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2. Project Summary
There has been a growing demand for college preparation and increased interest in college
entrance over the past thirty years in the U.S. Although nine out of every ten U.S. high school
sophomores intend to pursue postsecondary education, a much smaller percentage actually enter
college. Our society expects schools to help our young students meet high academic standards,
graduate from high school, and prepare for college. To monitor the quality of the schooling in the
U.S., we need information about whether or not students are meeting these goals and if our
schools have the capacity to assist students in meeting their goals.
Numerous studies have found that taking courses in advanced mathematics is the single
most powerful predictor of college success. Research from the U.S. Department of Education
shows that high school students who completed math courses at levels higher than Algebra 2
(e.g., trigonometry or pre-calculus) earn a college degree at twice the rate of those whose high
school math curriculum was less rigorous (Adelman, 1999, 2006). Since the critical boundary for
mathematics lies beyond Algebra 2, this study intends to examine differences among high
schools on access to these three “gate keeper” courses (Trigonometry, Pre-Calculus, and
Calculus) and the school characteristics that explain these differences. The study will utilize data
from a newly released longitudinal study of a cohort of high school tenth graders known as the
Education Longitudinal Study of 2002 (ELS: 2002). Multilevel multinomial logistic regression
will be utilized to assess the association of school effects with the number of advanced
mathematics courses taken, controlling for individual-level factors. The examination of
“between-school” differences in the U.S. will help parents, educators, and policymakers to have
a better understanding of significant school factors that promote or impede students’ college
preparation.
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4. Project Description
Introduction/Objectives
There has been a growing demand for college preparation over the past thirty years in the
U.S. Currently, nine out of every ten U.S. high school sophomores intend to pursue
postsecondary education (NCES, 2004), yet a much smaller percentage actually do so. Our
society expects schools to help our young students meet high academic standards, graduate from
high school, and prepare for college. To monitor the quality of the schooling in the U.S., we need
information about whether or not students are meeting these goals and if our schools have the
capacity to help students meet them. Schools with limited resources generally have the poorest
record of student academic success. For example, a recent report suggests that schools with a
lack of counselors, teachers with adequate training, and college preparatory curriculum may have
a serious problem with providing students with an adequate and fair level of education (Rogers,
Terriquez, Valladares, & Oakes, 2006). Students attending such schools face significant
roadblocks to their pathway to college and are not given a fair and equal opportunity to learn.
These roadblocks to pursuing a college education are especially prevalent for low income and
underrepresented minority students (Rogers et al., 2006).
During the last twenty years, the enrollment of minorities in higher education has
increased substantially (Harvey, 2003). However, African American and Latino students
continue to show lower college enrollment and graduation rates than their Asian American and
White counterparts. For example, achievement test scores from the National Assessment of
Educational Progress (NAEP, 2002) showed that African American and Latino students’ scores
fall considerably behind White and Asian American students in reading, mathematics, and
science.
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This achievement gap is even bigger for Latino students as compared to African
American students. Latinos have the least amount of years of education completed and struggle
significantly with underachievement in U.S. schools (Rumberger & Rodriguez, 2002; Steinberg,
Dornbusch, & Brown, 1992; Valencia, 1991). In regards to high school completion rates, while
the gap between African American and White students narrowed dramatically over the past
decades, the gap between Latino students and their White counterparts still persists (U.S.
Department of Education, 2006). Furthermore, according to the National Assessment of
Educational Progress, the percentage of 25 to 29 year olds with at least bachelor’s degree in 2000
was considerably lower for Latinos (10%) as compared to African Americans (18%) or Whites
(34%) (U.S. Department of Education, 2002). It should be an urgent concern because over the
last several decades Latinos have been the fastest growing minority group in the school-age
population (U.S. Department of Education, 2000).
In the near future, Latinos will become the second largest group in the labor force;
therefore their lack of educational attainment is likely to impact the economic productivity of the
nation (U.S. Bureau of Labor Statistics, 2003). For this reason, the elimination of the large
achievement gap among Latino and non-Latino students has become a major focal point in
educational research. The No Child Left Behind (NCLB) Act of 2001 reflected this urgency by
including, as one of its goals, closing the achievement gap between minority and white students
(U.S. Department of Education, 2003).
Explanations for the achievement gap have ranged from individual differences, such as
familial and biological background, to social and school level factors. Beginning with Coleman’s
notable report in a 1966 study, many subsequent studies in the past thirty years claim that the
effects of schooling and contextual factors, in conjunction with individual factors, significantly
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influence students’ learning (Coleman, 1966; Lee, 2000; Rothstein, 2004). Although studies on
school effectiveness on students’ learning and development have been widely conducted, little
attention has been paid to school effectiveness on college preparation. Previous research has
focused primarily on identifying school factors on achievement test scores as an academic
outcome.
Although test scores provide a direct measure of students’ learning and college
preparation, advanced mathematics coursework provides a more focused indicator of college
preparation. Numerous studies have found that taking advanced mathematics courses is the
single most powerful predictor of college success (Adelman, 1999; Barth & Haycock, 2004; U.S.
Department of Education, 1999). Research from the U.S. Department of Education shows that
high school students who completed math courses at levels higher than Algebra 2 (e.g.,
trigonometry or pre-calculus) earn a college degree at twice the rate of those whose high school
math curriculum was less rigorous (Adelman, 1999). Other researchers, using nationally
representative data, reported that high school students who take more mathematics courses are at
a clear advantage with regard to achieving high school graduation, academic success, and college
opportunity (Ma, 1997; Rock, Ekstorm, Goertz, & Pollack, 1995; Wilkins & Ma, 2002).
Differences in enrollment in math courses have also shown a significant effect on college
completion rates for African American and Latino college freshmen.
Despite being a strong predictor of college success, enrollment in advanced level
mathematics courses is not always an option for most students. One possible explanation is that
huge disparities in material resources and conditions that exist among students, their families,
and their schools along with students’ individual differences in academic achievement may affect
college preparation. A substantial body of research suggests that the pattern of advanced
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mathematics coursework is, to some extent, a function of school characteristics (Ma, 1999;
Oakes, 1985; Oakes, Ormseth, Bell, & Camp, 1990; Secada, 1995). Schools across the United
States vary widely in how they structure opportunity and allocate resources to different groups of
students. Schools with high concentrations of minority students, many of whom are poor, show
the highest rates of unqualified teachers and shortages of college preparatory courses (Rogers et
al., 2006). These students are not given a fair and equal opportunity to learn. For example,
research has consistently found that parental socio-economic status is a powerful predictor with
regard to the achievement gap because minority students are more likely to attend schools with
fewer resources, including financial resources, qualified teachers, and curriculum (Betts, Rueben,
& Danenberg, 2000; Lee, 2002). Other support comes from a recent report of the Reality Check
survey, which indicated that there are repeated and significant disparities between the
educational experiences of African American and Latino parents and students when compared to
those of most white families (Public Agenda, 2006). Based on the challenges faced by many
African American and Latino families, U.S. schools still have a long road ahead in providing
equitable educational opportunities for all students.
Research Objectives
This study will investigate student and school factors that predict college preparation
using data from a newly released longitudinal study of a cohort of high school tenth graders
known as the Education Longitudinal Study of 2002 (ELS: 2002). ELS: 2002 is designed to
monitor the transition of a nationally representative sample of students as they progress from
tenth grade through high school and on to postsecondary education.
ELS: 2002 is ideal for this study because: (1) it provides rich information from four
respondents (i.e. students, their parents, their teachers, and their schools) that can be used to
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estimate the effects of both student-level and school-level characteristics on college preparation;
(2) it gathers data repeatedly from the same students over time so the long-term effects of
students’ earlier experiences (i.e., previous academic achievement, aspirations, high school
experiences) on college preparation can be evaluated; (3) it provides sufficient sample sizes of
nationally representative high school students and schools.
Specifically, this study will address the following research questions:
1.

What are the disparities in high school senior’s college preparation (measured by
the number of advanced mathematics courses taken at the end of grade 12) among
students and schools?

2.

To what extent are students or schools responsible for the variation in high school
senior’s college preparation?

3.

What student and school factors can explain these differences?
Data and Method

Data: This study will utilize the base-year (2002) and first follow-up (2004) data from the
Education Longitudinal Study (ELS: 2002). In the 2002 base year, ELS: 2002 tested high school
sophomores’ achievement in reading and math and gathered information about their attitudes and
experiences. These same students were surveyed and tested again, two years later in 2004 when
they were high school seniors. And in 2005 high school transcripts were collected. Information
has been obtained not just from students and their school records, but also from their parents,
teachers, and administrators of their high school, including the principal and library media center
director. The approximate sample size will be around 15,000 high school students from 750
schools.
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Human Subjects issues: The project relies on secondary data for the analyses and all
identifiers are removed from the dataset.
Conceptual Framework and Variables: Using this longitudinal, multilevel information, a
comprehensive set of student-level and school-level variables will be constructed to measure
their effects on college preparation. A graphic representation of the conceptual framework of this
study is presented in Appendix B. The conceptual framework suggests that students’ advanced
mathematics courses-taking is influenced by students’ own educational background, experiences,
and attitudes as well as the characteristics of their families and their schools. The framework also
suggests reciprocal relationships among these factors. At the student level, students’ performance
is a function of the characteristics and experiences of individual students in their respective
schools. At the school level, it presents the aggregated performance of the students in a school
and is a function of the characteristics of the school and its impact on the individual experiences
of the students in it. Most researchers recognize that students’ characteristics, as well as
environmental factors, play a huge role in their school performance. Indeed, students who attend
the same school often do not take the same courses. Thus, this study will also explore the
students factors related to students’ advanced mathematics course-taking as well as the school
factors.
One notable aspect of this framework is that it incorporates the intermediate stage
between school context and the educational outcomes of students (students’ college preparation).
School context, which includes student background characteristics, school resources, and school
structure, are not considered to be alterable by the school, while school processes—school
practices, policies, and climate—are alterable and can have direct effects on student outcomes.
For example, findings regarding the effect of curricular offerings of advanced mathematics
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courses on the educational outcome will contribute useful information to the Opportunities to
Learn (OTL) research (McDonnell, 1995). Therefore, it is important to include an intermediate
stage that the school does have control over when investigating the impact of school
effectiveness on student outcomes.
Appendix A provides a list of variables to be used in this study. These variables are
selected based on the literature on predictors of student academic achievement and school
effectiveness (Lee, Smith, & Croninger, 1997; Rumberger & Thomas, 2000) and relevance to the
objective of the proposed study. At the student level, four types of variables will be used: (1)
demographic characteristics of students (e.g., gender and ethnicity); (2) family background
characteristics which includes family structural variables (e.g., SES, non-traditional families,
non-English-speaking households) and family practices (e.g., parental involvement, parental
aspirations for child); (3) students’ academic background variables (e.g., previous academic
achievement, retention); (4) students’ attitudes and behaviors (e.g., postsecondary education plan,
academic expectation, engagement). At the school level, four types of school characteristics will
be used; (1) student composition of schools (e.g., the mean SES of students in the school,
proportion of minority students, proportion of nontraditional families, mean 10th grade grades);
(2) school’s structural characteristics (e.g., school size, type, location); (3) school resources (e.g.,
student-teacher ratio, proportion of certified teachers); (4) school process (e.g., school climate,
school safety, teaching quality, academic press, curricular offerings and program).
As an outcome variable, using the newly released high school transcript data file, a
composite variable will be created to measure the number of advanced mathematics course(s)
taken (Trigonometry, Pre-Calculus, and Calculus) from the beginning of 9th grade to the end of
12th grade (a license to use restricted data files will be requested). The advanced mathematics
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courses that met at least three times a week for more than one year will be counted. Selection of
the advanced courses was made based on the previous findings. In a study on a nation sample of
high school students, Adelman (2006) examined that student’s highest level of mathematics
(Algebra I, Geometry, Algebra II, Trigonometry, Pre-Calculus, and Calculus) reached in high
school and their bachelor’s degree attainment. He found that every step up the mathematics
ladder multiplies the odds of earning a bachelor’s degree and students who took at least one class
beyond Algebra 2 in high school had significantly higher odds of earning a bachelor’s degree.
Since the critical boundary for mathematics momentum lies beyond Algebra 2, this study will
examine the school effects on the proportion of students who take at least one of these three
“gate keeper” courses students take (Trigonometry, Pre-Calculus, and Calculus).
Statistical Analysis: Since students in the ELS: 2000 data are nested within schools,
hierarchical linear modeling (HLM) will be used in this study. HLM is especially useful for
handling nested or multilevel data. This method allows researchers to partition the total variance
in student-level outcomes into within-school and between-school variance and then to estimate
the effects of both student-level and school-level factors on outcomes (Raudenbush & Bryk,
2002). Because the outcome variable in this study is dichotomous, non-linear HLM models will
be used. Using HLM 5.04, a two-level multinomial logistic model with a four category
dependent variable for the number of advanced mathematics course taken will be estimated. The
association between three types of course taken (1, 2, or 3 course(s) taken among Trigonometry,
Pre-Calculus, and Calculus) and two levels of explanatory variables (students and school level)
will be simultaneously tested to compare to students took none of these advanced courses.
Specifically, a series of HLM models will be developed to address research questions
specified above. The specification of the model building process is broken down into multiple
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steps. The first model that will be estimated is the fully unconditional model or null model,
which contains only the outcome measure without any explanatory variables at either the student
or school level. The purpose of this model is to address the question of whether significant
variance exists between schools to justify the modeling of between-school variance. The second
model will introduce a series of student-level predictors to the within-school model based on the
conceptual model and literature review. This model will help examine which student background
characteristics have the strongest effect on high school students’ college preparation. The
primary purpose of this model is to control for the family background and educational
background of students in an effort to equalize student inputs across schools. Therefore, after
examining a large set of student-level variables, only those with statistically significant effects on
the outcome will be retained in an effort to achieve a parsimonious model.
Next, a series of school-level variables on between-school variations in the outcome
variable will be examined. School-level variables consist of two classes: background
characteristics (i.e., student composition, school structure, and school resources) and school
process (i.e., school practices, school climate and policies), as described in the conceptual
framework. School background characteristics will be introduced sequentially, with only the
significant variables from the proceeding step being retained in the subsequent model. Findings
from these between-school models will provide a better understanding of which measures of
school composition, school structure, and school resources have significant effects on high
school students’ college preparation. Schools may have little control over these factors, but in the
long-term these factors could be altered through policy interventions. Finally, after determining
the best set of school-level background characteristics, measures of school process will be added
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to complete the between-school model. Findings from this school process model will help to
identify the school-level variables that school-site personnel have control over.
Significance of Study and Policy Implications
Postsecondary educational attainment has far-reaching consequences and in many ways
affects individuals’ life trajectories both socially as well as economically. Individuals who gain
at least one postsecondary degree triple their annual incomes compared to their less educated
peers (National Center for Educational Statistics, 1999). Postsecondary education is not only of
importance to individuals, but also has many implications for society. The myriad of benefits to
the society at large is significant and far-reaching. Some of the benefits are as follows: increased
productivity, lower crime rates, and increased community service come from a well-educated
citizenry (Hossler, Braxton, & Coopersmith, 1989; Kane, 2004). As minimum skill expectations
have increased at every educational and employment entry point, so has the importance of
attaining a postsecondary education.
The importance of taking more advanced courses in mathematics is well documented as
having serious consequences not only on student academic performance, but also on access to
higher education, and labor market outcomes. Numerous studies have found that taking courses
in advanced mathematics in high school is the single most powerful predictor of college success
(Adelman, 1999, 2006). However, U.S. high schools differ in their ability to support students’
pathway to college. Therefore, this study will attempt to examine what makes some schools more
effective in increasing student college preparation than other schools beyond the attributes of
students. Examination of “between-school” differences in American high schools will help
parents, educators, and policymakers gain a better understanding of significant school factors
that promote or impede students’ college preparation. It may also provide useful information for
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policymakers and educators about which school characteristics may be altered to provide a more
equitable distribution of educational opportunities for all students.
Innovative aspects of study and intended audience
Previous research has focused primarily on identifying school factors on achievement test
scores as an academic outcome. Although test scores provide a direct measure of students’
learning and college preparation, advanced mathematics coursework provides a more focused
indicator of college preparation. Yet, most of the previous studies on high school mathematics
course-taking are simply descriptive summaries of cross-sectional data (Davenport, Davison,
Kuang, Ding, Kim, & Kwak, 1998). Some cross-sectional studies on school effects on students’
mathematics course-taking were conducted using qualitative methods in a small,
unrepresentative sample attending one or few schools (Harris, 1995; Polite, 1994). Previous
longitudinal studies have mainly explored the student characteristics related to mathematics
course-taking, but few have explored the school factors related to advanced mathematics coursetaking using nationally representative sample (Downer-Assaf, 1995; Ma, 2000). Therefore, using
the newly released longitudinal data from a nationally representative sample, this study intends
to advance the research on college preparation by addressing the school effects on students’
advanced mathematics coursework of high school students in the United States. Furthermore, the
conceptual framework of the current study is innovative in modeling school effects and
evaluating school effectiveness on the outcome. In addition to schools’ background
characteristics, by adding school process model, the proposed study hopes to provide a more indepth knowledge about the effectiveness of schools on students’ college preparation.
The findings from this study will be of interest to educational researchers, school
personnel, and federal, state, and local policymakers. Results from the proposed study can shed
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light on the dynamic interplay among multiple level variables over time. For example, it may be
that school-level characteristics such as those related to resources or academic characteristics
are found to be significant predictors of students’ college preparation. Policy makers can then
undertake meaningful interventions with regard to the level of effects to improve students’
college preparation in the learning process so that they can help students have access to
postsecondary education. Given that a growing demand for college preparation over the past
thirty years in the U.S., understanding the factors that make a difference in increasing students’
college preparation can lead to the development of more discerning and effective educational
policies which will dramatically increase the educational attainment of the nation’s youth.
Dissemination plan
The results of this study will be disseminated in a variety of ways. We plan to
disseminate the results at professional conferences and in professional publications. Specifically,
the findings will be presented at the national conferences such as the annual meetings of the
Association for Institutional Research (AIR) and the American Educational Research
Association (AERA). In addition, we will seek to publish the findings of this study in relevant
educational journals.
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Appendix A. Description of Variables.
Student-Level Variables (estimated at the student level of analysis)
Demographic characteristics
Gender
Ethnicity
Family background
SES
Non-traditional families
Non-English-speaking households
Parental involvement
Parental aspirations for child
Academic background
Previous academic achievement
Retention
Students’ attitudes and behaviors
Postsecondary education plan
Academic expectation
Academic engagement
School-Level Variables (estimated at the school level of analysis)
Student composition
Mean SES
Proportion of minority students
Proportion of nontraditional families
Mean 10th grade grades
School Structure
School size
Type (Private/Public)
Location (Urban/Rural)
School Resources
Student-Teacher ratio
Mean Teacher salary
Proportion of certified teachers
School process
School climate
School safety
Student rating of teaching quality
Mean level of parent involvement in school policy
Percentage of students in academic track
Academic press (percentage of students who feel discipline is fair)
Curricular offerings and program
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Appendix B: Conceptual framework of how student-level and school-level factors affect High
School Students’ college preparation.

School
Level

Student
Level

School Context

School Process

Student composition
School structure
School resources

School climate
Instructional practices
Curricular offerings

Student Background

Student
Attitudes and Behaviors

College Preparation

Academic Engagement
Postsecondary
Educational Plan

Advanced
Mathematics
Course-taking

Demographics
Family background
Academic background
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7. Budget
A. Itemized Budget
Category

Requested Funds

Personnel:
Sukkyung You (PI) (31% FTE, 12 months)

$18,567

Russell Rumberger (Co-PI) (.5 Summer 1/9)

$ 5144

Benefits at various per UC policy

$ 3,850

Travel (AIR forum and AERA conference)
Materials and Supplies

$2000
$439

(books, printing, dissemination costs)
Total amount of reward

$30,000
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B. Budget Explanation
B.1. Project Time Frame
This is a 12-month project, proposed to begin on June 1, 2007 and end on May 31,
2008. The estimated total project costs being sought from AIR are $30,000. These
include renumeration for the personnel described below; traveling to professional
conferences; editing of reports and other publication; and supplies.
B.2. Personnel
Sukkyung You (PI) will be responsible for analyses, writing journal articles,
preparing presentations of the research products.
Russell Rumberger (Co-PI) will be co-responsible for overall guidance of the
project.
B.3. Travel and other costs
The PIs will travel to two academic conferences (AIR and AERA) to present
findings from this study. Funds are also requested for project specific supplies and
expenses. Postage and reproduction costs are requested for printing and dissemination of
final reports.
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8. Current and Pending Support
8.1. Current Support
Sukkyung You (PI): is currently receiving university funding through her appointment as
a lecturer and researcher.
Russell Rumberger (Co-PI): receives, aside from his full-time University appointment,
two summer ninths as Director of UC LMRI (University of California Linguistic
Minority Research Institute) and .5 summer ninth from an IES-funded project.

8.2. Pending Support
This project is also being submitted to AERA (American Educational Research
Association) research grant. This support amounts to approximately .26 FTE for 12
months (4/1/07 – 3/30/08) from AERA for Dr. You and .5 of one summer ninth for Prof.
Rumberger.
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9. Facilities, Equipment, and other Resources
The proposed study will be conducted at the Department of Education, at the
University of California, Santa Barbara. This institution provides the computer and
library support needed to carry out the project.

