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Chapter 1: Introduction

Federal, state, and local governments collectigpbnd hundreds of billions of
dollars every year on public elementary and seagnelducation, yet we know
“remarkably little” about how these funds are adlted to individual students (Picus,
2000, p. 75). One structural impediment to traglempenditures to the individual
student level is the collective—federal, state, laodl-nature of K-12 public education
funding itself; as Roza (2010) noted, “No one goweental level takes full responsibility
for funding” (p. 33). As a result, district leadanay be unaware of spending differences
between schools (Roza, Hill, Sclafani, & Speakn2x®4), as well as between individual
students within a school. Roza, Guin, and Daw®8& conclude: “A straightforward
answer to the question of how much is spent ordifft student types” is needed (p. 2).

This lack of knowledge regarding student-specifipanditures is troubling,
because—to put it bluntly-money matters. If altedeeffectively, money can help
improve student achievement through purchasinguress that promote student learning
(Rice & Schwartz, 2008; Slavin, 1999). The mogpamtant of these resources are
teachers (Rice, 2003), and research has showhititer salaries can attract and retain
more effective teachers (Slavin, 1999; Theobaldr&z51996). Both class sizes
(Krueger, 2002) as well as access to academiagltyaus courses are also known to
affect student achievement (Gamoran, 1987; Madig@@7; Muller, Stage, & Kinzie,
2001; Tyson, 2013), but these resources are costlys, it is not surprising that
numerous studies establish the positive associaBbmeen money spent on instruction
and student outcomes (Archibald, 2006; Deke, 2608une & O’Neil, 1994; Hogrebe,

Kyei-Blankson, & Zou, 2008; Knoeppel, VerstegenR&ehart, 2007).



Because money can matter, education leaders shoside that money spent on
public education is equitably allocated. Equitgé&dined in the literature as the “fair
distribution of goods, services, and burdens” (R&94, p. 136), and it is one of the
three public goals of education finance: equitficeincy, and liberty (Springer, Houck,
& Guthrie, 2008). Yet it is one of the “most coipwy, consistent, and complicated
issues related to K-12 public school finance inWméted States” (Rice, 2004, p. 134).
Equity in education is “compelling” in part becausks a national value. The idea that
every child should receive equitable educationgoofunities “lies at the core of
American schooling” (Welner & Carter, 2013, p. Bducation has been referred to as
the “central engine” for achieving equal opportyrand realizing the “American Dream”
(Koski & Reich, 2006, p. 607). When inequitiesagtess to educational opportunities
exist, American scholars have described these itiegjas being “un-American” (Carter
& Welner, 2013; Ladson-Billings, 2013).

Not only is equity in education an American valiiean implicate legal rights as
well. While the U.S. Supreme Court has held tlglaication is not a fundamental right
under the federal ConstitutioB#&n Antonio Independent School District v. Rodizgue
1973), every state constitution contains at leastfrovision regarding education, and
courts in a majority of states have held the applie state constitutional language to
provide some form of a right to education (Friedma8olow, 2013). In turn, in the
landmark U.S. Supreme Court decisiorBimown v. Board of EducatigiChief Justice
Earl Warren stated that education, “where the $tateundertaken to provide it, is a right
which must be made available to all on equal ter(h854, p. 493). While subsequent

lawsuits raising state law claims with regard toding equity have met with mixed



results (National Education Access Network, 20%djme state courts—including, for
example, the high courts of Californi@drrano v. Priestl976), New JerseyApbott v.
Burke 1994), and VermonBfigham v. State1997)—have held that large interdistrict
disparities in the state’s public education fundsygtem violated the state constitution
(Friedman & Solow, 2013).

These judicial rulings are perhaps unsurprisinggdagcation quality and
attainment have economic as well as non-monetapligations for both individuals and
society. Regarding economic matters, educatiofitguand attainment can increase
workers’ employability and productivity and ultined, national economic growth
(Hanushek & Woessmann, 2006), while dropping outigh school is associated with
lower earnings and income tax payments; greatezrdgncy on Medicaid and
unemployment programs; and increased criminal iagand spending on incarceration
(Belfield & Levin, 2013; H. Levin, 2009). One studstimated that preventing one high
school student from dropping out would result itoat savings to society of $129,230
over the lifetime of the student (Belfield & Levi2Q13).

Education quality and attainment are also assatiatéh non-monetary benefits
to individuals and society. Education attainmertarrelated with better overall health
for individuals and their families, improved chiddgnitive development, increased
happiness, and more civic engagement (Brewer & MoEW®010). Further, greater
inequality in education quality and attainmentassociated with “lower levels of social
cohesion and trust” (B. Levin, 2003, p. 5), which aecessary components for
successful governance. Finally, B. Levin (2003esp“Inasfar as opportunity is not

distributed fairly there will be an underutilizatiof talent; some people will not develop



their skills and abilities with consequent loss aoly to them but to society generally” (p.
5). Thus, itis critical that all individuals expence equitable opportunities in education.

In their book,Closing the Opportunity GapVelner and Carter (2013) argue that
current inequities in student education outcomesgtes result of cumulative inequitable
educational resources and opportunities and tleagffiects of differential educational
experiences for students of different races aeadly evident. As of 2010, the high
school graduation rates were 93.5% for White sttgjé&8% for Asian students. 71.4%
for Latino students, and 66.1% for African Americdndents, and the dropout rates for
minority students were more than double the natianarage (Welner & Carter, 2013).
Furthermore, in large urban areas, at least hdifgif school students did not graduate
from high school (Welner & Carter, 2013).

Yet despite the knowledge that large discrepannistudent educational
outcomes exist in the U.S., inequities in resousgescommonplace. Inequities in per-
pupil expenditures (PPES) exist at every orgaronalilevel—in states, in districts, and in
schools (Ladd, Chalk, & Hansen, 1999). Until riekgly recently, education researchers
examined the equity of PPEs using district-leverages (Odden & Picus, 2008), but
district-level averages do not inform the variatiomesources between and within
schools. As school-level data have become morelyalailable over the past two
decades, a growing body of research has investigageequitable distribution of
monetary resources between schools in the sameedidh many cases, PPEs are lower
in schools enrolling large proportions of low-incenminority, and/or low-performing
students compared to other schools in the samacti®erne & Stiefel, 1994; Condron

& Roscigno, 2003; Heuer & Stullich, 2011; Klein,08) Owens & Maiden, 1999;



Rubenstein, 1998; Spatig-Amerikaner, 2012). Evbeemstudies found that PPEs were
higher in schools with larger proportions of loveame and minority students,
researchers found that these schools employe@ipssienced and less well-paid
teachers and therefore had lowestructionalPPEs—or PPEs dedicated to instructional
purposes only—than schools serving middle-class/dhite student populations (Baker,
2012; latarola & Stiefel, 2003; Stiefel, SchwaRnrtas, & Kim, 2003).

In addition to inequities in PPEs across schoelsgarchers have found inequities
in the allocation of certain resources among irtlial students within the same school.
For example, studies have already shown that, svgbhools, low-income, minority, and
low-performing students are assigned to less dedlttachers (Feng, 2010; Kalogrides
& Loeb, 2013; Koedel & Betts, 2009; Player, 2010tl&tein, 2008), have larger class
sizes (Boozer & Rouse, 1995; Roza, 2009), take fewademic courses (Darling-
Hammond, 2007; Gamoran, 1987) and more low-traeki@mic courses (Brent, Roellke,
& Monk, 1997; Buckley, 2010; Carter, 2013; Ingelsb999; Lee et al., 1997; Tyson,
2013), and have lower-achieving peers than theaidhaiclass, White, and high-
achieving counterparts (Conger, 2005; KalogridegMl, & Beteille, 2013). Given that
such inequities exist with respect to certain resesiwithin schools, we can conclude
that inequities in real instructional expendituegsst for individual students within the
same school. This conclusion is bolstered by rebgaat analyzes program and course
level resource allocation. Marguerite Roza has@dighat inequities and efficiencies in
resource allocation exist for various curricula axttacurricular programs: She found
that schools spend more money in terms of teadiaras per student on advanced

courses than on regular or remedial track couRezd, 2009).



Little research, however, has examined the equitigeallocation of student-
specific expenditures despite the knowledge thatestt-level resource inequities exist.
The sole published study to date to calculate stidgigecific PPEs descriptively found
considerable variation in student-level expendgudoe students within the same school.
After analyzing the data from a single high schdwt, authors found that individual
student PPEs ranged from $3,615 to $16,734 andctnduded that there may be
“considerable” differences in PPEs for studenthe&ésame school (Picus, McCroskey,
Robillard, Yoo, & Marsenich, 2002, p. 200).

This gap in the literature regarding the equityhaf allocation of student-specific
expenditures stems from the limited availabilitystddent-level data, the complexity of
cleaning and combining raw district and school skeisy and the challenges of calculating
student-level expenditures. Detailed student-lela¢h that allow for analyses of resource
equity at the student level are generally not akdd. Until 2009, federal legislation only
required districts to report district-wide averagacher salary, as opposed to actual
individual or school-level average teacher salaaes districts did not typically keep
track of resources at the school level (Spatig-Akager, 2012). Further, individual
schools do not record differences in instructioeaburces across classrooms, let alone
merge such records for each resource (Cooper, 4984). Detailed, comprehensive
data that link individual students with their ce@ssand teachers, are needed in order to
analyze the equity of student-level expendituresdata are rarely collected and
organized in this manner. Accordingly, the resea@@mmunity has noted the need not
only for more analyses using student-level datak8& White, 2001; Picus, 2000;

Verstegen & King, 1998), but specifically for stadithat examine the relationships



between student-level expenditures, student actmernt and demographic
characteristics (Goertz & Stiefel, 1998).

In addition to the lack of research employing studevel expenditure data, few
studies evaluate how the equity of one resoureta®lo the existence or non-existence
of other resources. Students may experience rfeitimultaneous resource advantages
or disadvantages, yet Rodriguez (2004) remarksthigamissing link in the literature is a
study that develops a “deeper understanding ofvtir&ings of schools” by integrating
all of the elements of the schooling process—"highlalified teachers, school and class
sizes, allocation of time and dollars toward spea@ifirricular areas, investments in
professional development, and so on” (p. 20). Ry, Odden and Borman (2004) have
noted, “Too much previous research has tendedsesaghe effects of student, classroom,
and school variables in isolation from other vaeab(p. 4). Clearly, more research that
examines the equity of the interplay of variousaadional resources is needed.

This study seeks to address these gaps in thatliterby analyzing the equity of
the results of the within-school allocation prockssall high school students in a large
urban school district. The study first definesctesr resource expenditures (TRES) as the
amount spent per pupil on teacher salaries andat@ecates teacher salaries to individual
students accounting for class sizes and lengtidaration of courses, among other
factors. In doing so, the study calculates a glastudent-specific expenditures—one for
instruction in all classes and one for instructimeore-academic subjects only—for each
high school student in the district. To determifreethorough investigation of the equity
of the allocation of per-pupil TREs within scho@svarranted, the study then

investigates whether the variation in per-pupil BR&practically significant compared



to the variation between schools. This analysisfets whether most of the variation in
per-pupil TREs is due to resource allocation déferes between schools or within
schools in one district.

The study then conducts an equity analysis of ppitd@REs. Specifically, it
builds on Berne and Stiefel’'s (1984) widely usehfework as well as Toutkoushian and
Michael’'s (2007) modification thereof to developamalytic approach appropriate for
evaluating the within-school equity of per-pupil E®R Berne and Stiefel’'s framework
involves three principles of equity: horizontal @guvertical equity, and equal
opportunity. The presence of horizontal equityigates that students with similar
characteristics get the same amount of resouncegher words, for similar students,
there should be little to no variation in their yperpil TREs. Vertical equity is achieved
if students with greater educational needs actualtgive more resources, and this study
examines vertical equity for certain student subgsowho are widely recognized as
requiring greater educational resources. The studbstigates equal opportunity by
evaluating whether per-pupil TREs are associaté student characteristics that should
not be predictive of funding such as student gendeace. The study then turns to an
analysis of whether within-school allocation patteof per-pupil TREs are similar or
different across schools, particularly across stshaith different characteristics. |If
within-school allocation patterns remain relativebnstant, particularly across different
types of schools, then school and district leadeayg attempt to address any inequities
differently than if such patterns vary.

Lastly, the study assesses the equity of the wihhool allocation of a specific

set of resources. Though an equity analysis opperl TREs is informative, it does not



inform resource tradeoffs. For example, per-pGRESs may not highlight resource
differentiation for students who have higher paadhers and larger class sizes if the
higher costs of teachers balance the lower codes@é class sizes. In addition, some
courses are likely to affect student education&t@mes more than others, and per-pupil
TRESs do not reflect resource differences acrossiohehl courses. For these reasons, the
study analyzes the equity of the within-school@dkon of a set of specific resources—
class sizes, teacher experience, and social capittudents’ English and math classes
because graduating from high school and post-secgrabportunities depend on
mastering content in these courses. Further, tholags size and teacher experience in
students’ English and math courses are relateddb student’s per-pupil TRE, they may
vary in ways not captured by the variation in pepipTRES, and an examination of the
allocation of these resources may shed light iesource equity. Finally, this study
examines the number of advanced placement (AP}sesuaken by each student, which
reveals at least to some extent students’ accessattemically rigorous curricula, which
is known to impact student success (Gamoran, 198djgan, 1997; Muller, Stage, &
Kinzie, 2001; Tyson, 2013).

By evaluating the equity of the within-school alition of multiple resources—
including per-pupil TRES; class sizes, teacher Bgpee, and social capital in students’
English and math classes; and number of AP cotiakes by each student—the study
assesses whether the results of the within-sclesolurce allocation process are equitable
for high schools students in one district. Thelgtalso demonstrates whether certain
students have multiple resource advantages ordistalges compared to others and how

the equity of the allocation of one resource ralatethe existence or non-existence of



other resources. Accordingly, the study may hehosl and district leaders better
understand not only “who gets what” but also howeiduce inequity in within-school
resource allocation.
Research Purposes
This study has four main purposes. The first psepis to compare the variation in
per-pupil TREs within schools to the variation beén schools. Next, the study seeks to
evaluate the equity of per-pupil TREs within sclsoahd at the student level. The third
purpose is to analyze whether within-school allmrapatterns of per-pupil TREs vary
across schools. Finally, the study seeks to etalh& equity of the allocation of class
size, teacher experience, and peer achievementdergs’ English and math courses as
well as the number of AP courses taken by eaclestud
Research Questions
To address these purposes, this study posesdseanch questions:
1. How does the within-school variation in teachesotece expenditures per pupil
compare to the variation between schools?
2. Are teacher resource expenditures per pupil eojyidistributed within schools?
3. Do within-school allocation patterns of teachesource expenditures per pupil
vary across schools?
4. Are specific resources equitably allocated wittghools, and do multiple resource
advantages or disadvantages exist for some stidents
Conceptual Framework
The conceptual framework for this study draws fritbnee bodies of literature.

First, using the logic of education production ftiaies from the economics of education
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literature, the author argues that the levels daaeinputs are related to student
outcomes. Second, this study draws on school ¢méterature to explain how monetary
resources are allocated to both districts and dslava why inequity in monetary
resources may exist between districts, schoolsyen students. Finally, this study draws
from the equity in education literature to accolantthe equity of the allocation of other
resources—class sizes, teacher experience, numBAeraurses, and peer achievement—
between and within schools.

lllustrated in the following conceptual model, teisidy assumes that interdistrict
and intradistrict fiscal resource allocation praessaffect the quality of a school’s
available resources. Educational leaders and asknaitors allocate resources to districts,
schools, and classrooms. Within a classroom, stadmmefit from monetary resources
that fund teachers’ salaries and class sizesdditian, there are non-monetary resources
like the experience of the teacher, the rigor ef¢brriculum, and the academic ability of
a student’s peers. This study analyzes whetharethdts of the within-school allocation

process for these resources are equitable.
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Figure 1: Conceptual Model
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Notes: In the model above, rectangles represemjshie.g., resources, outcomes) and circles ragrese
resource allocation processes.

As described in the next chapter, states allocatdifg for public education to
districts, and inequities in funding among diswiotay exist due to state legislation or
differences in local funding, which is generallgdito property wealth (Odden & Picus,
2008). Districts then allocate resources to s@)qwimarily through teacher salaries,
and inequities in funding may exist across schaatls different teacher populations. At
the school level, who gets what is primarily deteed by how teachers and students sort
into classes. This study examines the equity @fdésults of the within-school allocation
process by analyzing the equity in the allocatibthe following resources: teacher

resource expenditures (TRES) per pupil; class sieasher experience, and peer
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achievement in students’ English and math classebthe number of AP courses taken
by each student. This study uses peer achievessemproxy for social capital, teacher
experience as a proxy for teacher quality, andhthraber of AP courses taken by each
student as a proxy for exposure to rigorous culaicfaken together, these resources can
impact student learning and outcomes.
Significance

While there is ample research on the equity ofalaeation of per-pupil
expenditures (PPES) across districts and schd@ee is very little research on the equity
of student-level expenditures within schools. Efare, the study contributes to school
finance literature by conducting an equity analgdistudent-level TREs. The study also
contributes to school finance literature by docutimgrthe degree of the variation in per-
pupil TREs within schools relative to the variatiogtween schools. Finally, the study
adds to literature on equity in education becatuseplores within-school allocation of
specific resources and herein provides an in-degtiity analysis of resources allocated
to students within the same school. Though pasiiet have investigated the equity of
the allocation of certain resources within schof@e; studies have examined the
interplay of multiple resources with regard to égui

This study may also have practical implicationsdducational leaders and

policymakers as well. State, district, and scladbtials make numerous decisions
affecting resource allocation, and studies, sudhiaone, that examine resource
allocation at the student level may enable educatieaders at all levels to better target
their resources to attain state, district, or sthaading goals and to improve the equity

of resource allocation for students in their juigtdns.
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Chapter 2: Literature Review

This chapter summarizes the research on equitgiunation and shows that more
research is needed to understancetipgty of the allocation of resources within scisgol
particularly the equity of per-pupil TREs. Firitis chapter summarizes Berne and
Stiefel’s (1984) framework, which is a widely ugedl to evaluate equity in education.
Next, it summarizes the existing research on theagfy and equity of resources that are
known to matter for student success, includinghess; class sizes, rigorous academic
courses, peers, and per-pupil expenditures (PPH®re is evidence that these resources
are often inequitably distributed between distrantsl schools, and research even
suggests that some resources are inequitablyldistd within schools. Finally, this
chapter discusses the factors that influence th@mwschool resource allocation process
and whether students within the same school re@zjudable resources.

How Should Equity in Education Be Evaluated?

Scholars have noted that defining “what, specifjcaonstitutes equity [in
education] has been an evolving process” (Rice,kyi&Zhang, 2010, p. 217). Decades
ago, scholars in various fields, including tax ppland legal theory as well as education,
debated the definition of equity in education (Ba&esreen, 2008). In 1984, Berne and
Stiefel, reviewed and synthesized much of thisditere into what is now the most
widely used framework for evaluating equity in edtien (Baker & Green, 2008), and
this study employs their framework to develop aprapch to determine within-school
resource equity.

Overview. Berne and Stiefel (1984) pose four questionsléfining and

evaluating equity—-Who? What? How? and How Much?+thadHow” question involves
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three principals of equity—horizontal equity, vealiequity, and equal opportunity. With
“who,” Berne and Stiefel refer to whom should beated equitably—the taxpayer or the
child—and what should be the level of organizamx., district, school, or child) in
which equity should be evaluated (Baker & Gree®80 School finance literature has
generally focused on equity for children, becausklien are the “customers” of schools
(Odden & Picus, 2008, p. 63). Equity has “histalticand traditionally” been analyzed
at the district level (Odden & Picus, 2008), antiyanore recently at the school level
(Berne & Stiefel, 1994; Condron & Roscigno, 200&iK, 2008; R. Miller, 2010; Odden,
Archibald, Fermanich, & Gross, 2003b; Owens & MaidE999; Rubenstein, Schwartz,
Stiefel, & Amor, 2007; Rubenstein, 1998; Spatig-Aikaner, 2012; Stiefel, Rubenstein,
& Berne, 1998; The Education Trust, 2008). Howeaker and Green (2008) note that,
“ideally, equity [should] be measured across eadhvidual child or taxpayer using
precise measures of the educational inputs avaitabéach child” (p. 204).

Berne and Stiefel's framework then seeks to defiee‘'what,” or the object that
is to be distributed equitably. For example, red®ears may investigate whether fiscal
and physical inputs or student outcomes are eduithtributed. The equity of fiscal
resources, which are usually denominated in terfndéstrict-level average PPESs, can be
analyzed “on a total basis (current operating edfiares per pupil), by function
(expenditures on administration, instruction, ofereand maintenance, transportation,
etc.), or by program (regular, special educatiempensatory education, bilingual
education, etc.)” and are ideally analyzed seplr&de elementary, middle, and high
school students because some districts spend nareynon high schools than

elementary schools (Odden & Picus, 2008, p. 6@ho8l finance research has mainly
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employed district-level averages of PPEs becalesettlata are typically available
(Odden & Picus, 2008).

Other fiscal and physical inputs may also be useith@ object of equity. These
inputs may include student-level resources (nurbeourses a student takes or
participation in special courses), classroom-legsburces (class sizes and quality of
teacher and curriculum), and school-level resoufpedgessional development,
instructional leadership, textbooks, and faciliti@nong others (Baker & Green, 2008;
Odden & Picus, 2008). Finally, the “what” may retie student outcome variables,
including high school graduation rates, numberaafdgmic courses taken, college
attendance rate, and student achievement on sthneidtests (Odden & Picus, 2008).

Once the object of equity and the resource thiat Ie equitably distributed are
selected, the “how” question in Berne and StiefieBsnework asks which type of equity
is the goal: horizontal equity, vertical equity,emjual opportunity. Finally, Berne and
Stiefel’s “how much” inquiry refers to the degrearmequity that is permissible before
equity is violated. The next three subsectiongeskithese related concepts.

Horizontal equity. Horizontal equity is the equal treatment of egquadhich
means that students with equal needs receive the amount of resources (Baker &
Green, 2008). However, Odden and Picus (2008} jpoitithat not “all children are
alike;” hence, horizontal equity analyses are “laggilied to subgroups of students” (p.
66). Children differ in grade level, prior perfaance level, disability status,
socioeconomic background, and English proficieay “care must be taken to create a
legitimate subgroup of students, for which homoggraaims are valid” (Odden &

Picus, 2008, p. 67). Coupled with the fact thatrdits target funds for a number of
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reasons (Education Week, 2005), there could patgnbe a large number of student
subgroups when analyzing horizontal equity.

After a subgroup of “like” students is identifigtiere are a number of available
statistics to gauge horizontal equity for theselstits. Horizontal equity statistics are
calculated and then compared to pre-determineeriaito ascertain if horizontal equity
is achieved (Berne & Stiefel, 1984; Odden & Pi@Q&()8).

Common horizontal equity statistics include theefadl range ratio, coefficient of
variation, McLoone index, and the Gini coefficietitpugh some of these are better for
capturing variation than othér@dden & Picus, 2008). The federal range rati g®od
range statistic, is not sensitive to outliers, ibig only based on two values in the data.
The McLoone index is best for determining the egaftthe bottom half of the
distribution of values. The Gini coefficient aretcoefficient of variation (CV) are good
measures to assess the overall equity and takaactmunt all values. Other studies
employ descriptive statistics, such as the raregtricted range, mean, and standard

deviation, to assess the degree of variation.

! Other less commonly used equity statistics incllideil’s measure and Atkinson’s index (Berne &
Stiefel, 1984).
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Table 1: Common Horizontal Equity Statistics andeCions (Berne & Stiefel, 1984:

Goertz & Stiefel, 1998; Odden & Picus, 2008)

Statistic Calculation Range Criterion
Federal rangg Difference between the value at the | 0 to infinity, O for | NA
ratio 95" percentile and the value at th& 5| perfect equity
percentile, divided by the value at the
5™ percentile
Coefficient of | Standard deviation divided by the 0 for perfect < .1 or < .15 for cross-state
variation mean equity, 1 for and district comparisons byt
maximum < .05 for intradistrict studieg
inequity
McLoone Ratio of the sum of all values below | 1 for perfect >.9o0r>.95
index the median to the sum if all values | equity, O for
were the median maximum
inequity
Gini Area of the graph between the Lorenz® for perfect < .05 though most values ir
coefficient curve and the 45-degree line divided| equity, 1 for school finance literature are
by the area under the 45-degree line| maximum between .1 and .2
inequity

The coefficient of variation (CV) is an easily-umst®od statistic employed to
evaluate horizontal equity of PPEs (Baird, 200%d3a2001; Berne & Stiefel, 1984;
Hirth & Eiler, 2005; latarola & Stiefel, 2003; Kiei 2008; Maiden & Evans, 2009;
Rubenstein, Doering, & Gess, 2000), and it is dated by dividing the standard
deviation of PPEs by the mean PPE. The CV is d@ goerall measure of variation
because it takes into account all values (Oddenc&s?2008). One limitation of
employing CVs to gauge horizontal equity, howeigthat the researcher must
determine an appropriate criterion on which to careghe value of the CV, and this
process is subjective. A common criterion for agimng horizontal equity of PPEs in
studies of interdistrict equity is a CV of lessrita 10, though several scholars argue that
this criterion is too large for studies of intradist spending (Goertz & Stiefel, 1998;
Odden & Picus, 2008). For example, if the avelRBE& is $10,000, a CV of 0.10 would
be obtained if PPEs differ by $2,000 for two-thiodstudents and by $4,000 for one

third of students. These amounts are large diffezs for variation in PPEs within
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districts, and for studies of intradistrict equi®dden and Picus (2008) suggest using
0.05 as the CV criterion. If the average PPE 3,310, a CV of 0.05 would be obtained

if PPEs differ by $1,000 for two-thirds of studeatsd by $2,000 for one third of students.
However, due to limited research on within-schamizontal equity of PPEs, there is no
commonly accepted criterion for determining witlsichool horizontal equity of PPEs.
This issue is addressed in subsequent chapters.

Vertical equity. Vertical equity is the unequal treatment of uragOdden &
Picus, 2008) and is based on the assumption thatdénts who bring certain educational
needs to the classroom require additional resouocaddress those needs within the
educational process” (Rodriguez, 2004, p. 7-8)is Tdea stems from Rawl’s (1971)
concept of redress: “Society must give more atbentd those with fewer native assets
and to those born into the less favorable socisitipms. The idea is to redress the bias
of contingencies in the direction of equality” ().

Vertical equity may be determined based on chamatitss of children, districts,
or programs (Odden & Picus, 2008). Districts gs&twe large numbers of low-income,
special education, or English language learnerestisdneed additional resources to
achieve the same outcomes (Taylor, Alexander, Gmapnldansen, & Keller, 2002). For
example, Baltimore City Public Schools must de@@8% of its budget to special
education services compared to the average 14%atediby other districts in Maryland
(Slavin, 1999). In addition, some programs costentban others; vocational education
and magnet schools cost more than traditional eéducprograms, and science labs are
more costly to provide than English or math cou(§afden & Picus, 2008). There may

be legitimate reasons for providing some of thesgams or courses.
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Costs also vary across geographic regions, andctisinay pay different
amounts for equivalent items due to variationgangportation, energy, property, and
labor market costs (Liu, 2006; Odden & Picus, 2008he study found that in eight
states, costs varied as much as 40% from one e state to another (Taylor, 2006).
Further, in an evaluation of Texas districts, oelg determined that teachers required
higher salaries for teaching in rural districts amdistricts with higher housing costs
(Taylor, Alexander, Gronberg, Jansen, & Keller, 200Districts located in rural areas
may also enroll a small number of students and naye able to benefit from
economies of scale, resulting in higher PPEs ferstime educational resources (Odden
& Picus, 2008).

Vertical equity, though simple in theory, is diffit to implement due to
controversy on the reasons why some studentsiatistor programs should receive
additional resources. However, some of the widgeed-upon reasons for unequal
treatment of children include disabilities, physicamental handicaps, low-income
backgrounds, and limited English language proficyefBaker & Duncombe, 2004;
Berne & Stiefel, 1984; Carey, 2002; Education W&glQ5). Many state policymakers
have agreed that special eduation, low-income Farglish language learner (ELL)
students need additional resources to achieventbeded outcomes (Education Week,
2005). More controversial reasons for unequaltitneat of students include age, grade
level, and gifted status (Berne & Stiefel, 1984 dé&ad & Picus, 2008).

There are two ways to gauge vertical inequity sti-iveights are applied to
students, districts, or programs according to ilegite needs or variations in costs, and

then a horizontal equity analysis is conducted @gaen (Berne & Stiefel, 1984; Odden
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& Picus, 2008). However, just as there is no cnags on characteristics of students,
districts, and programs that necessitate additifumaling, there is also no consensus on
what these weights should be. Berne and Stie@84)Lnote that determining these
weights is the most difficult aspect of verticaligg analysis. Another approach to
assessing vertical equity is to employ multipleéinregression (MLR) to test the
direction and magnitude of the relationship betweBs and a student or district
characteristic that warrants additional fundingr(®e& Stiefel, 1984); recent research
primarily employs this method (Baker, 2012; Bern&gefel, 1994; Bundt & Leland,
2001; latarola & Stiefel, 2003; L. Miller & Rubeest, 2008; Owens & Maiden, 1999;
Rubenstein, 1998; Stiefel et al., 1998). Howe@ertz and Stiefel (1998) point out a
limitation to studies using this approach: Mostgts only assess the direction of the
linear relationship between PPEs and the studedlistiict characteristic and do not
further analyze the magnitude of the regressioffficants, i.e. the implicit funding
weights. Odden and Picus (2008) thus remark thaniethod “essentially skirts
analysis of vertical equity” (p. 74). Thereforertical equity analyses should compare
implicit funding weights to pre-determined criteria

The greatest challenge of vertical equity analyseglecting criteria on which to
base vertical equity analyses (Berne & Stiefel 4)98&Researchers can look to prior
studies for guidance on how much more districtaikhspend on students with various
characteristics to achieve a specific outcome; heweprior research suffers from some
inconsistencies. For example, Odden & Picus (2@i@8)that studies that estimate the
cost of providing bilingual education produce réstihat range from no additional costs

to an additional 100 percent per student comparédhditional education (Odden &
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Picus, 2008). In addition, Duncombe and Yingeil0@dound that a weight of at least
185% is needed for special education studentsQdden and Picus (2008) remark that a
weight of 230% is generally accepted for the aversgecial education student, but costs
for special education students vary depending eryibe of disability (Duncombe &
Yinger, 2004; Odden & Picus, 2008).

An alternative approach for selecting criteria dmak to assess vertical equity is
to compare actual funding weights for students wétegorical needs to funding weights
specified in state funding plans (Odden & Picu€98)0 State funding plans may assign
funding weights for allocating dollars to distridtased on the categorical needs of the
student populations. Twenty-eight states alloedtional funds for special education
students, 25 states do so for English languagedesrand 23 states do so for low-
income students (Education Week, 2005). Thoudk staights may not reflect the true
cost differentials in educating students with difet needs (Duncombe & Yinger, 2004),
they do provide one benchmark for categorical fngdiSome states also differentiate
funding to districts based on other district ch&gastics, such as district size, number of
students in each grade level, geographic isolateacher qualifications, gifted programs,
prior student achievement test scores, and cdstiind (Education Week, 2005; Huang,
2004). Thus, when evaluating vertical equity, mpldtdimensions of student and district
need must be considered.

Equal opportunity. Equal opportunity occurs when “there is an absehee
relationship between the object [of equity]” anstadent, district, or program
characteristic that should not be associated Wwithobject of equity (Berne & Stiefel,

1984, p. 26). For example, access to educatiapaks should not be “a function of the
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wealth of the community in which a child happen$ve” (Baker & Green, 2008, p. 204).
In addition, student race, ethnicity, and gendeushnot be related to resources received
(Odden & Picus, 2008). There are exceptions, hewedditional funds may be
provided to minorities or to female students torggarticipation in science, technology,
engineering, and math (STEM) programs (Odden &£i2008).

Traditionally, equal opportunity is calculated Img tPearson correlation
coefficient, which assesses “the degree to whiehetls a linear relationship between the
two variables” (Odden & Picus, 2008, p. 65). Pearsorrelation coefficients range from
negative one to positive one. A Pearson correlataefficient of negative one indicates
a perfect and negative linear relationship betwherobject of equity and the illegitimate
district or student characteristic. A Pearsonealation coefficient of positive one
indicates a perfect and positive linear relatiopsietween the object of equity and the
illegitimate district or student characteristic. P&arson correlation coefficient of zero
indicates no relationship between the object oftggund the illegitimate district and
student characteristic. To test for equal oppatyuboth the direction and magnitude of
the Pearson correlation coefficient should be erach{Berne & Stiefel, 1984; Odden &
Picus, 2008).

Summary. Berne and Stiefel (1984) provide a useful frameworkanalyzing
equity in education. However, equity analysescaraplex and based on assumptions
about which students require extra resources anchimach more students who need
extra resources should receive. Horizontal ecanglyses should account for multiple
dimensions of student and district need, and \aréquity should be analyzed against

clearly articulated funding goals. Measures ofat@pportunity should reflect both
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direction and magnitude of the relationship betwienobject of equity and the district
or student characteristic.
Are Key Educational Resources Equitably Distribute®

There is convincing evidence that certain educatiogsources are critical for the
academic success of students. This section sumesahe research on the efficacy and
equity of these key resources, which include teaclubass sizes, academically rigorous
courses, peers, and per-pupil expenditures. Hdudestion first discusses the efficacy
and then the equity of each resource.

Teachers. It is commonly accepted that teachers are thd mmmortant school-
based factor impacting student achievement (Ri@@32 In his landmark study,
Hanushek (1992) estimated that having a good tedcbmpared to having a bad
teacher) increases student achievement by “moredha grade-level equivalent in test
performance” (p. 107). Similarly, Goldhaber (208&)orted that a one standard
deviation increase in teacher quality results irieht achievement that is 30-40% higher
than the average yearly gain. Teacher qualitytenaletermined by gains in student
achievement scores, and research consistently hadshere is substantial variation in
teacher quality (Goldhaber, 2009; Hanushek, 1992).

Though it is clear that teachers impact studenieaelment, teacher quality may
not be associated with observable characteristitmsaghers, such as teachers’
educational attainment. There is evidence, howelat teacher salary and experience
are associated with student achievement. A nuwib&udies have found that average
salary in a district is positively associated watrerage student achievement (Darling-

Hammond, 2007; Hogrebe et al., 2008; Luca, TakHlinshaw, & Raisch, 2010).
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Further, two studies found that the average stadatary, at either the school or district
level, is also associated with higher student parémce (Figlio, 1999; Grubb, 2006).
Teacher salary may be associated with student\aahient because higher salaries can
help attract and retain effective teachers (Slal@99; Theobald & Gritz, 1996).
Teacher salary may also be positively relatedudestt achievement because teacher
salary may be partially determined by years of eéepee, and teachers tend to improve
with experience (Clotfelter, Ladd, & Vigdor, 20 jiott, 1998; Hogrebe et al., 2008;
Ludwig & Bassi, 1999; Okpala, 2002; Perez & Sockd¥X)8; Stiefel et al., 2003; Wayne
& Youngs, 2003). However, the relationship betwtsather experience and student
achievement is not linear. Teachers improve thstmoring their first few years of
teaching (Rice, 2003), and some researchers estimatt gains from teacher experience
level off after six to ten years (Boyd, Lankfordheb, Rockoff, & Wyckoff, 2007).
Teacher education, particularly in math and scidietés, has also been shown to be
associated with student achievement (Elliott, 1¥38guson & Ladd, 1996; Goldhaber
& Brewer, 1997; Hogrebe et al., 2008; Okpala, 20®2yudenbush, Fotiu, & Cheong,
1998; Stiefel et al., 2003; Wayne & Youngs, 200Bhus, teacher salary, experience, and
education are potentially related to student adn®nt, and due to collective bargaining
agreements that determine teacher salary, teaalaey $s often related to teacher
experience and education.

As teachers are arguably the most important schaséd instructional resource,
effective teachers should be equitably distributibhst studies that examine the equity
of the distribution of teachers employ district aathool aggregates of teacher quality; in

these studies, teacher salary and experience tare used as proxies for teacher quality.
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Numerous studies indicate that the average teaeary in schools serving large
proportions of low-income students is substantiEgs than in other schools (Berne &
Stiefel, 1994; Rubenstein et al., 2007; Stiefellgt1998; The Education Trust, 2008). A
study of California schools found that a 10% ineeen the school-wide student poverty
rate is associated with a $411 decrease in avéeagher salary for that particular school,
controlling for other school and district charargees; the study also estimated that a
low-poverty school could spend $76,000 more ontteasalaries than a high-poverty
school (Miller, 2010). Though highly paid teachars not necessarily more effective
than comparably less well-paid teachers, thesarg@aps” are noteworthy because
teacher salary may reflect teacher quality to sertent.

Teacher mobility patterns also contribute to thejuntable distribution of
effective and experienced teachers across schdelschers tend to leave low-
performing, low-income, and high-minority schodBoyd, Lankford, Loeb, & Wyckoff,
2005; Hanushek, Kain, & Rivkin, 2004; Hanushek &Ign, 2006; Ingersoll, 2001;
Rivkin, Hanushek, & Kain, 2005; Scafidi, Sjoqui&tStinebrickner, 2007) and move to
schools with “real or perceived” differences in thelity of students and/or resources
(Condron & Roscigno, 2003, p. 22). Teachers alsgento schools where “average
teacher quality is like their own” (Feng & Sass12) Many teachers move from one
school to another within the same district. Faaraple, in 1994-95, 23% of teachers
who left their schools moved to another school iwithe same district (Condron &
Roscigno, 2003).

Substantial teacher turnover is problematic foumber of reasons. Effective

schools require cohesion and community among stadesachers, and parents, and high
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levels of turnover can be disruptive and lowerdhbality of education (Ingersoll, 2001).
Research has shown that high turnover rates cae@lack of continuity in instruction
as well as lack of teaching expertise necessamyaice good curriculum decisions and to
provide support and mentoring to struggling or neachers (Loeb, Darling-Hammond,
& Luczak, 2005). Barnes, Crowe, and Schaefer (R00% that, “Low performing
schools rarely close the student achievement geguise they never close the teaching
quality gap — they are constantly rebuilding tlsaff” (p. 2). Further, given that low-
income and low-performing schools have higher ratéarnover, these schools do not
benefit from their investments in professional depment if teachers continue to leave
(Darling-Hammond, 2007).

Teacher mobility patterns also result in qualifeedl effective teachers
concentrated in some schools and unqualified agifieictive teachers in others. Schools
with large numbers of low-income, high-minority dalow-performing students employ
less-qualified teachers compared to their countesgBerne & Stiefel, 1994; Darling-
Hammond, 2007; Koski & Horng, 2007; Lankford, Lo&b\yckoff, 2002; Rice, 2010;
Rubenstein et al., 2007). One study found thabalshserving low-income students
employed two to three times the rate of inexpereneachers as schools serving middle-
class students (The Education Trust, 2008). Anathely found that teachers with at
least six years of experience were more likelyaddaching in schools with fewer
English language learner, low-income, and minaitydents than teachers with less
experience (Feng, 2010); the same study foundehahers with less than two years of

experience were more likely to teach in low-perforgnschools and in schools with a
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higher number of disciplinary incidents comparednare experienced teachers (Feng,
2010).

Despite these inequities, many districts provide ifecentives for experienced
teachers to remain in low-income, low-achievingj/an high-poverty schools
(Rubenstein et al., 2007). In fact, district p@gcmay incentivize teachers to transfer to
schools with fewer proportions of low-income andarity students, if teacher salary
and evaluation policies remain stagnant acrossodelio the district and/or if effective
school leaders are not present in low-income agl-hiinority schools.

Though most of the literature analyzes the equetdidtribution of teachers
across districts and schools, a growing body adfaesh suggests that inequity in teacher
quality exists for students within the same schd®tcent studies suggest that within a
school, low-performing students are the most likelpe taught by novice teachers and
the highest performing students are the leastfitebe taught by novice teachers
(Clotfelter, Ladd, & Vigdor, 2006; Feng, 2010; Kgtales & Loeb, 2013; Kelly, 2004;
Player, 2010). Further, studies of teacher quéityelementary school teachers find that
high-achieving students are systematically assigoéelachers who are more effective
(Koedel & Betts, 2009; Rothstein, 2008). Finafliydies have also found that minority,
low-income, special education, and ELL studentsstndents with more disciplinary
incidents are more likely to be taught by novicacteers than other students in the same
school (Feng, 2010; Kalogrides & Loeb, 2013). &lthis research supports the claim
that there are “considerable” differences in “teacind classroom characteristics within
schools” (Goldhaber and Brewer, 1997b, p. 201),thede differences are likely to be

related to the substantial variation in studenieaxadment for students within the same
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school. In fact, one study found that there istishbes more variation in student
achievement across classrooms in the same sclaohatiross schools in the same district
(Demeuse, Crahay, & Monseur, 2001).

Access to effective teachers is also mediateddmnktand/or course assignments.
Studies indicate that high-track courses are mbkedylto be taught by teachers with
higher qualifications (Brent, Roellke, & Monk, 19%Clotfelter et al., 2006; Ingersoll,
1999; Kelly, 2004; Lee, Croninger, & Smith, 199Tayer, 2010; Roza, 2009; Talbert &
Ennis, 1990), which means that low-performing stiislenay not have equitable access
to qualified teachers (Clotfelter et al., 2006; IkeP004; Player, 2010). Further, students
are generally not equitably distributed across enad tracks or courses as student race
and socioeconomic status are statistically sigaifity associated with assignment to
advanced, remedial, college preparatory, or vonatittacks (Darling-Hammond, 2007;
Gamoran, 1987; Lee et al., 1997).

Even within the same academic track, however, siisdaf different races may be
assigned to teachers with different qualificatiofRer example, in one study, Black
students were 57% more likely than White studemtsetassigned to a novice teacher in
math and 37% more likely to be assigned to a na@aeher in English (Lee et al., 1997).
In summary, as Darling-Hammond (2007) explains;hiees are scarce resources that are
“allocated to the students whose parents, advacat@spresentatives have the most
political clout,” which results in “the most hightyualified teachers offering the most
enriched curricula to the most advantaged stud€pts324).

Class sizes.The impact of class sizes on student achievehmenbeen hotly

contested over the years. Hanushek initially fd¢he debate on the implications of
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class size by arguing that class size does noenfattstudent performance (Hanushek,
1981; Rice, 2002). However, today, there is soamsensus on the issue, and even
Hanushek agreed that class size matters in cextamarios (Hanushek, 2006; Rice &
Schwartz, 2008): in grades K-3, if there are noentban 15 students per class (Krueger,
2002), and for low-income and minority students & & Picus, 2008).

Class size indicates the number of students peustonal class, and classroom-
level data are needed to understand the directangalass size on achievement.
Studies that employ pupil-teacher ratios, or trepprtion of the number of students to
the number of teachers in the school or distriety fme misleading because pupil-teacher
ratios are not good proxies of class size (Odddhcus, 2008). For example, special
education and reading specialist teachers arededlin pupil-teacher ratios, though they
often do not affect actual class sizes. For thason, pupil-teacher ratios are most often
found not to be correlated with student achievenegah though class sizes are (Figlio,
1999; Greene, Huerta, & Richards, 2007; Grubb, 28fjrebe et al., 2008; Okpala,
2002).

Most of the research on class sizes has estimagadpact of class sizes on
student achievement for elementary school studdfes: studies employ classroom-
level data to investigate the impact of class aizthe middle and high school levels,
though available research indicates that class semiddle and high schools may be
related to student achievement. Three studies ieeatime impact of class size using the
National Education Longitudinal Study of 1988 (NHS8$, which contains data on
middle and high school students in the U.S. Ell[©®98) found that class size predicted

achievement in science but not in math and onhjigh-poverty schools. Ludwig and
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Bassi (1999) found that class size predicted aemmnt for both reading and math but
that the effect was larger for reading than forhmdgtinally, Boozer and Rouse (1995)
found that smaller classes in tHe grade were associated with increased gains irestud
performance in history, math, reading, and scieBoezer and Rouse (1995) also found
that differences in class size partially explaia Black-White racial achievement gap.
Discrepancies in these findings may be partialipl@xed by the use of different
methods, outcome variables, and use of additioaial sburces (See Table 2).

In addition to the studies employing NELS data, stuely employed classroom-
level data of New Jersey public high schools toveste the impact of class sizes on gains
in student achievement; the authors found no effeclass size on student achievement
in multiple subjects (Greene, Huerta, & Richard¥)?). While it is not yet clear the
extent to which class size is related to studenieaement in middle and high schools,
three out of the these four studies in this reviegicate that class sizes in middle and

high schools are related to student achievement.
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Table 2: Descriptions and Summaries of Studieshermpact of Class Size in Middle

and High Schools

re

Author Data Years of | Method & Outcome Findings
& Year Data Variables
of Study
(Boozer | NELS88 and surveys 1988 & | Regression analysis; Smaller classes if"&rade
& Rouse, | of teachers in New | 1990 (8" | student-level gain scores linked to larger test score
1995) Jersey; classroom- | & 10" in history, math, reading, gains; differences in class
level data grade science size explain 15% of racial
data) achievement gap in test sco
gains between White and
Black students
(Elliott, US Census data and| 1988 & | HLM; math and science | Class size has a negative
1998) NELS88; SES-based 1990 (8" | scores association with math score
weighted district- & 10M class size has positive
and classroom-level | grade association with science
data (equipment & | data) scores, but only in high-
class size) poverty schools
(Greene | New Jersey public | 1999- Regression analysis; Class sizes were not
etal., high schools; 2002 student-level gain scores statistically significant
2007) classroom-level data, in multiple subjects
(Ludwig NELS88; classroom-| 1988 & | Value-added model; alsa Class size predicts test scor
& Bassi, | level data 1990 (8" | instrumental variables to| with larger effect in reading
1999) & 10" address omitted variable than in math
grade bias found in value-
data) added models; reading

and math test scores

Several studies use school-level data to analyzedhity of pupil-teacher ratios

(Berne & Stiefel, 1994, latarola & Stiefel, 2003jllr & Rubenstein, 2008; Rubenstein

et al., 2007), but as previously stated, pupilteacatios are not good proxies for actual

class sizes. Few studies examine the equity eédees using classroom-level data,

though existing research suggests that class siagde an inequitably distributed

resource. For example, Boozer and Rouse (199%8fthat Black students, compared to

White students, are more likely to be in schoolhwarger than average class sizes and

are more likely to be in larger classes within sdhpcontrolling for prior achievement.

In addition, a study of high schools in two didsiiound that AP courses had smaller

than average class sizes by five students tham otheses (Roza, 2009). More research

employing classroom-level data is needed to furdimatyze the equity of class sizes.
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Academically rigorous courses.Students have higher achievement when they
are exposed to academically rigorous content (€&04.3; Darling-Hammond, 2007,
Gamoran, 1987; Madigan, 1997; Muller et al., 20Dgson, 2013), and the effect of
academically rigorous coursework on student achneve may be large. Gamoran
(1987) estimated that when academic track, coatsed, and dropout rates were held
constant, the effect of socioeconomic status olestuachievement was not statistically
significant. Further, placement in the low acadetrack with non-challenging courses
has been associated with students’ lack of motwatiigher rates of misconduct and
absenteeism, and lower rates of completing col{€geter, 2013; Kao & Thompson,
2003).

There are three primary reasons why academicgibyous courses impact
student achievement. First, students may opt @nlseuraged to take different numbers
of academic courses. Numerous studies have fdwatcdhtimber of academic courses
taken is related to student achievement (Darlingibland, 2007; Gamoran, 1987,
Madigan, 1997; Muller et al., 2001). For exampieller et al. (2001) found that the
number of science courses taken in high schoolthesnly consistent predictor of gains
in science test scores across all racial/ethnigander subgroups; they also found that
high school science attainment is associated wailege coursework and holding careers
in science, math, and engineering fields, espgdaflfemale students. Similarly,
Madigan (1997) found that taking eight or more s&ters of science is positively
associated with an increase in science test sagven,after controlling for

socioeconomic status, prior achievement, genderyace.
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Second, the curricula and skills emphasized vanysschigh-track, regular, and
remedial courses. For this reason, tracking “estaates differential access to knowledge”
because remedial courses often focus on basis sHille advanced courses emphasize
higher-order thinking (Darling-Hammond, 2007, p4B82The result is that students who
are initially placed in low tracks have difficulsyvitching tracks later and successfully
competing with other students who have been expsbkdtter learning environments
(Tyson, 2013). In addition, students in low treeke sometimes restricted from taking
more advanced courses because these courses tteqoiier approval and/or high grades
in subsequent courses (Buckley, 2010). Furthenestwacks are “dead-end” tracks, and
in one study, students in the lowest math trackndidthave a math course option after
completing geometry (Buckley, 2010), which is tyglg offered as a®or 10" grade
math course.

Third, students in different tracks and courseseaposed to teachers with
different levels of effectiveness. Low-track cagare often taught by the least
experienced teachers (Brent et al., 1997; Lee €1297), and as noted previously,
teacher experience is associated with increase@mstachievement. Lee et al. (1997)
remark, “The probability that a student is expotedn experienced teacher falls
monotonically across the remedial, standard, andrazed courses” (1997, p. 389).
Relatedly, Ingersoll (1999), using a national syrfeund that, in every subject, students
in low-track classes were more likely to be taughteachers who were teaching out of
their field: in English, 24.7% of low-track teachkevere not certified to teach in English
compared to 11.2% of high-track teachers, and ithn®8.5% of low-track teachers were

not certified to teach in math compared to 20.4%igh-track teachers. Finally, Talbert
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and Ennis (1990) found that teachers themselves trecked and that low-track students
were primarily taught by low-track teachers. Conepao other teachers, low-track
teachers had less administrative and organizatsu@ort, less influence over school
policies, less classroom autonomy, and lower détfaey, and were less able to improve
student achievement.

Academically rigorous courses are an inequitabdyriiuted resource because
minorities and low-income students are dispropastely represented in lower academic
tracks than their White and middle-class counteégp@arling-Hammond, 2007;
Gamoran, 1987; Lee et al., 1997). The Nationalt€eor Education Statistics (NCES)
reported that 40% of Asian, 31% of White, 19% cdd¥, 15% of Latino, and 11% of
Native American high school seniors are engagétigh-level academic, college
preparatory coursework” (Carter, 2013, p. 150)isTthenomenon is true even after
controlling for prior student achievement (Buckl@®10; Conger, 2005; Darling-
Hammond, 2007; Tyson, 2013). For example, forestslwho scored in the 89
percentile on the California achievement test, @%/hite students were in the most
advanced English course compared to only 19% afliB&ttudents (Mickelson, 2005).
Similarly, another study found that 50% of Latirtadents who scored in the'®0
percentile on state standardized tests were indhege preparatory track compared to
90% of White students (Darling-Hammond, 2007).

Further, inequities in academically rigorous cosrsaused by within-school
tracking may be exacerbated by across-school diffes in curricula because schools
serving more high-minority and low-income studesfter more remedial and vocational

courses, on average, than other schools (Darlingfafand, 2007). Alternatively, there
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may be a “crowding out” effect where “increasin@@al racial diversity increases the
chances that White students will be in the colleggaratory track and decreases the
chances that Blacks will be in that track” (LucaB&rends, 2007; Tyson, 2013).
Academic tracks may become associated with studeat and minority students do not
always feel comfortable being placed in the topdaaac track if White students are
overrepresented in this track (Carter, 2013; Ty2013). For all of these reasons, some
scholars argue that tracking is one of the maiaaes for inequity in educational
opportunity and outcomes in the United States (fiy2013). Academically rigorous
courses, academic tracks, and teacher qualityllaidated, and taken together, these
variables “account for much of the school-relatedtabution to achievement” (Darling-
Hammond, 2007, p. 322).

Peer effects. Research has found that peer effects—defineeviaral ways—relate
to student outcomes. Peer effects may be defie@dean achievement or 1Q of a
student’s peers (Boucher, Bramoulle, Djebbari, &ifp2010; Burke & Sass, 2008;
Hanushek, Kain, Markman, & Rivkin, 2003; Hoxby, PQQefgren, 2004; Levin, 2001),
educational or college attainment of a studenterpéPalardy, 2013; Patacchini, Rainone,
& Zenou, 2011), or disruptive behaviors of a stutdepeers (Figlio, 2005). Peer effects
may also be defined in terms of concentrations iobnity and low-income students
(Caldas & Bankston, 1997; Ewijk & Sleegers, 2010nktantopoulos & Borman, 2011;
Mickelson, 2005; Raitano & Vona, 2013). Peer é¢fenay be determined at the school
or classroom levels.

The general consensus is that peers who have haghesvement and educational

attainment and less disruptive behaviors positivelyact student achievement and
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educational attainment, and this is true for stiglenall grades. Effect sizes of peer
effects differ across studies, ranging from vergbno moderate, which is not surprising
given that peer effects are defined differentlyoasrstudies. There is also disagreement
whether peer effects impact students of all abgigequally.

Levin (2001), using data of Dutch students in gsativo through eight, found that
peer effects—defined as peer mean IQ—have theskgpgsitive impact on the lowest
ability students. He concludes, “Students tow&nédower end of the conditional
achievement distribution are ‘dependent’ learneiying more heavily on the number of
similar peers relative to their higher achievingieterparts that learn more
‘independently” (p. 241). Burke and Sass (2008pdound that the lowest ability
students benefit the most from being grouped vhighttighest ability students. However,
they also found that combining the highest and kiaility students may damper the
achievement of the highest ability students; tlyhést ability students benefit from
having peers that are of middle ability. Burke &a$s (2008) recommend combining
high and middle achieving students in classroom#i® best possible results. These
findings are consistent with Raitano and Vona’'sl@onclusion that, in the U.S., some
heterogeneity of peer effects has a positive iatiip with student achievement. While
research is less clear on the most efficient gyater re-distributing higher achieving
peers to maximize student outcomes, studies censligtfind that having higher
achieving peers is positively correlated to stusfeedlucational outcomes.

Peer effects in terms of concentrations of minaaitg low-income students have
been shown to have a negative impact on studerg\ahent (Caldas & Bankston,

1997; Ewijk & Sleegers, 2010; Konstantopoulos & iBan, 2011; Mickelson, 2005;
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Raitano & Vona, 2013). Compared to middle-classglants, low-income students are
more likely to have worse health, more school-teest mobility, and less educated
parents, which translate into more disruptiongtdent learning, a more limited
vocabulary, and fewer critical thinking skills (Retein, 2013). For these reasons, even
when school-based resources are equivalent, loamecstudents have worse
achievement than middle-class students, on avéRaglstein, 2013). Further, in
schools with large numbers of low-income studehts negative effects of poverty are
exacerbated, and schools often spend time andreesoaddressing issues of poverty at
the expense of providing high quality educationt(Rtein, 2013). To the extent that
race is related to poverty, the same findings acétarris (2006) explains, “It is not race
per se that affects learning, but the conditiordennvhich minority students are raised
and the characteristics of their classmates” (p. 18

Coupled with the fact that schools and classes laitier proportions of low-
income and minority students may also have lowalityteachers and less rigorous
curricula (Kalogrides & Loeb, 2013; Southworth, BpIracial and socioeconomic peer
effects may have a “profound” impact on studeni@asment. For example, one study
found that “both the racial/ethnic and social clessiposition of a student’s school are
175% times more important than a student’s indiaiadace/ethnicity or social class for
understanding educational outcomes” (Borman & Dogyl2010, p. 1202).

A small but growing body of research has invesidahe equity of peer effects
among classrooms in the same school, and threetreitelies analyzed this issue. The
first study found that schools sorted students atdsses primarily based on student

ability, which was associated with student race somoeconomic status and resulted in
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concentrations of low-achieving, minority, and lavecome students grouped in certain
classrooms (Kalogrides, Loeb, & Beteille, 2013nother study found that within-school
sorting of students across classes resulted iregatgd classrooms for minority students
but that differences in student ability did notiyudxplain student sorting (Conger, 2005);
in other words, even after controlling for studaahievement, minority students were
more likely to be grouped with low-achieving anchority peers than their non-minority
counterparts. A third study found that within-sehsorting of students across classes
resulted in racially and socioeconomically segredaiassrooms, which resulted in
negative peer effects for minority and low-inconedents (Clotfelter, Ladd, & Vigdor,
2003). This study also found that within-schoa@iahsegregation of classes is most
problematic in middle and high schools where betws@and 70% of the student
population is African American (Clotfelter et €003). In summary, research suggests
that peer effects—as defined by peer achievemac#, or socioeconomic status—impact
student achievement and are, in many cases, iy distributed across classrooms in
the same school.

Per-pupil expenditures. This section discusses the efficacy of per-pupil
expenditures (PPEs) and equity of the allocatioRPESs. One scholar notes that PPEs
are “typically used as a proxy measure for the wipalckage of school inputs available
in a school” (Ladd, 2008, p. 406). Total PPEsudel instructional expenditures as well
as expenditures not related to instruction—sudaa@sties, transportation, and food
services. Instructional PPEs are those relatélgetanstruction of students, and around
60% of district budgets are spent on instructiosaaburces including teacher salaries and

benefits, teaching aides, textbooks, and suppbesién & Picus, 2008). The majority of
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instructional expenditures are spent on teachataties and benefits (Odden, 2000).
Class size, which determines the number of teactesrded, is also a large component of
instructional expenditures (Odden & Picus, 2008).

In 1981, in his journal article entitled “Throwimgoney at Schools,” Hanushek
released a synthesis of 130 school finance stagsidsoncluded that money spent on K-
12 education is not associated with improved studettomes. Since then, many have
disputed his finding. Krueger (2002) pointed dwattHanushek equally weighted each
finding in each study and therefore did not take eccount the studies’ sample sizes or
power, the grades or subjects sampled, or the elbgical strengths and weaknesses
of each study. Krueger conducted his own anabyfsike studies and concluded that
when the studies are given equal weight—as oppostb@ findings in the studies—money
spent on public education is related student pevdmice. Further, Hedges, Laine, and
Greenwald (1994) conducted a meta-analysis ofdheesset of studies, taking into
account the sample sizes and power of each stadyreached the opposite conclusion:
money matters.

Ten more recent studies have investigated the iasieocbetween total and
instructional PPEs and student achievement (Seke Bab All but one found at least
one statistically significant positive effect of B$on a student outcome in a specific year

and/or for a specific grade-level (Archibald, 200&ke, 2003; Elliott, 1998; Fortune &

2 To conduct a fair synthesis on the research oulitleet impact of expenditures on student outcomes,
conducted a literature review for the years 19920tb2, commencing with articles in theurnal of
Education FinancendEducation Finance and Polignd then cross-referencing the citations. | also
searched the databadeducation Research Completad théWeb of Sciencesing the search terms “per-
pupil expenditure” (PPE) and “expenditure.” Stisdeere included in this literature review if they:
examined the impact of instruction-related or t®tBEs on student outcomes, b) employed data adgdega
to the district, school, or classroom levels, cyaveonducted in the U.S. and d) concerned grad&®.K-
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O’Neil, 1994; Grubb, 2006; Hogrebe et al., 2008hhly & Alkadry, 1999; Roy, 2011,
Stiefel, Schwartz, Portas, & Kim, 2003). The sasiihowever, did not find associations
between PPEs and all student outcomes or for stsidteevery grade. The only study
that did not observe an effect of PPEs on any stunligcome was a study conducted by
Wenglinsky in 1998; however, Wenglisky did find tiastructional PPEs were
associated with the size of the socioeconomicedlathievement gap and that districts
with higher per-pupil spending had less of a samoemic-related achievement gap than

districts with lower per-pupil spending.
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Table 3: Research on Impact of PPEs on Studenp®was

S

D

Author & Data Years of Method & Findings
Year of Data Outcome Variables
Study
(Archibald, | 36" graders in | 2002/03 | HLM:; reading & Small effect (.06 standard
2006) Washoe County math test scores deviations) of instructional PPEs
School District in and instructional support PPEs o
Reno, NV; reading achievement (but not
classroom-level math)
data for teachers
and school-level
expenditure data
(Deke, Kansas school 1989/90 | Fixed-effect panel | 20% increase in total PPESs result
2003) districts; district- | to regression with two | in additional 5% likelihood of
level data 1991/92 | time periods pursuing post-secondary education
(conservative
estimates due to
method); likelihood
of pursuing post-
secondary educatior
(Elliott, US Census data | 1988 & HLM; math and Total PPEs (even when controllin
1998) and NELS88; 1990 (8" | science test scores | for teacher salary) are associated
SES-based & 10" with math and science test score$
weighted district- | grade with small standardized effect
and classroom- | data) sizes (.07-.11)
level data
(equipment &
class size)
(Fortune & | 9™ and 17 1992/93 | Regression analysis Instructional PPEs are positively
O'Neill, graders in Ohio; with threshold; % of | associated with all test scores aft
1994) district-level data students passing threshold has been met with sma
writing, math, effect (.24-.32 standard deviation
reading, and
citizenship tests
(Hogrebe et| 39 7" and 1§ 2000- Pearson Modest positive correlations for
al., 2008) graders in 30 St. | 2005 correlation; % of 10" grade science achievement g
Louis area public students proficient of instructional PPEs (.55)
school districts; advanced on science
district-level data test
(Knoeppel | A cohort of 1989 and| Canonical Linear combinations of variables
et al., 2007)| students in VA; 1996 correlation; outcome| are related: total variance
4" and 11 (cohort) | variables: cohort explained was 76.6%; average
graders; district- scores on tests, teacher salary is the most
level data students plan to significant contributor to input

attend 2 or 4-year
colleges, and voter
participation

variables; input variables: adjuste
PPEs (excluding special educatiq
and transportation expenditures),
student-teacher ratio, measure of
local wealth, average teacher

salary, administrative expenditure
per pupil, and facility expenditure

S Q

2]

U)

per pupil
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Author & Data Years of Method & Findings

Year of Data Outcome
Study Variables
(Nyhan & 4th, 8th and 10th | 1993/94 | Regression Total PPEs do not predict
Alkadry, or 11" graders 3 analysis; average of achievement except in middle
1999) counties in South math, reading, and | schools with a small standardized
Florida; school- writing scores on | effect (.18)
level data different tests
(Roy, 2011) Michigan district | 1990- Regression analysis Total increased PPEs improved
data; district-level | 2001 examining trends | achievement for lowest-spending
data over time & cohort | districts and in highest-spending
gains and districts where spending froze,
instrumental student achievement decreased

variables method; | for cohort, improvement in

reading and math | performance from%to 7" grade,
scores, ACT scoreg effect stronger in math; decrease
and participation in performance for highest-
spending districts, effect stronge
in reading; for IVs: increased
performance on test scores but no
effect on participation and ACT

=

scores

(Stiefel et al., | 4" and %" graders | 1995/96 | Logistic regression | Total PPEs do not predict

2003) in New York City | through | including fixed achievement except for reading |n
elementary 1998/99 | school effects; the 8" grade (standardized effect
schools; school- reading and math | size of .12)
level data scores

(Wenglinsky, | Nationally 1997 HLM; math test No effect of instruction and

1998) representative scores capital expenditures on mean
sample of 19 achievement but more spending|is
graders using associated with weakening of
NAEP and SES-related achievement gaps
Common Core with small effect
Data; district-level
data

According to all but two of these studies, the eiff@ze of total or instructional
PPEs in predicting student achievement is smaikegfigible. Some researchers have
noted, however, that effect sizes of PPEs on stumldnomes may be underestimated for
five potential reasons. First, some studies exarttia association between total PPEs
and student outcomes, and because total PPEs éeneljmEnditures that are not related to
instruction, they may potentially cloud the relasbip between instructional PPEs and
student outcomes (Fortune & O’Neil, 1994). Secomekk relationships between money

and student outcomes may exist due to resourcéitstilos in which a school or district
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may receive more of one resource and less of anobee example, in their study of
New York City schools, Berne and Stiefel (1994)rfduhat high-poverty schools had
smaller class sizes but employed lower-paid teach€hus, the higher expenditures due
to small class sizes were offset by the lower esiteres due to lower paid teachers.
Relatedly, Rubenstein et al. (2007) found that &/bdhools with large numbers of low-
income students had higher overall PPEs and fewgtsoper teacher than other schools,
they also employed less educated and less wellgpaifl Several studies have found
that schools with large proportions of low-incontgdents have smaller class sizes but
employ lower quality teachers than other schoolk@, 2012; latarola & Stiefel, 2003;
Stiefel et al., 1998).

Third, not all resources are efficiently allocatdebr example, llon and Normore
(2006) show that investments in teacher qualitylikedy to produce, at a lower cost,
greater student achievement gains than decreasisg sizes. In other words, the effect
of a small monetary investment in class sizes nudiya identified if class size is not a
cost effective variable to influence student acéreent. Fourth, a certain amount of
resources may be necessary to observe an effsttident achievement. Fortune &
O’Neil (1994) found a threshold effect for fiscakources and estimated that a $700
increase in PPEs is necessary to observe an effestident outcomes. For example,
reducing a class size by one student may not resimtproved student performance
because studies suggest that class sizes of befesmamd 15 students are needed to
produce positive results in student achievemenuéier, 2002).

Finally, the use of aggregated data may hindelarekers’ ability to correctly

determine the effect of fiscal resources on studattomes. Traditionally, school
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finance research has employed district-level da¢éar(e & Stiefel, 1994; Odden & Picus,
2008), which aggregate expenditures and studem\aahent to the district level.
However, the most “critical” activities occur aetechool or program level, and data
aggregation to the district level ignores any vaiain resources within or between
schools (Berne & Stiefel, 1994, p. 405). At |e88% of district budgets are spent at the
school level (Odden & Archibald, 2001); thus, tilssamption that all students within a
district get the same resources is “bold” (OddeRiéus, 2008, p. 58). Researchers have
noted that studies that examine associations batexggenditures and student
achievement would be improved if students—not idistrschools, or classrooms—were
the unit of observation and if the effect of fiscedources was analyzed at the student
level (Jefferson, 2005; Verstegen & King, 1998).

Nevertheless, given the small effect sizes of RifEstudent outcomes, some
scholars argue that money does not matter. Howthexe is ample evidence that
statistically significant relationships do existween dollars spent and student outcomes.
Card and Krueger (1998) note that:

To some extent, interpreting the literature dependthe strength of one’s

expectations. If one starts from the position #witool resources do not make a

difference, then one can point to the bulk of thielence on the lack of a

statistically significant connection between sch@slources and test scores, and a

handful of studies on economic outcomes, to sugpattview. On the other

hand, if one starts from the view that resourcemdée a difference, then the

available evidence on school quality and economicames may be interpreted

as generally supportive. (p. 50)
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Yet, as Slavin (1999) remarks:

It is clear (and obvious) that increased dollarsidbmagically transform

themselves into greater learning. But it is justiear (and just as obvious) that

money can make a difference if spent on specifig@ms or other investments

known to be effective. (p. 522)

Additional spending can improve student performahtiee dollars are invested in
instructional resources that matter for student@uies, and without money, schools and
districts are unable to obtain key resources nacg$s promote student learning.

Given the importance of school funding, equity PE2 is worth investigating.
Research has shown that inequities in PPEs cahadx@sery organizational level—
between states, districts, and schools (Ladd ,et299). For students within the same
state, the equity in the allocation of student-lé¥eEs depends on interdistrict,
intradistrict, and intraschool equity.

Interdistrict equity. Property wealth is the primary cause of interdistnequity
in PPEs because districts with greater propertyittvé@ave a larger tax base with which
to raise local money for education (Odden & Pi@®98). In the early 1900s, districts
were primarily responsible for raising funding gucation; however, as interdistrict
inequities in funding became more apparent aro@2f) 1states responded by providing
additional financial support to districts with lowgroperty wealth (Odden & Picus,
2008). However, vast inequities in interdistrigeading have persisted.

In the 1960s, school finance litigation began ty@ large role in defining and
addressing interdistrict equity (Odden & Picus, 200Most notably, in the case of

Serrano v. Priest lin 1976, the California Supreme Court found thgrde of
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interdistrict inequity in PPESs to be in violatiohtbe California Constitution, which held
that education is a fundamental right and that RR&gnot depend on local property
wealth (Odden & Picus, 2008). Since then, lawsnis number of other states have
challenged the equity and adequacy of state sdimawice systems. Plaintiffs argued
that resources were not equitably distributed anth&t adequate funding was not
provided for all students to achieve a basic edoicaas defined by the individual state
constitution. In approximately half of the cagbeg state school finance systems were
overturned and declared to be unconstitutional raieg to the individual state
constitutions (Odden & Picus, 2008). Even whagdition was not pursued, some states
responded to the threat of litigation by re-desigrtheir school finance systems to
ensure greater interdistrict equity (Odden & Pi@fX)8).

Today, states provide roughly half of the fundinggublic K-12 education:
50.7% of district funding is provided by the st&8€9% by the federal government, and
42.4% by local municipalities. Further, in 80%stdites, states allocate funding to
districts according to formulas that ensure a murmper-pupil spending level for all
districts and provide additional aid to districtgshwlow property wealth; this funding
structure is called a foundation plan (Odden & Bj@008; Park, 2004; Verstegen,
2002)3

State foundation plans have not, however, subsignteduced interdistrict
inequities in PPEs for three reasons. First, orgat formula that adequately captures
district need is difficult. Foundation plans mapgt adequately account for differences in

student need (Slavin, 1999), purchasing power aafistricts in different geographic

3 Other states employ modified versions of foundapitams, and seven states allocate funds based on
student enrollment (Roza, 2010).
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locations (Liu, 2006; Odden & Picus, 2008; TayR®06), rising costs of resources, or
economies of scale (Odden & Picus, 2008). Sedbedyrocess of creating a state
foundation plan is inherently political and therefonay impede equity. State formulas
that provide no aid to wealthy districts are oftext politically popular, and politicians
may push for political compromises that provide sdavel of funding to all districts; in
addition, politicians may create funding “loophdlés promote the interests of their
constituents (Bundt & Leland, 2001; Timar, 1994uikmushian & Michael, 2008;
Verstegen, 2002). These practices maintain anceelate interdistrict inequities (Bundt
& Leland, 2001; Toutkoushian & Michael, 2008; Vegtn, 2002). For example,
Toutkoushian and Michael (2008) found that loophaggarding school facilities
provided no additional resources to districts wité lowest PPEs and provided an
addition $2,700 to districts with the highest PRi&districts in Indiana. Third, some
poor districts responded to increased state supyatecreasing local funding while
other wealthier districts continued to raise adaisl revenue, resulting in higher PPEs in
wealthier districts than in poor districts (Drisic&lSalmon, 2008; Odden & Picus, 2008;
Verstegen, 2002). Thus, despite their purposate ghtundation plans do not resolve
interdistrict inequities in many cases (Odden &iBj2008).

In addition, studies that find that increased sitatelvement in school finance
decreased interdistrict inequity come with cave&tst example, Hussar and Sonnenberg
(2000) found that nationwide, while interdistricfugty of PPEs improved across districts
within the same state due to state involvementhosl finance, interdistrict disparity in
instructional PPEs persisted. Another study empbpg national database found that

while interdistrict inequity in PPEs declined frdii72 to 1992, other resources
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continued to be inequitably distributed; specifigadchools serving larger percentages of
poor or minority students were more likely to readower quality facilities, less
experienced teachers, fewer AP course offeringsf@amer Internet connections than
other schools (Corcoran, Evans, Godwin, Murray,c&v&ab, 2003).

Numerous studies have investigated the equitytefdistrict PPEs and found
inequities in monetary resources. Hartman (1988)isd a sample of districts in
Pennsylvania and grouped them into low, middle, gt spending categories. The
average difference in PPEs between the low andlegtiending districts was $845,
between the middle and high spending districts $23807, and between the low and
high spending districts was $3,552. The high spendistricts had larger tax capacities
in terms of personal income and property wealthspeht considerably more per-pupil
than low-spending districts. Similarly, Rolle alnd (2007) examined interdistrict equity
in Florida and found that, in 2003, even with staéars, the more affluent and high-
spending districts outspent the low-spending distriby more than 50%. Finally, using a
national sample of districts, Spatig-Amerikanerl(20found that across all districts, an
increase of 10% in non-White students is associatdda decrease of $75 of spending
per student. In some states, the differential arteoare more substantial; in Vermont, for
example, a 10% increase in non-White studentssiscésted with a decrease of $762 per
student. In 12 states, the percentage of non-Vghiigents is positively associated with
PPEs.

Slavin (1999) argues, however, that student nkedld be considered in
analyzing interdistrict equity because districtéhwnore low-income and minority

students may have greater student need and higheattoonal costs. For example,
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Bifulco (2005) found that nationwide, the averageadan American student’s district
faces costs 30% higher than the average White stigdiistrict. He notes that at first
glance, districts with larger percentages of Afmidenerican students appear to have
larger PPEs, but controlling for poverty, PPEsXi& less than those in districts with
fewer than 20% African American students. Simyladther studies employing national
data and controlling for the proportion of speeducation students found that in high-
poverty districts, average district PPEs were 5td%5.3% less than in low-poverty
districts (Wilson, Lambright, & Smeeding, 2006)dan high-minority districts, average
district PPEs were 13% to 25% less than in low-mipndalistricts (Wilson et al., 2006).
These findings indicate that interdistrict inegestin monetary resources persist.

Intradistrict equity. In 1998, theJournal of Education Financegedicated an
entire issue tantradistrict equity of PPEs and offered two criticisms of sésdihat
investigatanterdistrict equity: that studies employing data aggregatetdalistrict level
mask considerable variation in school-level resesiiand that district-level financial
resource data do not necessarily inform availaigé&uctional resources (Odden,
Archibald, Fermanich, & Gross, 2003a). School® ‘tae units primarily responsible for
producing educational outcomes” (Stiefel et al98 9. 447), yet studies employing
district-level data do not account for variationgesources across schools. In fact,
studies have shown that there is more variatiantmadistrict PPEs than in interdistrict
PPEs (Owens & Maiden, 1999; Speakman et al., 1997).

Intradistrict inequity in PPEs results from a numbkfactors, including teacher

preferences and collective bargaining agreeme&§L Much of the variation in

* Owens and Maiden (1999) did not include fundingdompensatory education in their study; they
examined all other expenditures.
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across-school spending stems from differencesaichter salaries, which comprise the
majority of school budgets (Miller, 2010; Rubenstei998; Spatig-Amerikaner, 2012;
The Education Trust, 2008). As previously discdssaperienced teachers tend to leave
low-performing, high-poverty, and high-minority sails (Boyd et al., 2005; Hanushek et
al., 2004; Hanushek & Rivkin, 2006; Ingersoll, 20&1vkin et al., 2005; Scafidi et al.,
2007). Because teacher salary is correlated ts yda@xperience, schools with large
numbers of low-income, minority, and low-performistyidents employ a
disproportionate percentage of inexperienced teachel therefore spend less on teacher
salaries than other schools. CBAs often includeszs that give experienced teachers
preferential treatment in transferring to schodltheir choice (Miller, 2010), which may
exacerbate the inequitable distribution of expemehteachers as well as affect total
spending differences across schools.

CBAs may also influence school-level average PBEdidiating maximum class
sizes (National Council on Teacher Quality, 20¥8)ich ultimately affect the number of
teachers at each school and thus average sperglistudent. In exceptional cases, an
additional teacher may be assigned to the schawl though the class size is too large by
one student. Class size may also be affecteddffylsised budgeting policies, which
determine the number of teachers per grade or sblagsed on benchmarks of student
enrollment (Roza & Miles, 2002; Roza, 2008). Thustween-school differences in
spending on instruction result from teacher chqQiCG#As, and staff allocation policies.

The degree of fiscal intradistrict inequity hasmeéédficult to determine due to
the lack of reliable school-level data (Spatig-Aikaner, 2012). Until 2009, federal

legislation did not require districts to track adtteacher salaries—only district averages
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of teacher salaries—and districts did not typickéiep track of resources allocated to each
school; the Department of Education now requiresnting of school-level expenditure
data (Heuer & Stullich, 2011). Further, when dcs$rattempted to report school-level
resource data, the data were often coded incontlisteendering data analysis difficult
(Stiefel et al., 1998).

Despite these limitations, several studies havearefed intradistrict equity in
PPEs and reported findings regarding the horizagalty, vertical equity, and equal
opportunity of PPEs within districts (See Table 4xisting research indicates that
intradistrict inequity exists. There are inconsmtfindings, mainly because the criteria
for determining equity and the expenditures inctuttegauge equity vary across studies.
However, common findings of this literature inclutiat inequity exists for low-income
and minority students and that the degree of ingdgsimore severe for expenditures
related to classroom instruction.

Concerning intradistrict horizontal equity, two diees concluded that intradistrict
horizontal equity of PPEs was satisfied becausedeéicient of variation (CV) was less
than .15 (Klein, 2008; Stiefel et al., 2003). Hawe Goertz and Stiefel (1998) argue
that a CV of .15 is too high for studies of intistdict equity. An additional two studies
found violations of horizontal equity—determined®ys larger than .15—and the degree
of inequity varied depending on the school gradellgype (elementary, middle, or high)
and type of expenditures examined (total, instaneti, including special education,

excluding special education, including compensagahycation, and excluding

® attempted to conduct a comprehensive literatevew for this section. | commenced with artidies
theJournal ofEducation FinancendEducation Finance and Poliand then cross-referenced the
citations. | also searched the datab&shscation Research Completad theWeb of Sciencasing the
search terms “intradistrict” or “school-level” atfdPE” or “expenditure.”
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compensatory education) (latarola & Stiefel, 20R@benstein, 1998). Thus, whether
horizontal intradistrict equity was achieved depshdn the author’s criterion for
achieving horizontal equity and which expenditusese included in the analysis.

Other studies examined intradistrict vertical &gand equal opportunity, and, as
previously discussed, most studies do not diffeaémbetween the concepts of vertical
equity and equal opportunity; in evaluating vettieguity, most studies only examine the
existence and direction of the relationship betweBEs and student characteristics as
opposed to comparing the magnitude of the relatipn® a pre-determined criterion.
Most of these studies found some evidence of \&rithequity or unequal opportunity in
PPEs between schools in the same district. A caomiinding of these studies is that
total and instructional PPEs are higher in schadts lower proportions of low-income
and minority students (Baker, 2012; Berne & Stief@94; Condron & Roscigno, 2003;
Heuer & Stullich, 2011, latarola & Stiefel, 2003te, 2008; Owens & Maiden, 1999;
Spatig-Amerikaner, 2012). The degree of vertinabuity or unequal opportunity may
be considerable in some cases. Using national 8pttig-Amerikaner (2012) found that
across the U.S., predominantly non-White schoodsd[$733 less per pupil on average
than predominantly White schools. Similarly, Canmdand Roscigno (2003), who
examined the allocation of district dollars raiggda local municipality, found that high-
poverty schools received $800 less per pupil tbangoverty schools.

A second common finding of these studies is thagmwihe percentage of low-
income or minority students is positively assodatgth total PPEs, it is negatively
associated with instructional PPEs or PPEs thdtidgdunding for special education

(Berne & Stiefel, 1994; Owens & Maiden, 1999; Rudtem, 1998; Stiefel et al., 2003).
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Therefore, though high-poverty and/or high-minosthools may have higher total PPEs
than other schools, these schools may still be dumgged compared to other schools in
terms of expenditures dedicated to classroom ictstmu because these schools must
spend a larger portion of their budget on spedakation services. This finding is
consistent with research that shows that schootslgrg large percentages of low-
income and/or minority students almost always Hawer school-level averages of
teacher salaries (Berne & Stiefel, 1994; R. MilR®10; Roza & Miles, 2002; Rubenstein
et al., 2007; Rubenstein, 1998; Stiefel et al.,.819%e Education Trust, 2008), even
though they may have higher averages of total RR&sschools enrolling few low-
income and minority students. These studies inelidet intradistrict inequity in

instructional PPEs is commonplace.
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Table 4: Summaries of Studies of Intradistrict Fgjin PPEs

f

Study Data Horizontal Equity Vertical Equity & Equa |
Opportunity
(Baker, Elementary NA® PPEs in schools with 100% poverty
2012) schools in five are 25% more than in schools with
urban districts 0% poverty, on average.
in Texas
(Berne & Schools in New | NA Instructional PPEs are negatively
Stiefel, York City, NY associated with number of students
1994) in poverty, and non-instructional
PPEs are positively associated.
(Condron & | Schools in NA Students in high-poverty schools
Roscigno, Columbus, Ohio receive roughly $800 less than
2003) students in more affluent schools o
local dollars (not state or federal).
(Heuer & uU.S. Almost 50% of schools had Lower PPEs in more than one third
Stullich, Department of | PPEs that were more than 10 | of schools serving greater
2011) Education percent above or below their | percentages of low-income student
School-Level district’s average. than the district average compared
Expenditure schools with fewer low-income
Data students, for the same grade level.
(latarola & Elementary and | Elementary schools: CV is .126PPEs are negatively associated with
Stiefel, Middle schools | for PPEs for regular program | percent low-income and minority in
2003) in New York and .191 for regular and specialkelementary schools only. Negative
City, NY education programs. Middle | relationship between PPEs and
schools: CV is .156 for PPEs | percent of immigrant students.
for regular program and .195
for regular and special
education programs.
(Klein, 2008) | Elementary CV is 14.9% for PPEs. PPEs decrease as percenwef |
Schools in income students increases.
Nashville, TN
(Owens & Elementary When remove compensatory | Negative association between PPE
Maiden, schools in expenditures, PPEs at some | (excluding compensatory educatior
1999) Florida schools were more than doublgeand percent African-American and

those at other schools.

low-income students; positive
association between PPEs and
percent Hispanic; positive
association between PPEs and
percent low-income when
compensatory funds are included.

= 0

(Rubenstein
et al., 2007)

Schools in New
York City, NY,
and Cleveland
& Columbus,
OH

NA

Overall: higher PPEs for special
education and ELL students.
Elementary schools: PPEs are
positively associated with percent
low-income.

Middle schools: lower PPEs for
immigrants; PPEs are negatively
associated with percent minority an

low-income.

® NA indicates that the study did not investigate plarticular aspect of equity.
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Study Data Horizontal Equity Vertical Equity & Equal
Opportunity
(Rubenstein, | Schools in (1) For school-level PPEs, CV| Positive relationship between PPE
1998) Chicago, IL is .27 in elementary schools and percent low-income but

and .14 in high schools; (2)
removing special education
funds, CV is .22 in elementary
schools and .13 in high schools
and (3) removing special
education and desegregation
funds, CV is 12 in elementary

schools and .13 in high schools.

negative relationship between
“general fund” PPEs and percent
low-income. (General fund include
;State and local money to provide
general and special education.)

al

(Stiefel et al.,| Schools in New| CVs are close to .15 and are | In New York and Rochester, gener
1998) York City and | within horizontal equity range. | education PPEs are positively
Rochester, NY, correlated with percent low-income
Chicago, IL, & and effect is stronger in middle
Forth Worth, schools. In Chicago, negative
TX relationship between general
education PPEs and percent low-
income but positive relationship
between total PPEs (including
special education funding) and
percent low-income.
(Spatig- U.S. NA On average, students attending
Amerikaner, | Department of predominantly non-White schools
2012) Education receive $733 less than students
school-level attending predominantly White

expenditure
data

schools.

I ntraschool equity. While there is ample research on interdistrict goaind a

growing body of research on intradistrict equityP#Es, research on intraschool equity

of PPEs is almost nonexistent. Three dissertatiessriptively analyzed how much

money was spent on individual students in a larpamuhigh school and did not find

noteworthy inequities in student-level PPEs (Kinhii2009; Robillard, 2001; Young,

2003); however, each of these studies examine@istdevel expenditures at only one

school in California, and each school primarilyaied low-income and minority

students. Since the student populations wereanudlly, ethnically, or

socioeconomically diverse, there may not have laekxguate variation in student

characteristics to identify student characterigieg are associated with PPESs.
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Another dissertation conducted an equity analysgumlent-level expenditures
(in terms of teacher salaries) at two high schoothe same district with dissimilar
characteristics (Holmes, 2001). The author founad although there was little variation
across the two schools in teacher expenditurestpdent and that there was large
within-school variation; as a result, horizontaligg was not achieved in either school.
The author also found tradeoffs in resource alloonaHigh-achieving students were
assigned to the highest paid teachers but hadrlalags sizes than low-achieving
students. Finally, the author found that, out atienber of student characteristics, prior
student achievement and placement in academic waok the most explanatory factors
in differential resource allocation.

The one published study that calculated studergteEs did so for students
within one large urban high school and found thadlent-level PPEs ranged from $3,615
to $16,734 and varied according to grade levelaadiemic track (Picus et al., 2002).
The authors concluded that there were “considetaliierences in PPEs for students in
the same school (Picus et al., 2002, p. 200).

Three studies have examined differences in expamditper course for courses
within the same school. Though these studies tlcaloulate student-specific
expenditures, they provide evidence that substardrétion in within-school resource
allocation exists and that inequites and inefficesnof course expenditures may exist. In
their case study of six high schools in New Yorkerg et al. (1997) found that in terms
of teacher salary expenditures, the most expemsiveses per student across the six
schools were the foreign language and science estioowed by music and special

education courses. Concerning academic track,fthend that the remedial core-
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academic courses were more costly per studentréwarar or advanced core-academic
courses. Finally, they also found evidence ofreguitable distribution of experienced
teachers across courses: Experienced teachers mmhipdeach the advanced courses,
and novice teachers taught a disproportionate nuofdew-track courses and courses
outside of their areas of certification. Secondhis study of resource allocation for all
students attending public schools in Ohio, Cham{@99) found similar results:
Foreign language courses were more costly per stilkdan regular core-academic
courses, and that special education courses wesagthe most costly program
offerings in terms of expenditures per student.

Lastly and more recently, Roza (2009) analyzeduesoallocation in terms of
per-pupil costs and found that schools spend nmoterms of teacher salary expenditures
on advanced courses than on regular or low-tragkses due to higher teacher salaries.
For example, while high schools in her study aveda$l,660 per pupil per advanced
course, the schools averaged $739 per pupil petaiegourse and $713 per pupil per
remedial course. Advanced placement (AP) coursze more costly per student than
regular-track courses due to higher teacher saléit6,656 more on average than other
teachers) as well as smaller class sizes (fiveestisdess on average than other courses).

These studies suggest that inequities in resoatdie individual student level
exist. However, one shortcoming of the studies ¢kamine course expenditures per
student—as opposed to student-specific expendiisrédsat they do not link course
expenditures to certain student characteristics.ekample, they do not inform which
students are enrolled in the remedial, regular,aahénced track courses. Further, these

studies do not account for all of a particular stuitk courses, and it is possible that some
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students take multiple advanced and foreign langueagrses and that the spending
differentials compound for certain students. Thisse studies do not inform the degree
of variation or inequity in student-specific expéuaces for students within the same
school. To date, the only studies that calculatadent-specific expenditures include
three dissertations and one published study bysRiad his colleagues. However, the
available evidence suggests that variation anduitieq in resources may exist for
students within the same school, and more reseésrgeded to understand the within-
school variation and equity of student-level PPEs.

What Are the Dynamics of the Within-School Resourcdllocation Process?

This section describes the factors that influeheewtithin-school resource
allocation process and discusses why schools nmendsmore to educate some students
than others. Within-school resource allocatioprimarily determined by teacher and
student sorting into classes. This sorting ultehaaffects how instructional resources
are allocated to individual students within schodlgacher and student sorting into
classes has two components: teacher assignmentitees and students and student
course-taking behaviors

School leaders influence teacher assignment (EBxteait, 1997; Koski & Horng,
2007; Leithwood et al., 2004), though how much @iBon school leaders have is
debated. Some studies indicate that school le@derdsmited in assigning teachers to
courses due to teacher seniority clauses in CBAgwallow senior teachers to select
the courses that they teach (Brent et al., 1987jecent study finds that even if CBAs do
not restrict school leaders in assigning teacherse@, school cultural norms regarding

teacher seniority may still present barriers taostheaders in allocating teachers as they
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see fit (Donaldson, 2013). However, another sfodyd that effective school leaders are
not hindered by provisions in CBAs in assigningteas to courses (Koski & Horng,
2007). In addition, when school leaders do haflaence over teacher assignment, they
may choose to reward and help retain effectiveheacby assigning them to more
desirable courses or students (Player, 2010),eauhers generally prefer to teach
higher-income and more advanced students (Inge2K). As teacher salary
structures are largely static, this is one way fichbol leaders can influence teacher
satisfaction and retention. Thus, teacher assighmay produce inequities in access to
effective and experienced teachers for some stadent

Student course-taking behaviors also affect wiiahool resource allocation and
access to high-quality teachers because high tagkses are more likely to be taught by
high-quality teachers than low-track courses. 8thpolicies, parent and student
preferences, and teacher expectations may all faitgnnfluence student course-taking
behaviors. Further, school policies regarding sedaking may preclude some students
from participating in certain courses. For examplee study by the National Center for
Education Statistics (NCES) found that the mostgrdu influence on student course-
taking is prerequisite requirements; teacher recentations and student grades were the
second greatest factors influencing student ppgtmon in courses, and suprisingly, only
14% of schools placed students in courses basstudent achievement scores (Tyson,
2013). An additional study that reviewed the atere on student course-taking
behaviors concuded that school policies leave Iittbm for students to select courses

(Tyson, 2013).
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Other research indicates that parents play largs o student course-taking
behaviors. For example, Oakes and Guiton (199%)ddhat middle-class parents are
more likely to push their children to take advaetad)“open access” course policies for
advanced courses, while low-income and minoritgesis often opt out of these
advanced courses. Student preferences also is8usndent participation in courses.
Brent et al. (1997) note that, in addition to p&sefstudents themselves play an
important role in terms of actual utilization oatdhing resources,” because, “it is
students who have ultimate control over the avditglof their time, interest, and
commitment to various educational activities” (852 In addition, studies show that
students may select courses attended by studesitsitdr race, and minority students
may opt out of advanced courses if White studem®eerrepresented in those courses
(Tyson, 2013). However, one study found that studed parent preferences did not
fully account for differential course-taking (Oak&sGuiton, 1995); instead, they found
that differential course-taking was also relatetexher perceptions regarding “race and
social class differences in [students’] academiliteds and motivation” and that school
staff did not encourage low-income and minoritydstuts to take advanced courses (p.
28).

In summary, there are a number of reasons why sts@athin the same school
may receive different instructional resources. K&fogrides, Loeb, and Beteille (2013)
remarked, “The allocation of teachers to studentskely to result from a complex
process whereby principals and other school leaatégmpt to balance short and long
term goals while responding to pressures to meegptbferences of teachers, students,

and parents” (p. 105). Given the complexity and-transparency of this process, it is
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possible that teacher and student sorting intsekagesults in inequitable resources for
students within the same school.

This chapter highlights that there is a lack of\iezlge on the equity of the
allocation of resources within schools and at thdent level. There is virtually no
research on the equity of the allocation of indtamal expenditures within schools, and
few studies investigate the equity of the interpdéyhe allocation of multiple resources.
This study seeks to address this gap in the litegdty conducting a within-school equity
analysis of a number of resources and determifitiggiresults of the within-school

resource allocation process are equitable.

62



Chapter 3: Data Source, District Context, & Variables

This chapter describes the data source, distritesd, and variables used in this
study. The first section identifies the data sewand provides the sample size. The
second section describes the context of the distnicluding demographic characteristics,
financial considerations, and goals and valuese fiftal section of this chapter defines
and explains the variables used in this study.

Data Source

Education Resource Strategies (ERS) originallyectdld the data analyzed in this
study. ERS is a non-profit organization dedicatettansforming how urban school
systems organize resources—people, time, technadmglymoney-so that every school
succeeds for every student. This study employs €&®a collected from one large
urban public school district for the 2009-10 acatteyear. To preserve confidentiality,
this study does not identify the name or locatibthe district. The raw data files contain
information on student demographics, achievemerat,caurse enroliment; special
education services; and staff qualifications, sasarand courses taught. The author
cleaned and merged the raw data files to credsd &lé linking individual high school
students to allocated resources. The sample @44, 537 high school students in more
than 20 schools; sample selection is further dsetisn Appendix I. The following table
outlines documents that were collected and reviewedore fully understand the district

context and the raw data files.
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Table 5: Data Documents

Source Type of Document
Board of Education Annual report
Operating budget
Policies
Mission
District Course guide handbook

Promotion & retention policies
Collective bargaining agreement
Description of staff positions

State Department of Education Annual report
List of Title 1 schools

District Context

This section describes aspects of the districtigext that are relevant to this
study. The first subsection shows that this disgerves a racially and ethnically diverse
student population, whose racial and socioeconaimersity allows this study to explore
resource allocation patterns for students withedéht characteristics, and that the district
employs an atypically larger proportion of minorigachers than other urban school
districts. The second subsection discusses finhoonsiderations, which inform what
percentage of the district’s total budget this gtinvestigates and funding weights
provided to certain student groups in the statedation plan. The final subsection
discusses district values and goals in order terdene if the district resource investment
is consistent with their stated priorities.

Student and school demographicsThe district is located in a major mid-
Atlantic metropolitan area. The district is cho®etause it is a large, urban district with
a diverse student population. A sufficient numileschools are needed to analyze
resource allocation patterns across schools, alivesse student population is needed to
analyze whether groups of students receive mofevger resources. Districts with

homogenous student populations may still have bt significant within-school
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variation in the allocation of resources; howevfeall students are similar, student
characteristics cannot be associated with diffe¥eme resource allocation. This district
has a diverse student population in terms of batlke and socio-economic status, and it is
historically recognized as a being a middle-claBgAn American community.

Across the district, 79% of high school studenes/Adrican American, 12% are
Latino, and 8% are White or Asian; 40% of studentalify for free and reduced priced
meals (FARMS); and 3% are English language learitdrks). Examining further the
relationship between student race and socioeconstatigs in this district, 40% of
African American students qualify for FARMS, 68%ladtino students qualify for
FARMS, 33% of Asian students qualify for FARMS, &% of White students qualify
for FARMS. None of these high schools receive fald€itle 1 funds, though Title 1
funds are provided to some elementary and middieds in the district.

Table 6: High School Student Demographics

All School-Level | School-Level
Students Minimum Maximum
% % %

Special Education 9 6 15
FARMS 40 22 62
ELL 3 <1 18
Race African-American 79 42 98
Latino 12 1 49
White or Asian 8 1 27
Other <1 <1 <1
Gender Male 49 55 46
Female 51 45 54
Math Achievement Below Proficient 29 19 55
Proficient 56 37 60
Advanced 15 3 44
English Achievement Below Proficient 32 15 51
Proficient 53 41 59
Advanced 15 4 45
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The high schools in the sample differ in termstafient characteristics. African
American students are the majority racial grouplinost every school, and White, Asian,
and Latino students are concentrated in certaioa@dsh Two schools have substantial
proportions of White and Asian students (27% arbR4nd four schools have
substantial proportions of Latino students (4998/6441%, and 39%). Schools also
differ in terms of proportions of low-income studenIn a few schools, fewer than 30%
of students qualify for FARMS; in approximately haf the schools, between 30 and
50% of students qualify for FARMS; and in a numbgschools, 50% or more students
qualify for FARMS. Finally, schools differ in stadt performance. In a few schools,
more than 70% of students have passed the statisticagd math tests; in a few schools,
between 60 and 70% of students have passed tedeattd; in the majority of schools,
between 50 and 60% of students have passed tkdedtt; and in a number of schools,
less than 50% of students have passed the st&é tes

School-level values of student race distributioeamachievement, and average
socioeconomic status are related in this disti&thools with the largest proportions of
Latino students have the largest proportions otiloeome students. The two schools
with substantial White and Asian populations ar@agithe schools with the lowest
proportions of low-income students and have thadsgaverage student achievement.
Characteristics of the high schools are outlinethenfollowing tables. Table 7
categorizes the number of schools in the sampladigl composition, socioeconomic

status, and achievement level. All schools halaively large enrollments, and the

" These percentages are calculated fdk-1d" graders only, as student achievement data ardymost
missing for §' grade students.
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median school size is 1,841 students, the minimehod size is 918 students, and the

maximum school size is 3,106 studéhts.

8 Descriptives for each school are provided in Afieti.
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Table 7: High School Types By Racial CompositioociBeconomic Status, and Achievement

Substantial | Substantial| Predominantly | Low- Mid- High- Low- Low- to Mid- to High-
White/Asian Latino African Poverty | Poverty| Poverty | Achieving Mid- High- Achieving
Population | Population American Achieving | Achieving
Population
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X

Tables Notes:

(a) In the two schools with substantial White/Aspapulations, White and Asian students comprise 24#27% of the student population.
(b) In the schools with substantial Latino popwlas, Latino students comprise 41%, 47%, 39%, aft dBthe student population.
(c) Low-poverty in this table is defined as lesarntt80% of students qualify for FARMS; mid-poverydefined as between 30 and 50% of students qualify

FARMS; high-poverty is defined as more than 50%tatlents qualify for FARMS.

(d) Low-achieving is defined as less than 50% dH1@" grade students have passed the state tests iisfEagt math; low- to mid-achieving is defined as
between 50 and 60% of students have passed ttetsertéd- to high-achieving is defined as betwe@med 70% of students have passed state testhigind
achieving is defined as 70% or more of student lpassed state tests.
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Financial considerations The author reviewed the district’'s Board of
Education’s annual report to determine the percgntd all district expenditures that are
accounted for in this study. Expenditures dedat#bethe instruction of students include
expenditures for teacher salaries, special edugdtbher instructional costs,” and
textbooks and supplies. Instructional expenditomesstitute 54.5% of the district budget
(see Table 8). This study accounts for the mgjafteacher salary expenditures (34.4%
of the district budget) but does not account fgezditures allocated to substitute
teachers, interns, paraprofessionals, librariansther instructional aides who are not
included in course enrollment files. This studsoaincludes a portion of special
education expenditures (15% of the district budgetause it accounts for expenditures
allocated to special education “classroom teachetsether or not these teachers are
included in the course enrollment files. As a lgghis study accounts for roughly one-

third of all district expenditures and around 60#4nstructional expenditures.

® This calculation is based on descriptive analgsebsthe reported district-wide average expenditiiiee
district-wide average PPE for the 2009-10 academsr was $12,000. The average per-pupil TRE
calculated by this study is approximately $4,08{&nce, this study accounts for roughly one-thiralbf
district expenditures.
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Table 8: Percent of Expenditures by Category

Expenditure Category Percent of Total Budget]
%
Instructional salaries 34.4
Fixed costs 18.0
Special education 15.0
Maintenance and operations 9.5
Mid-level administration 7.0
Transportation 5.7
Other instructional costs 3.4
Central Administration 3.0
Textbooks and supplies 1.7
Health services 0.9
Student personnel services 0.8
Food services 0.4
Community services 0.2
Capital outlay 0.1
Total instructional 54.5
Total 100.1

Table note: Percentages are off by one-tenth doautading.

The funding structure of the state in which tisdritt resides is also of
importance in this study. In this particular stale state allocates funding for public
education according to its foundation plan, whighements district funding and sets
funding weights for students in certain categori€be state then allocates funding to
districts according to student need and in conjonawith other legislation that governs
school finance. Specifically, the state allocaéditional money for special education,
ELL, and low-income students. The state’s fouraaplan includes a funding weight of
1.74 for special education students, 1.99 for Eludents, and 1.97 for low-income
students (Verstegen, 2011). The district recepudsstantial funding from the state. In
2009-10, the state funded 51% of all district exjiemes; local funding from the district
funded 35% of expenditures, and the federal goventfunded 12% of expenditures.
Although none of the high schools in the distrextaived federal Title 1 funds in the
2009-10 academic year, the district received Titfands, which were allocated to

elementary and middle schools with larger proposiof low-income students.
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District values and goals.Finally, district values and goals are potenyiall
relevant in understanding how the district invéstsesources. First, the district is
committed to equity. Board policy emphasizes #tatcation is a fundamental right and
that equitable access to a high quality educatmulsl be provided to all students. The
Board also states that resources should be targettddents with the greatest academic
needs. Second, the district believes that raiagigevement is the result of what happens
in the classroom, and they are committed to tangetsources to the classroom. This
value is particularly relevant to this study be@atigs study focuses on specific
instructional resources that can be traced to iddal classrooms.

Finally, this district strives to ensure thatgihduating students are college
and/or career ready. Inthe 2009-10 academic fleagraduation rate was just over 80%.
Only one-fourth of graduating students met couesglirements to enroll in the premier
state university, and 50% of students planned tollen four-year colleges. Concerning
job preparation, only 4.5% of graduating studergstwdirectly into the workforce, and of
these students, only 18.5% obtained employmenfigldarelated to their high school
training program. The following table below disgdadata from student decision surveys
concerning post-graduation plans. In responskdset student outcomes, the district
stated that it is currently working to both increasademic course requirements and re-
design vocational programs to provide students mitine opportunities to enroll in

courses that are relevant, rigorous, and apprepfoatcollege and career readinéss.

10 All facts in this paragraph are outlined in theaBdbannual report.
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Table 9: Post-Graduation Student Decisions

Percent of graduating studemnts
Planned to attend a four-year college 50%
Planned to go directly into workforge 4.5%
Unknown 45.5%
Variables

This section defines the variables used in thidyst Independent variables
include student demographic and achievement claarsiits. Dependent variables
include teacher resource expenditures (TRES) pait, mlass size teacher experience,
peer achievement, and number of advanced placg@Bhtcourses.

Independent variables This study assesses if certain student charsitsrare
related to equity of allocated resources. Studentographic characteristics include
special education, English language learner (Eahdl low-income status; grade level,
race/ethnicity; and gender. The following tabld¢lioes and defines student demographic
variables.

Table 10: Student Demographic Variables

STUDENT-LEVEL VARIABLES
Variable Description Type of
Name Variable
Demographic
SPED Special education status defined by havingdinidual education Dichotomous
plan (IEP) (O=no, 1=yes)
Gender Gender (O=male, 1=female) Dichotomous
POV Free and reduced priced meals (FARMS) statasq01=yes) Dichotomous
ELL ELL status (0=no, 1=yes) Dichotomous
Grade9 Grade 9 (0=no, 1=yes) Dichotomous
Gradel0 Grade 10 (0=no, 1=yes) Dichotomous
Gradell Grade 11 (0=no, 1=yes) Dichotomous
Gradel2 Grade 12 (0=no, 1=yes) Dichotomous
Latino Latino (0=no, 1=yes) Dichotomous
African African American (0=no, 1=yes) Dichotomous
WhiteAsiart’ | White or Asian (0=no, 1=yes) Dichotomous

1 White and Asian student subgroups each accourt $onall percentage of the larger student populatio
and both groups are predominantly middle classhartid have similar achievement levels.
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This study also employs student achievement vasabl he testing structure of
the state in which the district is located influestiow student achievement variables are
derived in this study. In this particular stateidents must take and pass four state
exams—in algebra, English, government, and biologgrder to graduate from high
school, and students pass these tests if they atarkevel deemed to be “proficient” or
“advanced.” Students may take these tests muliiples, and they do not have to take
these tests annually. As a result, raw test secamshave different meanings depending
on the year in which the students took the test. eikample, one would expect student
performance on tests to increase with age andfhtianal years of education; thus, one
would expect 12 grade students to score higher th&rgeade students. Therefore,"a 9
grade student who scores 500 on the English testgihis/her ' grade year is
theoretically higher achieving than a™@rade student who scores a 500 on the English
test during his/her f2grade year.

Due to these complications in determining accucateent student achievement,
this study employs a more basic measure of stuatdmévement. First, this study creates
a binary indicator of whether the student has gh#se state test in an academic subject.
Then, interaction variables between student biaahrevement and grade level are
derived. In doing so, this study analyzes resoaloeation for students with different
achievement status only for students within theesgrade level. For example, this study
compares per-pupil TREs for #grade students who have passed state tests pupir-
TREs for 13' grade students who have not passed state testsigi coding choice

allows for a clear comparison of resources for atiisl who have passed state tests with
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those who have not. Passing state tests is plarficimportant in this district because
students must pass state tests to graduate frdmsbigpol. Student achievement is not
examined for § grade students, as few students take state hestsreshman year, and
student achievement data are generally not avaifablthese students. The following
table provides a summary of the student achievernaardbles derived and employed in
this study.

Table 11: Student Achievement Variables

STUDENT-LEVEL VARIABLES
Variable Description Type of
Name Variable
Achievement
Grl0PELA Interaction variable indicating whethet@l' grade student has passedDichotomous
the state English test (O=no, 1=yes)
Grl0PMath Interaction variable indicating whethdi® grade student has passefdDichotomous
the state math test (O=no, 1=yes)
Grl1PELA Interaction variable indicating whethet#' grade student has passedDichotomous
the state English test (O=no, 1=yes)
GrllPMath Interaction variable indicating whethdrll grade student has passe{dDichotomous
the state math test (O=no, 1=yes)
Grl12PELA Interaction variable indicating whethet2l grade student has passedDichotomous
the state English test (O=no, 1=yes)
Grl2PMath Interaction variable indicating whethdr2d grade student has passe{dDichotomous
the state math test (O=no, 1=yes)

Available achievement data by grade are summaiizdte table below. Note
that the percentage of students who have passdédsih@nd the mean test scores increase
with student grade level. Most students have tddath the English and math tests at
least once by the end of theirl@rade year.

Table 12: Available Student Achievement Data byderhevel

Grade English Passed Mean Math Score | Passed Math| Mean Math
Score English Test English Available Test Score
Available Score
9" 5.5% 2% 375 74.9% 37% 375
10" 75.7% 47% 399 85.7% 52% 414
11" 86.6% 60% 405 88.5% 64% 423
12" 93.5% 68% 407 94.3% 69% 423
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School-level variables are also created based greggtes of student
demographic and achievement variables for eachoscl®chool-level demographic and
achievement variables are outlined and definetierfallowing table.

Table 13: School-Level Demographic and Achievenvé&artables

Variable Description Variable
Name Type
SCHOOL-LEVEL VARIABLES
Demographic
SCHSPED % of special education students in theadcho Continuous
SCHPOV % of students in the school who qualifyF&&RMS Continuous
SCHELL % of ELLs in the school Continuous
SCHLatin % of Latino students in the school Continuous
SCHAfrican % of African American students in thégol Continuous
SCHWhASs % of White and Asian students in the school Continuous
SCHSize Total enrollment Continuous
Achievement
SCHELA Average raw score on state English tesafiostudents in a school Continuous
SCHMath Average raw score on state math test fatadients in a school Continuous
SCHPELA Percent of 18-12" grade students who have passed the state EnggisH Continuous
in the school
SCHPMath Percent of $812" grade students who have passed the state math tesEontinuous
the school
SCHAchieve | Principal component score for schodi itha weighted linear Continuous
combination of the previous four school-level agkiment variables

Dependent variables. This study merges numerous district raw data fibes
create one flat file with a student identificatiommber linked to a number of resources,
including teacher resource expenditures per prgsburces in students’ English and
math classes, and number of AP courses taken following subsections define
resource variables and discuss key assumptiorsténrdining these variables.

Teacher resource expenditures per pupil. This study defines teacher resource
expenditures (TRES) as the amount spent per popggacher salaries. In this district,
TREs account for roughly one-third of all distrétpenditures and 60% of instructional
expenditures. The National Center for Educatiati§ics (NCES) (2013a) defines

instructional expenditures as follows:
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Instruction expenditures are for services and nasedirectly related to
classroom instruction and the interaction betweeashers and students. Teacher
salaries and benefits, textbooks, classroom sugphd extra curricular activities
are included in Instruction. (p. 1)
According to NCES'’s definition, there are othertinstional expenditures that this study
does not account for, such as textbooks, classeupplies, teacher benefitsand
extracurricular activities relating to instructioiihis study also does not account for
money spent on instructional or teacher aides whtiuct students but who do not
appear in course enrollment files. In this stymbr-pupil TREs reflect how teacher
salaries are ultimately allocated to students.

How teacher salaries are allocated to studentetsmined by a number of
factors, including class sizes, teacher courseslostddent course-taking behaviors, and
length and duration of courses. Per-pupil TREsveatculated by the following method:
First, each teacher’s salary was evenly dividedragrbe teacher’s courses, accounting
for the duration and term length of the courser éxample, full-year courses were
allocated a larger proportion of a teacher’s safaay courses that met for only one
guarter or semester. In addition, teachers whghtaa few number of courses were
identified and course expenditures were adjustethis analysis resulted in course
expenditures. Then, course expenditures wereetiMiy class size, yielding course
expenditures per student. Finally, for each sttidae course expenditures per students

were aggregated for each student to reflect theppil TRE for each student in the

121n this district, teacher salary expenditures edtitlg benefits are strongly correlated with teactzary
expenditures including benefits (r = .975). Fads tleason, this study examines teacher salary eipeas
only.

13 See Appendix | for more detail.
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district. The following figure depicts the allomat of teacher salaries to individual
students.

Figure 2: Calculation of Per-Pupil TREs

Teacher’s . .
Sal Accounting for time
alary & duration of course &
teacher course loads
Course A Course B Course C Course ...

Taking into account
class sizes

Siﬂf:;@em i Course Cost Per Student

Per-pupil TREs partially depend on the numberaafrses that each student takes.
However, when examining descriptive statisticdogs not appear that number of
courses taken dramatically varies across studethstviferent characteristics. Twelfth
grade students take fewer courses than youngegrgijcbn average, and there is more
variation in number of courses taken fof"iftade students. When examining
differences in number of courses taken fdf gade students who have passed the state
standardized tests, there is no difference in nurbeourses taken for yrade
students who have different achievement statusaith mTwelfth grade students who
have passed the state English test take 0.2 comesthan 1% grade students who
have not passed the state English test on aveidges, although student course loads
are one component of per-pupil TRES, large discreipa in per-pupil TREs for students

of different characteristics are not likely to ttesult of different numbers of courses
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taken.

Table 14: Number of Courses Taken By Students Alingrto Student Characteristics

Mean Number of Standard Deviation
Courses Taken

Special Education Yes 7.4 1.4
No 7.5 1.0
FARMS Yes 7.5 1.1
No 7.5 1.0
ELL Yes 7.5 0.9
No 7.6 1.1
Race African-Americah 7.5 1.1
Latino 7.5 1.0
White or Asian 7.3 1.2
Gender Male 7.5 1.0
Female 7.6 1.1
Grade 9th 7.5 0.7
10th 7.5 0.8
11th 7.8 0.9
12th 7.1 1.7
Math Achievement Passed Test 7.5 1.1
Not Pas3ecst 7.5 1.0
English Achievement Passed Test 7.5 1.2
Not Pas3est 7.5 0.9

Per-pupil TREs are calculated for instructionlircaurses and for instruction in

core-academic courses only. Total per-pupil TRIERIde teacher salary expenditures

associated with all instruction—academic, electorejocational-but do not include

expenditures relating to physical education, teparts, and personal fithess courses or

courses in which a student is placed in an intepnshitside of the school. Core-

academic TREs per pupil include traditional collpgeparatory courses and academic

courses in the English, math, science, historyinga and foreign language departments.

The following table outlines per-pupil TRE variablend relevant variables in calculating

TRESs per pupil.
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Table 15: Per-pupil TRE Variables and Related Goarsd Teacher Variables

Variable Name | Description | Variable Type
STUDENT-LEVEL VARIABLES

TRE Teacher resource expenditure per pupil, ostliemoved Continuous

TRE_CA Teacher resource expenditure per pupil,-aceslemic subjects | Continuous

only and outliers removed

COURSE-LEVEL VARIABLES

Class_Size Class size of course Continuous

Course_Exp Course expenditure Continuous

Course_Exp PP | Course expenditure per pupil Contisiuo
TEACHER-LEVEL VARIABLES

Teacher_Salary | Teacher salary | Continuous

In addition, regardless of whether special edocattLL, and reading classroom
teachers were included in course enroliment ftlesse teacher salaries were allocated to
students who benefit from their instruction. Mdegailed information about how these
TRES per pupil were estimated as well as a disonssin how irregularities in the data
were handled is provided in Appendix I. Appendaddo summarizes decision rules
regarding missing data imputation and procedurebdadling outliers.

Teacher salary data were not straightforward,taaedinancial file contained line
item expenditures allocated to individual teaclierssarious purposes. In determining
teacher salary, this study included all expend#uinat are directly related to instruction
and aggregated regular, leave, and performancanhwpther stipends granted for
teaching purposeslhis study did not include teacher expenditures #ne indirectly
related to instruction, occur outside of the regstzhool year, or involve activities not
related to instruction, such as professional dgraknt, summer school, and athletic
coaching. Using these decision rules, the avenageschool teacher salary was $66,944.
In this district, teacher salaries are determingd bollective bargaining agreement

(CBA), which ties base salary to teacher yearxpéaence, certification level, and

14 See Appendix I for a discussion of treatment dfiexs.
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education. The Pearson correlation coefficienivbeh teachers’ salaries and years in the
districtisr =.476 (p < .001). Hence, teachgesrs of teaching in the district explained
22.6% of variation in teacher salaries. During20889—-10 academic year, teachers’
salaries were not tied to measures of effectiven&bg following table provides
descriptive information for teacher salaries.

Table 16: Teacher Salaries for High School Teachers

Mean | Median | Standard Deviation Z5Percentile] 75" Percentile

Teacher Salary $66,944 $66,485 $17,692 $53,58[1 8%82,

Class sizes, teacher experience, peer achievement, and number of AP courses.
Based on course enrollment data, this study alsgedespecific resource variables that
reflect observable differences in classroom resesird he following table provides an

overview of all additional resource variables usethis study.
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Table 17: Additional Resource Variables

Variable Description Variable

Name Type
STUDENT-LEVEL VARIABLES

NETF New English teacher flag indicating whether shudent’s English teacher i$ Dichotomous

new to the school, or has taught for less tharetkiears in the school; if the
student is enrolled in more than one English cldesaverage years of
experience of the English teachers is first catedand then the student is
tagged as having a new English teacher if the geeisaless than three year
in the school (0=no, 1=yes)

[2)

NMTF New math teacher flag indicating whether thelent’s math teacher is new, Dichotomous
to the school, or has taught for less than threesyia the school; the student
is enrolled in more than one math class, the aeeyagrs of experience of
the math teachers is first calculated and therstingent is tagged as having a
new rr;l%th teacher if the average is less than tf@ers in the school (0=no,
1=yes

ELACS The class size of the student’s English ¢ldésbe student is enrolled in moreContinuous
than one English class, the class sizes are awkrage

MathCS The class size of the student’s math cibi® student is enrolled in more | Continuous
than one math class, the class sizes are averaged

PeerEPer Peer achievement in English class défipdide percent of peers in English Continuous
class who have passed the state English test #ttident is enrolled in more
than one English class, peer achievement of tlesetaare averaged

PeerMPer | Peer achievement in math class definéldebyercent of peers in math clagsContinuous
who have passed the state math test; if the stislentolled in more than
one math class, peer achievement of the classevearaged

AP Number of AP courses a student is enrolled iiritfie academic year Count

This study focuses on resources in students’ Bmgligl math classes because
these classes are essential for student succesaterhigh school graduation exams as
well as on national standardized tests often useddilege admissions for students who
wish to pursue post-secondary education. Secesdarch on the efficacy of resources
such as class size and teacher experience haalty@inalyzed student outcomes in
English and math, and therefore, it is unknownats sizes and teacher experience are
related to student outcomes in all academic subjethird, averages of class sizes and
teacher experience may not be as informative ambdiass sizes; for example, if a

student is enrolled in a math class with a largalmer of students and an English course

15 Forty-two percent of students are enrolled in nthes one course in the English department.
8 Thirty-five percent of students are enrolled inreithan one course in the math department.
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with a small number of students, the student'sayeiclass size does not reflect this
variability. Thus, by focusing on available resmg in students’ English and math
classes, this study provides a more nuanced asalf/sesource allocation. These
resource variables are derived as follows:

Class size.This study defines class size as the actual slassof a student’s
English or math class. In some cases, studenesnaodied in more than one English or
math class. In these cases, class sizes are adegiagpss all English or math courses per
student'’

Teacher experiencg. In this study, experienced teachers—in either iEhgir
math class—are defined to be teachers who havetbaeimngn the schoofor at least
three years; total years of teaching experienca@eatravailable. It appears that, in this
district, teachers who are new to their schoolsaégse new to the district: Years in the
district are highly correlated with years in thésol (r = .969, p < .001, and see Table
18). It also appears that teachers who are neletechools generally have lower
salaries and hence likely have fewer total yeateathing experience than other teachers.
However, some teachers with less than three yggesience in the school have high
teacher salaries, indicating these teachers aneawoteachers. In summary, in most
cases, teachers who are new to the school are@lgto the profession, but there are

some exceptions.

17 One result of this decision is that class sizey ahthe student level and are not constant at the
classroom level. In addition, even though clagessare averaged, TREs per course category pemnstud
are not. In other words, if a student is enroltetivo English courses, expenditures per studanbdth
courses are allocated to the student and are tefléc the TRE for that student.

'8 This study recognizes that teacher certificatioth advanced degrees for high school math teachsrs h
also been shown to impact student outcomes. Teagperience has a similar impact on student ouésom
as teacher certification and advanced degreedeatier experience, like teacher certification and
advanced degrees, partially drives teacher salaries
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Table 18: Teacher Years of Experience

Mean | Median | Standard Deviation | 28" Percentile | 75" Percentile

Teacher Years in Distrigt 8.5 5.9 8.5 2.9 10.9

Teacher Years in Schoal 8.4 5.8 8.2 2.9 10.7

Based on the number of years the teacher has baehitign the schoqlthe
author creates a dummy variable that flags teachigihdess than three years of
experience in the school. Research indicateg¢hahers are much more effective after
their first few years of teaching (Rice, 2010), aodbe consistent with the literature, this
study employs this dummy variable as opposed & y&iars of experience teaching in
the school.

In some cases, students are enrolled in more tharEoglish or math class. For a
student who is enrolled in more than one Englisiss|the average years of teaching
experience in the school of the student’'s Engksithers is first calculated and then the
student is tagged as having a new English teathi@siaverage is less than three years
of teaching experience in the school. The sameoaph applies to identifying teacher
experience for students who are enrolled in maaia ime math class. For example, if a
student benefits from the instruction of an experezl math teacher and also has a novice
math teacher, the student is still taught by adtleae experienced math teacher.
Therefore, if a student is enrolled in more thae orath course, the student is considered
to be taught by a novice math teacher if the studees not have at least one
experienced teacher.

Peer achievementThis study defines peer achievement in Englisthas
percentage of a student’s peers in English clagshale passed the state standardized

test in English. Similarly, peer achievement irtima the percentage of a student’s peers
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in math class who have passed the state standangiziein math. These percentages
exclude the particular student’s achievement, &titkistudent is enrolled in more than
one English or math course, peer achievement imged across courses for each
academic subject.

Number of AP coursed:inally, to gauge access to academically rigoamusses,
this study also examines the number of AP coumentby 11 and 13' grade students.
This study calculates the number of AP coursestdieeach 1% and 12 grade student
during the 2009-10 academic year. The number of@WRses is only calculated for11
and 13" grade students because few younger students ianéedrin AP courses.

This district has an “open door” policy for AP ceas meaning that any student
may enroll in any AP course, though students witbrghigh achievement are especially
encouraged to participate in AP cour§es\ll schools offer AP courses in the following
subjects: biology, calculus, English language, Bhditerature, human geography, U.S.
government, psychology, statistics, and world mstand individual schools may choose
to offer additional AP courses. The most frequeatfered AP courses are in English
and psychology, and the AP courses offered the festpuently are in sciences and math.
Student enroliment in AP courses reflects both stimformal practices that influence
teacher and student sorting into courses as wsliuaent choices.

School-level resource variableSchool-level aggregates of resource variables
are also derived from student-level variables (Bsge 19). In some cases, school-level
aggregates only include students in certain graéles.example, the school-level

aggregate of number of AP courses taken by studentsculated only for fland 12

19 Averaging peer achievement when there is more din@class is a method employed by a recent study
analyzing the distribution of peer achievement @gaides & Loeb, 2013).

20 |nformation provided in the Board’s annual report.
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grade students as feW and 18' grade students enroll in AP courses. In addititore to

the large amount of missing achievement data fayride students, school-level

aggregates of peer achievement are calculatedfothtough 13' grade students only.

School-level aggregates of resource variables bgdare provided in Appendix 1.

Table 19: School-Level Resource Variables

Variable Description Variable
Name Type
SCHOOL-LEVEL VARIABLES

SCHTRE Average per-pupil TRE Continuous

SCHTRE_CA | Average core-academic TRE per pupil Coiwiis

SCHELACS Average English class size in school Coinus

SCHMathCS Average math class size in school Continuous

SCHNETF Proportion of students in school with inesienced English teacher Continuous

SCHNMTF Proportion of students in school with inekpnced math teacher Continuous

SCHAP Average number of AP courses taken Byarid 13" grade students in | Continuous
school

SCHPeerEPer | Average percent of peers in Engliss ¢léao have passed state Englis@ontinuous
test for 1§—12" graders in school

SCHPeerMPer| Average percent of peers in math elasshave passed state math testContinuous

for 10"-12" graders in school
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Chapter 4: Methods

This chapter discusses the methods employed irstilalyy. Most notably, it
outlines the analytic approach used to conductlainvschool equity analysis of resource
allocation; the following sections also discussmniethods employed to address the other
research questions. Table 20, below, providesvarview of the models utilized in this
study. The chapter concludes by providing infororabn the software used in this study.

Table 20: Methods Utilized To Address Research Ques

Research Questions Method Type DependentDependent Variable
Variable
Name
How does the within-school Multi-level TRE Teacher resource expenditure per pupll
variation in teacher resource  modeling TRE_CA | Core-academic teacher resource
expenditures per pupil (MLM) expenditure per pupil
compare to the variation
between schools?
Are teacher resource MLM & Simple TRE Teacher resource expenditure per pupll
expenditures per pupil linear regression TRE_CA | Core-academic teacher resource
equitably distributed within (SLR) expenditure per pupil
schools?
Do within-school allocation MLM TRE Teacher resource expenditure per pupjl
patterns of teacher resource TRE_CA | Core-academic teacher resource
expenditures per pupil vary expenditure per pupil
across schools?
Are specific resources Multiple linear TRE Teacher resource expenditure per pupll
equitably allocated within regression TRE_CA | Core-academic teacher resource
schools, and do multiple (MLR) expenditure per pupil
resource advantages or MLR ELACS Class size in English
disadvantages exist for some MathCS Class size in math
students? Logistic NETF New English teacher flag
regression NMTF New math teacher flag
Poisson AP Number of AP courses
regression
MLR PeerPELA | Percent of peers in English class who
have passed state English test
PeerPMath| Percent of peers in math class who have
passed state math test

The first three research questions concern thyegjuthe allocation of teacher
resource expenditures (TRES) per pupil. This serdploys multilevel modeling (MLM)

and simple linear regression (SLR) to evaluateetiigty of the allocation of TREs per
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pupil. The last research question concerns thé&yegiuthe allocation of resources in
students’ English and math classes and the nunil#d? courses taken by students. To
address the last research question, this studyogsipégression analysis for each school
to gain a more nuanced understanding of the eqtittye allocation of a number of
resources within schools.
Within-School Variation in Per-Pupil TREs

Before any equity analysis of per-pupil TREs iaducted, this study tests if there
is indeed considerable within-school variation @n-pupil TREs compared to the
variation between schools. To address the fisstarch questioriHow does the within-
school variation in teacher resource expendituresgupil compare to the variation
between schools?his study employs multilevel modeling (MLM) becausdetermines
if differences in per-pupil TREs are primarily tresult of differences in spending
between or within schools. To do so, MLMs comgaeeproportion of the variation in
per-pupil TREs that occurs within schools to thepartion that occurs between schools.
This analysis is necessary for this study becdusghin-school differences in per-pupil
TRES exist and yet are small compared to betweboedwariation in per-pupil TREs,
then policies should instead focus on equalizisgpueces between schools instead of
addressing resource equity within schools.

MLM is the most appropriate method to analyze aath multiple levels (Bickel,

2007; Raudenbush & Bryk, 2002; Snijders & Boskén.2).?* In this study, students are

21 Ignoring the multilevel structure of the data gbextentially results in biased results (Cohen, @ghe
West, & Aiken, 2003). In particular, the multigieear regressio{MLR) assumption that the residuals of
individual students are independent from each dtheiolated in datavith multiple levels (Cohen, Cohen,
West, & Aiken, 2003). Because all students withia same school experience the same environment,
observations of students in a particular school si@ye values on unobserved variables (Raudenbush &
Bryk, 2002). The result is that residuals of stitdevithin one particular school may be correlated,
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“nested” within schools and two levels are presstitdents at level 1 and schools at level
2. Student characteristics are referred to ad-fevariables and school characteristics as
level-2 variables.

To parse the variation to the student and sclev@l$, this study estimates the
following multilevel model (MLM): the one-way analig of variance (ANOVA) with
random effects, also known as the fully unconddianodel (Raudenbush & Bryk, 2002).
This model is represented by the following:

Equation 1: Null MLM of Per-Pupil TRES

Yi; = Boj + 1
Boj = Yoo + Uy
Where:
Y;;: per-pupil TRE for the ith student in school
Boj: school-level mean TRE per pupil for school |
r;;: residual for the ith student in school
Yoo: grand mean, average of all school means

uo;: random school effect, or residual for schott j-

This model also provides an estimate for the graedn, which is the average of all
school-level mean TREs. More importantly, this miqarovides information on what
proportion of the variance in per-pupil TREs ocourithin schools compared to between
schools (Raudenbush & Bryk, 2002). The intractasselation coefficient (ICC), or the
proportion of variance in per-pupil TREs that oschetween schools, can be calculated

from the estimates of this model. The ICC is clalimd as follows:

violating the MLR assumption of independence (Rabdsh & Bryk, 2002). This violation causes
standard errors of the regression coefficientsahatoo small and increased Type | error ratehiéG et
al., 2003). In other words, independent variabley be found to be statistically significant predis of
the dependent variable when in fact, they are MitM accounts for nested data structures and pesid
better estimates of standard errors (Raudenbushyg&, R002).

22 Model assumptions are further discussed in Appeidi
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Equation 2: Formula for ICC

Too

ICC=—
Too + 07

Where:
Too: the variance in Yj; attributable to between-school differences, Var(uoj) = Tyo

o2: the variance in Y;; attributable to within-school differences, Var(ri]-) = o2

If the within-school variation in per-pupil TREss#atistically and practically significant
compared to the between-school variation, indicaied small ICC, an investigation of
within-school fiscal resource equity is warranted.

Equity Analysis of Per-Pupil TRES

To address the second research questime,teacher resource expenditures per
pupil equitably distributed within schools®his study develops an analytic approach for
evaluating the equity of per-pupil TREs. This gsal has multiple parts corresponding
to Berne and Stiefel’s (1984) framework for evailugiequity in education: horizontal
equity, vertical equity, and equal opportunity.

Horizontal equity. Horizontal equity is the equal treatment of equaihich
implies that all students with equal needs rectieesame amount of resources (Baker &
Green, 2008). However, Odden and Picus (2008} pointhat not “all children are alike”
(p. 66). Children differ in grade level, prior fmmance, disability, low-income
background, and limited English ability, and idéntig subgroups of “like” students is
difficult. For this reason, Toutkoushian and Miehé2007) argue that it would be very
difficult to conduct a horizontal equity analysts £ach subgroup of “like” students

because there would be a large number of studéegraups. They remark that an
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important limitation of traditional horizontal edquianalyses is that they “do not generally
account for the effects of multiple dimensionstofdent and district need” (p. 398).

To resolve this issue, Toutkoushian and MichaeD{2@rovide one approach for
analyzing horizontal equity that utilizes MLR tontml for multiple factors of student
need. Their idea is that once certain studentsiaszlcontrolled for, then students are
alike, and horizontal equity may be evaluated. fliisé step of their approach is to
regress PPEs on legitimate categories of studet teeobtain the residuals, or the
differences between actual PPEs and expected RiafErsgjudent needs. They argue
that the residuals represent the differences iladofor “like” students. Then, horizontal
equity is determined based on the variation ofr#iseduals instead of the actual PPEs.
Conceptually, analyzing the variation of the residus similar to analyzing the variation
of PPEs, but using the residuals instead of theah&PEs controls for some reasons why
per-pupil TREs differ across students.

The second step of their approach is to calculsestandard error of the estimate,
which “represent[s] the average amount of varigpiiin PPEs across “like” students (p.
407). Toutkoushian and Michael (2007) posit tr@izontal equity is achieved when the
standard error of the estimate is O; in other wondsizontal equity is violated if there is
any variability in PPEs after controlling for studaeeds. One flaw to their approach,
however, is that it does not allow fany variability in spending on “like” students before
horizontal equity is violated, yet traditional hayntal equity analyses typically allow for
somevariation before horizontal equity is violated (@ad& Picus, 2008). To be
consistent with traditional horizontal equity arsdyg, this study diverges from

Toutkoushian and Michael’s (2007) approach atdtep and instead allows for some
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variation in PPEs before horizontal equity is vieth The following paragraphs outline
this study’s analytic approach for evaluating honial equity.

According to the literature, students who differtba following variables are not
alike: special education, ELL, and low-income staand grade level (Odden & Picus,
2008). Further, the state in which this districtdcated allocates additional funding for
special education, ELL, and low-income studentg$iégen, 2011); hence, these
students are unlike other students who do not adddional resources. In addition,
grade level is also a common variable for defirfing” student subgroups because
districts may target resources to students in icegi@des (Odden & Picus, 2008). Thus,
this study identifies “like” students as studentsovare in the same grade and who are
similar in terms of special education, ELL, and {owome status.

This study first obtains the residuals of PPEagiJioutkoushian and Michael's
(2007) MLR approach, controlling for special edumat ELL, and low-income status and
grade level, and then calculates the coefficiemaniation (CV) using the residuals from
the MLR analysis. The CV is a common statisticduseevaluate horizontal equity of
PPEs (Odden & Picus, 2008), and it is typicallycakdted by dividing the standard
deviation of PPEs by the mean PPE. The study gmaphe CV to evaluate the degree of
variation because the CV is a good overall meastvariation because it takes into
account all values in the data, and it is easilyeustood and interpretable. The study
calculates the CV by dividing the standard deviatbtheresidualsby the average per-
pupil amount. Therefore, in this study, the CVresents the degree of variation in PPEs
after controlling for special education, ELL, amavlincome status and grade level.

Then, to determine if horizontal equity is achieviis study compares the CV with a
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pre-determined criterion. Therefore, unlike Towt&loian and Michael's (2007) approach,
this analysis allows for some variation in PPE®behorizontal equity is violated.

To determine if horizontal equity is achieved,itglly, the CV of PPEs is
compared to a pre-determined criterion. A comnmaeroon for achieving horizontal
equity of PPEs in studies of interdistrict equgyai CV of less than 0.10, though several
scholars argue that this criterion is too largestodies of intradistrict spending (Goertz
& Stiefel, 1998; Odden & Picus, 2008). Howevere do limited research on within-
school horizontal equity of PPEs, there is no comisnaccepted criterion for
determining within-school horizontal equity. Tisisidy proposes the following
approach: As per-pupil TREs are largely determimgtkacher salaries, and there is
variation of teacher salaries within schools, #tigly first calculates the CV of teacher
salaries, and this value serves as the criterioddtermining horizontal equity of PPEs
within schools. The logic is that if per-pupil TREo not vary more than teacher salaries
within schools, horizontal equity is achieved. eMtatively, if the CV of the residuals is
greater than the CV of teacher salaries, horizagalty is violated.

MLM is appropriate for this analysis because it hayused to determine the
average degree of within-school variation in PP @ontrolling for special education,
ELL, and low-income status and grade level. Thievwng MLM model controls for
these variables, and residuals from this modeéamgloyed to determine horizontal
equity. Conceptually, the level-1 residuals ostimodel represent the differences in

spending for students within the same school, odlintg for student needs.
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The following equation outlines the MLM for thisaysis. Variables are
uncentered, and a fixed slope model is emplS§elandom effects are added to the
MLM in subsequent analyses.

Equation 3: MLM for Horizontal Equity of Per-Pu@iREs

Level-1
Yi]- = [30]- + BljSPEDi]- + szELLi]‘ + ngPOVi]- + [34]-GRADE101]- + BSjGRADElli]- +
Be;GRADE12;; + 1;
Level-2
Boj = Yoo + U
Bij = Yko ke{l2,..,6}
Where:
Y;;: per-pupil TRE for the ith student in school
Boj: school-level average TRE for school j
SPED;;: student receives special education services (0=no, 1=yes)
ELL;;: student is English language learner (O=no, 1=yes)
POVj;: student qualifies for FARM®)=no, 1=yes)
GRADEKj;: set of dummy codes for students in grade k, (0=no, 1=yes)
Yoo: “average” per-pupil cost forigrade students who are not special education, Bt lgw-income
Y10: "average" slope for SPED students
Y20: "average" slope for ELL students
Y3o: "average" slope for low-income students
Ya40: "average" slope for Gradel0 students
Yso: "average" slope for Gradel 1 students

Yeo: "average" slope for Gradel2 students

r;;: residual for the ith student in school

u,;: random school effect, or residual for scho%dlj.

% Grand-mean centering the level-1 variables torobfar differences across schools in student
populations does not change the residualized 10d& not center the variables in this model forecak
interpretation.

24| use “average” because these estimates areusoaterages but rather weighted averages. Model
assumptions are discussed in Appendix IV.
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From this model, this study can also calculateradtmnal ICC, which now represents
the proportion of variation in per-pupil TRESs tlaturs between schools, controlling for
differences in spending on special education, Erd low-income students and students
in different grade levels. This study calculates €V of per-pupil TREs by dividing the
standard deviation of the level-1 residuajg py the average per-pupil TR in the

null model). This CV indicates the degree of witlschool variation in per-pupil TRES,
relative to the average per-pupil TRE and contngllior differences in student needs.
The CV is calculated by:

Equation 4: Formula for Coefficient of Variation Bé€r-Pupil TREs

Where:

o2: variation of the conditional level-1 residuals

Yoo: 9rand mean, average of all school meabs$ained from the null model in equation 1

To determine the criterion for achieving horizomtquity, this study employs a
MLM to calculate the CV of teacher salaries, ordegree of within-school variation in
teacher salaries. Clearly, per-pupil TREs depantbacher salaries, and teacher salaries
vary within schools. Put simply, if per-pupil TREary only to the same degree as
teacher salaries within schools, then horizontaltggs achieved. The MLM and
equation for determining the CV of teacher salangkin schools are expressed by the

following:
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Equation 5: MLM for Determining Criterion for Hoontal Equity of Per-Pupil TREs

Yij = Boj + 1
Boj = Yoo + Uy
Where:
Y;;: teacher salary for ith student in school
Boj: school-level average teacher salary school
r;;: residual for the ith teacher in school

Yoo: grand mean, average of all school means of teaetheries

u;: random school effect, or residual for school j.

Equation 6: Formula for Coefficient of Variation Béacher Salaries

Yoor

Where:

0% within-school variation of teacher salaries

Yooy: grand mean of teacher salaries

The results from the previous MLM and equation piceda CV of .26 for within-school
variation in teacher salaries. Thus, horizontalitycpf per-pupil TREs is achieved if the
CV of per-pupil TREs is less than .26.

Vertical equity. Vertical equity is the unequal treatment of uradguand vertical
equity is achieved when students with greater ddwt needs receive sufficiently more
resources. As discussed in Chapter 2, state fgnaaights for categorical student needs
serve as one benchmark for achieving vertical gdartstudents with greater needs. The
district in this study resides in a state that eypla foundation plan to provide state aid
to districts based on proportions of special edanaELL, and low-income students.
Specifically, the state employs a weight of 1.7Adpecial education students, 1.97 for

low-income students, and 1.99 for ELL students $¥égen, 2011). To determine if
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vertical equity is achieved, this study comparesattual funding weights for special
education, ELL, and low-income students to the mmgaveights outlined in the state
foundation plan for each student subgroup. Vdrggaity is analyzed for one student
characteristic at a time because states genesaigraweights without consideration of
student membership in more than one category. eipidg vertical equity in terms of
the weights used in the state foundation plan,stidy ascertains if the district meets
state goals in terms of categorical funding fodstits. In summary, in this study,
vertical equity is achieved for a student subgribaipe actual funding weight is not less
than the funding weight specified in the state fiation plan.

To assess vertical equity for special educatidr,, Bnd low-income students, this
study employs simple linear regression (SLR) mottetdetermine the additional amount
of money spent on special education, ELL, and logeme students relative to non-
special education, non-ELL, and non-low-income stus in the district. This study does
not use MLMs for the vertical equity analysis besaMLMs parse spending differences
to within- and between-school components, and tatthin- and between-school
components contribute to how much money is speatitcate these students. This
study’s analytic approach is most consistent wWithihtention of the state foundation
plan, which implies that the district should spa@nckrtain percentage more on
categorical subgroups of students. Therefore abjpgoach does not produce within-
school spending differences for students with aaiegl needs; however, it does provide
an estimate of how much the district spends oretsglents using student-level teacher
expenditure data. The SLR model for determinireguiértical equity of special education

students is written as follows:
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Equation 7: SLR Model for Vertical Equity of Per{#luT REs for Special Education
Students

Yi = BO + BlsPEDl + I
Where:
Y;: per-pupil TRE for the ith student in the district

Bo: average per-pupil TRE for all non-special edwrastudents in the district
SPED;: student receives special education services (0=no, 1=yes)
B, additional expenditure amount for SPED students

r;: residual for the ith student in the distridt.

The slope coefficienf};, represents the incremental difference in dofiarspecial
education students relative to non-special educatiodents in the district. Similar SLR
models are analyzed for low-income and ELL students

This study determines vertical equity in termswiding weights, as opposed to
regression coefficients, because the state fountatan also determines categorical
funding in terms of weights. Actual funding weiglibr each student category—special
education, ELL, and low-income—are derived from$h&k models. Then, the
magnitude and direction of the weights are comptodéde mandated state weights for
each student category. The actual funding weighs$pecial education students is
calculated by:

Equation 8: Formula for Actual Funding Weight ofe8ial Education Students

_Bi1+Bo

Weightg,., = B

Where:
Bo: average per-pupil TRE for non-special educatiodents

B, additional dollar amount for SPED students

%5 Model assumptions are discussed in Appendix IV.
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The same method applies to analyzing vertical gdartELL and low-income students.

Vertical equity for special education studentscsiaved ifWeight ., = 1.74, vertical

equity for ELL students is achievedWeight 1.99, and vertical equity for low-

>
ELL —

> 1.97.

income students is achievedWreight,, ., =

It must be noted that the state mandated weighthése student categories apply
to all expenditures, not just TREs, and this stildgs not account for other instructional
non-instructional expenses for special educatiduih, Bnd low-income students. Thus,
one could argue that the criteria for achievingieal equity should be adjusted
downwards since the district may spend addition#ads to educate various students.
However, the per-pupil TREs derived by this stuldp @o not include school-level
expenditures that affect all students equally, iantlision of these school-level
expenditures would decrease actual funding wef§hherefore, by including all
expenditures in calculations of per-pupil TRE, vieetical equity weights may be greater
than or less than the vertical equity weights datitay this study. However, as
instruction is the most important function of sclepdlifferential spending on instruction
for special education, ELL, and low-income studesiitsuld be reflected in actual
funding weights of per-pupil TREs.

Equal opportunity. Equal opportunity is achieved if student chanasties that
are illegitimate in predicting per-pupil TREs ai@ associated with TREs. One would
not expect, for example, students with similar ediwnal needs but of different races to

receive different resources. Equal opportunityasditionally analyzed using Pearson

26 Assuming the weight of special education studenis74, adding school-level expenditures x to both
special education and non-special education stadeay be modeled by the equation: y = (1.74 + x)/(1
X). As x increases, the y, or the vertical equitight for special education students, decreases.
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correlation coefficients. This study instead empl®LM to ascertain if there are linear
relationships between student characteristics angbppil TRES while controlling for
categorical student needs and grade level. Comakyptboth analytic approaches are
similar.

Student race, gender, and achievement should nefdted to per-pupil TREsS,
controlling for student needs (Odden & Picus, 200B) address equal opportunity for
students of different races, genders, and achieweleeels, this study employs MLM to
test whether student race, gender, and achievamnediict allocations of per-pupil TREs,
controlling for reasons why per-pupil TREs may tegately vary within schools. The
MLM to assess equal opportunity is defined by tieWing equation. Variables are
uncentered, and this model includes fixed slopés OnRandom effects are included in

the next section.

2| later group-mean center the level-1 variableghenfollowing MLM, but I do not center the variabl
for this model for ease of interpretation becaussh to know how much more is being spent on each
student subgroup.
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Equation 9: MLM for Equal Opportunity of Per-PupiREs

Level-1
Y;; = Boj + B1;SPEDy; + B2ELL;; + B3;POV;; + +B4;GRADE10;; + Bs;GRADE11;; +
BsjGRADE12;; +
B7LATINO;; + BgjWHITEASIANj; + Bo;Gr10PELA;;+B(10);Gr10PMath;; +
B(11)jGr11PELAij+B(12)jGr11PMathij+B(13)jGr12PELAij+pB(14)jGr12PMathij+p(

15)jGENDER+rij
Level-2
Boj = Yoo t Uoj
Bkj = Yko ke{1,2,..,15}
Where:
Y;;: per-pupil TRE for the ith student in school
Boj: school-level average TRE for school j
SPEDj;: student receives special education services (0=no, 1=yes)
ELLj;: student is English language learner (0=no, 1=yes)
POVj;: student qualifies for FARMS (0=no, 1=yes)
GRADEKj;: set of dummy codes for students in grade k, (0=no, 1=yes)
LATINOy;: dummy code for Latino students (0=no, 1=yes)
WHITEASIANy;: dummy code for White or Asian students (0=no, 1=yes)
GR10PELAj;: dummy code for 10th grade student who passed state English test
GR10PMath;;: dummy code for 10th grade student who passed state math test
GR11PELAj;: dummy code for 11th grade student who passed state English test
GR11PMathj;: dummy code for 11th grade student who passed state math test
GR12PELAj;: dummy code for 12th grade student who passed state English test
GR12PMath;;: dummy code for 12th grade student who passed state math test
GENDER;;: gender (O=male, 1=female)
Yoo: “average” school-level TRE fo"igrade male African American students who are petil
education, ELL, or low-income and older student®\whve not passed state tests in English or math
Y10: "average" slope for SPED students
Y20: "average" slope for ELL students

Y30: "average" slope for low-income students

Yao: "average" slope for 10th grade students relative to §' grade students

100



Yso: "average" slope for 11th grade students relative to §' grade students
Yeo: "average" slope for 12th grade students relative to &' grade students
Y-0: "average" slope for Latino students relative to African American students
Ygo: "average" slope for White/Asian students relative to African American students
Yoo: "average" slope for 10th grade students who passed English test

Y@o0yo: "average" slope for 10th grade students who passed math test

Y(11)0: "average" slope for 11th grade students who passed English test
Y(@2)0: "average" slope for 11th grade students who passed math test

Yas)yo: "average" slope for 12th grade students who passed English test

Yaayo: "average" slope for 12th grade students who passed math test

Yas)yo- “average” slope for female students

r;;: residual for the ith student in school

uo;: random school effect, or residual for scho%&ij.
Equal opportunity is achieved if student race, @oiment, or gender are not predictive
of TREs, which occurs whepy, throughf3; s are not statistically different than O.
Variation in Within-School Allocation Patterns of Per-Pupil TREs

This section discusses the method for analyziedtild research questiofido
within-school allocation patterns of teacher resceiexpenditures per pupil vary across
schools?” This research question goes one step further treaprevious analysis and
examines whether within-school monetary resouroeation patterns differ for schools
with dissimilar student populations. This studypdoys MLM to identify the best-fitting
model to explain within- and between-school differes in monetary resource allocation.
This multilevel analysis is beneficial becauserdvyades statistically rigorous findings of
school-level characteristics that are associatél within-school resource allocation
patterns. However, this analysis is also someWwinged due to the small number of

level-2 units, or schools; the model potentiallffets from a lack of power. Power is the

28| use “average” because these estimates areusoaterages; they are rather weighted averages of
regression slopes in each school. Model assunmptiondiscussed in Appendix IV.
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ability to identify an effect if the effect exis@nd it is dependent on the number of level-
2 units, among other things. In other words, whilLM provides a sophisticated
statistical analysis of within- and between-schuatterns in the allocation of monetary
resources, it may not identify all variables tha eelated to differences in within-school
resource allocation patterns.

This study employs Snijders and Bosker's (2012)ehbdilding approach,
which suggests that researchers build up fromeweld1 model with fixed effects and
simultaneously pursue the best-fitting and mossipasnious model. Random effects
are added to the model if there is descriptive @awe that regression slopes vary across
schools, but only random effects—or slope variamce®variances—that are statistically
significant and that statistically significantly prove model fit should remain in the
model. A Chi-Square test of the difference of maldviances is conducted to ensure
that the addition of each random effect statidycsipnificantly improves model fit with
p <.01. Next, cross-level effects are added ¢ontiodel to explain the random effects.
A cross-level effect is an interaction variableviostn a level-2 and a level-1 variable.
Cross-level effects can inform why regression ssopidevel-1 independent variables
vary across schools (Raudenbush & Bryk, 2002).y ©rdss-level effects that are useful
in accounting for variation in regression slopetewtl-1 independent variables across
schools should remain in the model. Further, mdawmisleading findings, it is
necessary to include level-2 variables that ard useross-level effects as fixed effects
in the model, even if the level-2 variables thewsglare not statistically significant in
predicting the outcome variable (Snijders & Bosk€12).

This model building approach results in inclusidrseveral random effects and
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one cross-level effect in modeling between-schdémnces in within-school monetary
resource allocation patterns. For both modelefpenditures per student and core
expenditures per student, seven regression slopésvel-1 independent variables are
allowed to randomly vary across schools, and thdam effects are allowed to covary.
For the most part, cross-level effects are notulsefreducing regression slope variance
with one exception: a cross-level effect betweengitoportion of ELL students in the
school and a student’s ELL status statisticallysigantly reduces the random slope
variance of ELL status on expenditures per studedtcore expenditures per student.
Implications are discussed in Chapter 5, which eskls this study’s findings.

The final MLM for understanding between-school eiféinces in within-school
resource allocation of per-pupil TREs is outlinedtloe following page. The final MLM

for core-academic TREs per pupil is identical dmetefore, it is not provided.
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Equation 10: MLM for Understanding Between-Schodfddences in Within-School
Allocation Patterns of Per-Pupil TREs

Level-1
Yij = Boj + B1;SPED;; + BoELL;; + B3;POVy; + +B4,GRADE10;; + B5;GRADE11;; +
Bs;GRADE12;; +
B7;LATINO;; + BgjWHITEASIAN;; + Bo;Gr10PELA;;+f10;Gr10PMath;; +
11jGr11PELAij+B12jGr11PMathij+13jGr12PELAij+p14jGr12PMathij+B15jGEND
ER+rij
Level-2
Boj = Yoo + Yo1SCHELL;+uy;
B1j = Y10ty
B2j = Y20 + Y21SCHELL;+uy;

B3j = Y30
B4j = Yao
Bsj = Yso+Us;
Bsj = Y0t Us;
B7j = Y70
st = Yso0
B9j =Yoo

8(10)1' = Y@10)0
Banj = YaneTUa;
Bazj = Y2y
Bz = YasotUs);
Ba = Yaso+Uay;
Beis)i = Ys)o

Where:
Y;;: per-pupil TRE for the ith student in school

SPEDj;: student receives special education services (0=no, 1=yes) GMC
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ELLj;: student is English language learner (0=no, 1=yes) GMC

POVj;: student qualifies for FARMS (0=no, 1=yes) GMC

GRADEKj;: set of dummy codes for students in grade k, (0=no, 1=yes) GMC
LATINOy;: dummy code for Latino students (O=no, 1=yes) GMC

WHITEASIANy;: dummy code for White or Asian students (0=no, 1=yes) GMC
GR10PELAj;: dummy code for 10th grade student who passed state English test GMC
GR10PMathj;: dummy code for 10th grade student who passed state math test GMC
GR11PELAj;: dummy code for 11th grade student who passed state English test GMC
GR11PMathj;: dummy code for 11th grade student who passed state math test GMC
GR12PELAj;: dummy code for 12th grade student who passed state English test GMC
GR12PMathj;: dummy code for 12th grade student who passed state math test GMC
GENDER;;: gender (O=male, 1=female) GMC

SCHELL;: proportion of students who are ELLs in school j GRMC

Yoo: grand mean, average of all school means

Y10 "average" school slope for SPED students

Y20: "average" school slope for ELL students

Y3o: "average" school slope for low-income students

Yao: "average" school slope for 10th grade students relative to 9th grade students

Yso: "average" school slope for 11th grade students relative to 9™ grade students

Yeo: "average" school slope for 12th grade students relative to 8 grade students

Y7o: "average" school slope for Latino students relative to African American students

Yso: "average" school slope for White/Asian students relative to African American students

Yoo: "average" school slope for 10th grade students who passed English test
Y(10y0: "average" school slope for 10th grade students who passed math test
Y@a1)o: "average” school slope for 11th grade students who passed English test
Yaz)o: "average" school slope for 11th grade students who passed math test
Yas)yo: "average" school slope for 12th grade students who passed English test
Y(14)0: "average" school slope for 12th grade students who passed math test
Y(1s): “average” school slope for female students

Yo1: slope coefficient for SCHELL relative to proportion of ELL students in district
Y21: increment toy,, for schools with more ELL students than distriatrage
r;;: residual for the ith student in school

uy;: random school effect for the intercept, or realdar school j

uy;: random school effect for the slope of SPED fdvosd j

u,;: random school effect for the slope of ELL for sohj
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ug;: random school effect for the slope of Gradellsfdmool j
ug;: random school effect for the slope of Gradel2fdrool j
u(11y;- random school effect for the slope of Gr11PELAdohool j

U(13y;- random school effect for the slope of Gr12PELAdohool j

U(14);- random school effect for the slope of Gr12PMathsichool j?g

Centering refers to the process of subtractingnstemt from all values of a
predictor variable and is commonly used in MLM &gifitate interpretation (Enders &
Tofighi, 2007; Snijders & Bosker, 2012). Two maismf centering are employed for
this MLM: Level-1 predictor variables are group mezntered (GMC) and level-2
predictor variables are grand mean centered (GRM®E)his study, group mean
centering refers to subtracting the school aveosge particular variable from the
student’s value on the variable, and grand meatedag refers to subtracting the district
average from the student’s value on the variallmup mean centering for level-1
variables is the most appropriate centering chaitcen examining the relationship
between level-1 predictor variables and the depetnviiable, and grand mean centering
for level-2 variables is the best choice when examgi the relationship between level-2
predictor variables and/or cross-level effects ti@ddependent variable (Enders &
Tofighi, 2007). It should be noted that centerafiggcts the interpretation of the

regression slopes.

29| use “average” because these estimates areusoaterages but rather weighted averages. Model
assumptions are discussed in Appendix IV.
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Equity of Within-School Allocation Patterns of Spedic Resources

This section describes the method for analyziegalirth and final research
guestion,’Are specific resources equitably allocated witlsichools, and do multiple
resource advantages or disadvantages exist for statkents?” To better understand
the combination of resources that individual stuslevithin a school receive, this study
now conducts several MLR analyses for each schemvious MLM analyses inform
average within-school resource allocation pattanrsss schools in the district; however,
they may not identify all resource allocation pattewithin schools. For example, if a
school spends more on teacher salaries but lesdamger class sizes, the MLM of per-
pupil TREs does not reflect this resource substitut Further, previous MLMs do not
inform the equity of the allocation of multiple oesces within a particular school. For
example, previous analyses do not reveal if Whitdents have larger per-pupil TREs
andhave higher peer achievement in a given schoolgdin a more nuanced
understanding of the equity of the allocation &fo@rces within schools, this study
simultaneously analyzes the equity of the allocatiba number of resources for each
individual school. This analysis also yields anlerstanding of how the equity of the
allocation of one resource relates to the allocatibanother.

To determine if within-school resource allocatpatterns of class sizes, teacher
experience, peer achievement, and number of AFsesware equitable, this study
combines Berne and Stiefel’s (1984) concepts dfcadrequity and equal opportunity.
For equal opportunity to be achieved, student dtaristics that are illegitimate in
predicting TREs should also not be associated etltbr allocated resources. As

previously discussed, student characteristicsdhatild not be associated with TREs are
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student race, achievement, and gender. Howeverwonld expect student achievement
to be related to peer achievement and number afcdirses taken because high-
achieving students may take more advanced counsklsaave more high-achieving peers
than low-achieving students; thus, this study dussconsider associations among
student achievement, peer achievement, and nunildd? ocourses taken to be violations
of equal opportunity. In addition, students whedgreater educational needs according
to the state—special education, ELL, and low-incetneents—should also not receive
inferior resources compared to other students; kievyén the spirit of vertical equity,
resource allocation patterns are still equitabtbéke students receive superior resources
than other student§. Thus, the allocation of resources within schi®ksquitable if
student race, gender, and achievement are notiatesbwith allocated resources and if
special education, ELL, and low-income studentsakreceive inferior resources than
other students.

Overall resources include per-pupil TREs and nurmob&P courses taken by
students in the 2009-10 academic year. Resouncgsdents’ English and math classes
include class sizes, teacher experience, and pagveament. By re-analyzing the
allocation of per-pupil TREs within each schoolstbtudy attempts to understand how
multiple resource advantages or disadvantages rislyfer students within the same
school. The following sections outline MLR modetsed to determine the equity of each

allocated resource within each school.

30 Berme and Stiefel’s (1984) framework for analyzawgiity is not typically used for analyzing the gqu

of non-expenditure resources. While it may be ustded that certain students—such as special édncat
and ELL students—cost more to educate, there @nsensus on how this money should be spent. &houl
these students have smaller class sizes or teastibrsigher salaries or both? Therefore, | bl&sine

and Stiefel's (1984) concepts of educational oppoty and vertical equity to address this research
guestion.
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Per-Pupil TREs. The MLR model employed to understand the equitthef
allocation of per-pupil TREs in each school is tertas follows:

Equation 11: MLR Model for Analyzing the Allocatiai Per-Pupil TREs Within Each
School
Yi = Bo + BspepSPED; + BpoyPOV; + BrLLELL; + Bgrapek GRADEK; +

BLATINOLATINOi + BWHITEASIANWHITEASIANi + BlGr10PELA1+BZGr10PMath1 +
B3Gr11PELA;+B,Gr11PMath; + B;Gr12PELA; + B¢Gr12PMath; + r;

Where:
Y;: per-pupil TRE for ith student

SPED;: student receives special education services (0=no, 1=yes)

POV;: student qualifies for FARMS (0=no, 1=yes)

ELL;: student is English language learner (0=no, 1=yes)

GRADEK;: set of dummy codes for students in grade k, (0=no, 1=yes)

LATINO;: dummy code for Latino students (0=no, 1=yes)

WHITEASIAN;: dummy code for White or Asian students (0=no, 1=yes)
GR10PELA;: dummy code for 10th grade student who passed state English test
GR10PMath;: dummy code for 10th grade student who passed state math test
GR11PELA;: dummy code for 11th grade student who passed state English test
GR11PMath;: dummy code for 11th grade student who passed state math test
GR12PELA;: dummy code for 12th grade student who passed state English test
GR12PMath;: dummy code for 12th grade student who passed state math test
[o: intercept, or average base spending per-pupil

Bspep: average differential dollar amount allocated to special education students
Bpov: average differential dollar amount allocated to low-income students

BeLL: average differential dollar amount allocated to English language learners
Bcrapek: average differential dollar amount allocated to students in grade k
BraTino: average differential dollar amount for Latino students

BwaiTeasian: average differential dollar amount for White or Asian students
Bm: (m#0) average differential dollar amount for students in grade k (k#9) who passed state test

r;: residual for the ith student.31

31 Model assumptions are discussed in Appendix IV.
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Class sizes.Next, this study analyzes student characterigtiasare associated
with differences in class sizes in students’ Efngédad math courses. The class size of a
student’s English or math class is regressed atestwcharacteristics to assess if certain
subgroups of students have smaller or larger sliaes than other students. If a student
is enrolled in more than one course in the Englisimath department, the average class
size per academic subject is used. The MLR mantalriderstanding the equity of the
distribution of English class sizes within schoslexpressed as follows:

Equation 12: MLR Model for English Class Size

Y; = Bo + BspepSPED; + BpovPOV; + BeLLELL; + Borapek GRADEK; +
BLatiNnoLATINO; + BwriTeasian WHITEASIAN; + BrpmaLe FEMALE; +
B,Gr10PELA,+B,Gr10PMath; + B5Gr11PELA;+@,Gr11PMath; + BsGr12PELA; +
6Gr12PMathi+ri
Where:

Y;: class size in English for ith student

SPED;: student receives special education services (0=no, 1=yes)

POV;: student qualifies for FARMS (0=no, 1=yes)

ELL;: student is English language learner (0=no, 1=yes)

GRADEK;: set of dummy codes for students in grade k, (0=no, 1=yes)
LATINO;: dummy code for Latino students (O=no, 1=yes)

WHITEASIAN;: dummy code for White or Asian students (0=no, 1=yes)
FEMALE,: dummy code for female students (0=no, 1=yes)

GR10PELA;: dummy code for 10th grade student who passed state English test
GR10PMath;: dummy code for 10th grade student who passed state math test
GR11PELA;: dummy code for 11th grade student who passed state English test
GR11PMath;: dummy code for 11th grade student who passed state math test
GR12PELA;: dummy code for 12th grade student who passed state English test
GR12PMath;: dummy code for 12th grade student who passed state math test
[Bo: intercept of class size in English

Bspep: average English class size difference for SPED students

Bpov: average English class size difference for low-income students

BeLL: average English class size difference for ELLs
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Borapek: average English class size difference for kth grade students

Bratino: average English class size difference for Latino students

BwuiTeasian: average English class size difference for White or Asian students

BremaLe: average English class size difference for female students

Bm: (m#0) average English class size difference for students in grade k (k#9) who passed state test

r;: residual for the ith student.32

The MLR model to estimate the within-school vaoatin math class sizes is the same as
above except thdf represents the ith student’s class size in matttlan slope
coefficients represent the incremental math clessdifferences.

Teacher experience.The study also determines whether student clarsiits are
associated with having a new English or math teraclbe dependent variable in these
models is dichotomous, and a logistic link functismeeded to estimate the models. The
binary logistic model predicting having a new teacim English (0=no, 1=yes) is written
as follows:

Equation 13: Binary Logistic Regression Model f@aviNEnglish Teacher

In [—2 ]
n 1—T[i

= Bo + BspepSPED; + BpovPOV; + BeLLELL; + Borapex GRADEK; + Brarino LATINO;
+ Bwiiteasian WHITEASIAN; + Brema e FEMALE; + B, Gr10PELA;+B,Gr10PMath;
+ B3Gr11PELA; + B,Gr11PMath; + B5Gr12PELA; + B¢Gr12PMath;
Y;~ Bern(m;)
Where:
Y;: NETF, student has new English teacher (0=no, 1=yes)

m;: odds of having new teacher in English

SPED;: student receives special education services (0=no, 1=yes)
POV;: student qualifies for FARMS (0=no, 1=yes)

ELL;: student is English language learner (0=no, 1=yes)

GRADEK;: set of dummy codes for students in grade k, (0=no, 1=yes)

32 Model assumptions are discussed in Appendix IV.

111



LATINO;: dummy code for Latino students (O=no, 1=yes)

WHITEASIAN;: dummy code for White or Asian students (0=no, 1=yes)
FEMALE,: dummy code for female students (0=no, 1=yes)

GR10PELA;: dummy code for 10th grade student who passed state English test
GR10PMath;: dummy code for 10th grade student who passed state math test
GR11PELA;: dummy code for 11th grade student who passed state English test
GR11PMath;: dummy code for 11th grade student who passed state math test
GR12PELA;: dummy code for 12th grade student who passed state English test
GR12PMath;: dummy code for 12th grade student who passed state math test
Bo: intercept

Bspep: average log odd difference for SPED students

Bpov: average log odd difference for low-income students

BeLL: average log odd difference for ELLs

Bcrapek: average log odd difference for kth grade students

Bratino: average log odd difference for Latino students

BwaiTEasian: average log odd difference for White or Asian students

BremaLg: average log odd difference for female students

Bm: (m#0) average log odd difference for students in grades k (k#9) who have passed the state test

Y~ Bern(m;): Y; follow Bernoulli distribution.>>

The model for understanding the within-school disition of new math teachers is
similar to the above model, excéptrepresents NMTF, or whether the student has a new
math teacher (O=no, 1=yes).

Peer achievement.This study also examines which student charatiesiare
associated with peer achievement in students’ Blngihd math classes. The peer effect
in English class is defined as the percentagestdident’s peers who have passed the
state standardized test in English. This percenéxgludes the student’s achievement,
and if the student is enrolled in more than oneliBhgourse, peer achievement is
averaged. The structure of the state testing prognakes it difficult to compare student

achievement across grades validly; hence, thig/sisak conducted for students in each

33 Model assumptions are discussed in Appendix IV.
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grade separately. In addition, given that mdsg@de students and many™Mgrade
students have not yet taken the state tests, thigsas is conducted for students in the
11" and 13' grades and separately for students in each grBaléurther control for prior
student achievement because prior achievementigdeo tracking and peer
achievement, student grade point average (GPAJdedto the model (Kalogrides &
Loeb, 2013). The MLR model for assessing the widthool distribution of peer
achievement, or social capital, in English classift}' grade students is written as:

Equation 14: MLR Model for Peer Achievement in HsigiClass for 11 Grade Students
Y; = Bo + BspepSPED; + BpovPOV; + BeLLELL; + BratinoLATINO; +

Bwaiteasian WHITEASIAN; + 3, PELA;+B,PMath; + BgpaGPA; + 1

Where:

Y;: percentage of peers in English class who have passed state English test for ith student

SPED;: student receives special education services (0=no, 1=yes)

POV;: student qualifies for FARMS (0=no, 1=yes)

ELL;: student is English language learner (0=no, 1=yes)

LATINO;: dummy code for Latino students (0=no, 1=yes)

WHITEASIAN;: dummy code for White or Asian students (0=no, 1=yes)
PELA;: dummy code for passed state English test

PMath;: dummy code for passed state math test

GPA;: grade point average

[o: intercept of peer effect

Bspep: average difference for SPED students

Bpov: average difference for low-income students

BeLL: average difference for ELLs

Brativo: average difference for Latino students

BwaiTeasian: average difference for White or Asian students

[31: average difference for students in who have passed the state test in English
[3,: average difference for students in who have passed the state test in math

Bgpa: average slope coefficient of GPA on peer effect

r;: residual for the ith student.34

34 Model assumptions are discussed in Appendix IV.
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Peer achievement in English class fof’ YPade students is estimated in a similar manner.
Peer achievement in math class is also estimatetifband 13' grade students
separately. In the latter models, ¥eepresents the percentage of the student’s peers
who have passed the state math test.

Number of AP courses. Finally, the study examines the relationshipsveen
student characteristics and number of AP cours@&ntéor students in each school. The
number of AP courses taken by students in the 2@W0&ademic year is regressed on
student characteristics to identify student charastics that are associated with AP
course-taking behaviors. Given that most AP causse taken by 1lor 12" grade
students, this analysis is only conducted fd? aad 12 grade students. The dependent
variable, number of AP courses, is a count varialfleus, Poisson regression is the most
appropriate method for this analysis. The regogssiodel is expressed as follows:

Equation 15: Poisson Regression Model for Numbé&mfCourses

In[u;] = Bo + BspepSPED; + BpovPOV; + BeLLELL; + Bgrape11GRADELL; +
BLaTinoLATINO; + Bwarteasian WHITEASIAN; + BremaLe FEMALE; + 3,Gr11PELA; +
B,Gr11PMath; + B3Gr12PELA; + B,Gr12PMath;

Y;~ Poisson(u;)

Where:

Y;: Number of AP courses enrolled in during the year

u;: expected number of AP courses

SPED;: student receives special education services (0=no, 1=yes)

POV;: student qualifies for FARMS (0=no, 1=yes)

ELL;: student is English language learner (0=no, 1=yes)

GRADE11;: dummy code for students in grade 11, (0=no, 1=yes)
LATINO;: dummy code for Latino students (0=no, 1=yes)
WHITEASIAN;: dummy code for White or Asian students (0=no, 1=yes)
FEMALE;: dummy code for White or Asian students (0=no, 1=yes)
GR11PELA;: dummy code for 11th grade student who passed state English test
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GR11PMath;: dummy code for 11th grade student who passed state math test
GR12PELA;: dummy code for 12th grade student who passed state English test
GR12PMath;: dummy code for 12th grade student who passed state math test
Bo: intercept

Bspep: average log difference for SPED students

Bpov: average log difference for low-income students

BgLL: average log difference for ELLs

Beorapei1: average log difference for 11th grade students

Bratino: average log difference for Latino students

Bwrriteasian: average log difference for White or Asian students

BremaLg: average log difference for female students

Bm: (m#0) average incremental log difference for students in grades 11 and 12 who have passed the state test

Y;~ Poisson(m;): Y; follow Poisson distribution.35

Software

This study employs two software program$lt¥ 7 and HLM 6.06, to estimate
the foregoing models. This study also employs SP&Sion 20 to clean and merge
data, conduct descriptive analyses, check modehgstsons, and calculate component
scores of school-level achievement. This studyleyspHLM to estimate all MLMs
because HLM offers restricted maximum likelihootireation, which produces
unbiased estimates of variance and covariance coemp® when there are few level-2
units. Due to the small number of level-2 unitt MHmay understate standard errors,
particularly standard errors of level-2 variancenponents (McNeish & Stapleton,
2013). Hence, p-values of fixed effects closé®should be interpreted with caution
and p-values of level-2 variance components witheexe caution.

This study employs us software to analyze all multiple linear, binargiktic,
and Poisson regression modelspltéis useful because it estimates standard errots tha

are robust to violations of normality, meaning tha&brrects the standard errors in the

35 Model assumptions are discussed in Appendix IV.
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scenario that the residuals deviate from perfenghabty. Mplusis also advantageous
because it employs full information maximum likeldd (a method that uses all
available data to estimate model parameters) arabats for missing data in the
independent variables (Enders, 2001). For casesenthe value of the dependent
variable is missing, however, Misreverts to listwise deletion, and these cases are
removed from the analysis. FinallypMisis flexible when conducting regression
analysis with non-continuous dependent variabléty rglative ease, one can account
for dichotomous and count dependent variables. nQwo these advantages, the

regression models for each school are analyzedMyitlus.
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Chapter 5: Findings

This chapter discusses the findings for the stumtlyadter providing descriptive
statistics, is organized according to the four aede questions. First, this chapter
compares the degree of variation in per-pupil TRERIin schools to the variation
between schools and finds that within-school vemnain per-pupil TRESs is substantially
greater than between-school variation, even wheatraking for certain reasons why per-
pupil TREs might reasonably be expected to varhiwischools. Second, this chapter
provides the results of the equity analysis ofathecation of per-pupil TREs. This study
finds that inequities in the allocation of per-gupREs exist within schools; in particular,
horizontal equity is not achieved for all studentstical equity is not achieved for low-
income students, and it is debatable whether & riguity is achieved for ELL students.
Equal opportunity is also violated because schsppénd more money on instruction for
students who have passed state tests than on &wdem have not passed state tests.
Third, this chapter explores the variation in witisichool monetary resource allocation
patterns across schools and finds that within-cmometary resource allocation patterns
do in fact vary across schools, and few schooltlelaracteristics are related to
differences in within-school monetary resourceaton patterns. Finally, this chapter
summarizes the within-school resource allocatidtepas of a number of resources and
determines the equity of the allocation of thes®ueces. Results from the regression
analyses conducted for each school indicate timaicds may spend dramatically
different amounts on students within the same dcdwad that multiple resource
advantages or disadvantages may exist for certiadiests. Before these findings are

further discussed, this chapter outlines descepsiatistics.
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Descriptive Findings

First, this section provides descriptive informat@mncerning the resource

variables derived and used in this study. Thebgetter understand investment in various

courses and curricular programs, this section exa@sntourse expenditures by course

category. Finally, this section explores betweemesl| differences in resources.

Descriptives of derived resource variablesThe table below provides summary

information of dependent variables.

Table 21: Means, Standard Deviations, and Percésdgiiv) Values for Dependent

Resource Variables

Dependent Resource Variable Description Variable Mean Standard %
Name Deviation Missing
Per-pupil TRE TRE $3,904 $2,769 2.0
Core-academic TRE per pupil TRE_CA $2,8Y6 $2,434 9 1.
English class size ELACS 32.7 8.48 0.7
Math class size MathCS 33.7 8.56 6.6
New English teacher flag NETF 0.31] 0.46 11.8
New math teacher flag NMTF 0.31 0.46 12.8
Percent of peers in English who have passed PeerEPer 58% 49% 0.0
English test for 16-12" graders only
Percent of peers in math who have passed| PeerMPer 61% 48% 0.0
math test for 18-12" graders only
Number of AP courses for Tland 12 AP 0.36 0.73 0.5

graders only

The district spends, on average, $3,904 per stuatetgacher salaries for all

instruction and $2,876 per student on teachersisalfor core-academic instruction.

Per-pupil TRES, as defined by this study, accoantdughly one third of the total

spending per pupil in this distritt. Per-pupil TREs are very strongly correlated taeeo

academic TREs per pupil (r=.925, p <.001). Thengt correlation is due to the fact that

salary expenditures spent on core-academic ingiruconstitutes the majority (73%) of

total salary expenditures.

3¢ The Board’s annual report indicates that total PiRElsiding all transportation, facility, and foodrsice

expenditures amount to approximately $12

,000 pefesit.
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Average class sizes in English and math are apmpiately 33 and 34,
respectively. Approximately 31% of students haveew teacher in either English or
math clas$/ On average, 58% of f@hrough 13 grade students’ peers in English class
have passed the state English test, and 61% ofgéers in math class have passed the
state math test. Note that there is consideradli@ton in all of the dependent variables,
implied by the magnitude of the standard deviati@tetive to the magnitude of the mean
values of these variables.

Course expenditures by academic subjectThe following table indicates how
much money the district spends on various acadesi@ctive, and vocational courses.
The most expensive courses, in terms of courseneioees per student, are special
education, remedial, and ESOL courses. The disjpiends more on advanced core-
academic courses than on regular track core-acadmurses. Finally, the district

spends the least on fine arts, health, and otleetied courses.

3" The cases where the dependent variable is miasengot included in the analysis as the softweaserts
to listwise deletion when the value of the depehdanable is missing. Missing data on the depahde
variables are not of large concern, except foistitestantial percentage of missing data on the aasher
flag variables. The missing data on these varsahte primarily due to miscoding of staff identfiion
numbers: approximately 5% of teachers cannot lkedirio teacher characteristics, and years of tagchi
experience in the school are not known for theaefhters. This miscoding appears to randomly occur
across schools and across teachers who teachetyvairacademic subjects and grade levels. Thee dat
suggest that the teachers with miscoded staffiiitsatton numbers do not systematically differ frather
teachers. In addition, not all students are esdaith a math course in a given year, and dependeiatbles
relating to math class are unavailable for thesdesits.
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Table 22: Average Course Characteristics By Cate8orted by Average Course

Expenditure Per Student

Subject Category Average Average Average Number of
Expenditure | Class Size| Teacher Students in Course
Per Student Salary in the District
$ $
Special Education 2,156 9 72,955 941
Core Academic Remedial All 1,419 13 67,164 3,547
Math Remedial 1,504 13 65,786 1,211
Social Studies Remedial 1,501 14 67,296 1,246
English Remedia 1,477 13 68,108 2,478
Science Remedial 1,141 16 65,636 2,005
Job Skills | 1,219 21 | 76,589 | 2,385
Reading | 849 19 | 69,757 | 1,976
ESOL All 727 23 72,703 1,841
English ESOL 858 19 72,910 1,413
Science ESOL 484 34 72,950 495
Social Studies ESOL 469 29 72,695 877
Math ESOL 369 34 71,707 1,140
AP Courses | 652 25 [ 69,710 | 5,311
Core Academic Advanced All 584 27 68,237 9,580
Math Advanced 1,088 22 74,521 1,223
Science Advanced 684 23 65,547 1,631
Social Studies Advancegd 496 29 65,547 6,121
English Advanced 448 30 68,707 4,390
Life & Leadership Skills | 577 34 | 57585 | 593
AVERAGE OF ALL 511 29.6 66,944 NA
COURSES & TEACHERS
Foreign Language All 488 33 66,255 23,753
Foreign Language Advanced 645 25 71,369 3,158
Foreign Language Regular 457 34 65,262 20,858
Other Elective 470 29 58,388 1,804
(Journalism, Newspaper, Etc.)
Vocational All 407 28 66,188 32,021
Military Science 825 22 69,137 6,872
Technical / Certification 425 12 66,170 904
Media 388 34 66,200 1,552
Technology 366 35 60,896 8,053
Family & Consumer Sciences 309 36 62,500 14,313
Business| 300 33 69,663 14,537
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Subject Category Average Average Average Number of
Expenditure | Class Size| Teacher Students in Course
Per Student Salary in the District
$ $
Core Academic Regular All 404 33 66,511 40,082
Science 515 31 69,828 34,288
Math 478 31 71,483 35,964
English 345 32 60,373 34,831
Social Studies 334 37 63,843 31,249
College Skills 354 28 63,186 3,557
Fine Arts 353 32 62,060 26,096
Music 393 29 67,687 7,883
Drama 344 37 60,137 2,427
Art 342 35 60,140 18,449
Dance 301 30 56,669 2,127
SAT Prep | 324 | 26 | 69,288 | 3,376
Health | 201 | 3. | 65546 | 14,234

Table Note: Values are organized by descendingageetourse expenditure per student for each general
course category.

As the table above indicates, the district spehdsriost in terms of course
expenditures per student on special education@medial courses, largely due to small
class sizes, and special education students actmuit% of the students enrolled in
remedial course® Courses for non-native English speakers (ESOlrsas) have the
second highest course expenditures per studengvesywvhile the district spends much
more on ESOL courses in English—due to small dass—the district actually spends
less on ESOL math classes—due to large class sizes.

More money is directed to advanced core coursesrdgular track core courses
in math, science, and English, but the differentiahath is the most striking: The district
spends more than double the amount per courseyskarg on advanced math courses

than on regular track math courses. The highdrafasdvanced courses in math is due

38 I . .
Reading is also considered to be a remedial course.
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to smaller class sizes and, to a lesser extemhées with higher salaries. Finally, the
district spends more on advanced foreign languageses per student and other elective
courses than on regular track core academic ortiomed courses’

Between-school differences in resourced hough the primary purpose of this
study is to investigate the equity of within-schosdource allocation, it is important to
know whether between-school inequities in resouezést. Across the district, inequities
in resource allocation at the student level magxscerbated if inequities exist in the
allocation of resources both within and betweeroetsh For example, if experienced
teachers are inequitably distributed between ankinvschools, some students may have
few chances to be taught by an experienced teacher.

The following table provides Pearson correlatioaficients of school-level
characteristics and school-level average resourths.table shows that the schools
serving the largest percentages of low-income siisdgpend more on average per
student than other schools, and that schools vigtheln achievement and larger
proportions of White and Asian students spendpesstudent than other schools.
However, when controlling for proportions of spé@ducation and ELL students, the
correlations between TREs and school charactesiatie not statistically significant (p
<.10) in either case. In summary, schools witbda proportions of low-income, low-
achieving, or African American students do not hiavger TREs after controlling for
differences in student need. This is a commonrimah school finance literature (Berne

& Stiefel, 1994; Owens & Maiden, 1999; Rubenst&®98; Stiefel et al., 2003).

39 Military vocational courses are the exception.
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The following table also indicates that there aeosl-level differences in other
resources. To summarize, schools with substdmdiao populations have larger-than-
average math class sizes. Schools with largergptiops of high-achieving and White
and Asian students have the highest concentratibesperienced teachers and the
highest AP enrollment. Finally, peer achievemsritaavily determined by between-
school differences in student achievement. Thidystater explores how these between-

school differences in resources affect the distidlouof resources at the student level.
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Table 23: Pearson Correlation Coefficients of Sthhewel Characteristics and Resources

School Characteristics

ig;?gg:j d to the Variable Name % % % % % % % % School
School Level SPED ELL FARMS Latino African White or Pass Pass Size

American Asian English | Math Test

Test

Average per-pupil SCHTRE .32 .09 .33 .04 .09 -.32 -.52* -.50* -.35
TRE
Average core- SCHTRE_CA .33 .28 .39 .23 -.10 -.23 -.49* -.45* 2.
academic TRE per
pupil
Average English SCHELACS -.35 .04 -13 .28 -.30 14 .33 .35 .55
class size
Average math class | SCHMathCS =11 .22 .22 A2* -.35 -.05 .09 A1 A9%
size
% of students with | SCHNETF .30 .10 .24 -.07 .20 -.33 -.44* -.39 -.23
new English teachers
% of students with | SCHNMTF -.06 -22 -.05 -.25 .39’ -.43* -.16 -.19 10.
new math teachers
Average number of | SCHAP -.42% .09 -.21 12 -.33 ST .39 .34 .18
AP courses per i1
and 12 grade
student
Average peer SCHPeerEPer - 73 -.25 - 76*** -.21 -.09 .69*** QQ*** 87HE* 52*
achievement in
English for 18'-12"
graders
Average peer SCHPeerMPer - 70Q*** -.03 -.56** -.00 -.29 4F* P+ LQQ*** ST

achievement in math

for 10"-12" graders

Table Notes:

(@ ‘p<.10,*p<.05,*p<.01, *** p<.001
(b) Given that there are only 20+ schools in tloig@lational analysis, statistical significancdif§icult to achieve.
(c) School size is correlated to student achieveinecause the highest performing schools are héstatgest ones.
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Within-School Variation in Per-Pupil TREs

To address the first research questitigW does the within-school variation in
teacher resource expenditures per pupil comparbdovariation between schootsthis
study employs multilevel modeling (MLM) to obtainetintraclass correlation coefficient
(ICC), which determines how much variation in pap TRES is the result of within- or
between-school differences in spending.

Table 24: Null Model Results

Null Model for TRE Null Model for TRE_CA

Fixed Effects Coefficient| SE | P-value | Coefficient| SE | P-value
$ $ $ $

Intercept $4,044 220 .000 $2,959 161 .00(
Random Effects Variance P-value Variance Variance
Var(ri]-) = o2 6769289 5410474 5410474
Var(uoj) = Tyo 1060993 .000 573549 573549
ICC 135 .095

The table above shows that the ICC for per-pupiES ks .135, meaning that only
13.5% of the variation in per-pupil TREs is dudatween-school differences in
spending and that the remaining 86.5% of the vanan per-pupil TREs occurs within
schools. Hence, the vast majority of variatiopén-pupil TREs occuraithin schools.
When examining the ICC for core-academic TREs pilpthe ICC is .095, meaning
that 90.5% of the variation in core-academic TR&spupil occurs within schools.

The following figures provide graphical displaystbé variation in per-pupil
TRESs within and between schools. Between-schawhtian in per-pupil TRES is
evident; however, relative to the within-schooligtion, between-school variation in per-

pupil TREs is small.
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Figure 3: Between- and Within-School Variation rfPupil TREs
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Figure 4: Between- and Within-School Variation ior€-Academic TREs Per Pupil
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The large within-school variation in per-pupil TREsults from the fact that
there is little variation in teacher salaries betwechools. The following figure displays
the variation in teacher salaries. From the figoree may observe that although there are

slight differences in the distributions of teachalaries between schools, there is much
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more variation in teacher salaries within schd8|3hus, because the majority of
variation in teacher salaries occurs within schable majority of per-pupil TREs occurs
within schools.

Figure 5: Variation in Teacher Salaries
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In addition, in this district, there is considembhriation in class sizes, which
results in large differences in per-pupil TREsgtrdents within the same school. For
students within the same school, per-pupil TREy bacause course expenditures vary,
and course expenditures vary primarily due to céfiees in class sizes; teacher salary
and number of courses both have a smaller effecbarse expenditures per student.

The district’s class size policy is liberal in thminimum class size is left to the discretion

“9In fact, when calculating the coefficient of vaiga (CV) of teacher salaries between schoolsCitiés
0.03, which falls below the commonly accepted dote of 0.10 for between-school differences. Thus,
according to a traditional horizontal analysisvwen-school spending on teacher salaries is edglitab
this district.
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of the principal"* Some courses—such as advanced foreign langudgausic courses—
are expensive to offer due to very small classssiZecause there is so much variability
in class sizes across courses, there is largetioaria course expenditures per student
and ultimately in per-pupil TREs for students witihe same school. In summary, there
is much more variation in per-pupil TREs within sofs than between schools. The next
section discusses whether the within-school vamaith per-pupil TRES is equitable.
Equity Analysis of Per-Pupil TREs

To answer the second research questiAre teacher resource expenditures per
pupil equitably distributed within schools®iis study evaluates the horizontal equity,
vertical equity, and equal opportunity of per-pupREs within schools (i.e., at the
student level) and finds that the following equgtgndards are violated: horizontal equity
for all students, vertical equity for low-incomeigdéents, and equal opportunity for
students with different achievement.

Horizontal equity. This study calculated the degree of within-sch@olation in
per-pupil TREs for “like” students and determinkdtthorizontal equity is achieved in
this district if the degree to which per-pupil TRE&swy within schools (controlling for
special education, ELL, and low-income status aiadig) level) is less than the degree to
which teacher salaries vary within schools. Hamtabequity is violated because the CV
of per-pupil TREs is .4@yhich is substantially greater than the within-sahaariation in
teacher salaries (indicated by a CV of .26). Fwe@cademic TREs per pupil, the CV
is .57, which is also substantially greater thangloposed horizontal equity benchmark.

Thus, horizontal equity for both all and core-acaaeTRES per pupil is violated for

*1 This is outlined by Board policy.
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“like” students, and there is considerable varmaiim spending on “like” students within

schools.

Equation 16: Calculation of the CV of Per-Pupil TRE

cv o 1,883 465
Yoo 4,044
Table 25: Horizontal Equity MLM Results for Per-HUpRESs and Core-Academic TREs
Per Pupil
Per-Pupil TREs Core-Academic TREs Per Pupil

Fixed Effects Coefficient SE P-value Coefficient SE P-value

$ $ $ $
Intercept $3,304 222 .000 $2,657 1%9 .000
Special Education Status $6,268 34 .00Q $5,399 30 000 .
ELL Status $2,800 46 .000 $2,971 an .000
Low-Income Status -$20 19 .294 -$25 17 147
Gradel0 -$51 24 .038 -$261 22 .000
Gradell $381 26 .000 -$176 28 .000
Gradel2 $99 26 .000 -$791 23 .000
Random Effects Variance P-value Variance P-value
Var(ry;) = o? 3548218 2848966
Var(uoj) = Too 1078277 .000 554993 .000
ICC 23% 16%

A CV of .46 indicates that within schools and faotthirds of students, TREs for
“like” students may vary up to $1,500 ($3,304 xa¥per student. Per-pupil TREs may
vary even more for the remaining one third of stude Given that the average salary
expenditure per non-special education, non-ELL, rmmatHlow-income pupil is $3,304,
$1,500 is a large discrepancy in per-pupil TREsr dore-academic instruction, there are
even larger disparities in per-pupil TREs for studewithin the same school.

These models—and the inclusion of special educaiibh, and low-income status
and grade level dummy variables—reduce the amduavel-1 residual variance
obtained from the previous null model by 47%. THhdierences in special education,

ELL, and low-income status and grade level accémmd large proportion of the within-
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school variation in per-pupil TREs. However, ti&€k of these models indicate that
even when controlling for differences in studergchand grade level, the variation in
per-pupil TREs within schools is still consideraldyger than the variation between
schools. The conditional ICCs obtained from theselels indicate that 77% of the
variation in per-pupil TREs and 84% of the variatio core-academic TREs per pupil
result from within-school differences in spendingntrolling for special education, ELL,
and low-income status and grade level. In othexdaiahe ICCs show that the large
within-school variation in per-pupil TREs is notrgly the result of differences in
student need or grade level. In summary, horizaumaity is not achieved for “like”
students in this district because there is sta#iyi and practically significant variation in
TREs for “like” students within the same school.

Vertical equity. Vertical equity is achieved for special educastudents, is not
achieved for low-income students, and is arguablyewved for ELL students. The actual
funding weight for special education students in thstrict is 2.81, which exceeds the
state mandated weight of 1.74. In other wordsgdibgict spends, on average, 181%
more on teacher salaries for special educatiorestsdhan for non-special education
students, though according to the state foundauti@m, the district only needs to spend
74% more on special education students. For ccaideanic TRES per pupil, the actual
funding weight is 3.10, which also exceeds thegmieal funding weight for special

education students in the state foundation plan.
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Table 26: Vertical Equity SLR Model Results for Sia¢ Education Students

Per-Pupil TREs Core-Academic TREs Per Pupil
Coefficient | SE | P-value | Coefficient | SE | P-value
$ $ $ $
Intercept $3,393 11 .000 $2,438 10 .000
Special Education Statys $6,149 B9 .000 $5,251 |35 000 .
R Squared 37.6% 35.6%

Vertical equity is not met for all TREs for ELL slents, but it is met for core-
academic TREs for ELL students. The state mandaggght for ELL students is 1.99,
and the actual funding weight for all TREs for E&fudents is 1.61. In other words, the
district spends, on average, 61% more on salasreSI{L students than for non-ELL
students, and according to the state foundatiom, pitee district should spend 99% more
on ELL students. Thus, the district spends 38gm@age points less on teacher salaries
for ELL students than the amount mandated by @we $bundation plan. However, the
actual funding weight for teacher salaries in cacademic subjects for ELL students is
1.99. Thus, in terms of core-academic TREs peil pime district spends sufficiently
more on instruction for ELL students relative tonfi6LL students, according to the state
foundation plan. Because the district spendsaast 1£.99 times more on core-academic
TRESs for ELL students than on non-ELL studentgridisfunding is not in violation of
state policy.

Table 27: Vertical Equity SLR Model Results for EBtudents

Per-Pupil TREs Core-Academic TREs Per Pupil
Coefficient | SE | P-value| Coefficient | SE | P-value
$ $ $ $
Intercept $3,795 13 .000 $2,749 12 .000
ELL Status $2,349 64 .000 $2,737 85 .000
R Squared 3.2% 5.6%
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Vertical equity is not met for low-income studemmtghis district. The district
spends only 13% more on teacher salaries for l@onAre students compared to other
students, and there is a large gap between thaldotding weight and the state
mandated weight for low-income students. The dtatding weight for low-income
students is 1.97, suggesting that 97% more shaukpbnt on low-income students than
on non-low-income students. Therefore, the disgpends 84% less on teacher salaries
for low-income students than the amount mandatettidgtate foundation plan. The
district spends 17% more on teacher salaries ie-academic subjects for low-income
students, relative to non-low-income students tlhetactual funding weight of 1.17 for
core-academic TREs per pupil is again substantiaer than the state funding weight
of 1.97 for low-income students.

Table 28: Vertical Equity SLR Model Results for Ldmcome Students

Per-Pupil TREs Core-Academic TREs Per Pupil
Coefficient | SE | P-value | Coefficient | SE | P-value
$ $ $ $
Intercept $3,700 1§ .000 $2,673 15 .000
ELL Status $478 27 .000 $474 24 .000
R Squared 7% 9%

The previous simple linear regression models farilacome students also do not
account for the fact that low-income students aerrepresented in special education
and ELL groups (see Table 29). When special educand ELL status are added to the
model, the district spends only 2% more on teashkaries and 4% more on teacher
salaries in core-academic subjects for low-incotndents relative to non-low-income
students. In summary, the district is far fromypdong low-income students with

sufficiently more resources as suggested by the &tandation plan.
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Table 29: Special Education and ELL Status by Laashe Status

Socioeconomic Status

Percent Special Education

Percent ELL

Low-Income

12%

8%

Not Low-Income

8%

2%

Equal opportunity. Equal opportunity is not violated for studentsldferent

race/ethnicity and gender, holding student achi@rgrmonstant, but equal opportunity is

violated for students with different achievementls. Equal opportunity is violated for

students of different race/ethnicity when achieven& not held constant.

Table 30: Equal Opportunity MLM Results

Expenditures Per Student Core Expenditures Per Student

Fixed Effects Coefficient SE P-value Coefficient SE P-value
$ $ $ $

Intercept $3,298 223 .000 $2,650 160 .000
SPED $6,327 35 .000 $5,423 31 .000
ELL $2,858 48 .000 $2,991 43 .000
POV -$14 29 483 -$20 17 .246
GradelO -$82 32 .012 -$196 29 .000
Gradell $319 40 .000 -$168 36 .000
Gradel2 -$213 44 .000 -$1,081 40 .000
Latino -$26 31 .397 -$7 28 .785
White/Asian $1 37 972 $55 33 .097
Gri0OPELA $142 44 .002 $47 39 .236
Gri0PMath -$71 44 .107 -$167 39 .000
Gr1l1PELA $162 48 .000 $71 43 .100
Grll1PMath -$60 49 222 -$81 44 .066
Gri2PELA $216 48 .000 $221 43 .000
Gri2PMath $236 48 .000 $197 43 .000
Gender $3 18 .840 $0 16 .975
Random Effects Variance P-value Variance P-value
Var(ri]-) = o2 3540663 2841948
Var(uoj) = Ty 1088200 .000 558222 .000
ICC 23.5% 16%
Model Fit: Deviance & 729370, 2 720947, 2
Number of Estimated
Parameters for Variance-
Covariance Model
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For per-pupil TREs, schools spend more ofi, 10", and 13' grade students who
have passed the state English test compared tergtuetho have not passed the state
English test. Schools also spend more dhdrade students who have passed the state
math test compared to students who have not péssetate math te$t. Thus, equal
opportunity is violated for student achievemenbuidfh the monetary differences are
small. Schools spend roughly 4% more ol gfade students, 5% more or"igrade
students, and 6.5% more or™@rade students who have passed the state Enegish t
compared to students who have not. Schools aksudspughly 7% more on f2yrade
students who have passed the state math test cednjoethose who have not. Taken
together, schools spend 13.7% more of grade students who have passed both English
and math state tests compared t8 g&de students who have not passed either state te

Recall that larger proportions of students in higrades have passed the state
tests than students in lower grades; specificatigund 50% of 10 grade, 60% of 11
grade, and 70% of f'yrade students have passed state tests. Therfefot€" grade
students, this study tests if there are differemeaspending on the lowest achieving 50%
of students compared to higher achieving studets.11" grade students, this study
tests if there are differences in spending ondiett achieving 40% of students
compared to higher achieving students. Finally,lﬁ’Sh grade students, this study tests if
there are differences in spending on the lowesestig 30% of students compared to
higher achieving students. The effect sizes ardaiyest for 12 grade students,
indicating that schools spend the least on the BR9st achieving group of students

relative to higher achieving students, holdinge#de equal.

2 Other regression slopes are not statisticallyiiggmt at p < .05 and therefore, are not considéoebe
statistically different than 0.
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For core-academic TREs per pupil, equal opportugityolated for 18 grade
students who have passed the state math test ah&fgrade students who have passed
either the English or math state test. Fdf gede students, schools spend 8% more on
students who have passed the state English teshai®on students who have passed
the state math test, and almost 16% more on stsigdrd have passed both the state
English and math tests. Interestingly, schoolnidpess on 10 grade students who have
passed the state math test than dhdrade students who have not passed the state math
test.

Although equal opportunity for student race is viotated (controlling for
student achievement), student race is relatedutteat achievement. Larger proportions
of White and Asian students have passed both tgédbrand math state tests compared
to African American or Latino students. Higher poations of African Americans have
passed state tests compared to Latino studentscetHequal opportunity is violated for
student race/ethnicity when achievement is not betdtant.

Table 31: Student Achievement by Race

Race Percent Passed English Test Percent Passed Math Test
White/Asian 55% 73%
African American 41% 53%
Latino 30% 49%

Finally, adding student race, gender, and achienetoeghese models does not
reduce the level-1 residual variance substantieghgtive to the previous horizontal
equity model. The level-1 residual variance isucst! by only 0.2% with the addition of

these variables. Thus, while student achievensepmtadictive of allocated per-pupil
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TRES, student achievement, race, and gender amsnmwerful in explaining resource
differences as special education, ELL, and low-meatatus and grade level.
Variation in Within-School Allocation Patterns of Per-Pupil TREs

This section provides findings for the third resbdaguestion, Do within-school
allocation patterns of teacher resource expendgyser pupil vary across schools?”
This studyfinds substantial variation in within-school mongteesource allocation
patterns between schools. For the models for petipupil TREs and core-academic
TRESs per pupil, seven regression slopes of levei&épendent variables are allowed to
vary across schools because their inclusion statilst significantly improves model fit,
but only one cross-level effect is statisticallglaractically significant in reducing the
variation of regression slopes. It could be theedaat the small sample size of high
schools makes it difficult to identify patternswithin-school resource allocation
between schools. Alternatively, schools in the salmstrict may have very different

within-school resource allocation patterns.
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Table 32: Equal Opportunity MLM Results with Randand Cross-Level Effects for

Per-Pupil TREsS

Model with Random Model with Random & Cross-
Effects Level Effects
Fixed Effects Coefficient| SE P- Coefficient SE | P-value
$ $ | value $ $
Intercept $4,045 220 .00Q $4,045 221 .000
SPED (GMC) $6,841 875 .00(Q $6,841 875 .000
ELL (GMC) $1,498 395 .001 $1,155 274 .001
POV (GMC) $2 16 .881 $2 16 .907
Gradel0 (GMC) -$82 2§ .003 -$82 26 .002
Gradell (GMC) $265 55 .00d $266 56 .000
Gradel2 (GMC) -$194 98 .062 -$196 94 .060
Latino (GMC) $13 26 .605 $14 26 .592
White/Asian (GMC) $86 31 .005 $86 30 .004
Grl0PELA (GMC) $72 36 .045 $72 36 .0446
Grl0PMath (GMC) -$5 36 .887 -$4 36 .894
Grl1PELA (GMC) $197 81 .025 $196 81 .0246
GrllPmath (GMC) $35 40 .389 $34 4( .396
Gr12PELA (GMC) $254 75 .003 $259 76 .003
Grl2Pmath (GMC) $247 61 .00 $342 68 .00pR
Gender (GMC) -$1 15 .946 -$1 15 .9372
SCHELL (GRMC) $1,077 2553 677
SCHELL (GRMC) x ELL (GMC) $25,990 4362 .000
Random Effects Variance P- Variance P-value
value
Var(ry;) = o? 2381293 2380944
Var(uo) = Too 1064255 .000 1076880 .000
Var (yq) = 16847878 .000 16849692 .000Q
Variance of the slopes of SPED
Var (y,) = 2764338 .000 1047770 .000
Variance of the slopes of ELL
Var (yso) = Variance of the slopes of 43305 .000 43680 .000
Gradell
Var (yeo) = Variance of the slopes of 182495 .000 181867 .000
Gradel2
Var (y(11y0) = Variance of the slopes of 108549 .000 109883 .000
Gr11PELA
Var (y3)0) = Variance of the slopes of 89871 .000 91399 .000
Gri2PELA
Var (y(14y0) = Variance of the slopes of 63314 .000 65366 .000
Grl12Pmath
ICC 30% 31%
Model Fit: Deviance & Number of 713577, 37 713524, 37
Estimated Parameters for Variance-
Covariance Model

Table Note: The random effects are allowed to cpurathis model, and covariances are not included i

this table for simplicity.
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Table 33: Equal Opportunity MLM Results with Randand Cross-Level Effects for

Core-Academic TREs Per Pupil

Model with Random Model with Random & Cross-
Effects Level Effects
Fixed Effects Coefficient| SE P- Coefficient SE P-value
$ $ | value $ $
Intercept 2,960 161 .000 2,960 157 .000
SPED (GMC) 5,902 797 .000 5,902 79y .00D
ELL (GMC) 1,358 398 .003 1,126 262 .00d
POV (GMC) -1 14 914 -2 14 .876
Gradel0 (GMC) -212 23 .000 -212 23 .000
Gradell (GMC) -227 60 .001 -226 60 .001
Gradel2 (GMC) -1,043 61 .00(¢ -1,044 61 .000
Latino (GMC) 37 23 .106 37 23 .105
White/Asian (GMC) 121 27 .000 122 27 .00(
Grl0PELA (GMC) 15 32 .632 15 32 .625
Grl0PMath (GMC) -103 32 .002 -104 32 .002
Grl1PELA (GMC) 94 68 .180 94 36 .184
GrllPMath (GMC) -4 36 .898 -5 68 .888
Gr12PELA (GMC) 227 50 .000 230 53 .00d
Grl2PMath (GMC) 184 50 .002 183 51 .002
Gender (GMC) 2 13 .885 1 13 .895
SCHELL (GRMC) 4,855 2,284 .046
SCHELL (GRMC) x ELL (GMC) 30,609 3,993 .000
Random Effects Variance P- Variance P-value
value
Var(ry;) = o? 1902512 1902162
Var(uo) = Too 576164 .000 547297 .000
Var (yq) = 13962666 .000 13960190 .000
Variance of the slopes of SPED
Var (y,) = 2919252 .000 1033486 .000
Variance of the slopes of ELL
Var (yso) = Variance of the slopes of 59292 .000 60314 .000
Gradell
Var (yeo) = Variance of the slopes of 74818 .000 75843 .000
Gradel2
Var (y(11y0) = Variance of the slopes o 72599 .000 73308 .000
Gr11PELA
Var (y3)0) = Variance of the slopes o 25921 .000 33032 .004
Gri2PELA
Var (y(14y0) = Variance of the slopes o 27011 .000 28109 .004
Grl12PMath
ICC 23% 22%
Model Fit: Deviance & Number of 704948, 37 704891, 37
Estimated Parameters for Variance-
Covariance Model

Table Note: The random effects are allowed to cpurathis model, and covariances are not included i

this table for simplicity.
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Differential amounts spent on teacher salariespecial education students vary
substantially across schools indicated by the laegbility in the regression slopes for
special education status between schools, andaitable school-level (level-2)
variables account for why schools spend such @iffeamounts on special education
students. Differential amounts spent on teacharisa for special education students
(relative to non-special education students) rdrmya $1,233 more per student to
$15,957 more per student across schools. Howdgscyiptive analyses indicate that
regression slopes for special education studenysviary across schools because 13
schools employ additional special education “clagsr teachers” who do not teach
specific courses. Thus, these teachers’ salargesll@cated to special education students
on top of the money spent in providing coursegpcml education students, and as a
result, these schools spend more on special edacsttidents relative to non-special
education students compared to other schools.

Second, differential amounts spent on teacherisalfor ELL students also vary
across schools, and differential amounts spent¢achier salaries for ELL students
(relative to non-ELL students) range from $474 nmuee student to $5,148 more per
student. However, the variability in the regressstopes for ELL students for per-pupil
TRESs is reduced by 62% (64% for core-academic TpdEPupil) by the addition of the
cross-level effect, the proportion of ELL studeintshe school multiplied by individual
student ELL status. This finding indicates thdtaas with more ELL students spend
more on ELL students than other schools. Thisifigas consistent with descriptive
analyses that indicate that schools with largepprions of ELL students have

additional ELL “classroom teachers” who do not teapecific courses. Hence, the
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TRESs per ELL student relative to non-ELL studemtestagher in schools that employ
additional staff for ELL students.

Third, schools vary in how much more they spendtadents who have passed
state tests relative to students who have not gagtage tests. Finally, schools vary in
how much they spend on students in different gradesilable cross-level effects do
not explain variability in these regression slopes.

Another noteworthy finding of these models is tivaen regression slopes are
allowed to vary across schools, student race piedath per-pupil TREs and core-
academic TREs per pupil, albeit the estimated ssypa slopes are small. The district
spends more on teacher salaries for White and Assiatents than for African American
students. The district spends approximately 1%enoorteacher salaries for White and
Asian students and 4% more on teacher salarier@academic subjects for White and
Asian students compared to African American stusfénfTherefore, when regression
slopes are allowed to vary between schools, eqadrounity for students of different
race is violated.

Compared to the previous MLM with fixed effects yrthis more flexible model
reduces the level-1 residual variance for per-puRIEs by almost 33%. Because the
level-1 residual variance decreases, the ICC iseaand the resulting ICC for the final
model for per-pupil TREs is 31%. Thus, despiteitivdusion of a number of student and
school variables in the MLM, the within-school \aion in per-pupil TREs is still far
greater than the between-school variation. Intamdithe latter more flexible model

with random effects has statistically significanttyproved model fit compared to the

*3 Technically, the differential dollar amount mayrbere or less, depending on the proportion of Wite
Asian students in the school. Because the vasale group-mean centered, the interpretationtis no
straightforward.
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equal opportunity model with fixed effects onlyor@lucting a likelihood ratio test of
model deviances produce$=15793, with 35 degrees of freedom and a p-valuessf
than 0.001. As the final models have the best inddée estimates for the final models
are the most precise. In summary, schools witinenseame district vary in how they
allocate their resources, yet there is still muahation in the within-school allocation of
per-pupil TRESs that is not explained by availakielent or school characteristics.
Equity of Within-School Allocation Patterns of Spedic Resources

Finally, to address the fourth and final reseapebstion, Are other resources
equitably allocated within schools, and do multieource advantages or
disadvantages exist for some student$®$ study examines the equity of a number of
resources resulting from within-school allocationgesses. Relationships between
resources and student characteristics are anailyzsth high school, and common
findings for each student subgroup are providetkntifying common findings of within-
school resource allocation is a subjective prodessefore, this study outlines decision
rules for identifying common findings. A finding considered to be common in the
district if both of the following criteria are mdgt) There is a statistically significant
difference in the distribution of the resource ppeoximately 20% schools; and (b) The
direction (positive or negative) of the slope caééits for a student characteristic is the
same in greater than 70% of the schools with szl significant differences. In other
words, this study identifies a within-school resmuallocation pattern when a finding is
reoccurring in a number of schools.

Taken together, student characteristics explaintahé?o of the variation in per-

pupil TRESs, core-academic TREs per pupil, and pekrevement, and student
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characteristics are more strongly correlated wagources in students’ English classes
than in students’ math classes; student charatitsrexplain 31% of the variation in
English class size—on average—compared to 21%eofahation in math class size, and
they explain 37% of the variation in having a nemgksh teacher compared to 22% of
the variation in having a new math teacher. Wédme student characteristics—such as
special education status—should theoretically be@ated with allocated resources, other
student characteristics—such as race and achieveshenld not be associated with
allocated resources. This study finds that ineéggiinh student-level resources exist.

This chapter now provides common within-schoobuegse allocation patterns for
each student subgroup including special educakbh, low-income, Latino, White or
Asian, and high-achieving studefitsThis chapter also discusses how inequities in
allocated resources may be exacerbated for sorderggiwho are members of more than
one student subgroup.

Special education students.This section summarizes findings regarding
common within-school resource allocation patteorsspecial education students. The
first table below provides common within-schoolagse allocation patterns, and the
second table displays effect sizes for resourcelias regressed on special education

status. Results by school are provided in Appehdix

4 This study does not find any meaningful within-ashresource allocation patterns for students of
different genders.
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Table 34: Common Within-School Resource Allocatatterns for Special Education

Students
Common Within-School Resource | Percent of Schools with This

Allocation Pattern Pattern

Higher per-pupil TREs 100%

Smaller English class sizes 95%

Smaller math class sizes 100%

Greater odds of having new math 59%

teacher

Fewer AP courses 59%

Lower peer achievement in both English 100%

and math classes

Table 35: Range and Median of Slope Coefficientsdridividual Resources Regressed

on Special Education Status

Dependent Variables Range of Slope Coefficients Mizh Slope Coefficient
Teacher resource expenditures per pupil $1,233 5057 $6,737
Core-academic teacher resource $849 to $14,780 $5,199
expenditures per pupil
English class size -16 to +1.5 -11
Math class size -16 to -3 -10
Odds of having new English teacher <.1to 12 1.0
Odds of having new math teacher 0.3t0 917 1.9
Log odds of number of AP courses -2.7t0-0.4 -1.8
Peer effect in English class for"1 -37% to -13% -23.5%
graders
Peer effect in English class for"2 -37% to -7% -25.5%
graders
Peer effect in math class for'lgraders -42% to -9% -24.5%
Peer effect in math class for'lgraders -43% to -7% -28%

Table Note: Only results resulting from statistigalignificant slope coefficients at p < .10 arensoarized
in this table. In other words, slope coefficietitat are not statistically different than 0 are inctuded in

this table.

Special education status is the most informativeatée in the MLR models

predicting per-pupil TREs. In every school, speeducation students have higher per-

pupil TREs—for all instruction and for core-acadeimnistruction—than non-special

education students. Per-pupil TREs are relatetbss size, and in almost every school,

special education students have smaller class isiz&sglish and math compared to other

students.
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This study finds one surprising inequity in thevadition of resources for special
education students: Special education studentare likely to have a new math
teacher than other students in 59% of schools, soee considerably so. In addition,
special education students take fewer AP coursesdther students, and special
education students’ peers are lower achieving thase of other students; both of the
latter findings result from special education stitg#dacement in remedial courses.

ELL students. This section summarizes findings regarding commmibhin-
school resource allocation patterns for ELL stuslerthe first table below provides
common within-school resource allocation patteamsl the second table displays effect
sizes for resource variables regressed on ELLstéResults by school are provided in
Appendix Il1.

Table 36: Common Within-School Resource Allocatiatterns for ELL Students

Common Within-School Resource Allocation Pattern Peent of Schools with This Pattern
Higher per-pupil TREs 100%
Smaller English class sizes 100%
Larger math class sizes 50%
Lower odds of having new English teacher 50%
Lower peer achievement in both English and matbsela 100%
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Table 37: Range and Median of Slope Coefficientsdridividual Resources Regressed
on ELL Status

Dependent Variables Range of Slope Coefficients Mizth Slope Coefficient
Teacher resource expenditures per $474 to $5,148 $1,650
pupil
Core-academic teacher resource $635 to $5,310 $1,750
expenditures per pupil
English class size -10to -1 -5.5
Math class size -12 to +3 1.4
Odds of having new English teacher <.1t01.6 0.2
Odds of having new math teacher 0.31t06.2 2.3
Log odds of number of AP courses -1.0to +0.4 -0.3
Peer effect in English class for"11 -32% to -13% -27%
graders
Peer effect in English class for2 -31% to -15% -22.5%
graders
Peer effect in math class for1 -24% to -4% -18.5%
graders
Peer effect in math class for12 -24% to -10% -15.5%
graders
Table Notes:

(a) Only results resulting from statistically sificant slope coefficients at p < .10 are summarinetthis
table. In other words, slope coefficients thatrasestatistically different than 0 are not incldda this
table.

(b) 12 schools are eliminated from this analysis tb lack of ELL student populations.

After special education status, ELL status is #@ad most significant variable
in predicting per-pupil TREs. Schools spend margéeacher salaries for ELL students
partially because they offer smaller class sizdsniglish to ELL students, and this
pattern is true in all schools. In English cldskl. students are also less likely to have a
new English teacher in approximately 50% of schodlswever, in another 50% of
schools, ELL students have larger math class dmgnly slightly so, with one to two
more students in the class on average. Despitadgéarger math class sizes, schools
spend more on TREs for ELL students than non-Eudests due to substantially
smaller English class sizes, which drive up peripUiREs for ELL students. As with
special education students, ELL students’ peers laver achievement than those of
non-ELL students; this finding can be explainedybyuping of ELL students in ESOL

courses.
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Low-income students. This section summarizes findings regarding common
within-school resource allocation patterns for Ime@eme students. The first table below
provides common within-school resource allocatiattgrns, and the second table
displays effect sizes for resource variables resg@®n low-income status. Results by
school are provided in Appendix III.

Table 38: Common Within-School Resource Allocatitaiterns for Low-Income
Students

Common Within-School Resource Allocation Pattern Preent of Schools with This Pattern
Larger English class sizes 23%
Greater odds of having new English teacher 23%
Fewer AP courses 18%
Lower peer achievement in both English and matbsels 27%

Table 39: Range and Median of Slope Coefficientsdridividual Resources Regressed
on Low-Income Status

Dependent Variables Range of Slope Coefficients Mizth Slope Coefficient
Teacher resource expenditures per pupil -$199 #15$ $119
Core-academic teacher resource -$169 to +$178 $90
expenditures per pupil
English class size -1to +1 0.5
Math class size -1t0-0.4 -0.8
Odds of having new English teacher 1.4t010.8 1.25
Odds of having new math teacher 0.8 0.8
Log odds of number of AP courses -0.5t0-0.4 -0.45
Peer effect in English class for"11 -3.4% to -2.3% -3.1%
graders
Peer effect in English class for"12 -4.0% to -2.0% -3.5%
graders
Peer effect in math class for"lgraders -3.2% to -2.6% -2.9%
Peer effect in math class for"lgraders -4.6% to -2.3% -3.5%

Table Note: Only results resulting from statistigalignificant slope coefficients at p < .10 arensoarized
in this table. In other words, slope coefficietitat are not statistically different than 0 are inctuded in
this table.

Low-income students are exposed to lower amoungsiality resources than
non-low-income students, particularly in low- anaifpoverty schools. In a minority of
schools (18%), low-income students take aboutdral\P class less than middle-class
students, controlling for student achievementhigh-poverty schools, however, there is

no difference in number of AP courses taken for-loeome students relative to non-
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low-income students. A similar finding is thatdi% of schools, low-income students
have lower achieving peers in their English andmaédsses than other students, but
there are no peer achievement differences for fmeme students in high-poverty
schools. In other words, peer sorting accordingfiident socioeconomic status occurs in
low- and mid-poverty schools and does not occungh-poverty schools. Differences in
peer achievement for low-income students are smaiietheless, they are statistically
significant and indicate that in some low- and mparerty schools, low-income students
are tracked with lower achieving peers, given stiglebilities. Low-income students
are also more likely to have new English teache&36 of schools, and in another 23%
of schools, low-income students have larger Engllaks sizes than middle-class
students.

In some schools, multiple inequities in resour@@ddw-income students exist.
In three schools, for example, low-income studanégsmore likely than other students to
have new English teachers and have peers with laglgevement. In two schools, low-
income students take fewer AP courses and alsolbase achieving peers than middle-
class students. Finally, in another two schools;income students are
disproportionately taught by new teachers and terger class sizes than middle-class
students in the same school. These findings itelibeat within schools, multiple
resource inequities may exist for low-income stusleThese findings also provide
evidence that resource allocation is related tohtemand student tracking where low-
income students may be disproportionately representthe lowest academic tracks,

and the least experienced teachers may dispropatély teach the lowest track courses.
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Latino students. This section summarizes findings regarding commmihin-

school resource allocation patterns for Latino stus. The first table below provides

common within-school resource allocation patteamsl the second table displays effect

sizes for resource variables regressed on Latatast Results by school are provided in

Appendix Il1.

Table 40: Common Within-School Resource Allocatatterns for Latino Students

Compared to African American Students

Common Within-School Resource Allocation Pattern Preent of Schools with This Pattern
Smaller English class sizes 18%
Larger math class sizes 32%
Lower odds of having new English teacher 18%

Table 41: Range and Median of Slope Coefficientsrfdividual Resources Regressed

on Latino Status

Dependent Variables Range of Slope Coefficientg Mizh Slope Coefficient
Teacher resource expenditures per pypil -$302 10266 $240
Core-academic teacher resource -$381 to +$530 $261
expenditures per pupil
English class size -3t0-0.2 -2
Math class size -0.8to +2.7 1
Odds of having new English teacher 0.3t00.8 0.5
Odds of having new math teacher 0.5t02.0 1.3
Log odds of number of AP courses -0.8to0 +1.2 0.65
Peer effect in English class for"11 -5% to +7.6% 6%
graders
Peer effect in English class for"12 -11% to +21% 0%
graders
Peer effect in math class for"lgraders -5.4% to +9% 0.5%
Peer effect in math class for"lgraders -10% to +24% -2.8%

Table Notes:

(a) Only results resulting from statistically sificant slope coefficients at p < .10 are summarinetthis
table. In other words, slope coefficients thatrasestatistically different than 0 are not incldda this

table.

(b) The slope coefficient of $1,296 is likely confaled with money spent on ELL students in the sichoo
This slope coefficient should be interpreted wiglution.

Resource allocation patterns are mostly mixed &ino students. Statistically

significant differences in resources do exist fatiho students compared to African

American students, but the direction of the findilmage mixed. However, there are a few

common findings. In 18% of schools, Latino studdmdyve slightly smaller English class
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sizes and are less likely to have new English t@ctompared to African American
students. In 32% of schools, Latino students Ishigétly larger math class sizes than
African American students. These findings are stest with the findings for ELL
students, which is not surprising given that 70%bE students in this district are of
Latino descent.

White and Asian students. This section summarizes findings regarding common
within-school resource allocation patterns for Wtand Asian students. The first table
below provides common within-school resource alliocepatterns, and the second table
displays effect sizes for resource variables resg@®n White or Asian status. Results
by school are provided in Appendix III.

Table 42: Common Within-School Resource Allocatatterns for White and Asian
Students Compared to African American Students

Common Within-School Resource Allocation Pattern Preent of Schools with This Pattern
Higher per-pupil TREs 24%
Higher core-academic TREs per pupil 19%
Smaller math class sizes 28%
More AP courses 57%
Higher peer achievement in English class 24%
Higher peer achievement in math class 19%
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Table 43: Range and Median of Slope Coefficientsdridividual Resources Regressed

on White and Asian Status

Dependent Variables

Range of Slope Coefficient

S

Mizh Slope Coefficient

Teacher resource expenditures per pupil $176 td $59 $458
Core-academic teacher resource -$384 to +$933 $218
expenditures per pupil

English class size -1.3t0 +2.6 -0.3
Math class size -41t0-1.3 -2.1
Odds of having new English teacher 0.5t0 0.7 0.6
Odds of having new math teacher 0.5t01.6 1.6
Log odds of number of AP courses 0.3t0 1.0 0.8
Peer effect in English class forlgraders 4.5% to 7.1% 6.4%
Peer effect in English class for" graders 3.4% 6%
Peer effect in math class for"lgraders -8.4% to +6.9% 6%
Peer effect in math class for"lgraders 1.8% 11%

Table Notes:

(a) Only results resulting from statistically sificant slope coefficients at p < .10 are summaripetthis
table. In other words, slope coefficients thatraoestatistically different than 0 are not incldda this

table.

(b) One school is eliminated from this analysie tlma lack of a White and Asian student population

There is some evidence that resource advantaged@ax\White and Asian students.

The most notable finding is that in 57% of scho@ite and Asian students take more

AP courses than African American students, contr@tior achievement on state tests.

Peer sorting also appears to be at least somewalastad to student race: In roughly 20-

25% of schools, White and Asian students’ peeisnglish and math classes have higher

student achievement than African American studepests, controlling for student

achievement. However, the effect sizes of diffeakpeer achievement are small.

Twenty-four percent of schools spend more on terasalaries for White and Asian

students, relative to African American studentsl 28% of schools spend more on

teacher salaries in core-academic subjects fora\dmt Asian students. The dollar

differentials range from small to large, rangingnfr $176 to $591 more per student for

all salaries and $140 to $933 more per studergdtaries in core-academic subjects only.

Only one school spends less on teacher salarid§ide and Asian students, but this

school has a very small (less than 1%) White andrAstudent population; therefore,

150



common patterns indicate that a portion of schep&nd more on teacher salaries for
White and Asian students than for African Ameristudents. It appears that the schools
spend more on White and Asian students at legsnbecause White and Asian
students have smaller classes than African Amestagtents. In 19% of schools, White
and Asian students have smaller English class #izgsAfrican American students, and
in 28% of schools, White and Asian students havallsmmath class sizes.

Multiple resource advantages for White and Astadents may exist in some
schools, and teacher and student tracking likepfaex these resource advantages. In
seven schools (33%), White and Asian students blagses with peers of higher
achievemenandtake more AP courses than African American stugleAdditional
findings also suggest that teacher and studerkitrgare related to class sizes: In eight
schools (38%), White and Asian students take métedurses and have smaller class
sizes than African American students, and in ardtiree schools (14%), White and
Asian students are less likely to have new teachigishave smaller class sizes compared
to African American students. These findings iatkcthat White and Asian students
may have several resource advantages compareditaAmerican students within the
same school.

Further, in the only two schools with substantidiit¢’ and Asian student
populations (24% and 27%), multiple resource achged exist for White and Asian
students. In one of the two schools, White anédAsitudents have smaller English class
sizes, take more AP courses, have higher achigagegs, and larger per-pupil TREs
than African American students. In the second sEiWhite and Asian students have

smaller English class sizes, are less likely tcehasw English teachers, and take more
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AP courses than African American students. Thusgchools with racial diversity and

substantial White and Asian populations, White As@n students have multiple

resource advantages relative to minority students.

Students with different levels of achievement.This section summarizes

findings regarding common within-school allocatjmatterns for students who have

passed state standardized tests in English andbr ralative to students who have not

passed state tests. The first table below provddesmon within-school resource

allocation patterns, and the second table dispfgst sizes for resource variables

regressed on student achievement and grade ldeehation dummy variables. Results

by school are provided in Appendix III.

Table 44: Common Within-School Resource Allocatatterns for Students Who Have

Passed State Tests Relative to Students Who HavBdésed State Tests

Common Within-School Percent of Schools Percent of Schools Percent of Schools

Resource Allocation Pattern| with This Pattern for | with This Pattern for | with This Pattern for
10" Grade Students | 11" Grade Students | 12" Grade Students

Higher per-pupil TREs 36% 64%
Lower per-pupil TREs 32%
Larger English class sizes 36% ---
Larger math class sizes 27% 45%
Smaller math class sizes 23-32%
Lower odds of having new 45% 32% 27%
English teacher
Lower odds of having new 32% 18-36%
math teacher

Table Notes:

(a) Percentile ranges are provided when findingerdior students who have passed the state Enggisth

than for students who have passed the state nsith te

(b) Cells are left blank when there is no reocaoifinding according to the inclusion criteria favmmon
findings of within-school resource allocation.
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Table 45: Range and Median of Slope Coefficientsdridividual Resources Regressed

on Passed State English Test Dummy Variable by &kadel

Dependent Variables

Range of Slope
Coefficients for 10"
Grade Students,

Range of Slope
Coefficients for 11"
Grade Students,

Range of Slope
Coefficients for 12"
Grade Students,

Median Median Median
Teacher resource expenditures -$452 to +$730, $288 to $1,239, $385 to $1,106,
per pupil $203 $785 $539
Core-academic teacher -$310 to +$408, -$413 to +$675, $311 to $753,
resource expenditures per $70 $320 $422
pupil
English class size -3.4 to +4, -1.7 to +1.9, -3to +3.8,
1.75 0.2 0.8
Math class size +1.4 to +3.3, -2.8 to +3.2, -4.91t0 -1.6,
1.9 1.4 -2.3
Odds of having new English 0.1to 3.6, 0.3t0 1.9, 0.1to 8,
teacher 0.6 0.4 0.45
Odds of having new math 0.1t0 2.3, 0.4t05.2, 0.3t0 2.1,
teacher 0.5 0.6 0.6
Log odds of number of AP NA 0.5t0 2.1, 0.41t0 2.3,
courses 1.2 1
Peer effect in English class NA 3.5% to 12%, 2.3% to 8.2%,
6.9% 4%

Table Note: Only results resulting from statistigalignificant slope coefficients at p < .10 aresoarized
in this table. In other words, slope coefficiethtat are not statistically different than 0 are inctuded in

this table.

Table 46: Range and Median of Slope Coefficientsrfdividual Resources Regressed

on Passed State Math Test Dummy Variable by GradelL

Dependent Variables

Range of Slope
Coefficients for 10"
Grade Students,

Range of Slope
Coefficients for 11"
Grade Students,

Range of Slope
Coefficients for 12"
Grade Students,

Median Median Median
Teacher resource -$323 to +$405, -$444 to +$800, $272 to $635,
expenditures per pupil -$248 $320 $549
Core-academic teacher -$411 to -$211, -$317 to +$859, $272 to $686,
resource expenditures per -$309 $6 $401
pupil
English class size -2.9to +3, -2to +2.2, -1.8to +4,
1.6 -0.5 1.25
Math class size +1.1to +2.6, -1.7 to +5, -3.5t0 +2.1,
1.4 2 -2
Odds of having new English 0.2to 5, 0.1t0 0.6, 0.41t0 8,
teacher 1.9 0.3 0.5
Odds of having new math 0.3t0 0.6, 0.4 10 2.3, 0.1t0 5.7,
teacher 0.5 0.7 0.3
Log odds of number of AP NA 0.3to 1.7, 0.5t0 2.1,
courses 1.1 0.9
Peer effect in math class NA 3% to 18%, 2.7% to 7.5%,
6.9% 4.25%
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Table Note: Only results resulting from statistigalignificant slope coefficients at p < .10 arensoarized
in this table. In other words, slope coefficietitat are not statistically different than 0 are inctuded in
this table.

Similar to the findings from the estimated MLMsheols spend more on teacher
salaries for students who have passed the staseth@s on those who have not. Sixty-
four percent of schools spend more money dhdgrade students who have passed state
tests—either in English or in math—than they ddoswachieving 12 grade students, or
students who have not passed state tests. Scmmis more on 2grade students who
have passed state tests relative to low-achie@iggtade students due to a combination
of smaller class sizes and higher-paid teachers.

Of the 14 schools that spend more off g2ade students who have passed state
tests in either English or math, half of these sthiepend more on students who have
passed state tests in both English and math. isdditmoney spent on fayrade
students who have passed state tests in both Braglt math ranges from $839 to
$1,741 per student for all teacher salaries and $640 to $1,244 per student for teacher
salaries in core-academic subjects. Given thaavleeage regression intercept is around
$3,200 for all per-pupil TREs and $2,600 for cocademic TREs per pupil, these
additional amounts spent on"igrade students who have passed the state testsitre
large.

Results are similar for igrade students who have passed the state Enggish t
but the effect sizes are not as large fdf geade students. Thirty-two percent of schools
spend more on teacher salaries fdf glade students who have passed the state English
test, and only two schools spend less dfidrade students who have passed the state
English test. Greater spending of'Iftade students who have passed the state English

test mostly coincides with these students beingasd to more experienced teachers.
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However, there is no common pattern of schoolsdipgmore or less money on
11" grade students who have passed the state matr wstLd' grade students who
have passed the state English test, controllingdbrevement in the other subject. For
these students, there are patterns of larger sizss and fewer newer teachers. Thus, the
lower expenditures per student due to larger dass is balanced with the higher
expenditures per student due to higher teachenasland the result is that schools do
not spend substantially different amounts on tistséents relative to lower achieving
students.

Finally, 32% of schools spend less money ofi di&de students who have passed
the state math test compared to others. Tentlegtadlents who have passed the state
math test are less likely to be taught by a newhrteicher but also have larger class
sizes in both math and English classes. Thudpther expenditures per student
resulting from larger class sizes outweigh the tgreaxpenditures per student resulting
from more experienced and higher-paid teachers.

In summary, there are three common resource patterhis district for spending
on students of different achievement levels. Tits pattern is increased spending for
students who have passed state tests relativevey Echieving students due to a
combination of smaller class sizes and more expee teachers. Second, higher
expenditures due to more experienced teachers mbglanced with lower expenditures
due to larger class sizes, and when this occungods do not spend appreciably different
amounts of money on teacher salaries for studdmts$ferent achievement levels. Third,
students who have passed state tests may haveempeenced teachers but also

substantially larger class sizes or larger classssin multiple courses, resulting in
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schools spending less on these high-achieving stsidén any case, students who have
passed state tests are more likely to be taugbkpgrienced teachers than lower
achieving students, and this is true across atlega

This study finds more occurrences and the largésttesizes of resource
inequities for 19 grade students compared to younger students.reAgopsly discussed,
70% of 12" grade students have passed state tests. Thusadomallocated resources
for 12" grade students who have passed state tests withroes allocated to $2jrade
students who have not passed state tests infosparitties in resource allocation for the
lowest achieving 30% of f2grade students compared to higher achieving stsden
When comparing resource allocation for the lowekieving 30% of students with
higher achieving students, low-achieving studergsaiocated lower per-pupil TREsS,
larger class sizes in English and math, and moreEmglish and math teachers. Thus,
the lowest achieving students may have multipleusse disadvantages compared to
higher achieving students.

Compounded effects for studentsThis section briefly explains how resource
inequities may be even larger than previously dieedrdue to student membership in
multiple categories and/or student attendancefi@rent schools. Differences in per-
pupil TREs caused by student membership in mulspldent categories can be large.
For example, one school spends 44% more on Whitéaian 13" grade students who
have passed the state math test than on Africarriéame12” grade students who have
not passed the state math test. In another sc@¥,more is spent on middle-clasd'12
grade students who have passed the state Engdistihém on low-income i2grade

students who have not passed the state English\Wésile these are some of the most
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extreme cases of inequitable spending within s&abis worthwhile to note that within-
school inequity in resources may be considerab#®me cases, resulting in dramatic
differences in how much schools spend on teachanesfor various students.

In addition, both between- and within-school iné@si in resources may produce
even greater resource inequity at the student.levet example, between-school
inequities in teacher experience may result intgreaequities in access to experienced
teachers for low-achieving students than previot@iyd. In one school, for example,
0% of 12" grade students who passed the state Englishreesteght by new English
teachers, and 9% of low-achieving"l@rade students in the same school are taught by
new English teachers. In another school, 26% Bfgrade students who passed the state
English test are taught by new English teacheis 586 of low-achieving 12grade
students in the same school are taught by new gintgachers. Combining between-
and within-school inequities in teacher experieyie&s extremely different levels of
access to experienced teachers for two subgrougtsidénts across two schools: 55% of
12" grade students who have not passed state teSthool A have new English
teachers compared to none of"Iftade students in School B who have passed sttt t
The difference in these percentages, which indigetess to experienced teachers

resulting from both between- and within-school ni¢igs in resources, is striking.
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Chapter 6: Discussion

By calculating individualized per-pupil teacheraasce expenditures (TRES) for
each high school student in a large public sch@ttidt, this study sought to create a
sufficiently granular dataset with which to analyxh the variation in and the equity of
the allocation of these TREs among individual stiisle This analysis reveals that there
is, in fact, considerable variation in the allooatof per-pupil TREs within schools;
moreover, these variations are not consistent eftarences in student need. These
results are particularly striking given the didtacstated goals of ensuring equitable
access to education and allocating additional megsuo the students with the greatest
needs. Given these findings, the further studstudent-level TREs and the equity of
their allocation seems ripe for future research @wténtially useful for state, district, and
school leaders as well. To this end, this chagisrusses the implications, directions for
future research, and limitations of this disseotati
Key Findings

Key findings of this dissertation include that thighin-school variation in per-
pupil TREs is much larger than the variation betwsehools. For students within the
same school, inequities in per-pupil TREs and $ppa@sources exist, and some students
have multiple resource advantages compared to sthgents. Finally, the results of the
study indicate that district and school leaders m@aynaware of within-school resource
allocation patterns.

There is greater variation in per-pupil TREs within schools than between
schools. The within-school variation in per-pupil TREs d¥gthe variation between

schools. This holds true for per-pupil TREs fdnmdtruction and for core-academic
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instruction. While there is some variation (13.5%0per-pupil TREs between schools,
86.5% of the variation in per-pupil TREs stems fraithin-school differences in
spending. Per-pupil TREs are defined by allocat#agher salaries to individual
students, and while there are slight differencdsacher salaries between schools, there
is far more variation in teacher salaries withihaas. Likewise, there is much more
variation in per-pupil TREs within schools thanweén schools. Another factor that
contributes to the large variation in per-pupil TREithin schools is the large variability
in class sizes across courses. Class sizes aneostanfluential component of course
expenditures per student, and class sizes varyalreatly across courses.

While it is not yet fully understood how much vaiaa in per-pupil TREs should
be tolerated and or expected given various comssiahis study extends school finance
research by finding that there is more variatiopen-pupil TREs within schools than
between schools. School finance researchersitradily studied interstate and
interdistrict equity of fiscal resources until sonegearchers pointed out that there is
considerable variation in teacher salaries betvgeools in the same district (Spatig-
Amerikaner, 2012; Speakman et al., 1997), whichtdestudies of intradistrict
differences in teacher salaries and/or per-pugikexitures (Berne & Stiefel, 1994;
Condron & Roscigno, 2003; Heuer & Stullich, 2011eid, 2008; Owens & Maiden,
1999; Rubenstein, 1998). Some districts consaasly tried to reduce teacher salary
differences across schools (Odden et al., 2003alseélobson v. Hansgnthe result
being that intradistrict equity was improved in ®oases. In this subject district, teacher
salaries are equitably allocated between schoontspacause there are not dramatic

differences in teacher salaries between scho@anggority of the variation in teacher
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salaries (and per-pupil TRES) occurs within schodlsis study extends school finance
research by contributing that there may be mofferdihces in fiscal resources at the
student level than at the school level, particylarthen fiscal resources are equitably
allocated between schools, and highlighting theleea better understanding of the
equity and allocation of fiscal resources at thelsht level.

Inequities in per-pupil TREs exist. As might be expected in a sample with
considerable variation in per-pupil TREs for studesithin the same school, there are
also inequities in the allocation of per-pupil TREghin schools and at the student level.
To analyze the equity of per-pupil TREs within solsothis study started with Berne &
Stiefel's framework for evaluating equity, whichnsists of three principles: horizontal
equity, vertical equity, and equal opportunity. determine horizontal equity and equal
opportunity within schools, this study developedaaalytic approach to account for
multiple dimensions of student need by utilizingtistically rigorous analyses while
hewing as close as possible to the spirit of B&1&tiefel’'s framework. To assess
vertical equity, this study calculated how much enoroney is spent on special education,
English language learner (ELL), and low-income shid relative to other students and
compared actual funding weights to those outlimethée state foundation plan for each
category of students.

Based on this analysis, inequities in per-pupil $REhin schools exist, and
students in the same school do not necessarilyweeegquitable monetary resources.
This study finds that horizontal equity is not astad within schools, as there is
considerable variation in per-pupil TREs for “liketudents— “like” students are students

who are similar in terms of special education, Eahd low-income status and grade
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level. This finding is perhaps even more strikgngen the context of the analysis. This
study generally bases its horizontal equity analgsi Toutkoushian and Michael’s
(2007) modification of Berne & Stiefel’'s (1984) in@work for evaluating equity, which
among other things holds that horizontal equityiaggated if there is any variation in
PPEs after controlling for certain variables. Hweere this study allows for some
variation in per-pupil TREs to be more consisteithwraditional horizontal equity
analyses. Specifically, this study allows the a@on in per-pupil TRESs to be as large as
the variation in teacher salaries within schoofekeehorizontal equity is violated. Yet,
nevertheless, horizontal equity was not achievedtiodents in the same school. Thus,
despite controlling for differences in student neaiation in per-pupil TREs within
schools is still quite large.

Equal opportunity for students with different act@ment levels is violated
because the majority of schools in this distrigirgbmore money on teacher salaries for
students who have passed state tests comparadientt who have not passed state tests.
On average, schools spend 13.7% more dhgtade students who have passed state
English and math tests compared to low-achievirigtade students. Around 70% of
12" grade students have passed state tests, so ofeatiop of this finding is that
schools spend the least on the lowest achieving &8tudents compared to higher
achieving students, all else being equal. For-essglemic TRESs per pupil, schools
spend 16% more on T2jrade students who have passed both English atitistage
tests compared to low-achieving™@rade students. Schools do not spend more or high
achieving students than low-achieving studentstdwkfferences in student course loads

because high- and low-achieving students are earall the same number of course
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credits. In addition, equal opportunity is violdt®r student race because a few schools
spend slightly more on White and Asian students traAfrican American students,
holding all else equal, albeit the monetary difféias are small.

For horizontal equity and equal opportunity, thigdy finds that inequities in per-
pupil TREs exist. However, student-level inequitie fiscal resources may not directly
result from problematic district and school polgielTeacher and student sorting into
courses ultimately affects how resources are akacep individual students and results
from a myriad of choices and constraints. Spedliffc students (and parents) select
which courses to take, teachers may have prefesenaehich courses that they teach,
and school leaders may influence teacher assignimeatrious courses. Additionally,
formal and informal school policies and constraistsch as scheduling constraints or
prerequisite courses—may restrain students’ dewgio enroll in various courses.
Research is mixed in the role of student choiceuwgcontextual constraints in students’
decisions to participate in various courses (Betrtl., 1997; Oakes & Guiton, 1995;
Tyson, 2013), and this study does not shed lighthernrole of student choice in the
within-school allocation process. However, thisdsthighlights that choices and
constraints in the within-school resource alloaapoocess result in inequities in per-
pupil TREs.

Lastly, this study examines vertical equity fordpeeducation, ELL, and low-
income students and determines whether state catalgimnding for these student
subgroups is ultimately allocated to these studenkss study finds mixed results.
Vertical equity is achieved for special educatitudents; the district spends 181% more

per pupil on teacher salaries and 310% more pal papeacher salaries in core-
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academic subjects for special education studelaBveto non-special education
students. As for ELL students, the district speit more on teacher salaries and 99%
more on teacher salaries in core-academic sulf@cELL students than for non-ELL
students. The state provides 99% more fundingEdr students in its contributions to
districts. Thus, it is debatable whether verteglity is achieved for ELL students
because for all TRES, vertical equity is not achtg\but for core-academic TRES,
vertical equity is achieved. Nevertheless, thislgtconcludes that vertical equity is
achieved for ELL students.

Vertical equity is not achieved for low-income stats because the district
spends only 13% more per low-income student redadtvnon-low-income students on all
teacher salaries and only 17% more per pupil ocheasalaries in core-academic
subjects. The funding weight in this state fordmwome students is 1.97, implying that
low-income students should receive 97% more regsuttan middle-class students.
Thus, there is a substantial gap between the mgmeyt on teacher salaries for low-
income students and the categorical funding weigttkned in the state foundation plan.
Further, the district spends only 2% more on teasakaries and 4% more on teacher
salaries in core-academic subjects for low-incotndents when controlling for special
education and ELL status. Thus, the district dogsachieve vertical equity for low-
income students.

This vertical equity analysis highlights that stateding for low-income students
does not ultimately reach individual low-incomedstnts, at least in terms of teacher
salaries. To the contrary, state funding for splemilucation and ELL students is

ultimately allocated to special education and Etudsents, and the district spends even
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more per special education student than requirdtidogtate. The district spends
substantially more on teacher salaries for speclatation and ELL students because
special education and ELL students are often grtpgether for instruction, and they
have small class sizes, particularly in Englistseés. These smaller class sizes drive up
costs for special education and ELL studentss Ikss clear how state categorical
funding for low-income student populations wouldrbBected in teacher salary
differences for low-income students.

One might theoretically argue that state categbfiucading benchmarks for low-
income students should be compared against totas P2 opposed to per-pupil TRES, in
a vertical equity analysis. Whether low-incomeadstuts need morastructional
resources to achieve the same educational outcasnesn-low-income students is
perhaps debatable; however, there is some evidbatthis is the case. For example,
researchers find the low-income students may bieinefn reduced class sizes (Krueger,
2002). One could argue that if the district reesigategorical aid for 40% of its students
who qualify for free and reduced-priced meals,district should consider how to invest
these resources in ways that improve student owgsdar low-income students, which
would likely involve investing more per-pupil TREs low-income students.

One might also argue that any failure to achievécad equity for low-income
students is merely the result of all students,néigas of income level, being taught by
the same teachers and attending the same clasthesrasn-low-income counterparts;
however, this argument is not valid in this digtritn this district, low-income (as well as
minority) students are less likely to be enrollecddvanced courses and are more likely

to have peers with lower achievement than theidheidlass (and White) counterparts.
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Though the district certainly does not spéeskon teacher salaries for low-income
students compared to other students, the dises dot appear to be strategically
directing additional dollars to the instructionlofv-income students in terms of teacher
salaries and class sizes. State funding for laefme populations could ultimately
benefit low-income students if districts creatednetary incentives to recruit and retain
high-quality teachers in high-poverty schools.

Inequities in specific student-level resources exis This study also analyzes the
equity of the allocation of specific resources witeach school to provide a more
nuanced understanding of the equity of within-s¢esource allocation. Though the
district spends much more on teacher salariegkeeial education and ELL students
than general education students, special educstiimients are more likely to be assigned
to a new math teacher in 59% of schools. In aslditELL students have larger-than-
average math class sizes in 50% of schools; intlactigh the district spends much more
on courses for non-native English speakers (ESQitses) than regular track academic
courses on average, the district spends $109 &rsstydent on math courses for ELL
students than regular track math courses duederndhan-average class sizes. This
finding highlights the fact that although an anays monetary resource allocation is
informative, it may not capture all resource inéigsiin a given school.

This study also finds other resource inequitieddar-achieving, low-income, and
African American students beyond fiscal resoureesl, resource inequities may exist for
these students across a number of resources smaaoltsly. This is particularly true for
the lowest achieving students in the district. Whemparing the lowest achieving 30%

of 12" grade students with higher achievind'Iftade students, the lowest achieving
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students have almost every resource disadvantagpaced to higher achieving students:
larger math class sizes, more new teachers, |lggseare to advanced curricula, and
lower achieving peers. Even when schools do nenndpnore on high-achieving students
than low-achieving students, schools consisterstbygm a disproportionate number of
low-achieving students to the least experiencechs.

When multiple resource inequities are presentrdbalt is a potentially large
difference in how much is spent on individual stugewithin the same school. One of
the most drastic examples of inequitable spendirger-pupil TREs occurs in a school
that spends 44% more on"lgrade White and Asian high-achieving students tiran
12" grade African American low-achieving students, toalfing for special education,
ELL, and low-income status. This differential isitg large, particularly for teacher
resource expenditures.

School context relates to the equity of within-swh@source allocation. For
example, the relationship between advanced coafseg and student socioeconomic
status and race appears to be more prevalent aoksclvith more racial and
socioeconomic diversity: In low- and mid-povertysols, low-income students take
fewer advanced placement (AP) courses and havs pétérlower achievement than
non-low-income students. In the majority (57%J¥olhools, White and Asian students
take more AP courses than African American studeatstrolling for student
achievement. Thus, low-income and minority studemy be “crowded out” of AP and
other advanced courses in schools with larger ptmps of middle class and White
students (Tyson, 2013). In addition, interestingigre are greater inequities in resource

allocation for African American students in the taachools with the largest White and
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Asian populations. Across these two schools, Wdniie Asian students have higher per-
pupil TREs, smaller class sizes, higher achieviegrg, and fewer new teachers and take
more AP courses compared to African American stiedeAgain, it is unclear from this
study the role that student choice plays in cotakeig in this district. However, if
students are voluntarily sorting themselves basecoe, which causes inequitable
allocated resources, district and school leadeysldhdentify resource inequities and
then find potential solutions for addressing them.

Within-school resource investment may not align wh district goals. These
findings indicate that district leaders may be uasenof within-school resource
allocation patterns. Per its school board polileg, district is committed to providing
equitable access to a high quality education fastatlents by allocating greater
resources to students with the greatest needfhgelistrict does not spend more on low-
income students and spends less on low-achievugsts than on middle-class or
higher achieving students. Further, across thteatismore money is directed to
advanced core courses than regular track coree®urghree out of the four core
academic subjects, and the advanced math couesésiee as costly as the regular math
courses. Another goal of the district is to prepts students for college or careers, but
the district spends more on foreign language csuaad other elective courses than on
regular track academic or vocational courses tregigre the majority of students for
college or careers. Given its stated goals, thgidi may need to better align its
monetary resources with its priorities. This meguire re-examining the cost
effectiveness of offering advanced foreign languagether non-core courses that are

expensive due to very small class sizes, increaguntent participation in courses that
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prepare them for college or the workforce, andrfaially investing in courses that are
likely to affect student outcomes.

As previously discussed, it is unclear from thigdgtto what extent choices and
constraints affect how resources are allocatedinvgbhools. To be sure, districts have
some responsibility to allocate their resourcestafjly and to provide equitable access
to a high-quality education to all students. Iltyha the case, for example, that the
district is providing equitable access to rigorcosrses but that student course-taking
choices result in stratified educational opporiesit It could also be the case that fewer
students enroll in advanced courses, resultingnaller class sizes (and higher costs) for
advanced courses. Clearly, student and parerdrprefes play a role in how resources
are allocated within a school. But the fact thatent choice exists does not absolve
districts and schools from the responsibility o$@mng that all students receive equitable
resources. We know from other research that ntynand low-income students may
“opt out” of advanced courses if there are few migand low-income students in those
courses (Carter, 2013). However, district and stleaders can potentially address this
issue by creating school cultures in which all stud are encouraged to perform at their
highest levels as well as academic supports falestis who are not accustomed to
participating in advanced courses (Hawley & Woli12).

It could also be the case that few teachers is¢heol are qualified to teach the
advanced courses resulting in the most experietaamihers teaching the most advanced
courses. To this point, districts and schools khba continually working to develop
human capital so that all teachers are effectivethare are an adequate number of

effective teachers to distribute across a variégoarses. Further, as districts and
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schools move away from the static teacher saladyeaperiment with teacher
performance pay, district and school leaders shonddte policies that incentivize
experienced teachers to teach courses at all le@elsool leaders may also exert
influence on which courses students take and hashess are assigned to courses (Koski
& Horng, 2007; Leithwood et al., 2004).

In summary, the district may be meeting its goghtovide equitable access to a
high-quality education for all students. This stygints out, however, that providing
equitable access may not be sufficient in providirtggh-quality education for all
students. Understanding the results of the wisitineol resource allocation process is
potentially the first step for any 