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Abstract of the Dissertation
A quantitative policy analysis of Bronx County public high school students’ mathematics

course completion
by
Ramoén Emilio Fernandez
Doctor of Philosophy
in
Technology, Policy, and Innovation
Stony Brook University
2016

Education reform remains a work in progress. Research, government, and policy reports emphasize
that a high-quality high school mathematics education is key to the future of the nation. Technical
and research work in science, technology, engineering, mathematics (STEM), social sciences, and
life sciences have been identified as essential requirements to bolster the economic growth,
national competitiveness, and security of the United States. The academic preparedness, college
aspiration, persistence, graduation, as well as earnings of high school graduates who complete
college preparatory and advanced math courses are all positively, strongly, and significantly
correlated to their math course completion. Despite various efforts from the federal government,
such as the No Child Left Behind Act, warnings, and recommendations from national reports such
as A Nation at Risk, and the documented importance of high school mathematics in preparing
highly skilled and critically thinking workers, ethnic minorities and economically disadvantaged
students remain severely underrepresented in STEM disciplines. High schools located in inner-
city, high-minority and economically disadvantaged neighborhoods offer college preparatory and
advanced math courses at rates that are significantly lower than schools located in suburban or
rural neighborhoods. White, Asian, or economically advantaged students surpass Black and
Hispanic students in the completion of standard through advanced level math courses. However,
Black and Hispanic students surpass White and Asian students in Basic through Preformal math
courses. We developed and answered the following research questions within the aforementioned
context: 1. How are the key socio-demographic and performance indicators of New York City
public high schools distributed? 2. How comparable are key demographic and academic
performance indicators of Bronx public high schools with a reported 4-year mathematics
requirement to those of other Bronx public high schools? 3. How comparable are the high school
mathematics course completion rates of Bronx County public high school students attending
schools with a reported 4-year mathematics requirement to other Bronx public high school
students?
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This work is dedicated to the many ethnically underrepresented or economically disadvantaged
students, like myself, who would benefit from receiving positive examples, successful role models,
as well as positive media coverage from the Black and Hispanic communities around the globe.
Stories and statistics about defeat, disgrace, or negativity abound, but they are not the only ones
among our people. | have no doubt that, if as a collective, we provide you with the opportunities
and tools that help people succeed in life and accomplish their life goals, you will rise to your
greatest potential, if that is something you choose to do.



Frontispiece
As a mathematician, humanist, and engineer | believe that math is a learnable/translatable art.

Mathematics 1s a language. We should teach it that way.

To solve the problems of math education, we should study
how language education solves the same problems.

I don’t know who wrote the above statement for am unable to properly acknowledge the author;
whether mathematics is a language or not is irrelevant to me. What is relevant to me is that to
understand mathematics, one has to understand the language through which mathematics is taught.
Mathematics allows us to use our language in the most abstract way, but before we can abstract
our languages, we need to understand the basic foundations of our languages: grammar. We need
to provide our students a stronger foundation of syntax and morphology. We can acquire
vocabulary by means of social and cultural interactions. But understanding the grammar is more
complex. Mathematics should, | propose, be accessible to us in such a way that translating it into
real life becomes second nature to us given that math is always around us. | read somewhere, that
Mathematics may not teach us how to add love or subtract hate. However, it can give us many
reasons to hope that every problem has a solution. Freedom, | believe, is the ability to think for
ourselves, so that we can comprehend the ramifications of our decisions. Freedom, | believe, can
be more easily achieved, if we can abstract and simultaneously consider more than one choice;
math is a great tool to help us do just that; to help us find solutions...
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Preface

Writing this thesis was very fulfilling. Nonetheless, settling into it, developing it, selling it,
accepting it, was not. While this work was completed in the year of 2016, it probably started to
form, within my thoughts, by the year of 2004. It was during that year that the terms “minority”,
“underrepresented”, “underachievement”, among other, started to be implanted deeply within my
universal grammar, and became part it. Moreover, it was during the years of 2005 through 20009,
after successfully completing Engineering and Math internships, completing dual degrees in Pure
Math and Hispanic Languages and Literature, and realizing that 1 was the only Black and Latino
male in each one of my math classes, that I started to make more sense of what it really means to
be Hispanic or Latino, Black, and economically disadvantaged within the academic circles of
higher education. Based on my experiences and feedback as an Engineering student, | think that 1
would have become a fine professional engineer. After all, I loved that work very much. But, | felt
that as an engineer, | was not going to have much access to the social aspects of my work. | then
decided that becoming a mathematician and humanist may do the trick. | love both, pure math and
the humanities, but I also found both to be too isolationist for my very own good. Then, it clicked
in my head that a multidisciplinary program, where | could devote time to my math and
engineering love, my interest and passion for social welfare and policy, and my innate calling for
teaching, was a good place to continue my academic journey. It was indeed a good place to start,
but it was also an uneasy place to be. My work was not easy for it touches on sensitive topics at
all levels: racially, politically, socially, professionally, personally. But these challenges were what
made undertaking this work most fulfilling.

Outside of its academic relevance, the main purpose of this thesis is to serve as a platform, with
me as an agent of change. The aim is then to show the world, primarily to underrepresented
students at the doctoral and professoriate level, particularly those that are economically
disadvantaged, that fundamentally, all humans, irrespective of race, color, or economic status, are
capable of greatness, when they are provided with the tools to achieve greatness. | learned so many
things through this journey. Primarily that education disparity is a big problem that gets far less
attention than it should from the people who are better equipped to work with it. This work
definitely changed me in many ways; specifically, my journey through the Ph.D. and getting into
the professoriate helped me understand that one has to learn which battles not to fight. It has also
taught me that, a great idea whose time has not come, to remember the great Maya Angelou, should
remain silent but active until its time comes about. Great ideas will always come about.

People say that it is difficult for ethnically underrepresented or economically disadvantaged
students to make it through academia, but having survived the streets as a poor black man taught
me many things, particularly that academia is a safe-haven for most. | challenge those of you who
are out there struggling, to make a plea for sacrifice; not one that offers immediate rewards, but
one that can bring about safety and fulfillment through the longevity of your life. You may not
overcome been underrepresented or poor; but your education, your human capital, will always be
yours and fully under your control. That, my dear friend, cannot be taken away from you.

vii
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Chapter 1

1. Introduction

This chapter provides a general overview of the research literature that highlights the need
for a detailed analysis of high school mathematics course completion and advanced mathematics
course access in highly populated, ethnically and economically diverse and large public school
districts such as New York City. This study is grounded on ongoing dialogues regarding high
school graduates’ mathematics preparedness, college access and success in science, technology,
engineering, and mathematics (STEM), mathematics and science education in urban settings, and
the call from the government and the private sector to increase the mathematics and science literacy
of high school graduates and the STEM workforce.

Despite continued efforts to increase high school students’ mathematics course completion
in the United States, evidence from research articles and reports has indicated that the proportion
of high school graduates who are not ready for college or careers right after graduation is too high
(National Science Board, 2004; Hill, 2006; Anderson & Chang, 2011). In the last two decades,
there has been a research surge in mathematics education, and the general public continues to gain
a better understanding of the need for, and the importance of, high school mathematics curricula
of high intensity and quality (National Research Council, 2013). Nonetheless, the research
literature treating large, high minority, and economically depressed school districts such as New
York City is scarce. The scarcity of both comprehensive and systematically researched information
makes it difficult for parents, teachers, principals, district administrators, scholars, and the general
public to understand the high school mathematics education that students of large and diverse
urban school districts, such as New York City, receive. There is a need, therefore, for an updated
and systematic review of the high school mathematics course completion literature to provide
guidance to students, teachers, high school and district administrators, faculty, higher education
administrators, government and private researchers, and policy makers in regard to the critical
importance of high school mathematics course completion and the policies that affect this course
completion in Bronx County public high schools. It is particularly important to ensure that new
research in mathematics education contextualizes students” mathematics course completion based
on the number and type of courses completed. It is imperative for researchers to distinguish and
document the vertical and horizontal (Tyson & Roksa, 2016) dimensions of mathematics course
completion.

This thesis revisits the national high school mathematics course completion literature to
understand and model the high school mathematics course completion of Bronx County public
high school students. We frame our work around the high school mathematics course completion
policies implemented by the New York State Board of Regents in the period covering the academic
years of 2010 to 2013. These academic years are especially relevant in the policy arena. The
Integrated Algebra, Geometry, and Algebra2/Trigonometry Regents exams® were being offered in
their entirety since the year of 2008; but up until the year of 2010, these exams were given in
conjunction with the Math A and Math B Regents exams. Hence, the academic years of 2010-2013
were the years in which only the Integrated Algebra, Geometry, and Agebra2/Trigonometry

! Appendix B provides a concise description of the Regents exams, their development and scoring mechanisms.
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Regents exams were available to students in New York State. Therefore, the only academic years
that provide us with true representative samples of the 2008 Regents exam-taking policies are the
years of 2010-2013 because in the academic year of 2014, the Integrated Algebra, Geometry, and
Algebra2/Trigonometry Regents exams were administered in conjunction with the exams aligned
with the Common Core State Standards for Mathematics (EngageNY, 2013). Therefore, this study
will serve as a baseline for future analyses of the Common Core State Standards which were fully
implemented in the academic year of 2014-15 and which changed the high school mathematics
course completion policy for all New York State public high schools.

Chapter 2 presents the reader with a systematic and concise review of the literature on
students’ high school mathematics course taking and completion at the national level; and we
highlight the past and current efforts from government, public and private sectors to create policies
that advance the mathematics preparedness of high school graduates. Our review starts by
describing many of the benefits that students gain from completing high school mathematics
courses and ends with the literature on the predictive power of students’ high school mathematics
course completion. Chapter 3 is a detailed discussion of the methodology we use to explore and
answer our research questions and test our hypotheses. In it, we present our methodological
approach, a discussion of how to implement the statistical tools of choice and a concise justification
about why we chose the statistical tools employed throughout this thesis. This section starts with
a global descriptive analysis of New York City public high schools; we present the reader with
both qualitative and quantitative analyses of New York City public high schools and we end by
conducting a quasi-experiment that allows us to determine how the mathematics course completion
of Bronx county public high school students is distributed. The results of the study are presented
in Chapter 4. We use the results of statistical models to both, answer our research questions, and
make inferential deductions about Bronx students’ high school preparedness and its impact on
their subsequent life, particularly their higher education aspirations. Chapter 5 is a concise
summary of the study’s results that contextualizes the results connecting them with the literature
review; it also presents a summary of this thesis’ contribution alongside the significance of this
research and new research avenues opened by this research.



Chapter 2. High School Mathematics Course Taking: A Review

2.0. Introduction

The following chapter is presented in two parts concerning students’ high school
mathematics course completion. The chapter begins this with a descriptive analysis of United
States high school students’ mathematics course completion or course taking. This overview
includes a diverse set of scholarly work including national reports, journal articles, and doctoral
theses. The chapter ends by highlighting how students’ high school mathematics course
completion, or course taking, is a strong predictor of their success, whether they decide to move
on to higher education or to go directly into the workforce. Most nationally representative research
studies on the topic of high school math course completion focus on the importance of the course
completion in lessening or potentially eradicating the educational achievement gap found among
ethnically underrepresented or economically disadvantaged students in various STEM-related
fields. Among STEM disciplines, mathematics is of primary importance for various reasons. First,
at the higher education level, most science, technology, and engineering courses require an
understanding of mathematics that goes beyond algebraic manipulations. These topics rely heavily
on mathematical knowledge at or above the level of matrix algebra and vectors, which are usually
covered in advanced high school mathematics courses. Mathematics literacy is important even for
students who are not intending to pursue STEM degrees. Many social science programs, including
but not limited to, Sociology, Psychology, and Higher Education Administration require one to
three quantitative methodology courses, all of which require mathematical knowledge at the level
of a probability and statistics courses. These courses are most commonly offered as advanced
electives in high school. We selected studies that included nationally and demographically
representative samples when analyzing students’ high school math course completion.
Incidentally, most of these studies highlighted the issue of high school math course completion
among ethnically underrepresented and economically disadvantaged students. This fact speaks to
the importance that high school mathematics plays in the democracy and well-being of nations as
conceptualized in Ball & Bass, 2008; Stemhagen & Smith, 2008; and Steen & Madison, 2011.

2.1. Mathematics high school course completion: a descriptive review of the literature

Students’ high school math course completion remains a topic of utmost importance in
mathematics education. Various factors, where the most notable are socioeconomic status, school
geographic location, and ethnicity, have been found to affect students’ mathematics course
completion in high school (Adelman, 1999; Tyson et al., 2007; Wilensky, 2007). Many studies
conclude that the academic preparedness, college aspirations, persistence, and graduation, as well
as earnings of high school graduates who complete college preparatory mathematics curricula,
particularly curricula that include advanced courses, are all positively, strongly, and significantly
correlated to their math course completion (Achieve Inc., 2008; Adelman, 1999, 2006; Bozick &
Lauff, 2007; Jones, Davenport Jr., Bryson, Bekhuis, & Zwick, 1986; Ma & Wilkins, 2007,
National Research Council, 2013; National Science Board, 2004, 2010; Nord et al., 2011; Oakes,
1990). Education in STEM is a topic of importance and of concern in the United States. Policy
makers have realized that STEM education is a priority at various levels. The main priorities
include but are not limited to: national security, the rise, expansion and sustainability of global



markets, and the re-establishment of the United States into the top ranks in international benchmark
tests such as the Programme for International Student Assessment (PISA) (National Science
Board, 2010; President’s Council of Advisors on Science and Technology, 2010).

The policy needs of the United States, coupled with the rapid growth of scientific and
technological innovations, put a premium on education, requiring that high school graduates have
a robust education to be competitive in college, especially if they intend to pursue STEM careers.
There is now significant conclusive evidence from academic, government, and private research
studies supporting the thesis that students’ high school mathematics course completion is the single
best predictor of their academic success across various academic subjects, especially in STEM
(Achieve Inc., 2008; Adelman, 1999; 2006; Bozick & Lauff, 2007; Bryson, Bekhuis, & Zwick,
1986; Jones, Davenport Jr., National Research Council, 2013; Ma & Wilkins, 2007; National
Science Board, 2004, 2010; Nord, et al., 2011; Oakes, 1990). Moreover, students’ intentions of
studying mathematics and science in college are strongly and positively related to the mathematics
courses they complete in high school. For example, the results of Burkam and Lee’s (2003)
analysis of the National Educational Longitudinal Study of 1988 (NELS:88) suggested that, as
students progress through their high school math courses, their intentions of studying mathematics
and science in college increase.

Studies quantifying high school math course completion provide valuable insight into the
various ways in which students’ math course completion relates to their success during high school
and their access to, and their persistence and success in higher education (Hill, 2006; Tyson et al.,
2007; Wilensky, 2007). When high school students take advanced math and science courses, their
likelihood of earning higher scores on key performance assessment indicators, pursuing higher
education degrees in STEM, and completing baccalaureate degrees increases substantially
(Adelman, 1999: 2006; Bozick & Lauff, 2007; Chen, 2009; National Center for Education
Statistics, 2010; Nord et al., 2011). The results and conclusions of research, government, and
policy reports suggest that students should graduate from high school having completed advanced
courses in mathematics and science, or academically intense four-year math and science curricula
(Achieve Inc., 2008; Chen, 2009; Finkelstein & Fong, 2008; Hill, 2006; National Science Board,
2004).

Since the 1980s, education reform has remained a work in progress. Research, government,
and policy reports since the 1980s have continuously emphasized that a robust high school
mathematics education plays an important role in shaping the future of public school students and
the nation (Achieve Inc., 2008; Adelman, 1999; Burkam & Lee, 2003; Frank, Muller, Riegle-
Crumb, Mueller, Crosnoe, & Pearson, 2008; Ma & Wilkins, 2007; National Commission on
Excellence in Education, 1983; National Research Council, 2013). High school mathematics
course completion has been shown to be a regulator of students’ success at various levels (Frank
et al., 2008; Chen, 2009). These regulating effects prove to be positive across students’ ethnic and
social backgrounds. Various studies are conclusive in finding that when students from historically
underperforming groups in higher education, particularly in STEM disciplines, complete four-year
math sequences, or complete academically challenging math courses in high school, their high
school and college performance are close to, or the same as, that of their counterparts (Adelman,
1999; Burkam & Lee, 2003; Tyson, Lee, Borman, & Hanson, 2007; Nord et al., 2011). Despite
strong evidence about how high school math course completion positively affects students, the



access to advanced high school math courses varies significantly across public high schools of the
United States; for example, research has shown that, on average, high schools located in inner-
city, high-minority, and economically disadvantaged neighborhoods failed to provide their
students high-quality, competitive, or academically challenging mathematics curricula (Anderson
& Chang, 2011; Finkelstein & Fong, 2008; Fernandez, 2015a, 2015b; Graham, 2009).

The NSF report Science and Engineering Indicators (2016) indicated that, on average, the
mathematics and science teachers from high-poverty and high-minority schools were not as highly
qualified as the teachers from wealthier and low-minority schools. Also, when compared to
students coming from families with incomes at or above 200% of the Federal Poverty Level,
students from families with incomes below this level continue to underperform in mathematics as
early as kindergarten (National Science Board, 2016). As an example, for the academic year of
2011-2012, the average free or reduced price lunch? eligibility of Bronx County public high school
students was 81.1%. These students displayed high academic deficiencies in mathematics as
measured by their advanced Regents exams completion and passing rates (Fernandez, 2015a).
Research has indicated, however, that irrespective of their ethnic or socioeconomic backgrounds,
when students completed an International Baccalaureate program, an intense 9" grade Advanced
math or science course, or a rigorous secondary curriculum that includes three to four years of
math courses, on average, they scored at the proficiency level on the math sections of the National
Assessment of Educational Progress (Nord et al., 2011). Our results showed that when Bronx
students were held accountable to 4-years of mathematics, all of their key academic performance
indicators increased significantly (Fernandez, 2015a). For example, Bronx high school students
graduating from schools that required 4-years of mathematics earned Advanced Regents diplomas
at ten times the rate of Bronx students from other high schools.

The National Research Council report of the National Science Foundation, The
Mathematical Sciences in 2025, asserted that mathematical knowledge is rapidly becoming
essential for people working in many social and life sciences disciplines. Moreover, technical and
research work in these areas have been identified as essential requirements to bolster the economic
growth, national competitiveness and security of the United States (National Research Council,
2013). Despite the importance of high school mathematics in preparing highly skilled and critically
thinking workers, ethnic and racial minorities who are a representative component of the
population of the United States, such as Blacks and Hispanics, are severely underrepresented in
the mathematical sciences (National Research Council, 2013). Davenport, E. C. etal. (1998) used
1990 National Educational Progress (NAEP) transcript data to analyze students’ high school math
course taking by gender and ethnicity. The study’s results indicated that about 54% of the
mathematics Carnegie® units earned by all students “were earned in the Standard Sequence:
Algebra 1, Geometry, and Algebra 2” (504) and only 10% of the net Carnegie units were earned
in any one of the advanced sequences, “Algebra 3; Trigonometry; Analytic Geometry;
Trigonometry and Solid Geometry; Algebra and Analytic Geometry; Analysis, Introduction to

2 At the time the data of this study was released, free lunch was available for students whose families earned from $0
to $30,615 a year for a family of four. Students whose families earned from $30,616 to $43, 568 were eligible for
reduced price lunch (United States Department of Agriculture, 2013).

3 “A Carnegie Unit Carnegie Units were proposed in 1906 as a basis for measuring school work. A unit would
represent a single subject taught for one classroom period for five days a week for a semester. Fractional units would
be awarded for subjects taught less frequently” (Department of Education’s International Affairs, 2008).
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Calculus, and Analytic Geometry; Calculus; Advanced Placement Calculus” (501).. In terms of
course entry, results indicated that White and Asian students surpassed Black and Hispanic
students at both the standard and advanced levels based on the net number of high school
mathematics Carnegie units completed. The course entry rate of Black and Hispanic students was
about half that of White students and about one-third that of Asian students. However, Black and
Hispanic students surpassed White and Asian students in the total mean Carnegie units attempted
in Basic and Preformal math courses. The researchers believe that observed differences in the net
Carnegie unit completion rates of Black and Hispanic students in the basic and preformal
categories could be attributed to both the differing entry rates into the preformal and basic
categories, as well as to net differences in the number of courses taken by students entering in
different course categories. For example, the proportions of Asian and White students entering into
the standard categories were higher than those of Black and Hispanic students: White 0.78**,
Black 0.71**, Hispanic, 0.74**, Asian 0.87**. There is indeed an entry gap, when the course
category of reference is the standard math sequence, where Black and Hispanic students fall behind
in comparison to White and Asian students. To make matters worse, the advanced math course
entry gap of Black and Hispanic students, when compared to White and Asian students, was even
greater than the standard math course entry gap: White 0.28**, Black 0.14**, Hispanic 0.16**,
Asian 0.48**. These results indicate that the mathematics gaps begin with course entry or
enrollment, where Hispanic and Black students had higher entry into math courses below the
standard sequences and lower entries into math courses at or above the standard sequences.

Finkelstein and Fong (2008) investigated California high school minority students’ course-
taking patterns, focusing on whether the courses that students took met university entrance
requirements. The researchers drew samples from the Transcript Evaluation Service (TES) for the
academic year of 2004-05 and school-level data reported by the California Department of
Education; both data sets were representative of the student population of the state of California.
The results of the study suggested that the completion of academically demanding or challenging
math courses can mitigate the persistent college completion gaps between ethnically
underrepresented or economically disadvantaged students and White, Asian, or wealthier students.
Nonetheless, these students completed advanced or academically demanding math courses at very
low rates. For example, the researchers found that completing courses such as one-year college-
preparatory math or English in 9" grade is a big challenge for many students. In their sample, over
forty percent of the students failed to complete a one-year sequence of college preparatory
mathematics. The researchers’ results suggest that many ethnically underrepresented or
economically disadvantaged students failed to meet the A-G* CSU and UC requirements because
their enrollment rate in college preparatory courses, particularly math, was very low. Black
students, for example, registered in these courses at a rate of 40% in 9" grade. These results were
aligned with those of (Oakes, 1990), who found that Black and Hispanic students completed four-
year math and science course sequences or college preparatory math and science courses at very
low rates. The researcher’s results also indicate that socioeconomic status is a regulating variable
of the math course taking patterns of high school students, as indicated in the table below:

4 The CSU and UC system categorizes their course requirements as A-G; math courses fall into the C category, and
the minimum requirement for math is three years or six units.
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Table 1
Students Exhibiting Academic Course completion Patterns by Socioeconomic Status and Race
(percentages of students exhibiting pattern)

SES
High Middle Low White  Black  Hispanic
Academic math 69.1 457 25.1 515 28.1 28.9
Academic science  58.3  36.9 19.6 40.7 26.1 23.8
Computer science 17.4 12.4 8.4 13.8 10.5 8.0

Source. National Center for Educational Statistics (1985a). Taken from Oakes, (1990).

In spite of the results depicted in Table 1, when students completed Algebra I or college
prep courses in 9" grade, they created paths of positive academic trajectories. College preparation
starts with 9""-grade courses, and graduating college ready when not completing college
preparatory courses in 9" grades has been very difficult for students (Finkelstein & Fong, 2008).
Students who completed math college preparatory courses in 9" grade were more likely to attend
a 4-year CSU or UC institution than a two-year community college. Roughly 42% of California
high school students were, by the end of 9" grade, at risk of not meeting CSU or UC institutions’
entrance requirements because they did not complete 2 semesters of Algebra I or higher with a
grade of C or better; by the end of 10" and 11" grade, this number increased to 53% and 62%,
respectively. However, results showed that this number decreased to 52% by the end of 12™" grade
(Finkelstein & Fong, 2008). The researchers suspect that it is because CSU and UC institutions
required only 3 years of high school mathematics that the percentage of students at risk of not
meeting these institutions’ math requirements decreased as they moved from grade 11 into grade
12. The net percentage of students meeting the minimum 3 math units® required by CSU or UC
institutions increased by one percentage point as students reached 12" grade; nonetheless, when
disaggregating the data by students’ ethnicity, results indicate that ethnic minorities’ math
requirements completion rates were lower than those of their counterparts. By the end of 12" grade,
students in each ethnic category completed the minimum 3 math units required by CSU or UC
institutions at the following rates: Asian 64.5%, Hispanic 41.7%, Black 34.9%, and White 58.7%.
From these numbers, it is clear that the math academic gap mentioned in many of the studies we
cite in this thesis still persists among Black and Hispanic students. If we consider that these
students register at very low rates in college preparatory courses, then one could argue that we
need to set stronger mathematics course completion policies. For example, various studies,
including Rising Above the Gathering Storm and The Mathematical Sciences in 2025, draw on
nationally representative data to make the case that students should be completing at least 3 years
of mathematics up to an advanced math course, such as Precalculus or Statistics. The Mathematical
Sciences in 2025, as well as The City University of New York and the University of California
and California State University, recommend at least four years of high school mathematics. We
need policies that hold students accountable to higher mathematics course completion standards,
irrespective of their socio-demographic characteristics and all students should complete four years
of high school mathematics, including advanced courses. A number of empirical studies support
the latter claim. For example, California public high school students increased their likelihood of

S A unit is equivalent to a full year course.



been accepted into a four-year CSU or UC institutions by taking math courses in 12" grade
(Finkelstein & Fong, 2008); Bronx County students graduating from schools that reported a 4-year
math requirement graduated college ready at ten times the rate of the other Bronx public high
school students (Fernandez, 2015a); besides, there are many advantages of completing advanced
math courses: a greater likelihood of completing Bachelor’s degrees (Adelman, 1999), mediation
of students background characteristics (Frank, et al., 2008), positive academic outcomes
throughout students’ high school and post-secondary education, and the workforce (National
Science Board, 2004). Despite efforts from the federal government and research-oriented policy
recommendations, students of underrepresented ethnic backgrounds or low socioeconomic status
remain underrepresented in STEM disciplines and, when compared to other groups, their chances
of having access to challenging math and science courses are minimal (Graham, 2009; Kelly S.,
2009; Oakes, 1990). Many African American and Hispanic students begin high school
underprepared in mathematics, which truncates their upward mobility within the mathematics
course ladder (Adelman, 1999; Riegle-Crumb, 2006). Research has suggested that students
attending urban or poor high schools tend to take fewer advanced math courses than students from
suburban, rural or wealthier high schools (Lippman, Burns, McArthur, Burton, Smith, & Kaufman,
1996; Graham, 2009). For example, a study by Lippman et al. (1996) showed that graduates from
poor high schools took Geometry at a rate of 60%, and graduates from wealthier high schools took
this course at a rate of 74%. It becomes apparent that gaining a comprehensive understanding of
the high school mathematics course completion of students from large urban public school districts
that serve highly diverse student populations such as New York City, is timely and relevant.

2.2. Mathematics high school course completion: a review of the predictive literature

Empirical evidence allows us to conclude that the number and types of high school courses
students complete play a pivotal role in their high school academic preparedness, as well as in their
subsequent professional and academic interest. In an analysis of the 1980 high school sophomore
cohort from the High School and Beyond data set, Jones, Davenport Jr., Bryson, Bekhuis, and
Zwick, (1986) found positive and statistically significant correlations between students’ senior
year mathematics achievement test scores and the high school math courses they completed at the
level of Algebra | or higher. When students completed the course sequence Algebra | and II,
Geometry, Trigonometry, and Calculus, they achieved higher scores on their senior year
mathematics achievement tests. Grounded on their findings, Jones et al. (1986) concluded that
students’ average math test scores were directly proportional to the number of advanced high
school math courses they completed in high school. Similarly, the results of Adelman’s (1999)
report, Answers in the toolbox.: Academic intensity, attendance patterns, and bachelor’s degree
attainment indicated that the highest level of mathematics that students studied in high school had
the strongest positive correlation to their bachelor’s degree completion. For example, students
entering higher education having completed high school math courses beyond Algebra2 —for
example, Trigonometry or Pre-Calculus- more than doubled their chances of completing
bachelor’s degrees. Moreover, the academic intensity, rigor, or quality of Black and Hispanic
students’ high school curriculum was the strongest contributing factor to their academic
preparedness. The impact of intense or high quality math courses was greater for Black and
Hispanic students than it was for White and Asian students, as indicated in Table 2 below. The
variable Curriculum, which Adelman refers to as Academic Intensity, was manipulated for quality
by gradations. For example, for advanced math courses, a gradation level of 0, 1, or >1 was



recorded, depending on the level of the course. In regards to regular high school mathematics, a
+1 was added for courses in Geometry or higher, a 0 was added for Algebra 2, and a -1 was added
for courses at levels lower than Algebra 2. When any math course was remedial, subtractions were
made accordingly. This operational definition resulted in an enhanced curriculum indicator with
40 gradations. The gradations were equally spaced in intervals of 2.5, ranging from 2.5 to 100. As
an example, students reaching the highest curricular indicator, 100 points, would have completed
3.77 or more Carnegie units in high school mathematics, with no remedial courses. Adelman made
it clear that the enhanced curriculum is a criterion variable and therefore, it is not a relative measure
of performance like test scores or class rank scales. The variable Test Scores comes from the senior
year test that was taken by 92.7% of the students from the High School and Beyond dataset. The
variable Class Rank/GPA refers to either the rankings that schools make on their students, i.e., to
10%, to 15% and students’ actual high school GPA. The author had to combine both measures
because of a lack of measures among students. This was done because these variables were
correlated at 0.841 (Adelman, 1999). As summarized in Table 2 below, based on the results of his
study, Adelman made the claim that, to improve bachelor degree completion rates, particularly
among Latinos, one ought to concentrate on students’ high school curriculum, particularly, the
quality and intensity of curricula.

Table 2 Comparative improvement in bachelor's degree attainment rates by moving into the
top 40 percent on each component measure of the ACRES index, by race, High
School & Beyond/Sophomore cohort, 1982-1993

Components White Black Latino All
Curriculum +10.4% +27.5% +18.5% +12.7%
Test Scores +5.1 +22.0 +58 +78
Class Rank/GPA +3.5 +13.7 -3.8 +5.0

SOURCE: National Center for Education Statistics: High School & Beyond /Sophomore
Cohort, NCES CD#98-135. -Taken from Adelman, (1999)-.

Richard O. Hill studied the correlations between the senior-year high school mathematics
courses and the entry-level mathematics courses of Michigan State University students. The
study’s results suggest that both Advanced® and non-Advanced calculus courses provided students
with a successful preparation for entry-level mathematics at Michigan State University.
Descriptive statistics indicated that the overall college preparation of students who did not take
mathematics in their senior year was very poor. For example, 75% of those students placed in
remedial mathematics at Michigan State University displayed the following high school
mathematics preparation: during their senior year, about 35% did not take mathematics, about 16%
took only one math course, about 18% took low-level or non-algebraically demanding math
courses, and about 6% took a demanding course but received grades lower than C (Hill, 2006).
Table 3 below shows the background of students based on the course tier on which they were

® The Advanced Placement (AP) program is administered by College Board, which is “a mission-driven not-for-profit
organization that connects students to college success and opportunity” (The College Board, 2015). “The AP is a
rigorous academic program built on the commitment, passion, and hard work of students and educators from both
secondary schools and higher education” (College Board, 2003).
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placed at Michigan State University. Tier 5 is the lowest level math course indicating remedial
mathematics and Tier 1 is the highest course indicating advanced level mathematics: Tier 5 —
Remedial Math; Tier 4 — College Algebra and Finite Math; Tier 3 — Precalculus; Tier — 2: Five
different courses: (a) business/biological science calculus, (b) trigonometry, (c) mathematics for
elementary education students, (d) any statistics course, and (e) a (relatively new) liberal arts math
course.”; Tier - 1: Technical calculus or a higher-level course (Hill, 2006).

Table 3
Summary of results of students by Tier.

Average
Tier n  %® Grade®” HS Background Comments
5 550 18% 2.3 75% from a weak background
4 689 24% 2.2 60% from a weak background; 30% had > C in calc. or precalc.
3 435 15% 2.3 38% had > C in calc. or precalc; most had > C.¢
2
1

410 14% 2.8 50% had > C in calc. or precalc; most had > C.¢
604 21% 2.8 79% had calc. or precalc, > B.¢
Of all students in the study. °In the MSU course. In whatever senior-level math course they had
in high school. Taken from (Hill, 2006).

The positive correlations between advanced high school math courses and students’
proficiency on their mathematics exams, as demonstrated by Hill’s (2005) work and the work of
others (Fernandez, 2015a; Jones, Davenport Jr., Bryson, Bekhuis, & Zwick, 1986) are more
important than they may seem a priori; exams are an increasingly important key performance
indicator considered by policy makers (Adelman, 1999). In New York State, for example, public
schools are required to provide information on students’ Regents exam scores. A 1986 study by
Jones and others found that the number of advanced high school math courses completed by
students, both self-reported and transcript extracted, respectively, explained 53% and 46% of
students’ test-scores variance. The inverse relationship also held true: as students took fewer
advanced courses, their math exams’ responses were at or near the chance level; i.e., their response
where similar to that of a student who would choose his or her answers randomly. Frank et al.
(2008) analyzed course transcript data from the 1995-2002 Adolescent Health and Academic
Achievement Study (AHAA). The study focused on the academic years 1994-95 and 1995-96. One
of the study’s conclusions was that social norms, including those established by parents and peers,
contributed to students’ fundamental social dynamics; the latter mediated students’ educational
motivation and success. The study’s findings supported the contention that adolescents have a
“considerable agency” (1680) in mapping their social contexts based on the math courses they
choose to take. We contend, however, that limited or restricted mathematics course access in high
school nulls such agency. In his 1999 study, Shawn Kelly used data from the National Education
Longitudinal Study of 1988 (NELS: 88) student, school administrator, and parent surveys. He
supplemented this data with the 1990 student and school administrator surveys and the high school
transcript file. The study focused on students’ high school math course completion by grade 10%.
The study’s results suggest that starting high school with a history of low-intensity math courses
was detrimental to many Black students due to the sequential nature of math courses; hence, if
high school students had not moved upward in the hierarchical sequence of math courses by their
sophomore year, they had great difficulties catching up and completing college preparatory math
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sequences. Finkelstein & Fong (2008) arrived at the same conclusion. Courses such as Pre-
Algebra, Algebra, I, Geometry and Trigonometry make significant contributions to students’
mathematical growth (Ma & Wilkins, 2007), and these same courses have been found to be
positively and strongly correlated to students’ senior-year test scores (Jones, Davenport Jr.,
Bryson, Bekhuis, & Zwick, 1986).

Studies also have documented that professionals with various accomplishments in STEM,
such as scholarly publications, Ph.D. completion, academic tenure, and patents, were involved in
many advanced and strong STEM high school courses and activities such as advanced math and
science courses (National Research Council, 2013). In a representative study of Florida’s public
four year college graduates in STEM, Tyson et al. (2007) concluded that Black and Hispanic
students generally completed fewer advanced high school math courses than Asian and White
students; however, when they compared Black and Hispanic students who took advanced math
courses at rates above average for these students, their overall academic achievement was
comparable to that of Asian and White students, and in some cases higher than that of White
students. Another nationally representative report indicated that a high proportion of students
entering STEM fields completed Trigonometry, Precalculus, and Calculus courses in in high
school; these results established strong and positive correlations among students’ advanced high
school math course completion and their access to STEM fields in higher education. Correlations
showed that as high school students advanced through math courses, their likelihood of entering a
STEM career increased. Advanced high school math course completion was also strongly related
to higher degree completion rates in STEM. Students completing STEM degrees completed
Trigonometry and Precalculus at rates of 37.5% and 58.6%, respectively. Students who left STEM
fields completed the same courses at the respective rates of 23.4% and 20.2% (Chen, 2009). The
United States was for a long time at the forefront of technological and engineering development.
However, evidence suggests that public high schools in the U.S. are not offering math curricula
with the same focus and coherence of other developed foreign countries (Schmidt, 2003). Most of
the studies we cited in the section above suggest that the mathematics expectations for high school
students have been inconsistent; these expectations varied and correlated significantly to students’
racial and socioeconomic backgrounds. This thesis begins to address some of these issues by taking
a policy evaluation perspective.
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Chapter 3. Research Methodology

3.0. Introduction

In this chapter, we present and discuss the theoretical framework guiding this thesis and
the methodologies we employ in analyzing and answering the research questions of the study. This
chapter is divided into several sections. Section 1 presents the research questions of the study;
section 2 presents the research design; section 3 provides a description of the New York State
Regents examinations; section 4 covers the population from which we draw our samples; section
5 discusses the collection of the data; section 6 details the methodological considerations based on
the type of data used in the study; section 7 discusses how the results are presented; section 8
explains the statistical measures we present; section 9 provides a detailed description of the
research questions.

3.1. Research Questions

Social capital and human capital tend to be distinctive features of the educated, middle,
and upper classes. Social capital, in particular, plays significant roles in the creation of human
capital (Coleman, 1998). High school mathematics, in particular, is an important base for the
creation of human capital, given its potential, as a gateway or gatekeeper, to allow students access
to other advanced math, science courses, and college (Frank, 2008). Social capital, according to
Bourdieu, (1986), is an individual’s actual or potential management and acquisition of resources
that come about by their networking with acquaintances and by their recognition of being members
of recognized institutions such as schools, colleges, universities, or clubs (Bourdieu, 1986). Hence,
academic institutions are an important part of the machinery that builds social capital, particularly
those that touch humans during their developmental stages, such as high schools. Human capital,
as defined by Coleman (1998), is more abstract. While individuals’ social capital develops by
means of dynamic changes in the relations among those who facilitate social action or networking,
Coleman argued, human capital manifests through the skills and knowledge that individuals
acquire over time (Coleman, 1998). Hence, social capital appears to be a necessary condition to
the development of human capital. Coleman coined a term that, | argue, combines both the
networking and social recognition that individuals gain: “Information Channels”. Information
channels are, in essence, the means by which individuals are able to capitalize from and build up
social capital. High schools are an important type of information channels. High schools provide
individuals, at least in theory, with a prerequisite knowledge that can help them either enter into
the workforce or into higher education. It is now well established that a minimum of three years
of high school mathematics is essential to gain access to four-year higher education institutions.
Therefore, high schools play at least a double role in the socio-cultural development of their
students: they are a strong platform for the development and expansion of students’ social
networking; and, they have the potential to help students gain and develop mathematical skills that
build upon and augment their human capital. For example, it is estimated that by the year of 2025,
the economy of the United States will need an additional 140,000 to 190,000 workers with high-
level mathematical and analytical skills to help the nation move forward not only in its scientific
and technological development but also in the administration and management of such employees.
Corporate decision making, in particular, will need individuals with an understanding of analytical
concepts, particularly in the areas of statistics and machine learning (National Research Council,
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2013). These additional workers will require high levels of both cultural and human capital; and
an important type of human capital would be a sound high school mathematics education.

A main purpose of this study is to help the research community, students, parents, policy
makers, and the general public to better understand an important aspect of high school mathematics
education in New York City public high schools: the high school mathematics course completion
distribution of New York City public schools. The high school mathematics course completion or
course taking review of the literature, chapter 2, provides the theoretical framework through which
we model the high school mathematics course completion distribution of New York City public
high schools. We take Bronx County as the baseline county of comparison throughout the study.
We contextualize our model by using math course completion as a proxy that measures students’
human capital. By regulating mathematics course offerings, schools have the potential to limit or
augment the amount of human capital that their students can acquire, hence either limiting or
expanding their graduates’ opportunities post high school. | developed the research questions of
this thesis within this framework.

1. How are key socio-demographic and performance indicators of New York City public

high schools distributed?

a. How do the socioeconomic and ethnic distributions of Bronx County public high
schools compare to those of New York City public high schools?

b. How does the average reported mathematics Regents exams passing and mastery rates
of Bronx County public high schools compare to those of New York City?

c. How do Bronx and New York City public high school graduates’ diploma attainment
and post-secondary aspiration rates compare to one another?

2. How comparable are key demographic and academic performance indicators of
Bronx public high schools with a reported 4-year mathematics requirement to those
of other Bronx public high schools?

a. How do the socioeconomic and ethnic distributions of Bronx County public high school
students attending schools with a reported 4-year of mathematics requirement compare
to those of Bronx County public high school students from other schools?

b. How do the average mathematics Regents exams passing and mastery rates of Bronx
County public high school students attending schools with a reported 4-year
mathematics requirement compare to those of other Bronx County public high school
students?

c. How do the high school diploma conferment and post-graduation aspiration rates of
students from Bronx schools with a reported 4-year mathematics requirement compare
to those of other Bronx public high school students?

3. How comparable are the high school mathematics course completion rates of Bronx
County public high school students from schools with a reported 4-year mathematics
requirement and other Bronx public high school students?
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3.2. Research Design

This thesis is a descriptive quantitative quasi-experimental study; a study in which subjects
are not randomly assigned to specific conditions (Shadish, Cook, & Campbell, 2001). Ideally,
researchers would be developing their research by means of experimental designs. When an
experimental research study has been properly designed, the results of the research have a high
degree of internal validity. This is due to the researcher’s full control of the independent variable,
as the researcher can if needed or required, manipulate it. Also, the researcher generally has full
control of treatment assignment, where cause/effect conclusions have stronger validity, as most
confounding variables can be controlled (Cook & Campbell, 1979).

In quasi-experimental designs, random assignments to treatment conditions are not feasible
for various, primarily ethical, reasons. However, in our particular case, a quasi-experimental
design is the best tool that we have to study our target population: public high schools and their
students. Researchers have many tools to set up quasi-experimental designs that can lead to strong
conclusive evidence. To optimize the external validity of our quasi-experiment, we pick
comparison groups with similar baseline characteristics (White & Sabarwal, 2014). Because of the
practical methodological constraints of our research questions, a quasi-experimental design is the
most optimal tool to help us undertake our study. In a quasi-experimental design, researchers do
not have control over treatment conditions. However, in well-designed quasi-experiments, we do
have control of over the directionality problem because we fully control independent variables,
which can be manipulated prior to measuring dependent variables (Price, 2012). While we do not
have control over treatment assignment, we did control for many confounding variables and the
conditions under which we compare our groups are as homogeneous as we could have made them
be. We accomplished this by creating stratified” samples from which we later randomly selected
representative samples; specifically, in addressing research question three, we drew two
representative samples from each of our strata: Bronx public high schools that reported a 4-year
math requirement and other Bronx public high schools. We drew fifteen schools from each sample,
each of which met pre-determined selection criteria: school size, socioeconomic, and ethnic
distributions. That is, in each sample, we have that each school is comparable to every other school
in the aforementioned variables.

Through the thesis, we draw conclusions that apply to both schools and students. However,
we are careful when drawing conclusions to avoid confusing the reader. Our sample selection
criteria were always determined at the school-level. That is, we looked at schools as the population
from which we drew our samples. Research questions one and two ask specifically about schools’
characteristics. However, the analyses carried out to answer these questions uses student-level
data. When interpreting our results, we drew our conclusions in relation to the students, not the
schools. Nonetheless, the results of research questions two and three could be interpreted in
relation to schools or to their students. At the core, research question three is concerned with
schools’ profiles. However, like research question one, this question is answered using student-
level data. Nonetheless, because we are asking about schools’ profiles, we interpreted the results
at the school level. Hence, at the core, research question two provides answers about schools, not

" When groups are not homogeneous, the use of a procedure called stratified random sampling is appropriate. This
procedure allows us to select strata within our sample of interest in such a way that no stratum is over or under
represented (Walpole R. E., Myers, Myers, & Ye, 2011).
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students®. Throughout this thesis, we carry out our various analyses based on mutually exclusive
or inclusive samples. To answer research question 1, we used two mutually exclusive
representative random samples: a sample of 94 public high schools from Bronx County®, and a
randomly selected representative sample of 91 New York City secondary schools. The samples
used to answer research question one consist of 50,649 students from Bronx public high schools
and 93,490 students from New York City public high schools. We answered research question two
by selecting two samples from Bronx public high schools: a sample of fifteen schools that report
a 4-year mathematics requirement in the New York City High School Directory, and a sample of
eighty one public high schools of Bronx County, which are all public high schools that did not
report a 4-year mathematics requirement. These high schools abided by the mathematics
requirements set forth by the New York State Board of Regents: 6 credits of mathematics® (New
York City Department of Education, 2013b). The samples used to answer research question two
consisted of 6,859 students attending Bronx public high schools that reported a 4-year of
mathematics requirement and 42,203 students attending Bronx public high schools without this
reported requirement. We answer research question three using a stratified random sample from
each, the group of Bronx public schools reporting 4-year math requirements, and the other Bronx
public schools. Note, however, that the data used in our statistical tests is student-level data. The
samples used to answer research question three consisted of 2,898 students from schools reporting
a 4-years of mathematics requirement and 2,523 students from schools not reporting this
requirement. We let the reader know that, while a small subset of Bronx public high schools
reported a 4-year math requirement, only 45% of the students we sampled in the academic year of
2012-13 had completed mathematics courses during that academic year. In other Bronx public
high schools, this figure was also 45%.

3.3. The New York State Regents Examinations

a. Implementation and Evolution

Developed and managed by The New York State Board of Regents!!, the Regents exams
are the oldest academic assessment exams in the United States. As early as 1865, the State of New
York was assessing eighth-grade students via entry exams. In 1790, the State of New York
authorized the Board of Regents to take over the administration of some state lands and to use the
lands’ revenues to fund the Literature fund, which became the main source of aid for colleges and
academies (University of the State of New York, 1905). Propelled by the rapid increase of the

8 While we interpret our data based on the way in which our research question was formulated, our results could also
be used to draw conclusions not only about schools, but also students.

® This sample is in fact the population because these are all of the schools that fit our selection criteria.

10 Neither set of schools specifies the type of courses required, nor how the courses are distributed by year.

11 In May 1, 1784, a Corporation conformed by the Governor, the mayors of New York and Albany, plus twenty four

appointed persons was created by statue. This is what we know as The Board of Regents of the University of the State
of New York (USNY) (Folts, 1996). Since its creation, the Board of Regents has been responsible for the general
supervision of all educational activities within the State, presiding over the University of the State of New York which
is the most comprehensive and unified education system in the United States, consisting of all elementary, secondary,
and post-secondary public and private institutions, including public libraries. As of today, “The Board comprises 17
members elected by the State legislature for 5 year terms. (...) Regents are unsalaried and are reimbursed only for
travel and related expenses in connection with their official duties” (New York State Education Department, 2010).
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academies and the boom of high schools during the mid-nineteenth century, in 1865 the Board of
Regents established the Regents examinations (Office of State Assessment, 1987) to determine,
according to the law, which scholars were entitled to receive aid from the Literature fund (Murray,
1881), cited in (Lott, 1986). Ever since their implementation, the Regents exams have undergone
various changes, mainly to keep up to date with evolving academic demands and expectations.
The Board of Regents established the local diploma in 1906 to serve as a pathway to graduation
for students who either did not take the Regents exams or did not achieve the minimum passing
score on the required Regents Exams (Folts, 1996).

In the early 1990s, a national trend of raising the academic standards of K-12 education
emerged. Its intense academic standards in K-12 have always positioned New York State as a
leader in educational reform. In 1996, the Board of Regents started to undertake new educational
reforms to improve the educational performance of New York State students. The core of the
reform was centered on accountability and higher standards for all: schools, school administrators,
teachers, parents, and students. The Board of Regents dictated that beginning in 2006 all students
would take and pass at least five Regents exams in order to graduate from high school. Some
immediate results of this mandate included the phasing out of the local diploma, the
implementation of a higher minimum Regents exam passing score, and the renaming of the old
Regents diploma now called Regents Diploma with Advanced Designation or Advanced Regents
Diploma (McCall, 2000). In low-performing and high-minority'? school districts, the Regents
competency tests had been the primary pathway to students’ graduation; the 1996 policy was set
to eliminate this pathway because it was considered to be of low rigor when compared to the
Regents exams. The new education reform rested on the hypothesis that holding students
accountable to higher academic standards would boost their academic success (McCall, 2000;
Knecht, 2007). After a decade, in 2008, the Board of Regents fully implemented the Regents exams
policies put in place in 1996. As of today, with exceptions that apply primarily to special education
students, all high school students in New York State must pass at least five Regents exams with a
minimum scaled score of 65 points to be granted a diploma. It is worth noting that students can
take the Regents exams as many times as they wish until they achieve passing or self-satisfying
scores (Willens, 2013). With their respective sub-fields, the five required Regents exams provide
students with eleven options to choose from:

12 The State Education Department defines high-minority schools as those with minority populations at or higher
than 80% of its student population (McCall, 2000).
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Table 4
Regents exams options for New York State Students

Subject Courses
Integrated Algebra
Mathematics Geometry
Algebra2/Trigonometry
Science/Biology The Living Environment
Earth Science
Science/The Physical Settings Chemistry
Physics

Global History and Geography
US History and Government
English Language and Arts Comprehensive English
Foreign Language Courses vary by schools

Social Studies

As of 2013, New York State public high school students may qualify for three different
Regents diplomas. A Regents diploma is granted to students who pass at least five subject-specific
Regents exams (Comprehensive English, Any Math, Any Science, Global History and Geography,
and US History and Government) with a minimum score of 65 scaled points. However, graduating
with a Regents diploma does not automatically mean that a student is college ready. We measure
academic success and college readiness based on the guidelines set forth by the City University of
New York, CUNY and the recommendations of the New York City Department of Education.
According to these institutions, a student is college ready, i.e. places out of remedial courses, when
he or she has completed a Regents diploma with Advanced or Honors designation, or has earned
a score of 75 or higher on the Comprehensive English Regents exam and of 80 or higher on at least
one of the applicable Mathematics Regents exams. Students are granted a Regents diploma with
Honors Designation when they achieve a minimum score average of 90 on the five required
Regents exams. A Regents Diploma with Advanced designation is given to students who pass nine
or more Regents exams with the following distribution: at least one Foreign language, the
Comprehensive English, two Social Studies, all three Mathematics, and at least two Science
Regents exams (New York City Department of Education, 2007; NYSED Commissioner of
Education, 2010; Willens, 2013).

b. Curriculum-Based External Exit Examinations

A curriculum-based external exit exam stands out from other exam systems because it
possesses the following six traits:

= It produces signals of student accomplishment that have real consequences for the student;

= |t defines achievement relative to an external standard, not relative to other students in the
classroom or school;

= |tis organized by discipline and keyed to the content of specific course sequences;

= It signals multiple levels of achievement in the subject;

= |t covers almost all secondary school students. The school system as a whole must be made
to accept responsibility for how students perform on the exams, although it is not essential
that a single exam is taken by all;
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= |t assesses a major portion of what students studying a subject are expected to know or be
able to do (Bishop, 1998).

The New York State Regents exams are the oldest academic assessment exams in the United
States; they are also the oldest curriculum-based external exit exams, and the only of their type
until the early 1990s (Bishop, 2000). Centered on the traits of Curriculum-Based External Exist
Exams Systems (CBEEES), researchers have argued that, in their absence, schools’ reputations
are determined by the social class of their student population and standardized exam scores.
Because CBEEES are tied to a secondary school’s curriculum, and because they are designed by
agencies external to the school, they minimize the influence that the social class of the school’s
student body exerts on the school’s reputation. CBEEES also diminish the leverage that school
administrators and teachers have in determining the intensity or weakness of the academic
standards in their schools to either maintain or boost their schools’ reputation. CBEEES are
assumed to objectively and strongly assess whether students have adequate and equitable high
school preparation to be granted a high school diploma, by holding them accountable to identical
and rigorous educational standards (Knecht, 2007; Bishop, 2000).

c. Development and Scoring

The State of New York has a Commissioner's Technical Advisory Committee®® that helps
develop challenging, consistent and reliable exams (New York State Education Department, 2013;
Office of State Assessment, 2013). The Regents exams are developed using IRT Rasch and Partial
Credit Models. Since the 1980s, Item Response Theory (IRT) has been the most common
alternative to Classical Test Theory (CTT). While there are many forms of CTT, they all rely on
the same basic underlying assumption: the actual (X) or raw score of a test taker is comprised of
atrue component (T) and a random error (E) component; the true score is expressed by the equation
X =T + E. This actual score is assumed to be the score of an individual, were they able to take the
same exam an infinite number of times. Because of the impossibility of an individual to perform
any task an infinite number of times, the value T is hypothetical. Domain sampling is the most
commonly used form of CTT for practical purposes. In Domain sampling it is assumed that in any
particular test, the items presented to the examinee are samples of items that come from an infinite
domain of potential items (Kline, 2005).

Contextualizing the CTT and its assumptions, if a student takes the same test many times,
the mean score of all his or her completed tests regresses toward this student’s true test score. Item
Response Theory is a psychometric alternative approach to CTT. Formally speaking, IRT is a
psychometric approach highlighting that an individual’s response to a particular test is affected by
qualities of both the individual and the test (Kline, 2005). For example, an individual’s ability to
correctly answer the question “In the right triangle ABC, side a measures 2cm and side b measures
3cm. What is the length of side ¢?” depends on two factors. The first factor is the individual’s
academic traits in relation to the question; in this case, the Pythagorean Theorem and the algebraic
properties of the real numbers. If the individual’s knowledge of mathematics is at or above the
level of the question, his or her probability of answering correctly is at the higher end. The second

13 Some of the members of this committee are: Robert Brennan, University of lowa, Andrew Ho, Harvard Graduate
School (NYSED, Questions regarding data, 2013).
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factor is the item’s difficulty, which is directly correlated to factor 1. If the item is of great difficulty
and the individual’s academic traits do not reach the level of the question, this individual’s
probability of answering correctly lies on the lower end. Summarizing, IRT states that an
individual’s likelihood of answering a test item correctly depends on his or her academic traits and
the item’s level of difficulty (Kline, 2005).

3.4. Description of the Population

New York State takes pride in having a rich history of publically or state funded education
that started in 1795 with a statewide system of support for public schools. The first school districts
of the state were small, and as the state’s population grew, so did the school districts. To
accommodate the needs of various geographical areas, various types of school districts emerged.
Below we describe the type of school district from which we drew our population of interest. We
then provide a succinct description of the population of interest.

New York City Public High Schools

The New York City public school district is the largest and most diverse public school
district in the United States. There were 423 public high schools during the year of 2012-2013 in
New York City. In the academic year of 2013-2014, there were 1,031,000 K-12 students registered
in New York City public schools. The distribution of students by sex was: 51% males and 49%
females. The distribution of students’ ethnicity was: American Indian or Alaska Native, 1%; Black
or African American, 28%; Hispanic or Latino 40%; Asian or Native Hawaiian/Other Pacific
Islander, 15%; White, 14%; Multiracial, 1%. It is noteworthy that 69% of the student body served
by the New York City public school district was of ethnically underrepresented backgrounds and
that 74% of the students were deemed Economically Disadvantaged.

Most of New York City public high schools were structured under a comprehensive
system; this is the common system in all of New York State. Under this system, school assignment
is primarily tied to its neighborhood’s population. This is what is called the Comprehensive school
system, which makes up a common school culture that reflects the strengths of the belief in the
existence of one best system (Farmer, 2000). Under the comprehensive school structure of New
York City, students’ school enrollment is based on the following admission priorities:

1. Continuing Eighth Graders Priority: Priority to continuing eighth graders who apply to

their current school for ninth grade. Continuing students have a guaranteed match to

their school regardless of the Admissions Method(s) and available seats in their school.

Feeder School Priority: Priority to applicants who attend identified middle schools.

3. Geographic Priority: Priority to applicants who live in a specific district, borough, or
geographic area.

4. Limited Unscreened Priority: Priority to students who attend a school’s information
session(s) or open house event(s), or visit the school’s table at any one of the High
School Fairs.

5. Screened for Language Priority: Priority to applicants based on English Language
Learner status and home language.

6. Single Gender Priority: Single gender schools are open to only male or only female
students.

N
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7. Zoned Priority: Priority — or in some cases, a guaranteed match — to applicants who live
in the zoned area (New York City Department of Education, 2014).

The above selection algorithm applies to most public schools in New York City; there are
nine public high schools that have different admission selection criteria. Also, some charter schools
may have their own selection criteria, generally aligned with the schools’ missions and visions.

b. New York City Specialized High Schools

New York City has nine specialized public high schools. Many of these high schools
continuously rank in the top 20% in the list of the best high schools in the United States and within
New York State. In eight of these schools, the admission criterion is the score earned by students
on the Specialized High School Admissions Test (SHSAT) ( New York City Department of
Education, 2014). One school, Fiorello H. LaGuardia High School of Music & Art and Performing
Arts, has as admission criteria, a portfolio, a performance, or both. These schools are the
specialized high schools of New York City. These high schools were established under New York
State Law 2590 — Section G, and they are:

The Bronx High School of Science
The Brooklyn Latin School
Brooklyn Technical High School
High School for Mathematics, Science and Engineering at the City College
of New York
= High School of American Studies at Lehman College
= Queens High School for the Sciences at York College
= State Island Technical High School
= Stuyvesant High School
= Fiorello H. LaGuardia High School of Music & Art and Performing Arts (New
York City Department of Education, 2014a).

Two of these schools are located in Bronx County: The Bronx High School of Science and
the High School of American Studies at Lehman College. However, while these schools are
located in Bronx County, their demographics are not comparable to those of the County or the
County’s public high schools. An important component of each of the specialized schools is their
comprehensive core curricula, which include a minimum of three years of mathematics and science
coursework at or above the Regents level. At Bronx Science, students must successfully complete
three years of Regents level mathematics and are recommended a total of 4 years of mathematics.
Students must take four years of laboratory sciences including Regents physics (The Bronx High
School of Science, 2015).

The goal of the High School for American Studies at Lehman College is to prepare students
to be admitted into highly competitive colleges and majors ranging from careers in the arts to
STEM (New York City Department of Education, 2014a). They set a four-year program so that
their students have an opportunity to complete the necessary number of credits to earn a specialized
high school diploma endorsed by the High School of American Studies, which consists of the
following:
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Social Studies — 12 credits*, including:
1. A.P.U.S. History I, 11, lll, IV, V, and VI - 6 credits
2. Global History — 4 credits, including:
- Global History I and Il — 2 credits
- A.P. World History I and Il — 2 credits
= Government — 1 credit
= Economics — 1 credit
English — 8 credits, including:
1. English I and Il — 2 credits
2. English Il and IV — 2 credits
3. English V and VI or A.P. English Language I and Il — 2 credits
4. English VII and VIII or A.P. English Literature I and Il — 2 credits
Mathematics — 8 credits, among:
= Algebra - 2 credits
= Geometry — 2 credits
= Algebra Il and Trigonometry — 2 credits
= Pre-calculus, A.P. Calculus, or approved elective — 2 credits
Science — 6 credits, including:
= Biology — 2 credits
= Chemistry — 2 credits
= Physics — 2 credits
Foreign Language — 6 credits
Music — 1 credit
Art —1 credit
Health — 1 credit
Physical Education — 7 semesters (4 credits) (HSFAS, 2013).

Stuyvesant students are required to successfully complete four years of mathematics,
including all Regents level courses and the completion of Pre-calculus or an Advanced Algebra
course, four years of science, including Living Environment, Chemistry and Physics at or above
the Regents level, and a year of Science Electives (Stuyvesant High School, 2015). At The Bronx
High School of Science, students must successfully complete three years of Regents level
mathematics and are recommended a total of 4 years of mathematics. Students must take four years
of laboratory sciences including Regents physics (The Bronx High School of Science, 2015). The
Brooklyn Latin High School gives students the option to graduate with an International
Baccalaureate (1B)® diploma. All students must complete four years of mathematics and science
coursework (New York City Department of Education, 2014a). Brooklyn Technical High School’s
(BTHS) diploma is recognized by the National Consortium of Specialized Secondary Schools for
Math, Science & Technology. In order to qualify for this diploma, students must satisfy the
following four requirements:

4 In New York State public schools, 1 credit is equivalent to one semester of instruction. For example, if an Algebra
course consists of 2 credits, this course spans over two semesters.

15 An IB programs challenge students to excel both academically and personally; “IB learners strive to become
inquirers, knowledgeable, thinkers, communicators, principled, open minded, caring, risk-takers, balanced and
reflective” (International Baccalaureate Organization, 2013)
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1. Earn an Advanced Regents Diploma.

2. Complete the required Community Service.

3. Pass Freshmen Design & Drafting for Production, Sophomore Digital Electronics,
Chemistry & Physics.

4. Complete all courses required for the students’ major (Brooklyn Technical High School,
2015).

Students who do not pursue a BTHS diploma can graduate with a Regents or and Advanced
Regents diploma. The High School for Mathematics, Science, and Engineering at the City College
of New York seeks to challenge gifted and talented students to expand their intellect. They achieve
this mission by instilling in their students the habits of “inquiry, written, and verbal expressions
and critical thinking focusing on math, science, and engineering” (New York City Department of
Education, 2014a).

The goal of the High School for American Studies at Lehman College is to prepare students
to be admitted to highly competitive colleges and majors ranging from careers in the arts to STEM.
They set a four-year program so that their students have an opportunity to fulfill the necessary
number of credits to earn a specialized high school diploma endorsed by the High School of
American Studies, which consists of the following:

Social Studies — 12 credits, including:

= AP.U.S. History I, II, Ill, IV, V, and VI — 6 credits

= Global History — 4 credits, including:

- Global History I and Il — 2 credits
- A.P. World History I and Il — 2 credits

= Government — 1 credit

= Economics — 1 credit
English — 8 credits, including:

= English I and Il — 2 credits

= English Il and IV — 2 credits

= English V and VI or A.P. English Language | and Il — 2 credits

= English VII and VIII or A.P. English Literature I and Il — 2 credits
Mathematics — 8 credits, among:

= Algebra— 2 credits

= Geometry — 2 credits

= Algebra Il and Trigonometry — 2 credits

= Pre-calculus, A.P. Calculus, or approved elective — 2 credits
Science — 6 credits, including:

= Biology — 2 credits

= Chemistry — 2 credits

= Physics — 2 credits
Foreign Language — 6 credits
Music — 1 credit
Art — 1 credit
Health — 1 credit
Physical Education — 7 semesters (4 credits) (High School of American Studies at Lehman
College, 2014)
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Queens High School for the Sciences at York College is dedicated to providing a rigorous
curriculum whose bedrock is science and mathematics. Most students complete the New York
State Regents requirements by the 11" grade, and by then they are taking college level classes at
York College (New York City Department of Education, 2013-2014 Specialized High School
Student Handbook, 2013a). At State Island Technical High School, students have the opportunity
to take Advanced level courses in mathematics, science, social and behavioral sciences, computers,
engineering, humanities and the performing arts as well as robotics (New York City Department
of Education, 2014a). Staten Island Tech offers a Career & Technology Education (CTE)
certificate®®. The vision of its pre-engineering program is to graduate students capable of handling
the challenges of college and career readiness by means of robust STEM curricula (Staten Island
Technical High School, 2015). Staten Island Tech expects all of its students to successfully
complete the pre-engineering curriculum by grade 11™. At this point, all students would have
completed two terms of physics, electronics, and pre-calculus. Fiorello H. LaGuardia High School
of Music & Art and Performing Arts prides itself on its international reputation for being the “first
and foremost high school dedicated to nurturing students gifted in the arts” (New York City
Department of Education, 2014a, p. 8). Whilst this school specializes in the arts, it has a strong
STEM curriculum; for its non-academically accelerated students, there is a minimum of three
mathematics Regents courses; accelerated students complete a minimum of two math Regents, an
AP calculus, and an AP statistic course. In science, all students must complete a four-year sequence
that includes: Living Environment, Chemistry or Earth Science, Physics and at least an AP in either
of the latter courses, hence all students graduate with at least a Regents diploma with advanced
designation (Fiorello H. LaGuardia High School of Music & Art, 2015).

Adelman (1999) described curricula, such as those of the specialized high schools, as
intense and of high quality. Indeed, specialized schools are continuously ranked among the best
high schools in the United States. For example, on the 2014 best high schools ranking of the US
News & World Report, specialized —also called magnet- schools, are described as follows:
“Magnet schools are public high schools that attract the most talented students in a region using
an application process that typically involves test scores and grade-point averages” (US News
Ranking, 2014). In this report, The High School of American Studies at Lehman College and The
Bronx High School of Science were ranked 11" and 13", respectively. Under the US World &
News Report’s section of best STEM high schools, Stuyvesant High School was ranked #11 (US
News Report, 2014). In a Business Insider issue, Staten Island Technical High School and
Stuyvesant High School were ranked respectively as # 5 and # 4 among the 25 best public high
schools in the United States (Business Insider, 2014).

c. Charter Schools
Charter schools are a particularly interesting case to study. Charters fall under the category

of public schools because they are publicly financed; however, their per-pupil expenditures are not
the same as those of traditional public schools (Davis, 2013). Charters have to be approved by the

16 These programs were established to raise the quality and rigor of courses than can prepare students for careers in
post-secondary education and the labor market upon high school graduation. It is a program of study that involves a
multiyear course sequence integrating core-academic with technical and occupation knowledge. Some high schools
confer an Associate’s degree upon the completion of a CTE program (New York State Education Department, 2013b).
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New York State Department of Education, but unlike other public schools in New York State,
which are managed by the University of the State of New York with the Board of Regents as their
governing board, charters are usually developed and managed by non-governmental groups such
as parents, community, or educational management organizations (EMO), and they do not follow
the selection algorithm of New York City public schools. Nonetheless, since they are public
schools, local or state governing boards have the power to sanction or close charter schools if they
do not make adequate academic progress. It has been suggested that while charters are on the rise,
there is a paucity of research on their formation (Renzulli, 2005). Some studies have documented
that teachers in charter schools feel a higher sense of autonomy. However, evidence by Torres
(2014) may suggest that this may be changing. The study challenges the notion of teachers’
perceived freedom and documents, by means of case studies, that teachers in charters managed by
CMOs did not feel high levels of independence (Torres, 2014). There have been arguments,
primarily from market theorists, supporting the notion that the growing pace of charters will infuse
a competition into the education market that has the potential to force public schools to upgrade
their structure as to provide students with a better education. Nonetheless, in his study about the
competition of charters, Davis (2013) presents little to no evidence supporting this claim.

d) Private high schools

The New York City school district has 306 private high schools serving a total of 132,926
students. Most of these high schools are of some kind of religious denomination. The main
religious affiliations of private high school are Roman Catholic followed by Jewish. They are
distributed as follows: New York, 73 high schools serving 30,310 students; Queens, 44 high
schools serving 18,405 students; Brooklyn, 153 high schools serving 65,503 students; Staten
Island, 14 high schools serving 5,570 students; Bronx 22 high schools serving 13,138 students
(Private School Review, 2015).

e) Consortium Schools

The consortium schools arose from a grassroots movement. A group of education leaders
who believed in active student learning, exemplary professional development and innovative
curriculum and teaching strategies for 21%-century students came together and decided to provide
an alternative to standardized education. The consortium schools do not follow the same rubrics
and standards of the Board of Regents. Consortium schools are only required to administer the
Comprehensive English Regents exam. Therefore, students in these schools do not take any of the
mathematics Regents exams. Consortium schools devised a system of assessments consisting of
eight components aligned with state standards, professional development, and external review,
formative and summative data. The mission of Consortium schools is to help their students to gain
high levels of analytical thinking, reading comprehension, research writing skills, the application
of mathematical and computation and problem-solving skills, computer technology skills, and
more. Students’ evaluations or assessments are conducted by teachers’ and experts external to the
schools such as universities and the business sector. The performance-based assessment of the
schools is managed by The Performance Assessment Review Board, Inc. This board is comprised
of educators, test experts, researchers and members of the legal and business world (Consortium,
2003).
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3.5. Data Collection and Instruments

We gathered studies relevant to our literature review via digital sources using the keywords
“Mathematics course taking, course completion'’, high school mathematics course taking,
mathematics course access, high school mathematics, mathematics courses in New York City, and
mathematics course pipelines”. We performed searches in Google Scholar, Educational Resources
Information Center (ERIC), Journal Storage (JSTOR), Stony Brook University Library’s various
databases, and Google. The author also acquired a number of studies from the syllabi of the
various courses completed during his doctoral coursework. We also included major national
reports about K-16 education in the United States. To answer our research questions we gathered
school samples from the New York State Report Cards data and from data provided to us by the
New York City Department of Education. To obtain more detailed data, which includes, among
other statistics, students’ course completion with grades, we submitted a research proposal to the
New York City Department of Education’s Institutional Review Board. This process took
seventeen months. The New York State Report Cards are available to the general public and are
published yearly. We collected a sample of 192 eligible schools for this study, for a total sample
of about 45%. Taking into consideration that not all 423 New York City public high schools fit
our selection criteria, our sample is close to 50%. The size of our sample ensures a high degree of
internal validity. The individual samples, New York City and the Bronx, both consist of 96
representative secondary public schools. Bronx County has 106 public schools, hence, our Bronx
sample size of 96 make up a sample of about 91%. However, since these 96 schools are all of the
schools that fit our selection criteria, this is the population, not a sample of Bronx County public
high schools. The population of New York City public high schools, excluding the Bronx, is 317;
hence, our New York City sample size is a little over 30%. The average New York City public
high school enrollment over three years, before separating the Bronx from New York City, varied
from 123, the smallest, to 5300, the largest. The largest of all schools was Brooklyn Technical
high school, one of the nine specialized schools in New York City. The school size was distributed
as follows: about 55% were small, about 31% were medium, and about 14% were large. The school
size distribution for the New York City sample was: about 41% small, about 34% medium, and
about 25% large. The school size distribution for Bronx County was: about 68% small, about 29%
medium, and about 3% large.

17 We also used the compound words course taking and course completion.
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3.6. Methodological Considerations: Data Type

The statistical and probabilistic analyses that will be carried out in this thesis rely heavily
on various assumptions about our data. These assumptions rest on the Central Limit Theorem:

Central Limit Theorem: If X is the mean of a random sample of size n taken from a
population with mean 1 and finite variance ¢°, then the limiting form of the distribution

X-u
o

of n as n — oo, Is the standard normal distribution n(z; 0, 1).

The proof of this theorem is beyond of the scope of this thesis. However, we shall be relying
upon this theorem when employing statistical tests and making inferences. Also, note that the
theorem can be easily extended to two or more sample cases. Researchers have different set
guidelines as to what constitutes a large enough sample size in regards to whether or not the Central
Limit Theorem Applies. These guidelines vary significantly from the “hard” to the social sciences,
and they also depend on the types of tests been applied. In probability theory, x will be
approximately normal given an n > 30 (Walpole R. E., Myers R., Myers S., & Ye K., 2012).
Throughout the thesis, the statistical tool most appropriate, and hence the only one used, is a
t-test of proportion difference. The goal of this test is to determine whether a difference between
two groups exists. However, if the samples used in the test are extremely small, the tests may not
detect a significant difference when one in fact exists, resulting in a Type Il error. In the study of
proportion differences, however, the convention is that if mp, and ng, where m and n represent
sample proportion sizes, and p and g, represent the probability of success drawn from samples m
and n, respectively, are both greater than or equal to 10, then we can safely assume the condition
of normality (Devore, 2012). At the school level, our smallest sample consists of fifteen schools
with a reported 4-year mathematics requirements. Moreover, the summary statistics that we
compare from group to group are all means in the form of proportions and the Central Limit
Theorem implies that, irrespective of the population distribution from which our samples are
drawn, our samples are normality distributed. Therefore, we safely put the normality assumption
to rest. Except for Bronx County, where we work from the population, based on inclusion criteria,
every sample of schools and students were chosen at random from their respective school districts
and high schools. We chose our samples in the following manner: 1. We entered the name of each
New York City public high school into an excel spreadsheet. 2. We used the rand() function on
excel to draw a sample of 60%. 3. After the sample was created, we used our selection criteria to
eliminate schools. 4. Our final random representative sample size was about 45%.
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3.7. Presentation of Results

In our results tables, we report the pooled proportion of success , and failure , the pooled
standard error (SE), the z-value and the p-value of any tested proportion differences, and the
Confidence Interval (Cl) of the calculated effect sizes. These statistical values allow us to
determine whether any observed differences among sample proportions are statistically
significant, or likely due to chance. Social science education researchers are usually concerned
with the effect size or power of statistical models. In light of this, we remind the reader that our
effect size is the proportion difference we acquired by performing a ¢-zest. In the language of social
science education research, this effect size can be presented in the following three forms:

1. The difference in sample proportions = f, — p,. (This value is sometimes called the risk
difference.

2. The Relative Risk or Risk Ratio (RR) = P or&

2 1

3. The Odds Ratio (OR)
We represent the effect size by means of the difference in sample proportions.

3.8. Statistical Measures and Inferences

We answered research question one by compiling descriptive statistics of the schools’ key
socio-demographic and performance indicators. All variables measured here were school-level
variables. We summarize the means of variables of interest and then determine whether these
means are statistically significantly different by using t-tests. Since our interest was to determine
whether schools were different, irrespective of how they were different, we employed two-tailed
t-tests. Following convention, we considered test results to be statistically significant when a p-
value is less than or equal to 0.05. This statistic tells how probable it is that any observed
differences were due to chance. With an alpha or significance level of 0.05, the probability that
observed differences in our t-tests are due to chance, is less than or equal to 1/20. We also generated
a confidence interval, which together with the p statistic helped determine whether we should reject
the null hypothesis of any test. A confidence interval provides us with a range of values within
which, if all our probabilistic assumptions were met, our statistics would be contained. The
confidence interval is bounded from the left and the right in the number line. Following
convention, we set the confidence interval to 95%. The interval tells us that our calculated statistics
should fall within our calculated range 95% of the time. It is important to understand the p-values
within a context. By themselves, p-values are not as valuable. Summary statistics such as means,
medians, standard deviations, standard errors and correlation coefficients () allow us to
understand data in specific contexts. Within our statistical context, our data consists of actual
values. That is, for the most part, we do not perform data analysis on aspirational data: a typical
measure of people’s plans or desires, simulated data: data acquired when situations don’t allow for
actual data collection, such as hurricane data, or survey data: self-reported data. In each of the
previous examples of data type, the researcher is in control of the data generation technique but
the data is almost completely out of his or her control. In our case, we have actual data that is
almost within our control. That is not to say that our data if perfect. In fact, our data is subject to
many limitations, where the fact that we did not collect it is the main one. Nonetheless, given the
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exactitude of our data, the effect sizes we calculated were fairly strong by themselves. Let us recall
that a p-value allows us to make statements about a null hypothesis; the more plausible a null
hypothesis is, the more confident we can feel about accepting or rejecting it (Nuzzo, 2014). Our
decision to reject or fail to reject a null hypothesis was informed by at least two explicit factors:
the parameters of the statistical tests; as stated before, the effect size should be very strong given
the data type and samples sizes we employed. Secondly, results aligned with our review of the
mathematics course completion literature were expected, for our decisions took into consideration
the overall conclusions of the literature review. We inform the reader, however, that for research
question two, we display summary statistics within the z-test for convention purposes only, since
this question is answered using not a sample, but the population of interest.

After we determined the distributions of the mathematics course completion of Bronx
County’s public school students, we categorized them according to our adaptation of Burkam and
Lee’s (2003) mathematics course completion pipeline measures*®. To ensure homogeneity in our
samples, we only included high schools that had been operating long enough so that any eligible
students had an opportunity to complete all three mathematics Regents exams. This is important
because Mathematics Regents Exams is a primary independent variable in our study. To be
included in this study, a high school would have had to enroll students from grades 9-12 only. It
must have been offering the Regents exams since 2006. We decided to exclude schools that only
offer grades 9, 10-11, schools that had been offering the Regents exams only after 2006 and schools
that are part of the Consortium?®. We exclude the Consortium schools because they were exempted
from all but the English Regents exam. We also excluded schools offering grades 6-12, 7-12 and
8-12. We did this to be able to properly account for secondary school students key demographic
variables. This process ensures that students have similar baseline characteristics, which is
essential in any quasi-experimental study (Agresti & Finlay, 2009; Shadish , Cook , & Campbell ,
2001). We place schools into one of three categories, depending on their enrollment capacity:
small, medium, or large.

We created multi-year databases to answer research questions one and two. Each database
contained information that was averaged over three academic years: 2010-11, 2011-12, 2012-13.
By taking an average over three academic years, we minimized the possibility of inflation or

18 One should note that the values to the left have been filled in by us, using the course categories of New York City
public high schools.

1. Non-Academic Other Math (general, basic, and consumer)

2. Low-Academic Integrated Algebra over three or more semesters
3. Middle-academic | Integrated Algebra, Geometry

3. Middle-Academic Il IAlgebra 2/Trigonometry

4. Advanced | Probability/Statistics

5. Advanced I1 Pre-calculus

6. Advanced I11 Calculus, AP Calculus,

19 For a detailed account of the Consortium see: Knecht, D., (2007). The Consortium and the Commissioner: A
Grass Roots Tale of Fighting High Stakes Graduation Testing in New York. The Urban Review, 39, 1, 45-65.
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deflation on each of the variables we analyzed. For example, since many of Bronx public high
schools have been undergoing various changes over the last fifteen to twenty years, particularly in
size, we minimized the possibility of categorizing a school as small when this school was in fact
of medium and not small size. This technique would also allow us to draw inferential conclusions
about students’ probabilities of passing or mastering a particular mathematics Regents exam within
a four-year period, which is the expected time to complete high school. We wanted to do the same
for research question three; however, as stated in the New York City Department of Education’s
document entitled organization of course and grades datasets:

As of the 2012-13 school year, schools were instructed to begin using a standardized course
code system. As a result course codes for this school year are much more reliable than in
previous years... Prior to the 2012-13 school year, there was no standardized course code
system making it more difficult to identify courses using the course_code variable. As an
alternative, use the course_title or course_description variables to identify courses (New
York City Department of Education, 2015d).

Since the year of 2000, with the enactment of the No Child Left Behind Act, the New York
City Department of Education has made significant innovations in their data collection procedures.
We agree with the New York City Department of Education in that, any data collected prior to the
academic year of 2012-13 would pose a number of challenges. The primary challenge we faced
was the heterogeneity of course descriptions. We used only the academic year of 2012-13 to
determine students’ high school mathematics course completion rates.

3.9. Variables

Dependent Variables: Each research question has its own set of independent variables. Research
question one is descriptive in nature for we do not use the dependent/independent variable
classification when addressing it. Research questions two and three are concerned with proportion
differences and any inferences made are made about the populations. For this reason, our study is
bi-correctional in nature, and each variable is looked at independently of any other. However, the
samples of research questions two and three have a fundamental difference, namely, one set of
schools has a self-reported 4-year mathematics requirement and another set does not. Therefore,
conceptually, the reported 4-year mathematics requirement is the main independent variable in
research questions two and three. We contextualize the 4-year mathematics requirement as
students’ mathematics course completion. There is now sufficient evidence to make the claim that
this variable is the most important when determining students’ academic success (Adelman, 1999;
Fernandez , 2015a; Finkelstein & Fong, 2008; Hill, 2006; Jones, Davenport Jr., Bryson, Bekhuis,
& Zwick, 1986).

Independent Variable:

Research suggests that math courses provide cross-disciplinary benefits to first-year
college students (Sadler & Tai, 2007). Thus math courses are reported to be gatekeepers of
advanced math and science courses. While the primary independent variable of this thesis is
students’ math course completion, each research question, with its sub-questions, has its own
independent variable. We refer to these independent variables as school-level variables, this is
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because they allow us to draw conclusions about, not only school students, but schools themselves.
Nonetheless, when we perform tests of comparison proportion, the population that we use on our
calculation belongs to the universe of students, not schools. Even though the data for the Regents
exams is aggregated, we do have the total count of students taking the exams.

School Size:

This variable measures the total number of students enrolled in a school. Most of the
schools selected in the study offered grades 9-12 only. However, a number of schools,
mostly in Bronx County, offered grades 6-12. Because we did not have demographical data
by grade levels, the enroliment of schools offering grades 6-12 is taken in its entirety. By
design, this variable is categorical. Our three categories are adaptations of those of (Patrice,
Schwartz, Stiefel, & Chellman, January 01, 2008)?°: small (0, 500], medium [501, 1200],
and Large > 1201.

Ethnicity:
This variable defines students’ ethnic backgrounds and by design it is categorical. The New
York State Report Cards classify students’ ethnic backgrounds as American Indian or
Alaska Native, Black or African American, Hispanic or Latino, Asian or Native
Hawaiian/Other Pacific Islander, White and Multiracial. Because across every sample we
use the ethnic category ‘multiracial” constituted less than half a percent, we did not use it
in this study.

Free or Reduced Lunch (FRL)

This variable provides an assessment of the social position of students’ families in relation
to one another and it is also categorical by design. However, for research question three,
this variable is presented as binomial, consisting of the category eligible for free and
reduced-price lunch and not eligible for free or reduced-price lunch. Free meals are
available for students whose families annual income ranges up to but no higher than, 100%
of the federal poverty line, which is, $0 to $ 23,850 a year for a family of four. Reduced-
price meals are available to students whose family’s annual income ranges from 101% up
to 185% of the federal poverty line, which is $23,851 to $ 44,123 for a family of four
(United States Department of Agriculture, 2013). Please note that this variable has an
inverse relation to social class, as students’ free lunch eligibility increase, their families’
socioeconomic status decreases. The dollar cut-offs of this variable’s categories apply to
the academic year of 2014-2015 which spans from July 1, 2014, through June 30, 2015.
While not significantly, these figures tend to change from year to year.

Regents Passing and Mastery Percentages?!
This variable represents the percentage of students who passed or mastered either of the
mathematics Regents exams: Integra Algebra, Geometry, Algebra2/Trigonometry. The
passing and mastery scores on all exams are, respectively, 65 and 85 points. Please note
that the category mastery is a subset of the passing category.

20 They used five categories: very small (0, 300], small [301, 500], medium [501, 1200], large [1201, 2000], and
very large >2001.

21 please note that these scores are scaled. For a detail description of the scaling system, please refer to Appendix A.
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Course completion percentage
This variable represents the percentage of students who completed, irrespective of the
marking grade, any of the following mathematics courses: Calculus, Precalculus,
Probability/Statistics, Algebra2/Trigonometry, Geometry, Integrated Algebra, or Other?
Math courses.

Students’ Mathematics Expectations
This variable is binary by design and it refers to the reported 4-year mathematics
requirements of some New York City Public high schools, as published in the New York
City public high schools handbook (New York City Department of Education, 2013).
Please note that this 4-year of mathematics requirement is reported by the schools in the
New York City public high school handbook, which is available to parents and students
every year.

Regents Diploma
This variable represents the percentage of student who in a given school year graduates
with a Regents Diploma.

Advanced Regents Diplomas (ARD)
It represents the total number of students who graduate with Regents or Advanced Regents
Diplomas at the end of a given school year. Students graduating with ARDs are potentially
graduating college ready.

Total Graduates

This variable consists of the total number of students who graduate in a particular school
year. With this variable, we were able to compute the variables Regents Diploma (RD) and
Advanced Regents Diploma (ARD) Conferment rates. While the variable ADR is
contained within the variable RD, we treat both variables as mutually exclusive. We did
this to make it easier for the reader to figure out the total percentage of graduates who do
not achieve college readiness. The category RD is, numerically, less than the variable Total
Graduates. This is because up until the academic year of 2012-2013, the Report Card did
not include the category “Local Diploma”, which, numerically, together with the variable
RD add up to the variable Total Graduates.

Individualized Education Program (IEP) Diploma
This diploma recognizes an individual student’s achievement. Unlike students receiving
RD and ARD, the New York State Education Department does not consider students
receiving IEP as graduates.

Post-secondary Plans of Completers
This variable measures students’ aspirations upon graduation. In the New York State
Report Card, this variable is expressed categorically consisting of the following categories:
Attending 4 Year College in State, Attending 4 Year College Out of State, Attending 2

22 please refer to Appendix B for the titles of the Other Math courses.
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Year College in State, Attending 2 Year College Out of State, Other Post Graduation Plans
in State, Other Postsecondary Plans out of State, To the Military, To Employment, To
Adult Services, Other Plans, and Plans Unknown. For analytical purposes, we combined
the categories expressed as in State and Out of State as a single category. We combined
the categories 2 Year College and Other Postsecondary Plans as 2 Year College. We
combined the categories To Employment and To Adult Services. We combined the
Categories Other Plans and Plans Unknown. In our analysis, this variable consists of the
following categories: To Senior College (SC), To Community College (CC), To the
Military, To Employment, (TE), and Plans Unknown (PU).

Students’ Dropout Rate
According to the New York State report Cards, this variable represents the percentage of
students in grades 9 through 12 whom, for any reason, other than death, left their school
prior to graduation and did not transfer into another school or high school equivalency
program, or at least their school was not notified of the students’ enrollment status. The
variable is calculated by adding the total number of students who left the high school and
then dividing it by the sum of all students registered in grades 9 through 12 during a given
school year. This decimal is then multiplied by 100 and is expressed as a percentage (The
University of the State of New York, 2014; Council on Children & Families, 2003-2016).

Percentage of Students with Limited English Proficiency
The Student Information Repository System Manual defined this variable represents as the
percentage of students who have limited proficiency in English (The University of the State
of New York, 2014). On Education Law 3204 section 2, students with Limited English
Proficiency are defined as, “pupils who, by reason of foreign birth or ancestry have limited
English proficiency” (New York State Education Department, 2011).
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Chapter 4. Results

4.0. Introduction

As discussed in Chapter 3, The New York City public school district is the largest and most
diverse school district in the United States. There were 423 public high schools during the
academic year of 2012-2013 in New York City. We collected a sample of 1922 eligible schools
for this study, for a total sample size, if we consider our selection criteria, of about 50%. Since our
sample size is sufficiently large, we are confident that the results of our statistical tests are robust
against sampling errors and design fragility. Individually, the New York City and the Bronx
samples each consist of 96 representative secondary public schools. Bronx County has a total of
106 public schools, and ten of these did not meet our inclusion criteria. Therefore, we are working
with the population and not a sample of Bronx County public high schools.

4.1. Research question I: How are key socio-demographic and performance indicators of
New York City public _high schools distributed?
a. How do the socioeconomic and ethnic distributions of Bronx County public high schools
compare to those of New York City public high schools?

By answering section (a) of research question one, we determined whether the
socioeconomic and ethnic distributions of New York City public school students are comparable
to those of Bronx County public schools, a subset of New York City public high schools?*.

Table 5

Social and ethnic distributions of New York City and Bronx Borough (2014)

Variable NYC Bronx Difference SE 99% ClI
Hispanic (of any race) 24% 54% -30%*** 0004494 [-30.1%, - 29.9%]
White 37% 10% 27%*** 0003118  [26.9%, 27.1%]
Black 21% 30% -9%*** 0004153 [-9.1%, -8.9%]
American Indian 0.18% 0.22% -.0004%*** .0000398 [-0.05%, -0.03%)]
Asian alone 15%  35%  11.5%*** 0003109 [11.45%, 11.55%]
Native Hawaiian 0.03% 0.02% 0.01%*** .0000155 [0.007%, 0.014%)]
Two or more races 267% 1.59% 1.08%*** .0001437 [1.05%, 1.11%]

Median Household Income  $61,329 $34,388 $26941%*** .0009228 [$26,941, $26,941]
Note: * p < 0.05, ** p < 0.01, and *** p < 0.001 for a two-tailed test. The first and second numbers
of the Cl are, respectively, the lower bound and upper bounds of the interval. NYC (N) = 6,941,323;
Bronx (V) = 1,413,566.

The results of Table 1 show significant differences across all of the demographic indicators
of New York City and The Bronx. Particularly, the median household income of New York City
is almost twice that of Bronx County. This is not a surprise since Bronx County has continuously
been reported as one of the poorest counties in the United States (Ink, 2011). As of 2010, for
example, South Bronx was the poorest district in the United States with 30% of its population
living below the poverty line (Daily News Washington Bureau, 2010). Most of the literature in

2 This includes the six specialized schools.
24 For the purpose of this study, New York City excludes the borough “The Bronx”.
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STEM education, particularly as it relates to mathematics high school course completion, asserts
that there is a wide attainment gap between ethnically represented and ethnically unrepresented
students in STEM disciplines (National Center for Education Statistics, 2007; National
Commission on Excellence in Education, 1983; Oakes, 1990; Tyson, Lee, Borman, & Hanson,
2007). To help the reader contextualize the meaning of “ethnically”, we conceptualize the variable
“Ethnicity” as binary: ethnically represented and ethnically underrepresented students. The
category ethnically represented is composed of White and Asian students. The category ethnically
underrepresented is composed of Black or African American, American Indian and Alaskan
Native, Native Hawaiian or Other Pacific Islander, and Hispanic students. We decided not to
include the category two or multiple races or ethnicities because this category made up barely
0.13% of the total population. In light of the suggestive evidence of our literature review, and the
statistics of Table 1 above, when we refer to ethnic minorities, we adopt the terminology
“ethnically underrepresented” or “economically disadvantaged” students. Most of the studies in
our literature review show that ethnically underrepresented students in STEM, particularly in
relation to high school mathematics course completion, are also economically disadvantaged
students. The results of Table 1 also indicate that the population of Bronx County is significantly
poorer than that of New York City. Our literature review and the results of Table 1 led us to develop
the following hypothesis to help us answer research question la: “How do the socioeconomic
status and ethnic distributions of Bronx County public high schools compare to those of New York
City public high schools?”

Ho := There are no statistically significant differences between average socioeconomic and limited
English proficiency distributions of New York City and Bronx public high school students.

H1a:= The average socioeconomic and limited English proficiency distributions Bronx public high
school students are statistically different from those of New York City public high school students.

Table 6

Average Schools’ socioeconomic distribution (2010-13)

Variables Bronx New York City Difference  SE 95% CI
Free Lunch 75% 60% 15%*** 0026268 [14.5%, 15.5%]
Reduced Price Lunch 5% 7% -2%*** .0013402 [-2.3%, -1.8%)]
Limited English Proficiency 18% 13% 5%*** 0019568  [4.6%, 5.4%]

Note: * p <0.05, ** p <0.01, and *** p < 0.001 for a two-tailed test. The first and second numbers
of the Cl are, respectively, the lower bound and upper bounds of the interval. Bronx (N= 50,649);
New York City (N=93,490).

The parameters of the test of proportion difference indicate that, on average, the free lunch
and reduced-price lunch eligibility, and limited English proficiency rates of the Bronx and New
York City public high school students were statistically different. The results of the test of
proportion difference, together with our literature review, let us confidentially reject the null
hypothesis and conclude that, on average, the Bronx public high school students’ free and reduced
price lunch eligibilities are higher than those of New York City public high school students.
Similarly, on average, the Bronx public high school students have higher limited English
proficiency rates than New York City public high school students. We want to state that while the
reduced price lunch eligibility income range for a student from a family of four lies between 101%
and 185% of the federal poverty line, the high end cut off of the income is well below the middle-
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class range cut off. According to the Pew Research Center, based on income alone, a family of
four needs to earn between $48,347 to $145,041 to make it into the middle class?® of the United
States (PewResearchCenter, 2015).

Table 7 below helps us answer the part of research question la that is concerned with
students’ ethnic or racial distribution. We warn the reader that the category Hispanic has to be
interpreted carefully. Hispanic is not a racial but an ethnic? category; therefore, as recognized by
the census of 2014, Hispanics can be of any race. We took care to disaggregate each of the races
presented in Table 1 by race alone. For example, those classified as White and Black were
individuals who did not select the category of Hispanic. Since the ethnic categories presented in
the New York State Report Cards add up to 100%, we suspect that New York State schools treat
the variable Hispanic as mutually exclusive of the racial categories Black and White. However,
this is an educated guess and we do not have empirical evidence to justify why the Report Card’s
ethnic categories add up to 100%.

Table 7

Schools’ ethnic distributions (2010-13)

Variables Bronx New York City Difference SE 95% CI
American Indian 0.53% 0.56% -.03%**  .0012572 [-.11%, .05%)]
Black 32% 33% -1%*** 0025872 [-1.5%, -.5%]
Hispanic 61% 34% 27%*** 0027351 [26%, 28%]
Asian 3% 19% -16%*** 0018781  [-16.3%, -15.7%]
White 3.6% 13% -9.4%*** 0016326 [-9.7%, -9.1%]

Note: * p < 0.05, ** p < 0.01, and *** p < 0.001 for a two-tailed test. The first and second numbers
of the ClI are, respectively, the lower bound and upper bounds of the interval.

The results of Table 7 indicate that each ethnic variable differs from one school set to the
next. These results allow us to reject the null hypothesis and we conclude that, on average, Bronx
public high schools enrolled American Indian, Asian, and White students at rates that are lower
than those of New York City public high schools. Conversely, Bronx high schools enroll Black
and Hispanic students at rates that are higher than those of New York City public high schools.
The variables Hispanic and Asian, as distributed in the Census data from Table 1, have
distributions similar to those of the schools’ data. This may indicate that the enrollment distribution
difference between Hispanics and Asians is to a certain degree expected. However, while the White
population of Bronx County is 10%, the White student enrollment in Bronx County schools is just
3.6%. Because the White population of New York City is 37% and the White student enrollment
at New York City public high schools is 19%, we see that there is a similar relationship between
the geographic region race distributions and the school ethnic enrollment distributions. It then
becomes apparent that enrollment distributions of New York City and Bronx public high schools,
when the variables of reference are race or ethnicity, are comparable to the racial and ethnic
distributions of the Bronx and New York City.

% This definition serves as point of reference and it ought to be interpreted cautiously.
2 The concept of Ethnicity is beyond the scope of this thesis. For specific details refer to the works of: Jenkins, 2014:
2008, & Eriksen, (2012).
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If we recall the census data, then, the observed racial and economic disparities between
Bronx County and New York City public high schools are expected. The United States
government, the private sector, public and private policy makers, all agree that education is
paramount for the country to set itself back at the forefront of science and technological
development (National Research Council, 2013; National Science Board, Science and engineering
indicators 2012, 2012). Nonetheless, despite various efforts, such as the No Child Left Behind
Act, warnings, and recommendations from national reports such as “A Nation at Risk”, racial and
ethnic minorities as well as economically disadvantaged students such as Blacks and Hispanics,
continue to attend high-poverty high schools at rates much higher than other students. Data from
the National Center for Education Statistics show that in 2005, Black and Hispanic students had
greater probabilities to attend high-poverty high schools than their white or Asian counterparts
(National Center for Education Statistics, 2007). Our results today are not that different from of
2005. It is within this framework that we ask research question 1b.

4.2. Research question Ib: How do the average reported mathematics Regents exams passing
and mastery rates of Bronx County public high schools compare to those of New York City
public high schools?

We measured the average aggregate mathematics Regents exam performance of the Bronx
and New York City public high schools and compared them to determine whether they were
statistically significantly different. The measures of mathematical performance that we used are
their reported student passing and mastery rates on the Integrated Algebra, Geometry, and
Algebra2/Trigonometry Regents?’ exams. To help the reader contextualize the students’ academic
performance in each of the exams, it is helpful to understand the intensity of each of them. Table
7 indicates that Integrated Algebra and Geometry both fall under the Middle-Academic | category.

Table 7
Burkam & Lee’s high school course classification (2003)
Intensity Course Description

1. Non-Academic Nonacademic courses (general, basic, and consumer)
2. Low-Academic Pre-algebra, Algebra IA, or Algebra 1B

3. Middle-academic | Algebra I, Geometry

3. Middle-Academic Il1Algebra Il/Trigonometry

4. Advanced | Trigonometry, Analytical Geometry, Probability/Statistics
5. Advanced 11 Pre-calculus
6. Advanced 11 Calculus, AP Calculus,

Adapted from (Burkam & Lee, 2003).

Given the low intensity of these courses, in principle, one would expect students to be
passing and mastering these courses, as determined by their exit examinations, the Regents exams,
at relatively high rates.

27 Refer to Appendix B for a detailed explanation of the exams’ scaling system.
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Ho = There are no statistically significant differences between the average passing and mastery
rates of the Bronx and New York City public high schools on the Integrated Algebra, Geometry,
and Algebra2/Trigonometry Regents exams.
Hip = Bronx public high schools’ average passing and mastery rates on the Integrated Algebra,
Geometry, and Algebra2/Trigonometry Regents exams are statistically significantly different from
those of New York City public high schools.

Table 8

Students’ passing mathematics Regents scores (2010-12)

Variable Bronx New York City Difference SE 95% ClI
Integrated Algebra 50% 61% -11%*** 0045214 [-12%, -10%]
Geometry 46% 62% -16%*** .0070617  [-17%, -14.6%)]
Algebra2/Trigonometry  32% 52% -20%*** .0099543  [-21.8%, -18%]

Note: * p < 0.05, ** p < 0.01, and *** p < 0.001 for a two-tailed test. The first and second numbers
of the Cl are, respectively, the lower bound and upper bounds of the interval. Integrated Algebra:
Bronx, N=19,118; New York City, N= 32,203. Geometry: Bronx N= 6,547; New York City, N=
19,271. Agebra2/Trigonometry: Bronx, N=3,335; New York City, N = 10,219.

Let us start by highlighting that on average, as the intensity of the exams increases, so does
the average passing rate differences between the Bronx and New York City public high schools.
Grounded on the results of our literature review, and the p-value of the test, we reject the null
hypothesis and conclude that on average, the Integrated Algebra passing rate of the Bronx public
high school students is eleven percentage points lower than that of New York City public high
school students. The New York City Department of Education considers the Geometry and
Algebra2/Trigonometry courses as advanced?® math courses. From the results of the Geometry and
Algebra2/Trigonometry test of proportion difference, we observe that, on average, as the intensity
of the exams increases, the performance gap of Bronx public high school students also increases.
The results of the test for the Geometry exam show that the Bronx public high school students pass
this exam at a rate that is less than two-thirds that of New York City public high school students.
Similarly, the passing rate of Bronx public high school students in the Algebra2/Trigonometry
exam is over one and a half times lower than that of their counterparts in New York City public
high schools.

Table 9

Schools’ mastery mathematics Regents scores (2010-12)

Variable Bronx New York City Difference SE 95% ClI
Integrated Algebra 2% 5% -3%***  .0017637 [-3.3%, -2.7%]
Geometry 4% 14% -10%***  .0045574 [-10.6%, -9.3%)]
Algebra2/Trigonometry 5% 18% -.13%*** 0070819 [-14%, -11.9%]

Note: * p <0.05, ** p <0.01, and *** p < 0.001 for a two-tailed test. The first and second numbers
of the ClI are, respectively, the lower and upper bounds of the interval. Integrated Algebra: Bronx,
N=19,118; New York City, N=32,203. Geometry: Bronx N= 6,547; New York City, N=19,271.
Agebra2/Trigonometry: Bronx, N= 3,335; New York City, N =10,219.

28 In an unpublished systematic review of the high school mathematics course taking literature, the preliminary results
of Fernandez (In Progress) indicate that, on average, most researchers conclude that Geometry and Algebra Il are
Intermediate and not advanced courses.
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The comparison test results for the mastery level are similar to but more compelling than,
the passing scores for Bronx and New York City public high schools. Unlike the passing rate,
which certifies that students satisfy the minimum graduation requirement, mastery indicates that
students have mastered a course; moreover, a mastery score also indicates that a student is college
ready?® in the mastered discipline (New York City Department of Education, 2013; City University
of New York, 2016); There is a pattern similar to, but acuter than, that that which we observed in
the exams’ passing rates: as the intensity of the exams increases, the achievement gap of Bronx
public high school students also increases. Our test provides sufficient evidence to confidently
reject the null hypothesis and conclude that, in all mathematics Regents exams, Bronx public high
school students have lower mastery rates than their counterparts from New York City public high
schools. This is particularly the case for the more advanced exams, Geometry and
Algebra2/Trigonometry, in which Bronx students achieved mastery at rates that were, respectively,
over three and a half times lower than those of New York City students.

The correlation is clear: as the intensity and stakes of the mathematics Regents exams
increases, Bronx public high school students’ achievement in these exams, measured by their
average passing and mastery rates, decreases. Let us recall from our literature review that in
Adelman’s (1999) study about Bachelor’s degree completion rates, high school graduates who
earned Bachelor degrees, completed as the highest level course Algebra 1 at a rate of 7%,
Geometry at a rate of 28.5%, Algebra 2 at a rate of 44.4%, and Trigonometry at a rate of 62.2%
(Adelman, 1999).

4.3. Research question Ic: How do Bronx and New York City public high school gsraduates’
diploma attainment and post-secondary aspiration rates compare to one another?

Research question 1c is arguably the most important question within research question 1.
As the educational demands of careers and professions increase, people realize the importance of
a proper education in the areas of mathematics and science. For example, the High School for
Health Professions and Human Services, a public high school located in Manhattan, states the
following about the Regents diplomas:

Passing the required Regents tells everyone that you at least have a basic high school
education. Most colleges require a minimum of a Regents diploma to even consider an
applicant for acceptance. It is more rigorous to achieve an Advance Regents Diploma and
is recommended for students who plan to attend college after high school. The Advance
Regents Diploma shows you did more than the minimum to graduate high school. An
Advance Regents Diploma shows you had a sound high school education. Commission of
Education David Steiner said the Advance Regents Diploma should really be the standard
(The High School for Health Professions , n.d.).

This school has a clear understanding of what the high school mathematics standards ought
to be, and it is not alone on this issue. Take as an example, the position of The Intersegmental
Committee of Academic Senates (ICAS), which is composed of the California Community

2 CUNY measures college readiness in mathematics as follows: the achievement of a score of 80 or higher in any
exam and the successful completion of an advanced math course, i.e. Algebra2/Trigonometry or higher (City
University of New York, 2016).
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Colleges, The California State University, and The University of California. The ICAS states that
the following mathematical topics are essential areas of focus for all entering college students:

Variables, Equations, and Algebraic Expressions
Families of Functions and Their Graphs
Geometric Concepts, Probability

Data Analysis and Statistics

Argumentation and Proof

orwbpPE

The ICAS understood that students are best served when their high schools provide them
with deep mathematical experiences and that the aforementioned areas of focus serve as a brief
compilation of truly essential topics. It also identifies desirable areas of focus for all entering
college students. While the ICAS understood that no curriculum could include study in all the
areas unless it is at the expense of depth; it understands that these areas provide an excellent context
for the development of mathematical learning and that any successful high school mathematics
program would include some of the following topics:

= Discrete Mathematics: Topics such as set theory, graph theory, coding theory, voting
systems, game theory, and decision theory.

= Sequences and Series: Geometric and arithmetic sequences and series; the Fibonacci
sequence; recursion relations.

=  Geometry: Right triangle trigonometry; transformational geometry including dilations;
tessellations; solid geometry; three-dimensional coordinate geometry, including lines and
planes.

= Number Theory: Prime numbers; prime factorization; rational and irrational numbers;
triangular numbers; Pascal’s triangle; Pythagorean triples (The Intersegmental Committee
of Academic Senates, 2010).

The University of California, a member of the ICAS, and a highly regarded public higher
education system, also understood the importance of high school mathematics and therefore, has
the following minimum mathematics entrance requirements for their aspiring undergraduates:

Three units (equivalent to three years or six semesters) of college-preparatory mathematics are
required (four units are strongly recommended) including or integrating topics covered in:

= Elementary algebra

= Advanced algebra

= Two- and three-dimensional geometry

Also acceptable are courses that address the above content areas, and include or integrate:

= Trigonometry
= Statistics (Regents of the University of California, 2015).

The City University of New York has very similar entrance requirements, a “Score of 80
or higher in Integrated Algebra, Geometry or Algebra 2/Trigonometry and the successful
completion of the Algebra 2/Trigonometry or a higher-level course” (City University of New
York, 2016). Taking the University of California and the City University of New York higher
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education systems as a reference, it becomes clear that a Regents Diploma® does not prepare
students to face the mathematics requirements of college. The Advanced Regents Diploma, which
requires the completion of a minimum of three years of mathematics, has greater potential to
guarantee college readiness. We say it has the potential because students are required to pass, not
master, the exams to be granted the Advanced Diploma. However, should a student earn an 80 or
higher in any exam, then he or she would be college ready. In a 2010 study by the Board of Regents,
only 28.3% of students scoring below 80 on their math Regents exams achieved scores higher than
500 on their SAT. Meanwhile, 81.2% of the students who achieved scores of 80 or higher on their
math Regents exams achieved scores of over 500 in their SAT (Board of Regents, 2010). Parts a
and b of research question one, together with the literature review, allowed us to create the
following hypothesis to contextualize the answer to research question one part c.

Ho = There are no statistically significant differences between the average Regents diploma
conferment rates of Bronx and New York City public high school graduates.

Hic = The average Regents Diploma conferment rates of Bronx public high school students are
statistically significantly different from those of New York City public high school graduates.

Table 10

High school graduates’ diplomas (2010-12)

Variable Bronx New York City Difference SE 95% ClI
Regents Diploma 80% 87% -1%*** 0047522 [-8%, 6%]
Advanced Regents Diploma 9% 23% -14%*** 0051672  [-15%, -13%)]
Individualized Ed Diploma 4% 3% 1%*** 0023702  [.51%, 1.5%]

Note: * p < 0.05, ** p<0.01, and *** p < 0.001 for a one-tailed test. The first and second numbers
of the CI are, respectively, the lower bound and upper bounds of the interval. Bronx, N= 8,221;
New York City, N=18, 512.

The difference of -7% points indicates that, on average, Bronx County public high schools
awarded fewer Regents diplomas than New York City public schools. Essentially, Bronx public
high schools graduated fewer students than New York City public high schools. The -14% point
difference indicated that, on average, Bronx public high school students were less than half as
likely as New York City public high school students to graduate with Advanced Regents diplomas.
This difference is significant not only in magnitude but also in terms of access. As we previously
discussed, an Advanced Regents Diploma is a credential that can potentially show that a student
is college ready. These results were expected given the low rates at which Bronx public school
students passed and mastered the Geometry and Algebra2/Trigonometry exams.

30 The academic years for which we conduct our study precedes the credit and examination requirements set forth with
the implementation of the New York State Common Core Learning Standards for mathematics. After the full
implementation of these Learning Standards, the Regents Diploma specifies that the six required credits in
mathematics must include at least two credits of “Advanced math”, i.e. Geometry or Algebra II (New York City
Department of Education, 2013b). Hence, while these requirements still fall short of the minimum requirements of
CUNY and the Unified California system, it is significantly better than what we had prior to their inception.
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Ho = There are no statistically significant differences between average post-graduation plans of
Bronx and New York City public high school graduates.

Hic = The average 4-year college, 2-year college, employment, and unknown aspirations of Bronx
public high school graduates are different from those of New York City public high school
graduates.

Table 11

Graduates’ post-graduation plans (2010-13)

Variable Bronx New York City Difference SE 95% CI

To Attend 4 YR Colleges 32% 44% -12%*** .0064265 [-13.2%, -10.8%]
To Attend 2 YR Colleges 39% 29% 10%***  .006126 [8.8%, 11.2%)]
To Employment 4% 4% 0% .002569 [-.5%, .5%]
Plans Unknown 25% 22% 3%*** 005514 [1.9%, 4.1%]

Note: * p <0.05, ** p <0.01, and *** p < 0.001 for a two-tailed test. The first and second numbers
of the CI are, respectively, the lower bound and upper bounds of the confidence interval. Bronx,
N=8,568; New York City, N=18,130.

Each variable tested, except for employment aspirations, was significantly different.
Altogether, Bronx and New York City public high school graduates aspired to higher education at
a similar rate, if we think of college aspiration as a single category, 71%, and 73%, respectively.
There is extensive research about the time to degree completion differences of students who begin
their higher education at 2-year colleges in comparison to those who being their higher education
at 4-year colleges (Dougherty, 1994; Karen & Dougherty, 2005). Research indicates that high
school graduates’ higher education institution of choice matters a lot. While the depth of this
research is beyond the scope of this thesis, we like to highlight that students who start their higher
education at community colleges tend to complete fewer degrees, particularly four-year degrees,
than students who start their higher education at four-year institutions, by large margins
(Dougherty, 1994; Karen & Dougherty, 2005). Bronx public high school graduates aspired to four-
year colleges at a rate that is almost one third that of their counterparts from New York City public
high schools. Conversely, they aspired to attend two-year institutions at a rate that is almost one-
third higher than that of New York City public high school graduates. To some extent, New York
City high school graduates seem to have had more definite post-graduation plans than Bronx
graduates.

Summarizing research question one: The families of Bronx county public high school
students were statistically significantly less wealthy than the families of New York City public
high school students. Their likelihood of being from ethnically underrepresented groups was also
higher. On average, Bronx public high school students showed lower academic performance,
measured by their passing and mastery scores in the mathematics Regents exams and their Regents
and Advanced Regents Diploma attainment rates, than New York City public high school students.
The higher education aspirations of Bronx public high school graduates were different from those
of New York City public high school graduates. Specifically, Bronx graduates were less likely to
aspire to attend 4-year colleges than New York City graduates.
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4.4. Research question I1. How comparable are key demographic and academic performance
indicators of Bronx public high schools with a reported 4-year mathematics requirement and
those of other Bronx public high schools?
a. How do the socioeconomic and ethnic distributions of Bronx County public high school
students attending schools with a reported 4-year mathematics requirement compare to
those of Bronx County public high school students from other schools?

Research question two emanates directly from research question one. In research question
one we found a number correlations, all of which indicated that, on average, Bronx public high
schools enrolled more ethnically underrepresented and economically disadvantaged students,
reported lower passing and mastery rates in the mathematics Regents exams, and graduated
students with lower aspirations to attend four year colleges than New York City public high
schools. Based on these results, a number of questions can be asked. For example: Why are Bronx
high school students underperforming in the mathematics Regents exams, why do they achieve
Regents and Advanced Regents diplomas at lower rates, and why do they aspire to attend 4-year
colleges at rates lower than New York City public high school students? These are questions of
causation and are very difficult to answer with complete certainty. The researcher is well aware of
the limitations of quasi-experimental designs®!, especially of the issue of internal validity®2. While
we have full control of the independent variables, “the reported 4-year mathematics requirement”
and “students’ high school mathematics course completion”, we did not manipulate them. Under
research question two, we were interested to know whether the reported 4-year mathematics
requirement has direct, significant, and causal effects on students’ academic performance and
higher education aspirations. Since we use the populations, and not samples of interest to answer
research question two, p-values and other summary statistics are provided to keep consistency, but
they are unnecessary. However, we present these summary statistics for the purpose of
consistency.

Table 12

Average Schools demographic distributions (2010-13)

Variables Bronx Bronx+4  Difference SE 95% CI
Free or Reduced Lunch 78% 84% -6%*** 0052972 [-7%, -5%]
Limited English P, 19% 10% 99%*** 0049583 [8.2%, 9.8%]
American Indian 0.5% 0.5% 0% .000914 [-.18%, 18%]
Black 31% 35% -4%*** 0060207 [-5.2%, -2.7%]
Hispanic 63% 58% 5%***  .0062787 [3.7%, 6.3%]
Asian 3% 3% 0% .0007087 [-.1%, 1%)]
White 3% 4% -1% 000724 [-.3%, .01%)]

Note: Since each group under the comparison represents the population and not a population
sample, we present the level of significance, standard error, and confidence interval of the tests
just to be consistent. Bronx, N = 45,203; Bronx+4, N = 6,8509.

311 this type of design, a researcher has no control of the subjects and their assignation to control or treatment group.
In our case, participants were pre-assigned, i.e., a group of students enrolled in schools with a reported 4-year
mathematics requirement and another group of students did not.

32 Recall the quasi-experimental design discussion in the methodology section.
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The test of proportion differences, as indicated by the results of Table 12, indicate that
these two sets of schools were identical across three ethnic variables: the enrollment percentages
of American Indian, Asian and White students. We conclude, based on the test of proportion
difference that, on average, Bronx public high schools reporting a 4-year mathematics requirement
had a higher enrollment of economically disadvantaged, limited English proficiency, and Black
students. These schools had a lower enrollment of Hispanic students. A relevant question that
arises in quasi-experimental studies concerned with schools with better academic standards is
whether there is a self-selection bias among students. That is, it is legitimate to ask whether
stronger students are more academically driven therefore self-selecting into high schools with
higher academic standards. While this question is indeed legitimate, we remind the reader that in
New York State public high schools, including New York City, school assignment follows a
stringent selection algorithm33, Therefore, while there may exist a self-selection factor among
students attending schools with a reported 4-year mathematics requirement, such self-selection
factor should account, in practice, based on the school placement algorithm criteria, for a small
percentage of students. The results of socioeconomic status are rather surprising, given that they
contradict the long standing research evidence that poverty is negatively associated with students’
achievement in mathematics. However, these results are contradicted by the data we use to answer
research question three.

4.5. Research question IIb: How do the average mathematics Regents exams passing and
mastery rates of Bronx County public high school students attending schools with a reported
4-yvear mathematics requirement compare to those of other Bronx County public high school
students?

Table 13

Bronx Students’ passing rates (2010-13)

Variable Bronx  Bronx+4  Difference SE 95% CI
Integrated Algebra 49% 62% -13%p*** .0105982 [-15%, -11%]
Geometry 44% 53% -90p*** 0152686 [-12%, -6%]
Algebra2/Trigonometry ~ 31% 34% -3%0*** .0183003 [-6.6%, -0.6%]

Note: Since each group under the comparison represents the population and not a sample, summary
statistics are presented for consistency. Integrated Algebra: Bronx, N=16,976; Bronx+4, N=2,561.
Geometry: Bronx N= 5,371; Bronx+, N= 1,328. Agebra2/Trigonometry: Bronx, N= 2,544;
Bronx+, N =868.

Let us recall that within the years covered in this study, 2010-2013, the minimum
mathematics requirement for students to earn a Regents Diploma was a passing score on the
Integrated Algebra exam (New York City Department of Education, 2013b). The results of Table
13 indicate that Bronx students attending schools with a reported 4-year mathematics requirement,
on average, had better academic performance, as indicated by their passing rates in the
mathematics Regents exams. However, contrary to the results of the comparison between Bronx
and New York City public high schools, when comparing Bronx schools with a reported 4-year
mathematics requirement to other Bronx schools, as the intensity of the mathematics Regents
exams increases, the performance gap between students from schools requiring 4-years of math

33 please refer to page 20 where we include the school assignment algorithm.
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and other Bronx students decreases. Since research supports the notion that students who complete
four years of mathematics perform significantly better than their counterparts, we were expecting
that, as the intensity of the exams increased, the performance gap between students attending
schools with a reported 4-year mathematics requirement and other Bronx students would increase.
That said, with a three, nine, and thirteen percentage point advantage in the
Algebra2/Trigonometry, Geometry, and Integrated Algebra exams, respectively, Bronx students
from schools with a reported 4-year mathematics requirement outperformed the other Bronx public
high school students. Our results indicate a strong and positive correlation between the reported 4-
year mathematics requirement and students’ passing scores in their mathematics Regents exams.

Table 14

Bronx Students’ mastery rates (2010-13)

Variable Bronx  Bronx+4  Difference SE 95% ClI
Integrated Algebra 1% 4% -3%p*** .0024847 [-3.7%, -2.2%)]
Geometry 3% 7% -49p*** .0058542 [-5.4%, 2.5%)]
Algebra2/Trigonometry 4% 6% -2%p*** .0081564 [-3.7%, -.2%)]

Note: Since each group under the comparison represents the population and not a sample, summary
statistics are presented for consistency. Integrated Algebra: Bronx, N= 16,976; Bronx+4, N=
2,561. Geometry: Bronx N=5,371; Bronx+, N=1,328. Agebra2/Trigonometry: Bronx, N= 2,544;
Bronx+, N =868.

The results of Table 14 indicate expected magnitudes and directions, for the test of
proportion differences. The negative signs indicate that, on average, students attending schools
with a reported 4-year mathematics requirement outperform the other Bronx public high school
students in their mastery of each mathematics Regents exam. However, as one would expect, the
mastery performance gap between students from schools with the 4-year mathematics requirement
and other Bronx students is significantly higher than the one passing performance gap. Their
mastery rates on the Integrated Algebra, Geometry, and Algebra2/Trigonometry exams are,
respectively, four, over two, and over one third times higher than those of their counterparts.
Nonetheless, when thinking globally, Bronx County students’ mathematics Regents exams
mastery is rather low.

4.6. Research question Ilc. How do the high school diploma conferment and post-graduation
aspiration rates of students from Bronx schools with a reported 4-year mathematics
requirement compare to those of the other Bronx public high school students?

Table 15

Bronx graduates diploma type (2010-13)

Variable Bronx Bronx+4 Difference SE 95% ClI
Regents Diploma 79% 90% -11%*** 0127715 [-13%, -9%)]
Advanced Regents Diploma 8% 18% -10%*** .0093721 [-12.3%, -7.7%)]
Individualized Ed Diploma 5% 1% 4%*** 0066543 [3.2%, 4.7%]

Note: Since each group under the comparison represents the population and not a sample, we
present summary statistics for consistency. Bronx (N) = 7,218; Bronx+4 (N) = 1,112.
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The results of Table 15 are in accord with our literature review: students held to higher
mathematics standards, on average, outperform other students in their high school academic
performance, measured by graduation rates and diploma types. The -11% difference in Regents
Diplomas indicates that, on average, students graduating from schools with a reported 4-year
mathematics requirement graduated at a rate that is higher than the other Bronx public high school
students. A more significant result is the rate at which these students completed Advanced Regents
diplomas. On average, students attending schools requiring 4-years of mathematics earned
Advanced diplomas at over twice the rate of their counterparts. This could translate as on average,
students graduating from Bronx high schools requiring 4-years of mathematics were more than
two times as likely to graduate college ready as their counterparts. These students were four times
less likely to graduate with an Individualized high school diploma than the other Bronx high school
graduates.

Table 16

Bronx graduates post-graduation plans (2010-13)

Variable Bronx Bronx+4 Difference SE 95% CI

To Attend 4 YR Colleges 29% 46% -17%*** .0188829  [-20.6%, -13.4%)]
To Attend 2 YR Colleges 39% 40% -1% .0190488 [-4.7%, 2.7%)]
To Employment 4% 2% 29p*** 0066224 [.7%, 3.3%]
Plans Unknown 27% 11% 16%*** 0152295 [13%, 19%)]

Note: Since each group under the comparison represents the population and not a population
sample, we present summary statistics for consistency. Bronx (V) = 1288; Bronx+4 (N) = 1348.

Up to now, our results indicate that, on average, a reported 4-year mathematics requirement
had the strongest impact on students’ post-graduation plans. This was particularly true for students’
aspirating to attend four year colleges. If we consider the variable to college as a single category,
on average, 96% of these students aspired to higher education, versus 68% of students attending
other Bronx public high schools. This finding is significant and re-enforces the results of our
literature review. More importantly, students from schools with a reported 4-year mathematics
requirement aspired to attend 4-year colleges at a rate that is over one and a half times higher than
that of the other Bronx public high school students. This result translates as: based on the
community college research, students from schools with a reported 4-year mathematics
requirement will have greater chances to complete bachelor degrees than their counterparts
(Adelman, 1999; Dougherty, 1994; Karen & Dougherty, 2005). Also, these students were less
likely to have unknown post-graduation plans and aspired to join the workforce at a rate that was
half that of counterparts.
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4.7. Research question III. How comparable are the high school mathematics course
completion rates of Bronx County public high school students from schools with a reported
4-yvear mathematics requirement and the other Bronx public high school students?

Before presenting the results of research question three, we remind the reader how we
treated the data we used to answer it. As stated earlier, we did not manipulate the independent
variable, the “reported 4-year mathematics requirement”; we created the strata from which we
selected our samples by controlling for the variables: schools’ aggregate socioeconomic status,
size, and geographic district location. These selection criteria ensured the creation of homogeneous
strata, which allowed us to assimilate a controlled experimental environment, therefore increasing
the internal validity of our results. Once the strata were completed, we assigned schools to each of
our comparison groups by means of stratified random sampling. As a result, our comparison
groups were very similar across all demographic variables, as displayed in Table 3.1. Please note
that the data used to answer research question three differs from those of research question two.
The data from research question two were extracted from the New York State Report Cards and
those used on research question three were provided to us by the New York City Department of
Education, as a result of our submission of a research proposal. Also, unlike research question two,
wherein we used the populations of interest, for research question three we have representative
samples. Since in theory, on average, students attending schools with a reported 4-year
mathematics requirement would enroll in math courses every year, we expected that our
comparison group “Bronx+4” would consist of the population and not a sample; however, our data
analysis indicate that only 44% of students that were enrolled in schools with a 4-year mathematics
requirement during the academic year of 2012-2013 completed math courses during that year.

Table 16

Average student demographic distribution by schools (2012-13)

Variables Bronx Bronx+4 Difference SE 95% CI
Free or Reduced Lunch 86% 86% 0% 0135202 [-2.6%, 2.6%)]
Limited English P, 14% 8% -6%*** 0121584  [3.6%, 8.3%]
American Indian 0.5% 0.7% -2%** .0092289 [-4%, -2%]
Black 38% 32% Bx** 0185565  [2.4%, 9.6%]
Hispanic 58% 59% -1% 0191985 [-5%, 3%]
Asian 1.6% 3.8% -2.2%*** 0063439  [-3.4%, -1%}
White 1.6% 3.7% -2.1%*** 0062857  [-3.3%, -1%]

Note: *p < 0.10, **p < 0.05, and ***p < 0.01 for a two-tailed test. In the 95% Confidence Interval
(CI), the first and second numbers are, respectively, the lower and upper bounds of the interval.
Bronx (V) = 1288; Bronx+4 (N) = 1348.

The results of Table 16 show that the families of Bronx students attending schools with a
reported 4-year mathematics requirement were as wealthy as the families of other Bronx students.
Schools with a reported 4-year mathematics requirement had, respectively, lower enrollments of
students that are, Black, and are limited in their English proficiency. They also had a higher
enrollment of White and Asian students. Their enrollment of White and Asian students was about
two and a third times higher than the enroliment of White and Asian students in other Bronx public
high schools. Table 17 below shows the mathematics course completion distributions of the
students of each group of schools. On research question two we determined that, on average,
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students from Bronx County public high schools reporting a 4-year mathematics requirement had
better academic performance than the other Bronx public high school students; therefore, we
expected that these students would have high school mathematics course completion rates that are
significantly higher than their counterparts across all but the least demanding or non-academic
mathematics courses: Integrated Algebra, and Other Math courses.

Table 17

Average mathematics course completion distribution by schools (2012-13)

Variables Bronx  Bronx+4 Difference SE 95% ClI
Calculus 0.08% 1.1% -1.02%*** .0021464  [-1.4%, -0.62%]
Precalculus 1.9% 1.6% 0.3% 0011346 [-0.4%, 1%)]
Statistics 1.7% 1% T%** 0031141 [.08%, 1.3%]
Algebra2/Trigonometry  15.1% 18.9% -3.8%%***  .0102587  [-5.8%, -1.8%]
Geometry 22% 34.2% -12.2%*** 0122936  [-14.6%, -9.8%]
Integrated Algebra 49.7% 37.3% 12.4%*** .013482 [9.8%, 15%)]
Other Math 9.6% 5.8% 3.8%*** .0072012 [2.4%, 5.2%]

Note: *p < 0.10, **p < 0.05, and ***p < 0.01 for a two-tailed test. In the 95% Confidence Interval
(CI), the first and second numbers are, respectively, the lower and upper bounds of the interval.
Bronx (N) = 2523; Bronx+4 (N) = 2899.

The students’ mathematics course completion rates were only the same for the Precalculus
courses. Within the Advanced category, the biggest gap was observed in the Calculus courses,
with students from schools with a reported 4-year mathematics requirement completing Calculus
at a rate that is about fifteen times that of the other Bronx public high school students. In statistics,
the difference was less pronounced. While students in schools with a reported 4-year mathematics
requirement outperformed the other Bronx public high school students in the advanced
mathematics course completion category, their advanced math course completion distribution was
rather low, if we considered that these students had a 4-year mathematics requirement. The trend
was the same for the results of the Middle-Academic 1l category course, Algebra2/Trigonometry.
Although students from schools with a reported 4-year mathematics requirement outperformed
other students, their Algebra2/Trigonometry completion rate was smaller than we anticipated.

In Geometry, however, the difference was more pronounced with students from schools
with the 4-year mathematics requirement completing this course at over one and a half times the
rate of other Bronx students. As expected, these students completed the Low-Academic and Non-
Academic category courses, Integrated Algebra, and Other Math courses, respectively, at rates that
were lower than those of their counterparts. Their Integrated Algebra and Other Math completion
rates were just three quarters and two thirds, respectively, that of their counterparts from other
Bronx public high schools.
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Chapter 5. Conclusion

5.0. Concluding Remarks

The aim of this thesis was to determine and quantify an important measure of mathematics
literacy, the high school mathematics course completion of Bronx public high school students. We
found that when compared to public high schools from other New York City Boroughs, on average,
Bronx public high schools enrolled higher percentages of poor, Black, Hispanic, and limited
English proficiency students. Conversely, Bronx County public high schools enrolled lower
percentages of White and Asian students. With 80% of their enrolled students eligible for free or
reduced price lunch and a 94.5% minority enrollment, Bronx public high schools were both high
minority and high-poverty schools as defined in (New York State Office of the Comptroller, 2000).
Academically, students from Bronx public high schools were outperformed by other New York
City public high school students. Bronx students’ passing and mastery rates in all mathematics
Regents exams were significantly lower than those of other New York City public high school
students. Similarly, their Regents conferment rates, particularly their Advanced Regents diploma
conferment rates, were statistically significantly lower than those of their counterparts in other
New York City public high schools.

A significant finding of this thesis is the rate at which Bronx students aspired to attend 2-
year colleges. Starting college at a two-year institution has long lasting repercussions on students,
one of which is a very low probability of completing a bachelor’s degree. Bronx public high school
students aspired to attend two-year colleges at a rate that was over one and a third times as high as
that of other New York City public high school students. Conversely, they aspired to attend 4-year
colleges at a rate that was less than three quarters that of other New York City public high school
students. Our investigation of research question two, which was answered using aggregate school-
level data, allowed us to determine that the demographics of students from Bronx schools with a
reported 4-year mathematics requirement differed from those of other Bronx students, but not
across all of the variables we measured. Schools with a reported 4-year mathematics requirement
were, on average, less wealthy and enrolled more Hispanic and English proficient, and fewer Black
students, than other Bronx high schools. However, students from schools with a 4-year of
mathematics requirement had better academic performance than other Bronx students. We
highlight, however, that in the mathematics Regents exams, as the intensity of the exams increases,
the performance gap between students from schools with a reported 4-year mathematics
requirement and other Bronx schools decreased. For example, in the Integrated Algebra exam, the
least intensive of the exams, students from schools reporting a 4-year math requirement had a
passing rate that was about one and a fifth, and a mastery rate that was about four times those of
other Bronx students. However, in the Algebra2/Trigonometry exam, the most academically
intensive of the three exams, students from schools with a reported 4-year mathematics
requirement had a passing rate that was one and one eleventh times, and a mastery rate that was
one and a third times as high as those of the other Bronx public high school students. Research
question three, which was answered using student-level data provided by the New York City
Department of Education, and not the New York State report Cards, showed that the demographic
differences between students from schools requiring 4-years of mathematics differed from those
determined in research question two. Specifically, the data from research question three indicated
no economic differences between Bronx schools with a reported 4-year mathematics requirement
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and other Bronx schools. Also, schools with a reported 4-year mathematics requirement enrolled
Asian and White students at more than twice the rate of other Bronx schools. Similar to the results
of research question two, the results of research question three showed that as the intensity of the
mathematics Regents courses increased, the mathematics course completion gap between students
from schools requiring 4-years of mathematics and students from the other Bronx high school
students decreased. For example, Bronx students complete the Middle-Academic Il category,
Algebra2/Trigonometry courses, at a rate that was close to 80%, and the Middle-Academic |
category, Geometry courses, at a rate that was just over 64%, that of Bronx students from schools
with a reported 4-year math requirement. Conversely, their completion rate in In the Middle
Academic Category, Integrated Algebra courses, was about 133% that of students from Bronx
schools with a reported 4-year mathematics requirement. Their completion rate in the Non-
Academic category, Other Math courses, was about 165% that of students from Bronx schools
with a reported 4-year mathematics requirement. Only in the Advanced Ill course category,
Calculus, did students have a really large achievement gap difference. Students from schools
requiring 4-years of mathematics complete these courses at a rate that is almost fifteen times that
of their counterparts. Nonetheless, this completion rates is rather low at 1.1%. We can then deduce
that, on average, there was a correlation between a reported 4-year mathematics requirements and
students’ academic performance. Specifically, students from Bronx schools with a reported 4-years
of mathematics requirement had higher passing and mastery rates in all mathematics Regents
exams, complete more advanced and intermediate math courses, aspired to attend 4-year colleges,
and had Regents and Advanced Regents diploma attainment rates that were, on average, higher
than those of students from other Bronx schools.

The results of this thesis validate key findings of past and current research that investigate
the unintended consequences of attending public schools that serve high-minority or poor students
(Graham, 2009; Kelly S., 2009; Oakes, 1990). We found that, on average, students from Bronx
county public high schools had greater aspirations to attend community colleges as opposed to
senior colleges. When grouping their aspirations to attend two- and four-year institutions, Bronx
County public high school students had very low aspirations to higher education, had higher
dropout rates, higher tendencies to go to high school equivalency programs, and higher rates of
unknown plans than students from other New York City public high schools.

5.1. Policy Implications

This thesis has many implications that ought to be highlighted. First, there are clear
correlations between students’ geographic location, socioeconomic status and their mathematics
expectations and preparedness. Students from Bronx public high schools display, on average,
lower academic performance, lower college aspirations; particularly, these students completed
fewer advanced and intermediate math courses than students from other New York City public
high schools.

This thesis uses data from the academic years of 2010, 2011, and 2012, which were the
only years in which, the Integrated Algebra, Geometry, and Algebra2/Trigonometry exams were
administered by themselves. Starting in the academic year of 2013, New York City public high
schools started to introduce the Regents exams that were aligned with the Common Core State
Standards for Mathematics. Therefore, this thesis serves as a point of reference for comparative
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analysis of the new curriculum and exams, which are aligned with the Common Core State
Standards.

5.2. Policy Recommendations

Our results indicate that, on average, Bronx public high school students from schools with
a reported 4-year mathematics requirement displayed better academic performance than the other
Bronx public high school students, despite similar demographics among these students. Therefore,
we recommend the following policies for consideration. The New York City Department of
Education, in conjunction with the New York State Board of Regents, should:

= Hold all students accountable to higher mathematics standards by requiring them,
regardless of race or socioeconomic status, to complete four years of mathematics.

= Ensure that mathematics curricula lead to college readiness in mathematics. This could be
accomplished by having college preparatory math curricula which preferably includes
advanced math courses.

In the area of policy, the implementation stage is paramount. We want to highlight that it is
important to understand the meaning of four years of mathematics. Tyson & Roksa, (2016) provide
a very good framework that complements the recommendations of the University of California
and the City University of New York. Four year math curricula should always consider both the
vertical (whether students begin 9™ grade with Algebra 1) and horizontal (the different ways in
which Algebra 1 can be taught: over one year, over one and a half years, over two years,
accelerated, honors, advanced) components of curricula (Tyson & Roksa, 2016). This is an
important, yet under studied difference in curriculum implementation.

5.3. Limitations

We discussed most of the limitations of this study in the methodology section; in summary,
this study is a quasi-experiment, for we did not have full control of condition assignment. We
controlled for all possible extraneous variables we found, but we cannot say that we controlled all
of them. However, our design and the data we used allowed us to design experiments that were
robust against model bias, or internal validity problems. To us, the primary limitation of this study
was the data type and the samples of choice. We worked with secondary data and we trust that the
data we were provided are valid and accurate. Nonetheless, these data are not exempt from human
error in data entry. The selection of samples was very limited. For example, few schools reported
a “4-year math requirement” for we were unable to do random sampling. A major limitation of
this study lies in the reported “4-year math requirement”. When analyzing the proportion of
schools with a reported “4-year math requirement” whose students completed math courses, data
analyses showed that only 44% of students completing math courses, during that same academic
year, in schools without a reported 4-year math requirement was 45%. Of course, we were able to
analyze only one academic year and not four.
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5.4. Suqggestions for Future Research

Our descriptive analyses validate past and current research focusing on the effect of
advanced mathematics courses on students’ aspirations and access to, and success, in higher
education (Anderson & Chang, 2011, Finkelstein & Fong, 2008; Graham, 2009; Hoyt & Sorensen,
2001). Our results have open potential research routes, among which we highlight the following:
a more detailed analysis of the schools with a reported 4-year mathematics requirement.
Correlational studies that can build statistical models to determine which of the variables we used
in this study are the best predictors of students’ success, and an analogous study, focusing on
students’ science courses.
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Appendix A. Regents Examinations’ Scaling System

In order to have a better understanding of the Regents exams and their development, we
communicated with the New York State Education department via e-mail. They provided us a
copy of Section IV: Scaling of Operational Test Forms (NYSED, 2013) of their technical report.
The Board of Regents and the New York States Commissioner's Technical Advisory Committee
employ IRT Rasch and Partial Credit Modeling to develop their tests. The development of the test
is tied to its scoring. In developing the Regents exams, the Board of Regents and the Technical
Advisory Committee first determine a baseline raw score which, for exams we analyze, was
determined to be June 2008. This baseline will remain until the parameters are re-visited. Because
the Regents Exams are developed by means of psychometric tools, their scores are scaled to reflect
the traits of both the test items and the test takers (NYSED, Questions regarding data, 2013). As
a concrete example, the Integrated Algebra tests from 2008 up to August 2013 have a total raw
score of 87 points. Raw scores are determined by test developers and their knowledge of the field.
Raw scores are then mapped to scaled scores. The lowest and highest raw scores are mapped to
their equivalent scaled scores using the polynomial equation: p(x) = max3 + max? + mix + mo. The
scaled scores 65 and 85 are fixed parameters. In the case of Integrated Algebra exam, these values
are mapped onto 30 and 65 or 31 and 67, respectively (NYSED, Questions regarding data, 2013).
Using six conversion charts for the Algebra exam, we solved for the parameters (m) of the
polynomial equation p(x) = msx® + m2x? + max + mo, and obtained the value of the constants m;
and each of the estimated equations’ R2,

Conversion Equations

August 2008 y = 0.0003x" - 0.0564x + 3.5879x R2=0.9991
June 2009 y = 0.0003x2 - 0.0558x? + 3.5563x R2=10.9997
January 2010 y = 0.0003x3 - 0.0488x? + 3.3623x R2=0.9992
June 2011 y = 0.0003x° - 0.0563x? + 3.5446% R2=10.9991
January 2012 y = 0.0004x3 - 0.0633x? + 3.7591x R2=0.9959
August 2013 y = 0.0003x° - 0.0556x? + 3.5455% R2=10.9998

With the exception of the January 2012 test, the parameters of the cubic polynomials are
virtually identical from test to test. Since the Regents exams are curriculum-based, this
homogeneity in the values of (m) is expected. Because Regents exams are curriculum-based, the
content difficulty of test items should be homogenous from test to test within the same content
blocks. Also, since the exams are tied to the academic curriculum, it is expected that students are
being taught the same topics with a somewhat similar academic intensity; hence, on average,
students should acquire similar academic preparedness. Figure 2 below provides a visual of how
the Regents exams’ raw scores are mapped onto scaled scores by means of IRT Rasch modeling.
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Figure 1: Scaling parameters’ equation graph

y = 0.0003x3 - 0.0556x2 + 3.5455x
Integrated Algebra: August 2013 R2 = 0.9908
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Based on the pre-determined raw to scaled score values of 65 and 85, figure two suggests
that the New York State Education Department, NYSED expects that the majority of its students
have mathematical traits at or near the 65 scaled points threshold, which is 30 raw points. It is also
expected that students achieving mastery scores [85, 100] are those with the highest academic
traits in Algebra, for their raw scores have lower weights when mapped onto scaled scores. The
Integrated Algebra exam is comprised of four parts, each containing the following raw score
distribution: part 1, thirty items, each worth 2 points for a total of 60 points; part 2, three items,
each worth 2 points for a total of 6 points; part 3, three items, each worth 2 points for a total of 6
points and part four three items, each worth 4 points for a total of 12 points. If a student is able to
correctly answer half of part 1, he or she will have a passing scaled score of 65. That is, with a raw
score of 30 out of 87, students pass the test. If a student is able to correctly achieve a raw score of
68 out of 87 points he or she will earn a scaled score of 85, which shows high proficiency.
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Appendix B. Other Mathematics Courses Category

MQF11S Numeracy Development

MQF82 MATHEMATICS ELECTIVE
MQF84 MATHEMATICS ELECTIVE
MQN11S Numeracy

MQS11 Financial Algebra

MQS11 Problem Solving

MQS11C1 Thinking and Reasoning
MQS11QJA ELECTIVE ALGEBRA
MQS11QMF MATHEMATICS OF FORENSICS
MQS11QS Math Independent Study
MQS11QX Consumer Math

MQS11QX Liberal Arts Math

MQS11S Algebra Skills

MQS21 BUSINESS MATH

MQS21 MATH ELECTIVE

MQS21QM MATHEMATICS ELECTIVE
MQS21QWT | BUSINESS MATH TERM 1
MQS210QX MATH ELECTIVE 1 OF 2 EXTENDED DAY
MQS22 Algebra 2

MQS22 BUSINESS MATH

MQS22 MATH ELECTIVE

MQS41QW BUSINESS MATH TERM 1
MQS81QM MATHEMATICS ELECTIVE
MQSS82 MATH ELECTIVE 9

MQS82QM MATH ELECTIVE 9 EXCELSIOR
MQS84H MATH ELECTIVE HONOR
MQS84QM MATH ELECTIVE EXCELSIOR
MQS85 MATH ELECTIVE

MQS85H MATHEMATICS ELECTIVE HONOR
MQS86 MATH ELECTIVE

MQS86H MATH ELECTIVE HONOR
MQS87 MATH ELECTIVE

MQSS87H MATH ELECTIVE HONOR
MQT41 FOUND IN GEOM1

MQT42 FOUND IN GEOM2

MQT43 FOUND IN GEOM3

MQT44 FOUND IN GEOM4

MQT66 GEOMETRY SKILLS

MQF11 Algebra Skills

MON11 Applied Math

MQN11 GEOMETRY ENRICHMENT
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MQN11QA

Engineering Design Elective

MQOQNI11QB Business Math

MQN11QB Business Elective

MQN11QPF Personal Finance

MQON11QS Applications of Mathematics IS
MQS11 PERSONAL FINANCE

MQS11 MATHEMATICS FOR THE REAL WORLD
MQS11QC CONSUMER MATH

MQS11QP EXPLORATORY MATH

MQS11QT PRACTICAL MATHEMATICS
MQS11QT PRACTICAL MATH

MQS21 APPLIED MATHEMATICS 1 OF 2
MQS21 CUNY MATH T1

MQS21 COLLEGE ALGEBRA 1

MQS21C College Math 1

MQS21QC Finite Math

MQS21QCM  (Consumer Math

MQS21QCU CUNY MATH 1 of 2

MQS21QMP MATH PROBLEM SOLVING 1 OF 2
MQS21QSA SAT Math Wed

MQS22 CUNY MATH T2

MQS22 COLLEGE ALGEBRA 2

MQS22QC Finite Math Term 2

MQS22QCU CUNY Math 2 of 2

MQS22QCW  |CUNY MATH WED

MQS22QMP MATH PROBLEM SOLVING 2 OF 2
MQS22QSA SAT Math Wednesday

MQSA9 Math Proficiency 1

MQSAA Math Proficiency 2

MQT11 Math

MQT11 Math Elective
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