2
14 -1 -4* 10* 1 -3

15 (omitted)
16 9% 2 11* 2 0
17 2 -1 14* 3 -1

18 5 -4 1 0 -3
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Table 4.11. (cont.)

Year
Independent variables 2001 2002 2003 2004 2005
19 -6* 5% -2 -3 -2
20 7* 0 10* 6* 3
21 2 7* 6* 10* 6*
22 8* 3 8* 5* 0
23 13* 6* 8* 2 6*
24 -8* 7% 2 -3 4
25 1 -1 0 -2 2
26 -1 -1 2 1 1
27 -2 -9* 4 0 2
28 2 2 5* 3 2
29 -11* -13* -6* -11* -9*
30 -3 -4 1 2 0
31 2 4% -3 4% -3
32 -3 2 4 1 -4

* denotes significance at the 5 percent level.

and mentioned above. District 29 has the largegative effect and together with
District 11 are the only two districts that havgrsficant negative effects for each year.
District 5 is another district that has a signifitaegative effect on school performance
in for four out of five years. Districts 20, 212 and 23 exhibit significant positive
effects in three or four years out of five. Distr2, with a reputation of good

management, has also a consistent positive impastiwool performance.

Once districts are included in the weighted OLSesgion, there is no longer
spatial autocorrelation in the residuals. Figud®4hows a LISA map of these residuals

that exhibit no clustering and have an insignifidslioran’s | value of 0.03.
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Figure 4.10. LISA of Residuals from OLS with Districts, 2001
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4.3. Summary

Findings from the analysis in this chapter show there is spatial clustering in
educational achievement in New York City which jsgsover time. Measured by
global Moran’s |, it decreased slightly over timerfr 0.54 in 2001 to 0.47 in 2005. This

spatial variation of school performance reflects geography of New York City
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represented by the spatial clustering of studeditsahool characteristics. The part of
school performance clustering explained by theesttidnd school characteristics is

consistent over time and ranges from 0.36 in 200140 in 2005.

The finding that student characteristics explaipomity of school performance is
consistent with results in previous research. Agnstmdent characteristics, the
percentage of students eligible for free lunchraxy for poverty level in the school
zone, is the most important characteristic. Howeee magnitude of its effect
decreased over the period of this study. Schoehdance, a proxy for the role of family
dedication to education of their children, hasgmigicant positive effect on school
performance, with a slight increase in the magmtofithe effect in 2005. Interestingly,
school performance increases with the proportioreoént immigrants in the school,
even though this relationship shows local variatimaybe due to the composition of the
population of immigrants. As expected, an increag@oportion of English language
learners and of special education students de@eabkeol performance. The magnitude
of the effect of English language learners substbyincreases in 2003 maybe due to
issues related to the transition to a new systeadofinistration, but decreases toward
the end of the period to levels close to 2001. Jdmae pattern is observed with special

education, but the magnitude in 2005 is higher th&001.

Regarding school characteristics, school size edqus research has shown has a
significant but small negative effect on schoolfpenance, except in 2005 when the
effect is not significant. Among teacher variablde percentage of teachers with more

than two years in the same school has a positiyefsiant effect on school performance
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in all but one year, indicating the important rofdeachers’ stability in students’
performance. Surprisingly, the percentage of teectvith a master degree has no

impact on school performance except in 2002 whbaasta positive effect.

Results from Jackknife analysis indicate that there spatial variation in the
relationship between school performance and stugl@hschool characteristics. The
relationships are also stable over time, excepEfalish language learners in 2003 that
showed a significant increase in the negativeiozlahip. There is spatial dependence in
school performance, unaccounted for by studensahdol characteristics, revealed in
the spatial autocorrelation of residuals from the&S@egression. This spatial dependence
suggests the use of a spatial regression modegfeos 2001 to 2003 error model is a
better fit to the data, whereas for years 200420@5 lag model is a better fit.

Regression analysis shows that some school dsstraste an impact on school

performance, beyond the effect of student and dati@racteristics.
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Chapter Five

Conclusions

The central issues of public education reforms t¢iveldast decade have been the
increase in school performance, the reduction @fithievement gap between different
subgroups and the improvement of school factoectffg performance. These reforms
have focused attention on schools as the main afehtange which provides an
opportunity for geographers to investigate the iohjph geographical context on school
performance. In this study, the geographic contaxgjes from the school catchment

area, to its surrounding areas and the schooldistrwhich the school belongs.

5.1. Main Research Findings

From a geographical perspective, this study raasetlanswered several questions
related to the issues above. First, is there ialtgun educational achievement in
New York City across districts and does it changer eime? Findings from this
study show that there is inequality in educati@slievement in New York City
across the lowest performing districts in Upper Matdn and south Bronx compared
to the highest performing districts in north-ease@ns and Lower Manhattan, after
taking into account the race/ethnicity effect. feheas an increase in public
elementary school performance throughout the pgardept for the academic year
2003-2004); furthermore this improvement has beeform across the City showing

that there was no change on the impact of distoiets time.
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Second, is there variation in the achievement gawden race/ethnicity
subgroups across districts? The achievement gagbe the higher performing
racial/ethnic groups (Asian and White) and the lopexforming ones (Black and
Hispanic) remains substantial. School districtd ha effect in reducing the
race/ethnicity achievement gap indicating that ¢faip does not change over space. In
other words, there are no districts that have @obetter job in reducing the gap. Even
though its reduction has been the main goal oetheation reforms, there is no decrease
in the race/ethnicity achievement gap after therre§. Future research should consider
more years to better assess the impact of themsefon gap reduction, since their effect

may require some more time to materialize.

Third, what are the student and school charadsigtat explain the spatial
patterning of school performance and does thisgioglship change over time? There is a
spatial clustering of school performance and thpntg of it is explained by the spatial
clustering of student and school characterist@snsistent with previous findings in
literature, student characteristics explain a goeat of school performance. Among
them, the percentage of students eligible for lueeh in particular - a proxy for poverty
level in the school zone — is the most importaotdaand as expected has a negative
effect. Another important student characterigithe school attendance - a proxy for the
role of family dedication to education of their Ichen - which has a positive effect. The
other student characteristics, percentage of stublahare recent immigrants and
percentage of student that are English languagedeahave a smaller effect. School
performance increases with the number of recentigrants even though this

relationship shows some local variation maybe dubé composition of the population
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of immigrants. Regarding school characteristichpsl size as previous research has
shown has a significant but small negative effecschool performance, except in 2005
when the effect is not significant. Among teachamiables, the percentage of teachers
with more than two years in the same school hassdiye significant effect on school
performance in all but one year, indicating the am@nt role of teachers’ stability in
students’ performance. Surprisingly, the percentageachers with a master degree has

no impact on school performance except in 2002 withesis a positive effect.

Fourth, does the relationship between school paidioce and student and school
characteristics vary in space? There is no spai@htion in the relationship between
school performance and student and school chaistater This lack of spatial
heterogeneity indicates that the application obglaegression analysis would be
appropriate. The relationships are also stable towe, except for English language
learners in 2003 that showed a significant incréasiee negative relationship. The lack
of major clustering in the relationship does natwkver, exclude local spatial variations,

common in geographical phenomena.

Fifth, is there a spatial dependence in schoobperdnce and what is the spatial
process generating it? Findings indicate thattiespatial dependence in school
performance, unaccounted for by student and sai@ohcteristics, revealed in the
spatial autocorrelation of residuals from the Ok8ression. This spatial dependence is
accounted for by using spatial error and spatght@dels. For years 2001 to 2003 error
model is a better fit of the data, whereas for 2804 and 2005 lag model is a better

one. It is important to note the change betwed82hd 2004, the first year when
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reforms were fully implemented in New York Citypm an error model to a lag model.
The error model evaluates the extent to which brstering of school performance not
explained by school and student characteristicdeaaccounted for by the clustering of
error terms. It indicates that there are unmeasiaretors at the neighborhood or district
level that have an effect in a number of schods #ine close in space. These
unmeasured effects appear as spatially autocardedators. The lag model, similar to
the error model incorporates the effect of unmesstactors, but in addition it also takes
into account another effect, that of neighboringosts. This additional effect in the lag
model is an indication of a global change whiclhis study can be identified with the
effect of reforms throughout the city’s public solg& The lag model provides an
indication of the spatial interaction between néigtng schools but does not provide the
mechanism through which the interaction takes pldagther research is needed to

discover the mechanisms behind the process sudd®stae lag model.

5.2. Policy Implications

The findings of this study emphasize the importasfageographic context in
educational achievement. Such context is evidetite magnitude and consistency in
spatial clustering of important students’ charast&s such as the percentage of students
eligible for free lunch and their attendance. Resndicate that in general there have
been positive changes in the public education sygteNew York City after the
implementation of reforms in the 2003-2004 acadgrear. These changes are reflected
primarily in the decrease in spatial clusteringpaggted with an increase in of school

performance, in the continuation of the reductibthe negative effect of poverty, school
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size and the increase in the positive effect @nathnce after the implementation of the
reforms. Another positive indication is the in@ean the spatial equality of distribution
of licensed teachers and teachers with master dedsmong teacher variables, teachers’
stability has a small but significant effect on@ghperformance. The impact of the
reforms has not been as positive regarding th@paegnce of English language learners
and special education students whose negativeoresaip with school performance has

not decreased.

Findings suggest that the spatial inequality obstiperformance is not only
related with the student and school characteristitsn some districts also with the
district management and the community within thetritt. Thus, the education reforms
should focus not only on schools but also incluttesl district in their educational

policies and accountability systems.

Another important finding of this research is tHaspite an improvement in
school performance in the city, the race/ethnigap has not decreased over time even
though its reduction was the main goal of the matioeform. The spatial clustering of
students’ socioeconomic characteristics and ofgeviorming race/ethnicity subgroups
suggests that policy makers should focus not antheé schools but also the
neighborhoods where these schools are locatedhdfarore, the spatial concentration of
social disadvantage should be taken into considerat policies regarding allocation of

resources that should be spatially focused.
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5.3. Methodological Contributions

This study investigates for the first time, to test of my knowledge, the
educational achievement in New York City from a@@phical perspective. More
specifically, it examines spatial inequality in edtional achievement, spatial variation of
race/ethnicity achievement gap and explains theapeattern and spatial dependency of
school performance. In addition to its findingsstresearch contributes to the
geographical literature by introducing a robushfeavork to explore the impact of the
geographic context on the outcome of interest.s Tlamework, with the Square
Combining Table method at its core, includes alsgiare Weights and Multiple
Comparison procedures. This framework can alsaskd in a geographical context of a
larger scale such as regional, state or nationahMtstigate the spatial variation of other
geographical phenomena. Another important metlogpicdl contribution is the
introduction to educational literature of the Jauké technique to examine the spatial
heterogeneity of the relationship between schodbpmance and student and school
characteristics. The Jackknife technique and tehaas applied on jackknifed
coefficient values to examine their variation ias@ and over time can be utilized to
study other geographical phenomena in the sameawagre. The framework discussed
above and the Jackknife technique deserve a pfaoagthe tools used by geographers

in their geographical analysis.
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