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ABSTRACT
Essays on the Economics of High School-to-College Transition Programs and Teacher
Effectiveness

Cecilia Speroni
This dissertation is comprised of three essays on the economics of high school-tocollege transition programs and teacher effectiveness. The first essay studies the two largest
credit-based transition programs in the United States: Advanced Placement and Dual Enrollment. While these programs are distinct, both of them allow students to earn college
credits while in high school. Using student-level statewide data from Florida, I examine the
relative power of these two programs for predicting students’ college access and success.
In the second essay, I gauge the causal effect of one of the programs, Dual Enrollment,
exploiting Florida’s eligibility requirements for participation. I conduct two regressiondiscontinuity analyses. The first analysis evaluates the effect of dual enrollment using a
general grade point average requirement for participation in any course. The second analysis measures the effect of one particular challenging and popular dual enrollment course,
college algebra, using an eligibility criterion that is specific to that course. While the standard regression-discontinuity methods are appropriate for the first analysis, the participation criterion for college algebra is used not only for dual enrollment but also for college
students. I therefore propose an extension of standard regression-discontinuity methods to
account for sequential treatments. My third essay, coauthored with Jonah Rockoff, considers ways in which policymakers can improve teacher accountability systems. Using data
from New York City public schools, we study the relative predictive power of value-added
performance data and subjective evaluations (made by mentors or hiring committees) on
teachers’ future performance as measured by students’ achievement gains.
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Preface
About one third of high school graduates do not go to college, and a third of those that do are
not academically prepared for college level work (National Center for Education Statistics
2003, 2004). Arguably, one of the most important transformations of high school education
over the last couple of decades is the rapid expansion of Advanced Placement (AP) and
Dual Enrollment (DE) programs. By allowing high school students to take college-level
courses and earn college credits, these programs are widely believed to raise the quality of
secondary education and improve students’ transition from high school to college. Today,
it is estimated that about 67% of all public high schools offer AP and 71% offer DE (Waits
et al. 2005). Yet, despite the growth and popularity of these programs, there is little to no
evidence on how these programs fare in terms of improving college access and success.
The scarcity of research in the area stems from two main difficulties: i) having data that
track students as they transition from high school to college, and ii) having a credible
source of random variation in participation to isolate the programs’ influence on students’
educational outcomes. The first two chapters of the dissertation address these empirical
challenges.
In Chapter 1, I use student-level longitudinal data from the state of Florida that links
high school and postsecondary transcript information for two cohorts of high school students. Controlling for schools’ and students’ characteristics (including prior achievement

ix

and schools’ fixed effects), I examine the relative power of AP and DE in predicting students’ college access and success. I find that both AP and DE are strongly associated with
positive outcomes, though participation across programs is not an equal predictor of students’ success. While DE students are more likely to go to college after high school, AP
students are more likely to first enroll in a four-year institution. Despite this disparity in
initial enrollment, the difference between DE and AP in terms of bachelor’s degree attainment is much smaller and not consistently statistically significant. Notably, the effect of
DE is driven by courses taken at the local community college campus, with no effect for
DE courses taken at the high school. From a policy perspective, these findings have potentially important implications. In light of current concerns about high schools’ ability to
deliver college-level instruction coupled with the lack of a standardized curriculum in DE
courses, the results may call for increased quality control for DE college credits earned at
high school campuses. Taken at face value, these results may also inform policies such as
high schools’ grade point average weighting or college admission rules designed to signal
or screen highly motivated and able students.
Assessing the impact of the programs is difficult because of the well-known problem
of selection bias. The selection problem is two-fold: not only students choose to take college course while in high school based on their academic ability, motivation, and expected
gains from participation, but districts or colleges are allowed to set their own admission
requirements to ensure the integrity of their academic programs. In Chapter 2, which was
my job market paper, I address the selection problem in DE participation by exploiting a
mandate in Florida that requires high school students to have a minimum academic standing in order to participate. I conduct two regression-discontinuity (RD) analyses using data
from a subset of Florida’s districts. The first analysis evaluates the effect of DE using
grade point average as the eligibility criterion. The second analysis evaluates the effect of
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a particularly challenging and popular DE course, college algebra, using an eligibility criterion that is specific to that course. While the standard regression-discontinuity methods
are appropriate for the first analysis, the participation criterion for college algebra is used
not only for DE but also for college students. Therefore, I extend regression-discontinuity
methods to account for sequential treatments. The “Sequential-RD” proposed provides a
framework that could potentially be applied to other empirical applications where the eligibility criterion is used for more than one treatment that occur with a temporal lag but
individuals only take one of the treatments. A special feature of the framework is that the
Standard-RD is as special case of the more general Sequential-RD when there is no second
treatment. I find no evidence that simply taking a DE course improved outcomes among
students whose high school GPA placed them at the margin of participation eligibility for
DE. However, for students on the margin of participation eligibility for college algebra, I
found that taking such a challenging DE course had large and significant positive effects
on college enrollment and graduation rates. Taken together, these findings suggest that
DE programs have the potential to improve college access and success but that the quality,
subject area, or difficulty of the DE experience might be important considerations when
assessing the value of DE programs as a policy intervention.
Chapter 3, coauthored with Jonah Rockoff, shifts the focus from schools’ instructional
programs to individual teacher accountability.1 A substantial body of evidence documents
that teachers do matter for student achievement and that, aside from experience, the qualifications used to pay and certify teachers have little predictive power in identifying effective
teachers. In the current era of increased accountability, improving teacher evaluation systems is warranted. We examine whether subjective evaluations can predict teacher’s ability
to raise students’ scores and, importantly, whether they add valuable information not captured by teacher’s previous value-added or objective measures of performance. We use
1 A shorter version of this essay was published in the American Economic Review, Papers and Proceedings, May 2010,
100:261-266 and a slightly revised version is forthcoming in Labour Economics.

xi

New York City’s (NYC) administrative panel data of public students (grades 3 to 8) and
two sources of teachers’ subjective evaluations: the Teaching Fellows program and the
NYC mentoring program. We find that teachers who receive better subjective evaluations
of teaching ability prior to hire or in their first year of teaching produce greater gains in
achievement, on average, with their future students. The predictive power of subjective
evaluation is comparable with and complementary to objective measures of teacher effectiveness, providing support for a hybrid teacher evaluation system that incorporates multiple measures of teacher performance. However, we also find that subjective evaluations
are not always comparable across individuals responsible for making the evaluations. This
highlights the importance of training raters on the implementation of the rating standards.
Despite current budgetary deficits, education remains a priority in the federal policy
agenda. President Obama’s plan of becoming the world’s leading nation with the highest proportion of college graduate by 2020 can only begin to be conceivable with radical
steps in the alignment of the high school and college education as well as in the recruiting, rewarding, and retaining of effective teachers. The essays in this dissertation hope to
contribute to the national debate on education reform by providing empirical evidence on
potentially promising strategies designed to ensure that students are ready for college and
classrooms get filled with a better-qualified teaching force.
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Chapter 1

Determinants of Students’ Success: The
Role of Advanced Placement and Dual
Enrollment Programs
[Advanced Placement is] the best for kids. ... How long are you going to wait to do the
right thing? I can’t wait. Every time we have another graduating class, and we haven’t
given them the courses they need to be prepared for [college], we haven’t done what we
needed to do. ... This isn’t a guinea pig deal. ... This is a way to really open up the
pathways for all students to be successful.
- Florida’s Hillsborough superintendent, MaryEllen Elia, after signing a 3.6-milliona-year 3-year partnership with the College Board (The EXCELerator program) to expand
Advanced Placement (Matus 2009).

1.1

Introduction

Advanced Placement (AP) and Dual Enrollment (DE) are two programs that allow high
school students to take college-level courses and earn college credits. The recent growth of
these programs has been unprecedented. While there are no national data on the number
of students taking AP courses, the number of AP exam-takers increased from 537,428 in
1995 to over 1.3 million in 2005 (College Board 2008). Over the same period, part-time
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enrollment under the age of 18 at public 2-year colleges
of DE students

2

presumably mostly comprised

more than doubled, while high school enrollment growth was only about

19 percent (National Center for Education Statistics [NCES] 1998, 2006, 2008). Today,
it is estimated that about 67 percent of all public high schools offer AP and 71 percent
offer DE (Waits et al. 2005). Yet, despite the fact that AP and DE are the two largest
acceleration programs in the nation, there is little evidence on how the programs fare in
terms of increasing college access and success.
AP programs differ from DE programs in a number of ways. An important distinction
concerns the curriculum they employ. DE students take a course with an actual college
syllabus and receive college credit when they pass it. AP courses are taught using a standardized curriculum intended to be college level and students can receive college credit
only by taking an optional exam. While AP and DE programs can be regarded as close
substitutes, there is disagreement over whether they provide equivalent college preparatory
experiences. Proponents of AP programs argue that AP is more beneficial to students than
DE because it provides smaller class sizes than college courses, more class hours, continual
monitoring of progress, and a standardized curriculum that serves as a benchmark for the
quality of the course. Conversely, proponents of DE argue that DE courses are real college
courses (rather than college-level courses) and therefore may better prepare students for
college by exposing them to a more authentic college experience. Based on these different
perceptions, and given the lack of empirical evidence directly comparing both programs,
educators and policymakers often have strong feelings about which program “is the best for
kids” or the “right thing to do”, as illustrated by the quotes above. Thus, it is not uncommon
for state or local policies to treat these programs differently. Notably, many districts and
universities assign more weight to AP than DE courses when calculating students’ GPA to
determine high school class ranks or college admissions and course placements.
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While both programs were initially limited to academically advanced students, they are
increasingly serving a wider student population, including middle- and even low-achieving
students. Several states now subsidize AP exam fees for low-income students or have
AP-incentive programs specifically targeted to schools predominantly serving minorities
or low-income students. In addition, private-led initiatives, such as the Bill and Melinda
Gates Foundation’s Early College Initiative, are increasingly funding DE programs in highpoverty areas. Despite concerted efforts to increase participation among traditionally underrepresented students, the distributional consequences of participation remain largely unexplored.
This paper investigates the extent to which participation in AP and DE programs is
associated with students’ likelihood of enrolling in college, first enrolling in a four-year
college, and obtaining a bachelor’ degree. In addition, it assesses whether the relative
predictive power of these programs depends on students’ minority status and academic
ability. In order to compare the programs fairly, I focus on DE academic (not vocational)
course participation, which counts toward college degree requirements, and on AP course
participation (not AP exam taking) since not all AP students take the AP exams.
The main challenge to isolate the effect of the programs is that it is likely that AP and
DE students are highly motivated and, therefore, would have better outcomes than nonAP/DE students in the absence of participation. In addition, students often choose which
of these two programs to take and schools may have different eligibility criteria for enrollment in each program. I address these selection problems in two ways. First, I use
a detailed administrative dataset to control for a large set of individual background characteristics—inlcuding pre-participation standardized scores in reading and math, and for
schools’ fixed effects. Second, I exploit differences in the regional supply of DE and AP
programs to assess the sensitivity of the results to situations where students are faced with
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contraint choices: a) schools where no AP is offered, and b) AP- and DE-dominant districts where there is empirical evidence that one program is strictly preferred. While these
approaches cannot fully circumvent the selection problem, taken together they provide a
careful attempt to understand how AP and DE relate to students’ college outcomes.
Using data from two cohorts of all public high school students in Florida, I find that
both AP and DE course-taking bear a significant relationship with students’ likelihood of
college enrollment after high school, enrollment in four-year institutions, and attainment
of a bachelor’s degree. However, participation across programs is not an equal predictor of
students’ success. While DE students enroll in college at a higher rate than observationally
similar AP students, they enroll in four-year institutions at a lower rate. Having DE credits
is associated with a 12 and 7 percentage point increase in the rate of college enrollment and
of four-year college enrollment, respectively, relative to having no DE/AP credits. This
compares with a 6 and 18 percentage point increase in these same rates associated with
having AP credits. Importantly, this large difference in students’ initial enrollment in fouryear colleges does not translate into bachelor’s degree attainment, where the AP advantage
over DE is at most 4 percentage points and not consistently statistically significant. For all
outcomes, students who combine both DE and AP courses fare better than those who only
participate in one programs, suggesting important complementarities between the them.
Notably, the effect of DE only comes from courses taken at the local community college
campus, with no effect for DE courses taken at the high school.
The DE-AP college enrollment gap, while negligible for students with very low ability,
is fairly constant for students along most of the ability distribution. Instead, the relative
advantage of AP students in four-year enrollment is increasing on students’ ability, with
high-ability students with AP credits getting an extra edge in college admissions relative to
those with DE credits. Last, I find no evidence that the predictive power of the programs
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differs for minorities and non-minorities in terms of college enrollment or degree attainment. However, AP non-minority students are more likely to enroll in four-year colleges
than their AP minority counterparts.
The paper is organized as follows. I first provide a brief summary of the prior literature
and describe the AP and DE programs in Florida. In Section 4 and 5, I present the data and
portrait AP and DE participants. In Section 6 and 7, I explain the methodological approach
and present the results. I conclude the paper in Section 8.

1.2

Prior Literature

A substantial body of the AP literature focuses on students who take and/or pass an AP
exam and not on students who take an AP course. This focus provides a limited view
of the impact of AP since a large fraction of AP course-takers do not take AP examinations (Commission on the Future of the Advanced Placement program 2001). A few recent
studies have contributed to our understanding of the effect of simply taking an AP course,
controlling for a wide range of students’ characteristics and/or other rigorous high school
curriculum (Geiser and Santelices 2004; Dougherty et al. 2005; Klopfenstein and Thomas
2006). This non-experimental evidence suggests that both taking AP courses and passing
AP exams are associated with college success, though when carefully controlling for students’ preparation, the effects of just passing an AP course tend to be small in magnitude,
often insignificant or limited to selected AP subject areas.
Jackson (2009, 2010) provides the only quasi-experimental evidence on the causal impact of AP. Using a difference-in-difference estimation strategy, the author exploits Texas’
variation in the timing of schools’ implementation of AP cash incentives that reward students and teachers for good performance on AP exams. Despite the fact that AP incentives
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do not have an effect on high school graduation rates or the number of students taking college placement tests, incentives are found to significantly improve performance on college
placement tests and increase college enrollment. Incentives also positively affected college
GPA, retention, and minority students’ college graduation. While these findings provide
credible causal evidence on AP, it remains unclear whether the benefits might extend to
regular non-incentivized AP programs.
A number of studies have documented the impact of DE programs while controlling for
characteristics that are likely correlated with both participation and students’ outcomes. DE
participation has been found to be positively associated with nearly every educational outcome studied (e.g., Kim 2006; Karp et al. 2007; Swanson 2008). While the studies control
for many relevant potential confounders, there is still the concern that DE students might
be different from non-DE students in ways not captured by administrative data. Speroni
(Chapter 2 of this dissertation) provides the first quasi-experimental attempt to study the
impact of DE programs. She uses a regression-discontinuity design that exploits plausible
exogenous variation in DE participation generated by a Florida statute that requires high
school students to have a minimum academic standing in order to participate. Results suggest that simply taking a DE course does not have significant impact on college access or
success. However, taking one rigorous DE college course

college algebra

has sizeable

effects on college enrollment and degree attainment.
The empirical evidence directly comparing AP and DE is remarkably scarce. The few
studies that compare both groups provide inconclusive evidence at best. Hargrove et al.
(2008) find that AP course-takers have a statistically significant advantage compared with
DE students in terms of college GPA and credits earned, though the difference between
the two is small in magnitude. Other studies find that DE course-takers have a higher
probability of being retained in college or obtaining a bachelor’s degree than AP coursetakers (Emiers and Mullen 2003; O’Brien and Nelson 2004). While suggestive, none of the
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studies provide compelling evidence of the superiority of one program over the other given
the lack of sufficient control variables in their analyses and, as pointed by Jackson (2009),
given the likely bias incurred by looking at college outcomes for only college attendees.
Furthermore, there is still a limited understanding in this literature of the types of students
that these programs serve.
This study contributes to this strand of literature by providing a thorough descriptive
analysis of students who choose AP, DE, or both, using data from the entire state of Florida.
Owing to the richness of the data, I am able to control for a large set of high school preAP/DE measures of students’ abilities and other characteristics. In addition, I use the full
cohort of high school students as the target population of these programs, thus avoiding the
particular sample selection bias mentioned before. Like Jackson’s research (2009, 2010),
the data come from a state that provides cash incentives for AP exam performance and
results might not generalize to AP programs more broadly.

1.3

Advanced Placement and Dual Enrollment Programs in Florida

AP, a long-established program sponsored by the College Board, and DE, a more recent
grassroots program involving close interaction between the high school and college, constitute the two largest acceleration mechanisms in Florida.1 The “acceleration” designation
describes a core characteristic of the programs: They allow students to accrue collegecredits while still in high school. While AP courses were offered in 55 districts in 2001
(around the period studied in this paper), all 67 districts in Florida had an agreement with
the local community college to offer DE.
1 Other acceleration programs include the International Baccalaureate (IB), the Advanced International Certificate of
Education (AICE), and the Credit by Examination Program (CLEP).
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Program Component Differences. Despite the fact that AP and DE can be conceptually
regarded as close high school substitutes for earning college credits, the programs differ in
a number of ways. Table 1.1 provides a comparison of the programs in Florida. As opposed
to AP, DE students take an actual college course with a college syllabus and immediately
receive the college credit when they successfully meet the requirements of the course without taking an additional standardized end-of-course exam. DE students in Florida are also
granted a high school credit that counts towards the requirements for graduation: a type
of DE arrangement called “Dual Credit.” DE in Florida is almost exclusively sponsored by
the local two-year community college and the courses can be taken at the high school campus (depending on availability) or directly at the college campus. Regardless of location,
all DE courses are taught by teachers who meet the certification requirements, based on
accreditation standards, of a college faculty member.
AP courses are different from DE courses in that they are high school courses that
follow a standardized curriculum intended to be college level and are taught by a regular
high school teacher who might have received non-mandatory College Board training. In
order to get the college credits for the course, AP students are required to take an optional
exam (administered once a year by the College Board), and postsecondary institutions have
the discretion to set their own policies for granting college credits or advanced placement
into higher level courses. Most commonly, students with a score of 3 in a 5-point scale
exam are given college credit.
DE students have a broader scope of curricular options than AP students. With the
exception of physical education and remedial (pre-college) courses, which are excluded
from Florida’s DE program, students can take any course in the college catalog provided
they meet the course prerequisites. Conversely, the AP program offers about 30 courses
in selected subject areas, with school-level offering varying considerably across schools.
A common criticism of DE is the lack of a uniform quality standard across colleges (e.g.,

Table 1.1: Advanced Placement and Dual Enrollment Program Comparison in Florida
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Johnstone and Del Genio 2001). Concern about quality is not unique to DE, however
(e.g., Klopfenstein 2004). Despite having an standardized curriculum, policymakers have
questioned AP course quality given the generally low pass rate on AP exams and anecdotal
evidence of schools’ designating regular honor courses as “AP” to signal better instruction.2
Unlike AP, the requirements for participation in DE are set forth by the Florida state. To
be eligible for DE, students are required to have a minimum 3.0 un-weighted high school
GPA and to pass the College Placement Test (CPT). While all students need to take the CPT
for enrollment, common practice is to require students to pass the math (English) section of
the CPT for enrollment in math (English) courses, just as it is required for regular community college students. Instead, districts are allowed to set their own eligibility requirement
for participation in AP.
While traditionally AP courses have received more weight than DE courses in GPA calculations, beginning in 2006, Florida’s districts and colleges are required by law to weight
AP and DE the same. The current high school accountability system also incorporates both
programs, though only AP exam (and not AP course) take-up and performance is rewarded.
It is important to note that these two legislative mandates were not in effect for the 2000
and 2001 cohort analyzed in this study. Florida offers a fully funded AP and DE program
where the state pays for tuition; books; and, in the case of AP, exam fees for all students. In
addition, Florida has a generous AP performance-based incentive program where districts
and teachers receive financial bonus for each student scoring 3 or higher on an AP exam.
Program Cost Differences per College Credit Earned. Despite Florida’s DE “doubledipping” funding formula, which pays both the high school and the college for each student,
DE has proven to be a cost-saving strategy for the state. As any other acceleration mechanism, DE saves tax payers money by reducing the number of courses and time it takes for
2 To address AP quality concerns, the College Board is currently conducting an audit, though results from the audit are

not yet available. In 1999, the National Alliance of Concurrent Enrollment Partnerships (NACEP) was created to serve
as a national accrediting organism for DE programs. However, none of Florida’s colleges are member of NACEP.

CHAPTER 1. ADVANCED PLACEMENT AND DUAL ENROLLMENT

11

a student to get a postsecondary degree. But DE is more cost effective than AP because
of the following: (a) the rate at which students accumulate college credits is considerably
higher in DE than in AP (Office of Program Policy Analysis and Government Accountability [OPPAGA] 2006a), (b) DE courses are almost exclusively offered by the relatively
low-cost local community college, and (c) AP has an additional performance-based incentive funding (OPPAGA 2006b). A recent report from the Florida legislature concludes that:
“The incentive funding paid for each credit hour earned by passing an AP exam cost nearly
twice what it would have cost for students to earn the same credits by passing the course at
a Florida community college or university” (OPPAGA 2006a, p. 4).

1.4

Data

I use detailed student-level administrative records obtained from the Florida Department of
Education which include all public school students in the 2000-01 and 2001-02 high school
graduating cohort: a total of 229, 828 students. The dataset contains transcript information
on all the courses taken in both high school and college (up to 2006), with a unique identifier
for AP and DE courses, as well as the location where the DE was taught (high school or
college campus). The data also include demographic characteristics such as age, gender,
race/ethnicity, English language proficiency, and free lunch eligibility, as well as 8th and
10th grade state standardized test scores (FCAT) and college degree attainment. In addition,
I complement Florida state records with National Student Clearinghouse data, which track
postsecondary enrollment of students at out-of-state colleges or private institutions. An
important limitation of this dataset is that the National Student Clearinghouse records only
cover college enrollment and do not indicate degree attainment for students who enroll in
a private or out-of-Florida college. Insofar as AP or DE students are systematically more
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likely to enroll outside Florida’s public system, the estimates of a program on attainment
of a bachelor’s degree would be downward biased. Last, districts characteristics such as
median-income and urbanicity are obtained from the 2000 Common Core Data and Census.

1.5

Profile of Advanced Placement and Dual Enrollment Students

Student Similarities and Differences. Table 1.2 shows students’ descriptive statistics by
program participation. I focus on participation in the 11th or 12th grade, when most of
students participate in acceleration programs.3 Students labeled on the table as DE(AP)
only participate exclusively in one program whereas DE & AP students combine both type
of courses. For comparison purposes, the table also depicts students who do not participate
in any acceleration program. AP is the largest acceleration mechanism in Florida, with
almost 19 percent of the students participating, followed by DE with about 13 percent.
Most of acceleration students only participate in one of the programs; less than 6 percent
of the students combine both an AP and a DE experience.4
While the gender composition of DE and AP participants is similar, the AP program
serves almost twice the proportion of black and Hispanics than DE (36 percent versus 19
percent), reflecting AP program’s concerted efforts over the last decades to reach traditionally underrepresented minority students (Klopfenstein 2004). Both programs attract
students from a similar socioeconomic background (proxied by free or reduced price lunch
eligibility), though students who choose to participate in both AP and DE are relatively
more affluent.
3 AP/DE course participation exclusively before the 11th grade is very rare:

less than 4 percent of the AP/DE students.
statistics exclude a small share of students who combine AP/DE with IB courses. The corresponding statistics
including IB students are: 20.5 percent AP, 13.8 percent DE, and 6.0 percent for AP and DE.
4 These
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There is systematic sorting of students into AP and DE by academic ability. Specifically,
AP-only participants have substantially better academic preparation than their DE counterparts, as measured by their 10th grade scores on Florida’s standardized exam (FCAT),
though students who combine both programs are among the most able. AP students have,
on average, scores 9 and 10 points higher in reading and math, respectively; roughly a 0.3
standard deviation gap in academic background. Residuals from a school-level fixed effect
regression on the scores (normalized at the grade-cohort level), indicate that AP and DE
students’ differences in ability do not purely reflect sorting of students into schools with
different course offerings, but also a persistent sorting of students within schools. Interestingly, the AP-DE achievement gap using the 10th grade cumulative GPA is small and
not consistent with that reflected by the FCAT scores, highlighting the importance of using
standardized measures for making comparisons.
Most DE students have a DE experience that combines courses taken at the high school
and at the college campus (58 percent) or take DE exclusively at the college campus (37
percent); only 5 percent of the students take DE only at the high school. To the extent that
part of the returns to DE comes from familirizing students with college life or exposing
them to college peers, at equal quality of instruction at different locations, DE courses
taken at the college campus would be preferred.
With the exception of college enrollment and early college persistence, where both DE
and AP students have a similar rate, mean college outcomes across programs correlate
closely with measures of academic performance prior to participation. AP-only students
have a relative advantage in terms of four-year college enrollment and bachelor’s degree attainment, and have a higher GPA in college than DE-only students, but students combining
both AP and DE take the lead.
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Figure 1.1: Statewide Participation in Advanced Courses by 10th grade Score

Participation by Academic Ability and Districts’ Preferences. Figure 1.1 provides a visual description of statewide participation in advanced courses (AP, DE, International Baccalaurete [IB], and Honors) as a function of 10th grade score percentiles (calculated based
on the average math and reading FCAT scores). As expected, participation across advanced
high school courses monotonically increases with students’ academic ability. While participation in AP and DE remains relatively low among students below the state’s median,
it increases rapidly for higher level achievers. Instead, students of all ability levels have
access to Honors courses—advanced courses that are not college level. Participation in IB,
an alternative acceleration program, is very low (only 2.5 percent of students statewide)
and restricted to students at the very top of the academic distribution.
While both AP and DE programs are available in most Florida school districts, there
is considerable difference in students’ program choice across districts. To illustrate this,
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Figure 1.2 plots AP and DE participation in “DE-dominant” and “AP-dominant” districts.
I define a district as AP(DE)-dominant if the participation rate in one program exceeds that
of the other program by at least 40 percentage points among students in the top quartile of
the state FCAT score distribution (Appendix Table 1.6 shows the participation rate for all
districts). As shown in the top panel, students’ choices of AP versus DE in DE-dominant
districts are the mirror opposite of those in AP-dominant districts. These diverse experiences among students of similar academic ability across districts are largely explained by
differences in student composition. The bottom panel displays residuals from participation
regressions that control for a rich set of characteristics known to be correlated with programs’ choice (variables listed in figure’s note). Notably, while most of the variation in
participation across AP- and DE-dominant districts is explained by the characteristics of
the students they serve and districts’ enrollment there is still some unexplained variation in
participation, particularly among students in top quartile of the academic ability. This variation provides suggestive evidence of districts’ preferences to favor one program instead of
the other.

1.6

Methodological Approach

To measure the relative predictive effect of AP versus DE, I follow a regression specification of the form:

Yis = α + γAPis + θ DEis + δ APis ∗ DEis + β Xis + εis

(1.1)

where i is the student in school s, AP/DE/AP ∗ DE are indicators whether the student
takes an AP course, DE, or both in the junior or senior high school year, Xis is a vector
of covariates including students’ gender, race, free/reduced price lunch status, cohort year,
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8th and 10th grade standardized scores, 10th grade GPA, high school and districts demographics, and ε is is an idiosyncratic error term. In order to account for an obvious potential
confounding factor, students’ endogenous sorting across schools, an additional specification includes high school fixed effects.5,6 I formally test whether the coefficients for AP and
DE are statistically different. The basic specification in equation (1.1) is extended to assess
whether the returns to DE vary depending on the course location by interacting the participation dummy with an indicator for whether students have a DE experience at the college
campus, at the high school campus, and an interaction term for both locations. Standard
errors allow for clustering at the district-level and are robust to heteroskedasticity.
Even after controlling for a rich set of covariates and measures of academic preparation
prior to participation, there is still the concern that unobserved differences between AP
and DE students within the same school may be driving the results. After all, the determinants of students’ program choice are largely unknown, schools’ might have participation
criteria systematically more selective for one program than the other, or counselors might
endogenously encourage participation in a particular program based on perceived differences among their students.
In an attempt to alleviate concerns about omitted variable bias, I provide a second set
of analyses that exploit schools’ variation in the supply of the programs. In the spirit of
5 FCAT

8th grade exam was first administered for the 2001 cohort. Regressions set missing scores to zero for the
2000 cohort and include a dummy for missing values. One particular AP course type, AP Studio Art portfolios, does
not necessarily involve actual instruction time. Students get the credits by submitting art projects at the end of the year
following detailed guidelines. Since only 1.2 percent of AP students would only take this type of AP course, I include
them in the analysis. Admittedly, there is likely important heterogeneity in the returns to different courses within each
program (e.g., Klopfenstein and Thomas 2009, Speroni in Chapter 2 of this dissertation). However, disaggregating the
analysis by course subject area is challenging in a non-experimental setting due the multicollinearity problem that arises
because most students take multiple acceleration courses (Camara and Michaelides 2005).
6 While the dichotomous nature of the outcomes calls for a logit or probit model, nonlinear models with fixed effects
suffer from the incidental parameters problem (see Greene 2003, p. 697, for an econometric discussion of the problem). A
particular type of nonlinear model, the conditional logit, can accommodate fixed effects but requires making assumptions
about the magnitude of the fixed effects to calculate the marginal effects of interest. For consistency, I report ordinary
least squares estimates for all models, though logit estimates for models without high school fixed effects (available
upon request) indicate programs’ differences of comparable magnitude—within 0.1 to 2 percentage point difference in
college-going and bachelor’s degree attainment and about 5 percentage point smaller difference in four-year enrollment.
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Rosenbaum (1987), I utilize the fact that a student may be a control group either because
the program was not offered or because it was offered but declined. For example, not all
schools offer the AP program or strongly promote participation, and those that do only a
small share of students elect to participate. Thus, these two groups of students provide
two natural control groups that can be used to assess whether the model proposed in specification (1.1) sufficiently captures selection into the programs or, in Rosenbaum’s terms,
whether selection into the treatment is ignorable conditional on the vector Xis .
I implement Rosenbaum’s idea in two separate analyses. In the first analysis, I assess
the impact of DE in situations where students have no choice of AP by estimating equation
(1.1) in the subsample of schools where no student takes any AP course.7 Even in situations
where students have access to both programs, as shown in Section 5, AP- and DE-dominant
districts might favor one program at the expense of the other, effectively limiting the choice
set of high-ability students. The second analysis takes advantage of these potentially idiosyncratic preferences by comparing outcomes of ‘high-ability’ students (top quartile of
the 10th grade FCAT score distribution) versus ‘medium-to-low-ability’ in an AP-dominant
versus DE-dominant district (districts identified in Section 5). While high-ability students
might be different than the rest and AP-dominant districts might be different than DEdominant, this difference-in-difference framework assumes that high-ability students (i.e.,
potential AP/DE takers) are not different across districts conditional on all the characteristics included in the model. Using data from the subsample of districts where one program
strictly dominates the other, the comparison is given by the coefficient on the interaction
term in the following regression:

Yisd = α + θ HAisd + γHAisd ∗ AP− dominantsd + ∑ πd Ddis + β Xisd + εisd

(1.2)

d
7 The parallel analysis for measuring the effect of AP is not feasible since all districts and virtually every school have
DE students.
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where HA is an indicator that student i in school s in district d is a high-ability student,
HAisd ∗ AP− dominantsd is the interaction term between high-ability and an AP-dominant
dummy, and Dd is an indicator for whether the student i attends a school s located in district
d.8 Since not all high-ability students participate in an acceleration program and if they do,
not all participate in the district “favored” program, this analysis provides an intent-totreat effect of pushing one program. Even though these point estimates are not directly
comparable with the other models, consistency with statewide analyses using specification
(1.1) provides some robustness that the covariates in the models are caputring students’
selection into the program relatively well.
It is important to emphasize that, to the extent that students’ participation is driven by
unobserved factors, the result would only speak to the predictive power of participation and
cannot be interpreted as causal estimates of the program. Exploiting variation in participation in scenarios of constraint choice provides an exercise to advance our understanding of
the potential impact of these programs but does not represent a quasi-experimental analytical exercise.9
Heterogeneity of the Effect by Students’ Minority Status and Ability. In order to gauge
whether the predictive effect of the programs vary by students’ subgroups, I estimate (1.1)
separately for minority (black and Hispanic) and non-minority students. Last, to examine
whether the relative effectiveness of AP and DE programs varies with respect to students’
academic preparation, I classify students by their pre-participation test score quartile (and
decile) using the 10th grade FCAT average math and reading score. I then estimate a version
of (1.1) in which AP and DE is interacted with quartiles (and deciles) dummies of students’
initial ability. For simplicity, I omit the DE*AP interaction term.
8 Using

district fixed effects is virtually analogous to including a dummy for AP-dominant district.
college’s location was determined long before the advent of (and for reasons unrelated to) DE programs, and
students in Florida are only allowed to take the program sponsored by the local community college, high school’s distance
from the college might provide, in theory, a source of plausible exogenous inducement to participation. Unfortunately,
distance to college does not strongly predict DE participation in these data and an instrumental variable approach is not
feasible.
9 Since
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A Methodological Consideration for the Effect on Bachelor’s Degree Attainment. Ideally, we would be interested in measuring the effect of AP/DE on students’ probability of
going to college and then, conditional on college attendance, the effect of the programs
on the probability of finishing college. However, to the extent that AP/DE has an effect
on college-going, disentangling both effects is methodologically challenging even in a randomized setting. For a randomized study to uncover the causal effect of AP/DE on college
success once in college (i.e., conditional on college access) it would have to be the case
that all students (both randomized in and out of each program in high school) are forced
to go to college

an experiment practically unfeasible. To avoid the sample selection bias

derived from looking at college outcomes for only college attendees, when measuring the
effect of AP/DE on bachelor’s degree attainment I consider the entire sample of high school
students in the analyses and use a zero for students who do not go to college. This effect
should be interpreted as an overall effect of the programs that captures both changes in the
composition of college goers as well as improvements in college readiness conditional on
college-going.

1.7
1.7.1

Estimation Results
Predictive Effect of Advanced Placement and Dual Enrollment on College Outcomes

Table 1.3 presents the main regression results. The first column of each outcome shows the
results controlling for the full set of covariates; the second column adds school fixed effects,
and the third column breaks down the effect of DE by location of the course (high school or
college). The remaining columns present the analyses using different sample restrictions.
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Overall, there is significant positive relationship between both AP and DE participation and
students’ likelihood of enrolling in college after high school, first enrolling in a four-year
institution, and obtaining a bachelor’s degree. There are, however, apparent differences in
outcomes between students with AP credits and those with DE credits when compared to
those with no AP or DE credits.
After controlling for students’ and schools’ characteristics, including preexisting measures of academic ability, DE students are more likely than AP students to go to college,
but are less likely to enroll in a four-year college. Adding high school fixed effects to
account for endogenous migrations (such as families with high value for education moving to areas with a strong program) do not materially change the point estimates. In both
outcomes, I reject the hypothesis that the coefficients on AP and DE are the same. The
programs differ by about 6 percentage points for college enrollment and almost double, 12
percentage points, for four-year enrollment (columns 1 and 6). Naturally, these differences
between the programs might reflect a tendency of students who have already decided to
go to college or to a two-year college to prefer DE as well as status quo ante admission
practices in selective four-year colleges to favor AP students. The results on bachelor’s
degree attainment mirror that of four-year enrollment with a relative advantage of the AP
program, though the AP-DE gap is considerably smaller (ranging from 0. 2 to 4 percentage
points depending on specification, columns 11 through 13) and only statistically significant when dropping students for whom degree attainment is missing due to out-of-state or
private college enrollment.
Since both AP and DE main effects are included in the model, a negative coefficient for
the interaction term does not imply that combining both programs lowers the likelihood of
college access or success. Rather, results indicate that taking both AP and DE is associated
with better outcomes than taking solely one of the programs, but the magnitude is smaller

Table 1.3: Regression of Students’ Outcomes on Dual Enrollment and Advanced Placement Participation
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than the sum of the individual program effects (particularly in college enrollment and enrollment type). This group of students is mostly composed of those who exhaust the AP
courses available at the high school and turn to DE for even higher level courses offered at
the college.
Dual Enrollment Effect by Location of Course. Interestingly, DE students who take
DE exclusively at the local high school perform no differently from high school students
who do not participate in either AP or DE (columns 3, 8, and 14). In addition, students
who combine DE courses at both high school and college locations appear to derive no
benefit from those courses taken at the high school (i.e., point estimates on both DE in the
high school and DE in both locations are small and statistically insignificant across all outcomes). This correlation is consistent with lower quality of DE high school courses (which
are often taught by a high school teacher) and with important returns to giving students a
first-hand experience of the college environment, expectations, and peers. While I cannot
rule out endogenous selection of students into different locations, with highly motivated or
unobservable “better” students choosing a DE experience directly at the college campus,
the regressions control for a rich set of student characteristics.
Sensitivity Analyses Exploiting Constraints in Program Supply. In order to assess the
robustness of the results, I complement the statewide analyses with a second estimation
strategy that exploits regional differences in programs’ offerings to measure the effect in
situations where students do not have much choice of program

either because the pro-

gram is not offered or not popular. Results from this exercise are broadly consistent with
the more precise estimates constructed using the larger sample, supporting the notion that
much of the selection into the programs is being captured by the covariates included the
model. Across outcomes, the point estimates for DE-taking in schools where no AP is offered are very similar to those estimated using all schools, and highly significant despite the
reduction in sample size. The last columns for each outcome in Table 1.3 show the results
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using specification (1.2) on the subsample of AP- and DE-dominant districts. High-ability
students in a district where the most popular program is AP (i.e., AP-dominant), enroll
in college at a lower rate than high-ability students in a DE-dominant district (column 5)
but are more likely to enroll in a four-year institution (column 10). Also consistent with
statewide results, the effect of encouraging AP among high-ability students on bachelor’s
degree attainment is very small (0.008) and not significant compared to encouraging DE
(column 16). Even though this approach ameliorate concerns about students self-selecting
into one program as opposed to the other, it still assumes that schools’ encouragement of
one particular program is exogenous (of their students characteristics), that the effect of
program does not vary across districts, and that students do not sort themselves in different
schools. Thus, results speak of a correlation which does not necessarily imply causation.

1.7.2

Effect Heterogeneity

Effect by Minority Status. Table 1.4 investigates the extent to which the relative predictive effectiveness of an AP and DE experience depends on students’ minority status
(black/Hispanic versus other ethnicities). For reference, the first columns for each outcome
restate the main results in Table 1.3 columns 1, 6, and 11. Results indicate that AP and
DE minority students are equally likely to go to college than observationally similar nonminority students

point estimates for both subgroups are virtually identical (columns 2

and 3). In contrast, non-minority AP students are almost twice as likely to enroll in a fouryear institution than AP minorities (about a 10-percentage point difference in rate, columns
5 and 6), suggesting that AP, by itself, is not enough to close the ethnicity gap in college
aspirations, applications, or admissions. These large differences by minority status in AP
students’ likelihood of enrolling in a four-year college do not translate to bachelor’s degree
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attainment: The ethnicity gap in bachelor’s degree is less than 4 percentage points compared to a 10 percentage point gap in four-year enrollment. Minority AP students, despite
being disproportionally more likely to initially enroll at a community college, are able to
transfer up to a four-year college and graduate with a bachelor’s degree at higher rates than
minorities who do not participate in any acceleration program.
Effect by Students’ Ability. Table 1.5 assesses non-linearities in the AP and DE programs impact with respect to students’ quartile of initial ability. Figure 1.3 displays a more
nuanced analysis by students’ decile. Both sets of results indicate important heterogeneity
in the impact of the programs on college enrollment and enrollment type though not in
bachelor’s degree. AP and DE participants at the bottom of the ability distribution (quartile 1 in Table 1.5 and decile 1 and 2 in Figure 1.3) are equally likely to enroll in college.
However, middle- to high-ability DE participants are significantly more likely to do it, with
a DE-AP gap fairly stable at around 6 percentage points. In terms of four-year enrollment,
the AP effect increases with ability while the DE effect remains constant. The difference
between the two programs is small and statistically insignificant for students at the lower
levels of ability, but becomes large and significant for above-median students. In other
words, students who were academically successful prior to participation drive the advantage of AP relative to DE in four-year enrollment. Lastly, I cannot reject the hypothesis that
the difference between AP and DE in students’ likelihood of obtaining a bachelor’s degree
is statistically significantly different from zero at conventional levels along the distribution
of ability.

Table 1.4: Heterogeneity of Dual Enrollment and Advanced Placement Effect by Students’ Minority Status
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Table 1.5: Heterogeneity of Dual Enrollment and Advanced Placement Effect by Quartiles of Students’ Prior Scores
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Figure 1.3: Heterogeneity of the Effect of Advanced Placement and Dual Enrollment by Students’
Ability
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Conclusion

I use Florida’s statewide data for two cohorts of high school students to assess the relative power of Advanced Placement (AP) and Dual Enrollment (DE) course experiences
for predicting students’ success. Basing identification on statistical controls for previous
achievement and schools and family background, I find that both AP and DE are strongly
associated with college access and success, though important differences across programs
exist. While DE students are, on average, more likely to go to college after high school, AP
students are more likely to first enroll in a four-year institution. Despite this difference in
initial enrollment, the difference between DE and AP in terms of bachelor’s degree attainment is much smaller and even not statistically significant for some specifications. Taken
together, these results suggest a relative underrepresentation of DE students at four-year
colleges that has important implications for college admission practices that are unduly
influenced by AP participation, and for policies addressing factors other than academic
readiness that affect DE students’ ability-college undermatch.
While DE participation is associated with positive outcomes, the effect is seen only in
students who take DE courses at the community college; DE participation has no effect
for students who take courses at the high school. In light of current concerns about high
schools’ ability to deliver college-level instruction and the lack of standardized curriculum
in DE courses, the results may call for increased quality control for DE college credits
earned at high school campuses.
AP and DE programs have become a prominent feature of the high school education
system and their growth is expected to continue. AP participation is increasingly being
used by selective colleges for screening highly motivated and able students in their admission process (Breland et al. 2002). Amidst budgetary deficits, state governments are
turning to these programs as a mean of shortening the time and decreasing the number
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of credits needed for students to get through the education pipeline. At the same time,
there is a growing perception that both programs are effective interventions for improving
educational outcomes not only for high-ability students but also for middle- to even lowachievers. As these programs continue to expand, it is important to increase our knowledge
about which students choose to participate in each program, how their choice affects their
educational prospects, and whether high-stake policies that treat these programs differently
are justified.

1.9

Appendix
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Chapter 2

High School Dual Enrollment Programs:
Are We Fast-Tracking Students Too
Fast?

2.1

Introduction

Roughly one third of high school graduates do not enroll in postsecondary institutions,
and a third of those that do are required to first take remedial education to prepare them
for college level work (National Center for Education Statistics [NCES] 2003, 2004). One
program designed to address these problems is Dual Enrollment (hereafter DE), an arrangement by which high school students (typically juniors and seniors) enroll in college courses
and earn college credits. DE is based on the notion that participation would promote college
enrollment and completion by giving students a stronger preparation and a realistic idea of
college academics. However, fast-tracking students through the educational system could
potentially discourage students, particularly those academically or emotionally not ready to
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handle college demands, or might simply not have an effect if it only serves college-bound
students.
While there are no nationwide statistics on the growth of DE programs, two recent
reports by the NCES estimate that about 5% of all high school students (nearly a million
students) took a college course during the 2002-03 school year (Kleiner and Lewis 2003),
and about 71% of all public high schools offer DE programs (Waits et al. 2005).1 In this
paper I analyze data from Florida, where about 14% of high school students take at least
one college course via DE.2
Despite the prevalence of DE programs, there is little quantitative evidence of their
effectiveness. Two extensive reviews of the literature (Bailey and Karp 2003; Lerner and
Brand 2006) conclude that there is no sound evidence showing that DE programs contribute
to students’ college access and academic success. Assessing the impact of DE is difficult
because of the well-known problem of selection bias. The selection problem is two-fold:
students choose to take college courses while in high school based on their academic ability,
motivation, and expected gains from participation, and colleges are allowed to set their own
admission requirements to ensure the integrity of their academic programs. In addition,
students who have already decided to go to college would likely consider DE an attractive
head start, causing a spurious correlation between participation and outcomes.
In an effort to statistically control for students’ differences, a handful of studies employ
a regression framework, though the availability and quality of the data used vary considerably (e.g., Crook 1990; Goodman et al. 2001; Nitzke 2002; Eimers and Mullen 2003; Kim
2006; Karp et al. 2007; Swanson 2008).3 DE participation has been found to be strongly
1 Part-time

enrollment growth under the age of 18 at public 2-year colleges presumably mostly comprised of DE
students could be taken as evidence of a rapid expansion. Between 1995 and 2005, the number of these students more
than doubled (NCES 1998, 2006), while high school enrollment growth was only about 19% over the same time period
(NCES 2008).
2 DE is the second largest high school acceleration program after Advanced Placement. About 20% of Florida students
take an Advanced Placement course.
3 Abstracting from the potential failure to properly account for the selection problem, the DE literature suffers from two
additional shortcomings— both highlighted by Jackson (2009) in the literature on Advanced Placement. First, all studies
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positively associated with nearly every educational outcome studied. For example, Karp et
al. (2007) find that, compared to non-DE students, DE students in Florida are 17 percentage points more likely to enroll in college and 8 percentage points more likely to initially
enroll in a 4-year institution, among other positive outcomes, after controlling for characteristics that are likely correlated with both DE participation and students’ outcomes such
as race, gender, academic background, free/reduced price lunch status at school, and school
demographics. While these findings are encouraging, a more rigorous analysis is needed.
This paper constitutes the first attempt to use a quasi-experimental method
the Regression-Discontinuity (RD) design

namely,

to gauge the causal effect of DE on students’

likelihood of high school graduation, college access, and college success.4 I exploit a
statutory mandate in Florida that restricts enrollment, generating a source of plausible exogenous variation in DE participation. Under Florida’s policy, students are mandated to
have a minimum grade point average (GPA) in high school in order to take a DE course
and, for enrollment in specific courses such as college algebra, to have a minimum score
in a college placement test (CPT). I exploit both features of the policy in two separate RD
analyses.
I first examine the effect of taking at least one DE course exploiting the GPA eligibility requirement. With the exception of a few courses (typically in math and English), an
eligible GPA suffices for placement in most freshman community college courses. Since
estimate regressions that control for variables determined after DE participation, such as overall HS GPA, placement
tests taken in college, or even college choice or enrollment patterns. Controlling for post-treatment variables, potentially
affected by DE participation, may induce bias in the estimation of the treatment effect in a regression framework. The
second limitation derives from the fact that studies, aiming to uncover the effect of DE on college outcomes, restrict
the sample of analysis to college-goers. To the extent that DE affects students’ likelihood of going to college, then
comparisons of DE and non-DE no longer have a valid causal interpretation (see Angrist and Pischke (2009) for a
description of the problem). Both of these shortcomings are often inevitable due to data limitations, since most studies
only have access to college transcript files. Even high-school-to-college longitudinal datasets, such as the NELS: 88/00,
have this limitation since they identify DE courses from college transcripts which were collected exclusively for students
that enroll in college after high school.
4 The regression discontinuity approach is increasingly being used to assess causal impact of interventions in observational studies, both in education and elsewhere. Imbens and Lemieux (2008) and Lee and Lemieux (2010) provide two
recent surveys of the methods.
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GPA by itself cannot strongly predict participation in courses with additional test requirements, this analysis captures mostly the average effect of all other DE courses for which
eligibility is determined by the GPA. Hence, I refer to this analysis as the effect of DEbasic. While this effect is of interest in its own right, DE encompasses a wide range of
course experiences, with varying degree of difficulty and subject area focus. Owning to the
generality of the GPA requirement, this analysis cannot separately identify the effect of any
particular course. A more nuanced understanding of the potential effect of DE as a policy
intervention would point to assessing the heterogeneity of the effect by DE course experience. To this end, I conduct a second RD analysis that examines a particularly challenging
course

college-level algebra

which is the second most popular DE course after English

Composition.5
The second RD analysis exploits the course-specific CPT requirement for enrollment
in algebra. An important analytical complication in measuring the effect of DE-algebra
derives from the fact that the CPT math requirement is the same for all (high school and
college) students. Thus, an eligible student who does not take the course as DE while in
high school can still take the course in college. Standard RD estimation cannot accommodate the presence of a second treatment discontinuously changing at the same cutoff, and
therefore cannot disentangle the effect of algebra in high school from the effect of algebra
in college. I propose a new RD estimator (referred to as Sequential RD-matching estimator) that extends the traditional RD identification strategy to situations where a subsequent
treatment also changes discontinuously at the eligibility cutoff.6 The empirical estimation
5 While English Composition also has a CPT requirement for enrollment, the cutoff used for placement into this course

also determines need of college remediation— non-credit-bearing courses designed to help academically unprepared
students for college-level work. CPT re-testing among students who barely fail Florida’s cutoff for English remediation
has been documented in most colleges, raising concerns about the validity of an RD design on this course (Calcagno
& Long 2008). Instead, the cutoff score used for placement into college algebra is higher than the one used for math
remediation.
6 This setup is distinct from a “dynamic RD” (Cellini et al. 2010) in two ways. First, the dynamic RD is characterized
by one treatment and multiple opportunities to be assigned to the treatment. Instead the sequential RD allows for two
treatments that occur with a temporal lag. Second, in the dynamic RD agents may be assigned to the treatment more than
once, whereas in the sequential RD agents can only take one of the treatments.
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relies partially on matching techniques, which directly capitalize on the RD assumptions to
make inferences. This sequential RD approach allows one to sort out whether any observed
effect on outcomes experienced after college can be solely attributed to the DE experience.
I estimate the effect of DE in a subset of Florida’s districts where there is empirical evidence that the eligibility requirements for participation are binding. Using both high school
and college transcripts for the 2000 and 2001 graduating high school cohorts, I find little
indication that taking a DE-basic course significantly affects students’ educational progress
among students with a high school GPA on the margin of eligibility. The point estimates
are generally negative, though I cannot consistently reject that taking DE has no effect
across outcome measures. Drawing from a subsample of students who took Florida’s CPT
exam, I find, however, that taking college level algebra while in high school has a substantial influence on students’ likelihood of going to college and obtaining a college degree,
with some indication of positive effects on high school graduation. Specifically, I find that
taking DE-algebra increases college access by about 16-percentage points (standard RD
estimate) and both associate’s and bachelor’s degree attainment by about 23-percentage
points (sequential RD estimates).
Taken together, these findings suggest that DE programs have the potential to increase
college access and success but that the quality, subject area, or level of difficulty of the DE
experience might be important considerations when assessing the value of DE programs
as a policy intervention. It is important to highlight, however, that the RD estimates only
speak to the local effect of DE among students on the margin of eligibility and may not be
representative of the gains from participation for students with different academic preparation. In addition, the two RD analyses inevitably draw inference from different sets of
students and I cannot rule out the possibility of DE impact heterogeneity with respect to
students’ characteristics, in addition to the subject area or quality of the DE experience.
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The remainder of the paper is organized as follows. Section 2 provides background
on DE programs, the potential mechanisms by which they affect students’ outcomes, and
Florida’s DE policy. Section 3 describes the data. Section 4 explains the empirical strategy
and derives the proposed Sequential RD estimator. Section 5 discusses the validity of the
RD assumptions. Section 6 presents the main results and Section 7 provides robustness
checks. Section 8 concludes the paper.

2.2

Dual Enrollment Program

DE differs from other high school programs which also allow high school students to
earn college credits such as Advanced Placement (AP), International Baccalaureate (IB),
or the more recent Advanced International Certificate of Education (AICE).7 The main difference is that DE consists of a regular college course, which grants credits to students who
pass. Other programs follow a standardized college-level curriculum and college credits
are only obtained with a satisfactory score on an external (often optional) end-of-course
examination. Since some courses are taught at the high school campus, not all DE courses
involve a true college experience where high school students are mixed with college students. Nevertheless, DE instructors must meet the faculty qualifications for an adjunct
community college instructor in most states.
2.2.1

Dual Enrollment Conceptual Framework

There are several potential channels through which a DE experience could foster college access and success. First, DE might help students build human capital by providing a
broader and more rigorous curriculum than traditional high school courses, facilitating the
‘academic transition’ to the demands of college (Bailey et al. 2002). Second, DE could
7 College Level Examination Program (CLEP) is also considered an acceleration mechanism but, unlike others, it does

not involve enrolling in a course and the college credit does not count towards high school graduation.
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have a signaling value for students preparing for admission at selective colleges as it conveys information about students’ own abilities and motivation, mitigating the information
asymmetry in college applications. Third, DE could potentially give students more accurate
information about the institutions and their own college readiness, providing an early call to
strengthen the skills in particular areas if necessary. Consistent with the theory of “schooling as experimentation” (Manski 1989), DE would allow students to ‘test the waters’ in
college before making their postsecondary school choice. This may translate into better
matches between students and institutions, and may improve college persistence and degree completion (Light and Strayer 2004). Last, by reducing the cost of college, DE might
also foster college access. Students can reduce the time (and forgone earnings) required to
get a college degree and, in states with subsidized DE programs, the direct cost of a degree.
These financial benefits might be a key factor for pursuing a college degree among lowincome students (Greenberg 1989). In addition, DE might also overcome other barriers to
college by helping students make the ‘psychological transition’ to college demands (Bailey
et al. 2002).
While DE can be viewed as a potential tool to increase college access and success, it is
not without controversy. A common concern of DE programs is that they might lower
students’ self-esteem and educational aspirations: It is not clear that students who are
marginally successful in high school can do college level work (Bailey and Karp 2003).
Course failure might discourage postsecondary education altogether or set students on a
non-academic path. Given that DE programs are mostly offered through 2-year colleges,
the DE experience might also induce students that would have otherwise attended a 4-year
college after HS graduation to enroll in community colleges, reducing their educational
attainment due to high transfer costs and less emphasis on bachelor’s degree, among other
barriers. In addition, the ability of DE programs to provide college-level curricula has been
questioned (e.g., Johnstone and Del Genio 2001). Allowing high school students into the

CHAPTER 2. DUAL ENROLLMENT PROGRAMS

40

class could also dilute the quality of education at the college campus, and many observers
are skeptical about the quality of DE courses taught by high school teachers in the high
school campus.
2.2.2

Florida’s Dual Enrollment Policy

Florida has been at the forefront of many innovations in educational policy, including
DE. Florida is one of 6 states that pay for DE courses, while most other states require the
school district or the students themselves to pay for them (WICHE 2006). This funding
provision not only promotes program participation but also enables access for students
from low-income households. In addition, Florida funds both high schools and colleges for
DE courses (OPPAGA 2006), encouraging schools to support students’ participation.
Florida is also one of only 15 states that allows students to earn both a high school credit
and a postsecondary credit simultaneously, and guarantees that the credits counts towards
high school graduation requirements (WICHE 2006). Successfully completed courses may
apply towards the requirements necessary to earn a certificate or degree thereby shortening
the time it takes to earn a postsecondary award. Florida has also developed a statewide
course numbering system that eases the transfer of credits among the state’s public institutions and, beginning in 2006, the legislature requires state’s public universities to weight
DE courses the same as AP, IB, or AICE courses when calculating their own GPA for admissions decisions. This policies, coupled with the fact that students in Florida are exempt
from the payment of registration, tuition, books, and laboratory fees related to the course,
makes the DE program an attractive acceleration mechanism.
Florida’s strong support for DE has been crystallized in a widespread program, with all
28 community colleges having an articulation agreement in place with its serving district
and all school districts taking advantage of such possibility. DE is the second most popular
choice among different acceleration mechanisms—the first choice being AP. Overall, about
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14% of the high school students in this study took at least one academic DE course, while
20% took AP and 3% IB.
2.2.2.1

Dual Enrollment Eligibility and Enrollment Process

To be eligible for DE in Florida, students are mandated to have a minimum of 3.0 unweighted GPA and demonstrate college readiness with the College Placement Test (CPT)
(Florida Statute 1007.271).8 The statute is not specific regarding what portions of the CPT
are appropriate for admission into specific courses. However, common practice has been
to set the same requirements for both DE and regular college students.9 That is, while
all candidates need to take a placement test, only a few college courses (typically in math
and English) have a minimum score requirement for enrollment. In particular, students
must pass the math (English) portion of the CPT for math (English) courses, and/or fulfill
any course pre-requisites when required.10 Colleges must follow statewide cutoff scores
for placement into certain introductory courses such as intermediate algebra or freshman
English composition, but are free to define the cutoffs for placement into more advanced
courses. For example, students can bypass intermediate algebra and place directly into
college algebra, a particular course analyzed in this paper, provided they meet the collegespecific cutoff score.
8 The Florida statute also stipulates a minimum of 2.0 un-weighted GPA for DE vocational courses. Vocational DE
students are a small and distinct group of DE students, with very few combining both vocational and academic courses.
Unfortunately, a separate RD analysis on DE vocational is not feasible due to small sample sizes.
9 The only difference between DE and regular college students is that DE students whose placement CPT score is
below the state minimum required score for ‘college-readiness’ (defined in Rule 6A-10.0315) are not allowed to enroll in
remediation. Remedial as well as physical education courses are excluded from the DE program.
10 The Florida College Entry Level Placement Test, known as CPT, is a computer adaptive test developed by the College
Board at the request of the Florida Department of Education to establish common standards across community colleges.
Students are allowed to substitute a CPT score with appropriate SAT or ACT scores.
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Students can only take DE from their local community college.11 Each community
college has agreements with the school districts in its attendance area laying out the requirements for participation. I compiled DE agreements and college catalogs for the relevant years to this study. Most colleges set their GPA requirements at the minimum 3.0
required by statute. The statute also allows districts and colleges to make exceptions to the
GPA requirement or set additional admission criteria for participation if those are written
on their inter-institutional articulation agreement. The exceptions are often granted on a
case-by-case basis based on a joint decision between the college DE coordinator and the
high school counselor or principal. The most common additional admission requirement
is a letter of recommendation from the teacher or counselor (about 65% of the districts according to Florida board of Education 2003), with only a few colleges placing restrictions
on students’ age or grade level.
A standard DE application process involves close interaction between students and the
high school counselor. Based on students’ scores and career goals, counselors help students
make an appropriate course selection and complete the application form. The form is typically a one-page document with students’ information, the course selected, and a statement
(often signed by the high school counselor) of the current GPA and CPT scores. Students
and parents sign the application and allow the release of students’ scores and high school
transcript to the college. After the application form is submitted, the student is considered
a college student and is subject to the same standards as a regular matriculated student.

2.3

Data

This study uses data from the Florida Department of Education, which includes all public school students in the 2000-01 and 2001-02 high school senior cohorts, and tracks their
11 Some

four-year colleges offer DE but these courses are not subsidized by the state and participation is very low.
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postsecondary outcomes in the state’s public system through summer 2007. State’s administrative records provide transcript information on all the courses taken in high school and
college along with their grades. The data contain basic demographic characteristics such as
gender, race, English language proficiency, and free lunch eligibility, as well as students’
10th grade state standardized test scores (FCAT), and college placement test scores. State
records on postsecondary enrollment (though not degree attainment) are complemented
with the National Student Clearinghouse data, which tracks postsecondary enrollment of
students as they enroll in out-of-state colleges or in private institutions.12 Last, district
characteristics such as median income and urbanicity are obtained from the 2000 Common
Core Data and decennial Census.13
There are two key features of the data that are particular relevant for a study of DE.
First, the data tracks individual students as they transition from high school to college. Most
previous studies on DE use college transcript records, and therefore restrict the analysis to
students that go to college. Given that DE might change the composition of students that
go to college, limiting the sample to college-goers induces sample selection bias, though
the direction of this bias is unclear. Not only might DE students that go to college be
different than those DE students who do not, but they might also be different to non-DE
students who go to college without the program’s help. Second, the data contain a unique
12 Since

Clearinghouse data are limited to enrollment, degree attainment is only identified for students who enrolled in
Florida’s public higher education system. In order to address this missing data problem, I follow the standard approach
of imputing zero when students have no postsecondary records. This approach would induce bias in an RD estimation
if students that barely pass the DE eligibility cutoff were disproportionately more likely to attend college out-of-state or
in one of Florida’s private institutions than students who barely fail the cutoff. However, I show that the probability of
enrolling outside Florida’s public postsecondary sector does not significantly change at the DE eligibility cutoff (Table
2.4). In addition, the number of students that would be incorrectly classified as not having a college degree is likely to
be small since only 7.7% of the students in the full sample went to college outside Florida and 4.5% attended a Florida
private institution.
13 This study uses the same cohort of students as Karp et al. (2009) but employs an augmented dataset that includes 10th
grade standardized test scores (FCAT), college placement tests, and clearinghouse data. In addition, the data in this paper
tracks students for two years longer into college, allowing sufficient time to evaluate the effect of DE on college degree
attainment. I follow, however, different sample restrictions: I a) define DE as students who took at least one academic DE
course (i.e., not vocational courses), b) identify DE using college transcripts instead of the high school transcript (which
match on about 75% of the DE courses), c) restrict to public school students with the entire high school education in
Florida (grades 10th through 12th ) in order to accurately calculate the cumulative GPA.
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identifier for DE courses, and indicates their location (high school or college campus) and
type (academic or vocational). Identifying DE students, let alone the course location or
type, is often challenging when only college transcripts are available. This is because not
all students transfer their DE credits, and when they do, credits are recorded as transfercredits, requiring high school graduation dates (not always available in college transcripts)
to accurately identify DE credits.
I collected GPA eligibility requirements for DE from the inter-institutional articulation agreements between the districts and colleges, personal communication with DE coordinators, or directly from the college catalogs for the years relevant for the study. The
CPT cutoff scores for placement into the college algebra course are obtained from the
college catalogs and, when missing, augmented with state documentation on placement
scores.14 Appendices A.1. and A.2. provides a list of requirements by college.
I examine the effect of DE with two separate RD analyses. The first analysis measures the effect of taking at least one academic DE course (regardless of the subject area),
exploiting the general GPA eligibility requirement for participation in the program.15 A
course is considered academic if it counts towards the requirements of an associate degree,
as opposed to vocational courses that are only applicable towards certificates. I focus on
participation in 12th grade since that is when most of the DE experience takes place: 82%
of DE students take a DE course in their senior year.16,17 It is important to highlight that,
14 http://www.fldoe.org/articulation/pdf/acc_102506ada.pdf,

Appendix B (retrieved on April 30th, 2009). This surveybased information was collected by the Florida Department of Education in 2006. To the extent cutoff scores changed
between 2000 and 2006, the college would be excluded from the analysis due to no discontinuity in participation at
the mis-specified cutoff. Visual inspection of the data, however, rules out strong evidence consistent with the use of
alternative cutoffs in all but one college whose cutoff was changed accordingly.
15 I exclude academic DE courses taken at the state university system, at special education centers, or taken on a fulltime basis (i.e., early enrollments). Only about 0.7% of all DE courses are not directly offered by a community college
and about 2.5% are early enrollments. These courses are typically subject to different eligibility requirements. DE courses
with missing enrollment date are also excluded.
16 The data does not provide enough variation in course taking patterns to identify the effect of taking DE at different
times in high school (e.g., junior vs. senior year). Most of DE students take DE exclusively in 12th grade (about 55%),
with the majority of the remaining students taking both in 11th and 12th grade. .
17 One potential drawback of the data is that it only includes the cohort of students who persisted to the 12th grade,
but does not include data on earlier dropouts. To the extent that previous DE experience contributed to early dropout
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despite “treatment” being defined as “any course”, this analysis only captures variation in
DE participation that is generated by the GPA cutoff requirements, largely excluding valuable information about other courses that have additional (test) requirements. While most
college courses do not have a test requirement, a few (typically math, English, and some
science courses) do. I refer to this analysis as the effect of “DE-basic”.
The second RD analysis examines the effect of taking one particular challenging DE
course, college algebra, which covers topics such as graphing functions and solving systems of equations and is the first course in the math sequence that counts towards the state
requirements for an associates degree. This analysis exploits the course-specific CPT math
score requirement for participation.18 One limitation of the placement test data is that for
the cohorts used in this study, the state only kept a record of a student’s highest score (if the
test was taken multiple times) and did not collect information about the test date, making
it impossible to infer whether the test was used for eligibility in high school or college. As
I discuss further in Section 2.4.7, students whose score was not used for eligibility do not
generate variation in DE participation and thus are not a concern to the identification. In
addition, by examining the density of the score, I show no evidence of “re-testing bias”
being present in the sample analyzed. Because of the absence of test-date information, I
define treatment as either taking the DE-algebra in 11th or 12th grade, covering 93% of all
course takers.
This paper measures the effect of DE on several academic outcomes. The first outcome
of interest is high school graduation, which includes any type of diploma offered in Florida
(regular or special education diplomas, certificate of completion, and GED). Second, I
examine the effect of DE on college access using two measures: whether students enroll
behavior, the estimation of the effect of DE will be biased. However, the incidence of DE before 12th grade is low (less
than 6% of all students), and it is unlikely that at-risk students would be on the margin of eligibility for DE since academic
requirements for participation are relatively high.
18 While students are allowed to substitute CPT scores with appropriate SAT or ACT scores, I only exploit the variation
in participation that comes from the CPT test because that is the test where most of the variation in participation at the
cutoff is observed.
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in college (either 2-year or 4-year) after high school graduation and whether they first
enroll in a 4-year college. College access is observed for all students regardless of their
choice of public vs. private or in- vs. out-of-state institution, owing to the National Student
Clearinghouse data. Last, I examine the effect of DE on college success as measured by
the likelihood of obtaining an associate’s degree (AA), a bachelor’s (BA) degree, or either
AA or BA, within a 5-year window from the year the high school cohort was expected
to start college. The empirical approach in this paper is to include in the sample all high
school students and assign a zero on college degree outcomes for students that do not go
to college. The effect on college degree outcomes represent an overall effect of DE

a

combined effect given the effect on college-going and given improvements in academic
performance.
Table 2.1 shows descriptive statistics broken down by DE participation. DE is a voluntary program, and participants are very different than non-participants. DE students are
more likely to be female, white, native English speakers, and come from economically
advantaged households (as proxied by free/reduced price lunch status) when compared to
non-DE students. DE students also have a stronger academic preparation than non-DE students according to their 10th grade standardized scores in both reading and math and high
school GPA. Given these differences, it is not surprising that DE students are more likely
to experience positive postsecondary education outcomes than non-DE students. They are
about 30 percentage points more likely to enroll in college after high school and 25 percentage points more likely to first enroll in a 4-year institution. DE students also have a lower
incidence of college remediation and earn college degrees at significantly higher rates than
non-DE students.
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Econometric Framework: Sequential RD design

This section presents the sequential RD framework, which extends the standard RD
framework to the case where participation in a subsequent treatment also changes discontinuously at the cutoff but participants only take one of the treatments. While the standard
RD design is appropriate to estimate the effect of DE-basic or the effect of DE-algebra
on pre-college outcomes, the sequential RD design is appropriate to estimate the effect of
DE-algebra on college outcomes.
The section starts with a simple example to convey the intuition behind the approach,
followed by a formal treatment of the RD design.
2.4.1

Intuition Behind the Approach

Suppose that student participation is determined by the value of their score. Students
can be divided into 3 groups: Always-takers participate in DE whether their score is below
or above some cutoff z0 ; never-takers do not participate, irrespective of their score; compliers participate if their score is above the cutoff and do not participate if their score is below
the cutoff. Suppose that there are 40% never-takers, 40% always-takers, and 20% compliers in the population. In addition, suppose that the average effect of DE on compliers is
to increase their college graduation rates from x to y. Then Figure 2.1 plots the data that
would be used by a researcher to infer the effect of DE.
The left panel in the figure shows participation rates in DE as a function of a score. The
jump of 20 percentage points is explained by the proportion of compliers in the population.
The middle panel shows college graduation rates as a function of the score. Given the
assumption that the outcome changes continuously in the score, then the jump in outcome
at the cutoff ∆Y must be driven by compliers. In particular,
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Figure 2.1: Example

∆Y = P(C) × τC = .2 × .5 = .1
where the proportion of compliers (or jump in participation) is P(C) = .2 and where the
effect of DE on compliers is τC = y − x = .5. In practice, the researcher can obtain the
effect of DE on compliers by dividing the jump in outcome by the jump in participation,
τC =

∆Y
.
P(C)

The above is the standard RD estimate and it is sufficient in this paper to estimate the
effect of DE on pre and post college outcomes as well as the the effect of DE-algebra on
pre-college outcome.
Next, consider the objective of estimating the effect of DE-algebra on post-college outcomes. The issue is that the cutoff z0 is also used for eligibility to take algebra while in
college. Therefore, there is a further jump in the outcome at the cutoff that is now driven by
never-takers of DE that benefit from taking algebra as college students. For example, suppose that 25% of never-takers are “compliers in the second treatment”, meaning that they
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would take algebra while in college if above the cutoff but not if below the cutoff. Suppose, in addition, that these never-takers-compliers would obtain a benefit of τNT /C = .5
from participating in the second treatment. Then the jump in outcome would now be given
by
∆Y = P(C) × τC + P(NT ) × P(C | NT )τNT /C

(2.1)

= .2 × .5 + .4 × .25 × .5 = .15,
as illustrated by the right panel in Figure 2.1.
A naive application of the standard RD estimate would attribute the entire change in
outcome to the effect of DE, thus obtaining an estimate ∆Y /P(C) = .15/.20 = .75 that
overestimates the true effect of DE, .5. But from equation (2.1), it follows that
τC =

∆Y
P(NT ) × P(C | NT )
−
τNT /C ,
P(C)
P(C)

so that the standard RD estimate must be corrected to account for the effect of the second treatment, τNT /C . The final step is to obtain an estimate for τNT /C . If the population of never-takers could be identified, then the natural approach would be to apply
the standard RD design for the second treatment exclusively on never-takers, obtaining
τNT /C = ∆YNT /P(C | NT ), i.e., the jump in outcome divided by the jump in participation
for never-takers. The problem is that the jump in outcome is not exactly observed for nevertakers. Rather, the jump of outcome is observed for the population of students that do not
take DE. While these are exactly the never-takers when their score is above the cutoff, they
can be either never-takers or compliers when their score is below the cutoff. The idea is
to then match students below the cutoff to students above the cutoff to determine which
students are the never-takers below the cutoff. Importantly, the validity of the matching
procedure turns out to follow from the same assumptions that make the RD design valid.
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Setup

During high school, students obtain a score that determines eligibility to participate in
a DE course. As explained earlier, the score may be either the cumulative GPA or the
score on the CPT. Given their score, some students participate in DE and some do not. In
addition, some of these students end up going to college. Those students that end up going
to college but did not participate in DE now have the option of taking the course in college.
This second chance to take the course corresponds to a second treatment intended for those
students that did not participate in the first treatment. The goal of the framework introduced
in this section is to show how the effect of DE can be disentangled from the effect of the
second treatment.
Following Rubin’s (1974), a student is represented by a vector of potential outcomes
C ,Y C ), a real-valued random score Z, random participation functions
Y = (Y1H ,Y0H ,Y1C ,Y00
01

DH : Z → {0, 1} and DC : Z → {0, 1}, and a vector of covariates X. A student’s high-school
outcome is given by Y1H if she participates in DE and by Y0H if she does not. In what follows,
the high-school outcome will be equal to 1 if the student goes to college and 0 otherwise.
If the student participates in DE and goes to college, then her college outcome is Y1C . The
C
college outcome of a student that does not participate in DE and that attends college is Y01
C if she does not. In what follows,
if she decides to participate in the second treatment and Y00

the college outcome will be equal to 1 if, conditional on attending college, a student would
have finished college (i.e., obtained a college degree), and will be equal to 0 otherwise.
The random participation functions indicate whether the student would participate in the
first (DH ) and second (DC ) treatments depending on her score Z. In general, participation
in a treatment depends not only on the student’s desire to participate but also on eligibility
criteria and possible exceptions to such criteria.
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The researcher does not observe the potential outcomes. However, the researcher observes whether a student enrolls in college and whether she finishes college. Let

Y H (z) = DH (z)Y1H + 1 − DH (z) Y0H

(2.2)

indicate whether a student with score z goes to college. Similarly, let

Y ∗ (z) = DH (z)Y1∗ + 1 − DH (z) Y0∗ (z)

(2.3)

indicate whether a student with score z finishes college, where
Y1∗ = Y1H Y1C
indicates whether a student that participates in DE finishes college (an event that occurs if
the student both goes to college and graduates from college), and where


C
C
Y0∗ (z) = DC (z)Y0H Y01
+ 1 − DC (z) Y0H Y00

(2.4)

indicates whether a student with score z that does not participate in DE finishes college (an
event that depends on whether the student participates in the second treatment or not).
Suppose that there are n individuals drawn randomly from a population (Y, DH (·),
DC (·), Z, X). The researcher only observes (Z, DH (Z), DC (Z),Y H (Z),Y ∗ (Z)): the score,
participation in each of the two treatments, and whether the student enrolled in college and
graduated from college. The main objective is to estimate the effect of partipation in DE
(the first treatment) on both high-school and college outcomes.
The standard RD design suffices for cases where the outcomes occur before the second
treatment or where the score that determines eligibility in the first treatment does not affect
eligibility in the second treatment (i.e., GPA sample and pre-college outcomes in CPT
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sample). The more general sequential RD design is necessary, however, for cases where
the above conditions do not hold (i.e., college outcomes in CPT sample).
2.4.3

Assumptions

The validity of the research design depends on the following assumptions.
Assumptions. There exists a cutoff score z0 and ε > 0 such that
A1: (Instrument) For all ω ∈ [z0 − ε, z0 + ε], the joint distribution of (Y, DH (ω),
DC (ω), X) conditional on Z = z0 is the same for all z ∈ [z0 − ε, z0 + ε].
A2: (Monotonicity) For all realizations of DH (·) and DC (·) and for all z, ω ∈ [z0 −
ε, z0 + ε] such that z ≥ ω,
DH (z) ≥ DH (ω) and DC (z) ≥ DC (ω).

A3: (Discontinuity) For all ε such that 0 < ε < ε,

Pr DH (z0 + ε) = 1, DH (z0 − ε) = 0 | Z = z0 > 0.

Assumption A1 is the standard assumption that requires the score, Z, to be a valid
instrument (Angrist et al. 1996) for scores near a cutoff score z0 (Hahn et al. 2001). An
equivalent statement of Assumption A2 is that each student is characterized by two random
personal cutoffs, one for each treatment: A student participates in a treatment if and only
if her score is above her personal cutoff for that treatment. Finally, assumption A3 requires
a discontinuity in the participation for the first treatment. In other words, the assumption
requires that for some fraction of the population the personal cutoff for treatment 1 is at z0 ,
so that the eligibility cutoff for participation is binding.
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Sections 2.5.1 and 2.5.2 provide evidence that the conditions imposed by A1 and A3
that are testable are satisfied in the data. On the other hand, A2 is untestable, since the
researcher does not observe whether a student would have participated with a different
score. This assumption rules out the existence of students who would take (either) treatment
if ineligble but not take it if eligible, which appears to be reasonable in this empirical
application.19
2.4.4

Deriving the Sequential RD Estimand

The standard RD design exploits assumptions A1 and A3 above: Since participation
is discontinuous at the cutoff but potential outcomes are continuous, then any change in
outcome around the cutoff must be attributed to changes in the treatment. The role of
assumption A2 is to obtain an estimate of the effect of taking the treatment on a population
of interest. The assumptions play a very similar role in the sequential RD design introduced
in this paper. The important difference is that now a change in outcome may also be the
result of participation in the second treatment.
Fix any ε such that 0 < ε < ε. For simplicity in the notation, a + subscript is used
whenever a function is evaluated at z0 + ε and a − subscript is used whenever a function is
H
H
H
evaluated at z0 − ε (e.g., DH
+ = D (z0 + ε) and D− = D (z0 − ε)). In addition, the notation

D̄H and D̄C is introduced to denote the vector of participation indicators below and above



H
C
C
C
H
C be the type
the cutoff, i.e., D̄H = DH
− , D+ and D̄ = D− , D+ . Finally, let D̄ = D̄ , D̄
of a student in the population.
Using the previous notation, it follows that
19 This assumption would be violated if, for example, it is easier to get an exception as a high school student than as a
college student. If true, then a highly sophisticated, well-informed, and forward-looking student with a score just below
the cutoff would attempt to take the course as DE, even if taking it in college is strictly preferred. There are two reasons
why this situation is, however, unlikely. First, as can be seen in Figures 2.3 and 2.7, the data shows that exceptions where
students below the cutoff are allowed to participate in either one of the two treatments are generally low and equally
likely in high school and college. Second, what appears to be exceptions in the CPT sample are likely to be explained by
the use of an alternative test.
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Table 2.2: Relevant Student Types
z0 − ε z0 + ε

C
H C
(DH
− , D+, D− , D+ )

(0, 1, 0, 0)
(0, 1, 0, 1)
(0, 1, 1, 1)
(0, 0, 0, 1)

C
Y0H Y00
C
Y0H Y00
C
Y0H Y01
C
Y0H Y00

Y1∗
Y1∗
Y1∗
C
Y0H Y01

Change
∗
Y1∗ −Y0−
C −Y C )
Y0H (Y01
00





E Y+∗ | z0 + ε − E Y−∗ | z0 − ε =




 H ∗


∗
∗
∗
∗
∗
= E DH
+ Y1 −Y0+ +Y0+ | z0 + ε − E D− Y1 −Y0− +Y0− | z0 − ε




∗
∗
∗
H
∗
∗
∗
= E DH
+ Y1 −Y0+ +Y0+ − D− Y1 −Y0− −Y0− | z0

 ∗

 ∗


H
∗
H
∗
= E DH
+ − D− Y1 −Y0− + 1 − D+ Y0+ −Y0− | z0
h
 

i
 ∗

 C
H
∗
H
C
H
C
C
= E DH
−
D
Y
−Y
+
1
−
D
D
−
D
Y
Y
−Y
|
z
0
+
−
+
+
−
1
0−
0
01
00



∗
= Pr D̄H = (0, 1) | z0 E Y1∗ −Y0−
| D̄H = (0, 1), z0
h 

i
C
C
+ Pr (D̄ = (0, 0, 0, 1) | z0 ) E Y0H Y01
−Y00
| D̄ = (0, 0, 0, 1), z0 ,
(2.5)
where the first line follows from equation (2.3), the second from A1, the third by adding
∗
and subtracting DH
+Y0− , the fourth from equation (2.4), and the last line from A2.

Equation (2.5) has a straightforward interpretation. The left hand side of equation (2.5)
is the difference in (college) outcome for students with scores slightly to the right of the
cutoff z0 compared with students slightly to the left of the cutoff. For most student types,
being slightly to the right or to the left of the cutoff will not make a difference in outcomes,
since participation of these types is not affected for either treatment and outcomes are
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continuous around the cutoff. However, as illustrated in Table 2.2, there are four types of
students for which the outcome may change due to changes in participation.
First, types that are characterized by D̄H = (0, 1) participate in DE if above the cutoff
but do not participate if below the cutoff. In the case of no participation, the outcome
is determined by whether the student participates or not in the second treatment: Types
D̄ that are either (0, 1, 0, 0) or (0, 1, 0, 1) have the property that DC− = 0, and therefore
their outcome below the cutoff is the outcome of no participation in either treatment. For
type (0, 1, 1, 1), the outcome below the cutoff is participation in the second treatment. In
particular, the formula takes into account that type (0, 1, 1, 1) would have taken the second
treatment had it not been eligible to participate in DE. As shown in Table 2.2, the difference
in outcome of these three types with D̄H = (0, 1) corresponds to the first term in the last
line of equation (2.5).
In addition, one needs to take into account that the change in outcome may be driven
by those students that do not participate in DE but that participate in the second treatment
if above the cutoff and do not participate otherwise. These students are those of type
D̄ = (0, 0, 0, 1) in Table 2.2, and they correspond to the second term in the last line of
equation (2.5).
Finally, equation (2.5) and A3 imply that the estimand of interest (to be interpreted in
the next subsection) can be written as
 ∗

 ∗

 ∗

E
Y
|
z
+
ε
−
E
Y
|
z
−
ε
0
0
+
−
∗
E Y1 −Y0−
| D̄H = (0, 1), z0 =
Pr (D̄H = (0, 1) | z0 )


 H C
C | D̄ = (0, 0, 0, 1), z
Pr (D̄ = (0, 0, 0, 1) | z0 ) E Y0 Y01 −Y00
0
−
.
Pr (D̄H = (0, 1) | z0 )

(2.6)

A special case of this formula occurs when there is no second treatment, i.e., when
participation in the second treatment does not jump at z0 for those that do not participate
in DE, so that Pr(D̄ = (0, 0, 0, 1)) = 0 | z0 ) and therefore the second term in the right hand
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side of equation (2.6) disappears. The resulting formula is then the standard RD formula.
In this paper, this is the case for the GPA analysis (since the GPA determines eligibility to
participate in the first treatment but not in the second treatment). It is also the case for those
outcomes that are observed before the first year in college (such as enrollment in college)
for the analysis using the CPT.
The more general formula is relevant for evaluating outcomes such as college graduation for the CPT analysis, since in that case the score is used to determine eligibility both
in the first and second treatments. The “bias” term corresponds to the effect of the second
treatment, given by the second term on the right hand side of equation (2.6).
If those students of type D̄H = (0, 0) could be identified in the population, then a natural solution would be to restrict attention to that population and conduct the standard RD
design exclusively for the second treatment, where the outcomes are now given by Y0∗ .
Calculations similar to those that led to equation (2.5) would then establish that
 ∗

 ∗

E Y0+
| z0 + ε, D̄H = (0, 0) − E Y0−
| z0 − ε, D̄H = (0, 0) =

 h 

i
C
H
H
C
C
= Pr D̄ = (0, 1) | z0 , D = (0, 0) E Y0 Y01 −Y00 | z0 , D̄ = (0, 0, 0, 1), z0

(2.7)

Using (2.7) to rewrite the “bias” term in equation 2.6, the general formula becomes





 E Y+∗ | z0 + ε − E Y−∗ | z0 − ε
 ∗
∗
H
E Y1 −Y0− | D̄ = (0, 1), z0 =
Pr (D̄H = (0, 1) | z0 )

 ∗

 ∗

Pr D̄H = (0, 0) | z0
−
E Y0+
| z0 + ε, D̄H = (0, 0) − E Y0−
| z0 − ε, D̄H = (0, 0) .(2.8)
H
Pr (D̄ = (0, 1) | z0 )
Equation (2.8) shows that the estimand of the effect of DE can be written as the sum of
two terms. The first term is the standard RD term and it can be obtained by measuring the
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outcome above and below the cutoff and dividing it by the jump in participation in the first

treatment, given by Pr D̄H = (0, 1) | z0 . Part of the second term, however, is not readily
available in the data. The researcher observes the outcome above the cutoff for those that
do not to participate in DE, which, by A2, satisfies
 ∗

 ∗

E Y0+
| z0 + ε, DH (z0 + ε) = 0 = E Y0+
| z0 + ε, D̄H = (0, 0) ,

(2.9)

However, the researcher does not directly observe
 ∗

E Y0−
| z0 − ε, D̄H = (0, 0) .
Instead, the researcher observes the outcome below the cutoff for those that do not participate in DE, which, by A2, satisfies

 ∗

 ∗
E Y0−
| z0 − ε, DH (z0 − ε) = 0 = E Y0−
| z0 − ε, D̄H = (0, 0) or D̄H = (0, 1) ,
While students of type D̄H = (0, 0) can be perfectly identified above the cutoff (equation
(2.9)), the goal of the estimation procedure is to identify the students that are below the
cutoff and do not participate in DE that are of type D̄H = (0, 0) rather than D̄H = (0, 1).
This goal is accomplished by matching students above the cutoff which are known to be
of type D̄H = (0, 0) with students below the cutoff in terms of observable covariates X.
There are two differences between the standard application of matching estimation in the
literature (Imbens 2004) and the procedure conducted in this paper. First, the validity of
the estimation procedure is justified by the standard RD assumption A1: Whether a student
falls slightly below or above the cutoff is random, so that the distribution of observables X
for type D̄H = (0, 0) is the same whether students of such a type are below or above the
cutoff. Second, the researcher observes the proportion of students below the cutoff that are
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of type D̄H = (0, 0) as opposed to D̄H = (0, 1). This information can be used to aid in the
matching of students.
2.4.5

Policy interpretation of the RD estimand

In the standard (one-treatment) RD design, the estimand of the effect of DE is


E Y1∗ −Y0∗ | D̄H = (0, 1), z0 ,
∗ = Y ∗ does not depend on the score because there is no second treatment.
where Y0∗ = Y0+
0−

The estimand represents the average effect of DE on the population of “compliers”, D̄H =
(0, 1), with a score at the cutoff. A “complier” is a student that participates in DE if slightly
above the cutoff but does not participate if slightly below the cutoff. As is well-known,
this estimand (called “local average treatment effect”) also has a policy interpretation: It
measures the average change in outcome from slightly decreasing the eligibility cutoff z0
evaluated for the population that is affected by such a policy change.
In the sequential RD design, the estimand of the effect of DE is


∗
E Y1∗ −Y0−
| D̄H = (0, 1), z0 .
This estimand also has a policy interpretation: It is the average change in outcome from
slightly decreasing the eligibility cutoff z0 for DE (but keeping it constant for the second
treatment) evaluated for the population of compliers D̄H = (0, 1).
There are two potential differences with respect to the standard RD policy interpretation. First, while in the standard RD case the negative of the estimand measures the effect
of an increase in the cutoff, this symmetry does not necessarily hold in the sequential RD
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case.20 Second, in the sequential RD case, there may exist (sophisticated and forwardlooking) types other than compliers that are also affected by the policy and for which we
cannot infer the effect of DE from the data.21
2.4.6

Estimation

To simplify notation, equation (2.8) can be equivalently written as
τ=


τ∆Y ∗ τ00 
∗ − τY ∗
−
τY0+
,
0−
τ01
τ01

(2.10)

where τ is our estimand for the effect of DE, τ∆Y ∗ is the jump in outcome, τ01 is the jump in
∗ is the outcome for
participation, τ00 is the proportion of never-takers, i.e., D̄H = (0, 0), τY0+
∗ is the outcome for never-takers below the cutoff. As
never-takers above the cutoff, and τY0−

observed in the previous section, the standard RD formula corresponds to the case where
the second term in the right hand side of equation (2.10) is zero. In that case, I follow the
standard estimation procedure in the literature. The novelty in this section is the estimation
of the second term.
2.4.6.1

Standard RD estimation

It is convenient to separate the estimation into the following first stage and reduced form
regressions, which respectively estimate the discontinuity in participation and outcome:
20 In

other words, it is possible that
h
i
h
i
∗
∗
−E Y1∗ −Y0−
| D̄H = (0, 1), z0 6= E Y0+
−Y1∗ | D̄H = (0, 1), z0 .

21 For

example, a student of type D̄ = (0, 0, 0, 1) might not participate in DE above the cutoff in anticipation that she
will be able to participate in the second treatment. If this student ends up with a score below the cutoff, then she will
not participate in either treatment. However, under the policy that the threshold for participation in the first treatment is
lowered, this student might now decide to participate in DE.
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DH
i = β0 + β1 1{zi ≥ z0i } + β2 f (zi − z0i ) ∗ 1{zi ≥ z0i } + β3 f (zi − z0i ) ∗ 1{zi < z0i } + Xi δ + εi
(2.11)
and

Yi∗ = α0 + α1 1{zi ≥ z0i } + α2 f (zi − z0i ) ∗ 1{zi ≥ z0i } + α3 f (zi − z0i ) ∗ 1{zi < z0i } + Xi λ + εi ,
(2.12)
where i is the student, DH
i is an indicator that takes the value one if the student i took a DE
course in 12th grade (or DE-algebra in 11th or 12th grade) and zero otherwise, 1{zi ≥ z0i }
(1{zi < z0i }) is an indicator that the student is above (below) their designated college cutoff
z0i , (zi − z0i ) is the 11th GPA or CPT score centered around the cutoff, and Xi is a vector
of covariates including students’ gender, race, free/reduced price lunch status, 10th grade
standardized scores, cohort fixed effects, and high school level demographics.22
In the standard RD design with one treatment, the effect of DE could then be estimated
as
τ̂ =

α̂1
τ̂∆Y ∗
= .
τ̂01
β̂1

As explained by Imbens and Lemieux (2008), the estimator for τ can be equivalently
characterized as a two-stage least squares estimator. I estimate τ using a standard RD-IV
model

bH
Yi∗ = γ0 + τ D
i + γ2 f (zi − z0i ) ∗ 1{zi ≥ z0i } + γ3 f (zi − z0i ) ∗ 1{zi < z0i } + Xi γ + εi , (2.13)
22 Controlling

for additional covariates is not necessary for identification since, given A1, close to the cutoff participation is “as good as” randomized (i.e., conditional on the score being close to the cutoff, other covariates are independent of
participation). However, just like in a pure randomized study adding controls helps improve the precision of the estimate
by reducing residual variation.
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b H is the predicted probability from the first stage in equation (2.11). The model
where D
i
is estimated locally using data incrementally close to the cutoff following different bandwidths around the cutoff. The function f (.) is specified as quadratic and, following Imbens
and Lemieux (2008), linear when using a narrow bandwidth of the data around the cutoff.
In all specifications, standard errors are heteroskedasticity-robust and clustered at the score
level.23
2.4.6.2

Sequential RD estimation

I estimate the first term in equation (2.10) following the standard RD estimation. For
the second term, I proceed as follows. Since


Pr D̄H = (0, 0) | z0 = Pr DH
+ = 0 | z0 ,
I use a version of the first stage equation (2.11)24 to obtain an estimate for the proportion
of never-takers around the cutoff by

τ̂00 = 1 − (β̂0 + β̂1 ).
Based on equation (2.9), I estimate the reduced form equation (2.12) on those students
that do not take DE and get an estimate of the outcome for students slightly above the
cutoff by
∗ = α̂0 + α̂1 .
τY0+
23 Lee and Card (2008) recommend clustering standard errors when the variable that determines eligibility is discrete
such as the CPT. I also report clustered standard errors when using the GPA though the difference is immaterial.
24 To facilitate the estimation of terms defined at the boundary of eligibility, all covariates were fully interacted with an
indicator variable for the CPT above and below the cutoff and the score (centered at the cutoff).
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In both of the previous cases, I am careful to interact the observables X in equations (2.11)
and (2.12) with the score and an indicator for whether the score is above or below the
cutoff.25
∗ in several steps. I begin by identifying for each non-DE student
Finally, I estimate τY0−

below the cutoff the closest match to a non-DE student above based on the full set of covariates used in the regressions. I employ the nearest neighbor matching algorithm (with
replacement) developed by Abadie, Herr, Imbens, and Drukker (2004) (Stata nnmatch routine). I then estimate the proportion of never-takers below the cutoff, which is given by

τ̂

00
00or01

=

τ̂00
τ̂00or01

,

where
τ̂00or01 = 1 − β̂0 .
Using the cumulative distribution function of students’ distance to their nearest match26 ,
I then identify the closest τ̂

00
00or01

% of the matches. Based on this subsample of students, I

then estimate a regression of the form

∗
∗ + φ1 (zi − z0i ) + Xi λ + εi for zi < z0i
Y0Mi
= τY0−

(2.14)

∗ .
to get an estimate of τY0−

The validity of the matching hinges on A1: around the cutoff students are similar and
the proportions of student-types are constant. Since the assumption holds in a narrow margin around the cutoff, I estimate (2.14) using only observations close to the cutoff (bandwidth of 15 points), though I also experiment with alternative bandwidths as sensitivity
25 This modification is not necessary when estimating equation (2.13), since the specification is such that the discontinuity does not depend on covariates, but it is important when using equations (2.11) and (2.12) to estimate a level effect
that does not depend on covariates.
26 The distance is a metric that synthesizes the difference between the matched-pair vector of covariates (see Abadie et
al. 2004).
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checks. The drawback of the selection criterion is that, in practice, the differences in observable characteristics of student-types are likely to be smooth over the support of the
matching distance, and the selection criterion would misclassify some students. I deal with
this issue by using more stringent selection criterion for robustness.
Finally, I plug all the previous estimates in equation (2.10) and obtain an estimate τ̂
of the effect of DE-algebra. As opposed to the standard RD case, where standard errors
can be obtained with two-stage least squares, there is no explicit analytic solution for the
standard errors in the sequential approach. Standard errors for the Sequential RD matching
estimator are, therefore, obtained by bootstrap.27
2.4.7

Specific assumptions for the current application

While the sequential RD is general enough to be applicable to settings beyond DE, there
are two issues that deserve further scrutiny in the current application. First, the previous
setup assumes that students take the CPT exam once and that the researcher observes the
test score. In practice, students may take the exam during high school and then again during
college, and I only observe the highest score. It is not difficult to show that all the previous
results extend provided that assumption A1 is appropriately modified. In particular, (high
school and college) test scores above and below the cutoff must induce the same distribution
over participation, outcomes, and additional test scores.28 The sequential RD estimate now
measures the effect of DE on the (as usual, unobserved) population of compliers whose
observed test scores are the high school test scores. The reason is that the changes in
27 The

implementation of the bootstrapping consists of re-sampling the data (randomly with replacement) N times
and re-estimating the results in each bootstrap draw. To estimate the last term in the equation, each draw selects a
subsample of the matched-identified sample. The mean and standard deviation of these estimates approximates the
sampling distribution of the population parameter of interest. Given the small sample of observations in each CPT score,
it is not feasible to accommodate a clustered resampling in the bootstrap estimation.
28 For example, students that take the test while in high school could be different than those that take it in college. They
might have different unobserved academic motivation or a different CPT score if there is an age-effect in test outcomes.
However, as long as these factors do not induce differential sorting of students around the cutoff (such as older students
systematically scoring just above the cutoff), they do not pose a threat to the RD internal validity.
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participation and outcomes at the cutoff are exclusively driven by students whose observed
test scores are the actual high school test scores.
Second, not all colleges in the selected samples have the same cutoff scores. Different
cutoffs, however, do not present a challenge for an RD identification strategy. The reason
is that that students in Florida are required to take DE courses sponsored by their local
community college, therefore avoiding concerns about self-selection bias associated with
students choosing DE courses at colleges based on their cutoff policies. But the pooling of
colleges with different cutoffs to provide an estimate of the effect of DE implicitly assumes
homogeneity of the treatment effect for students on the margin of those different cutoffs.

2.5

Validity of the RD Design

In this section, I assess the validity of applying the RD design of Section 2.4 to the data.
First, I select the sample of colleges that exhibit a significant discontinuity in participation
in DE at the GPA cutoff (GPA sample) and in DE-algebra at the CPT cutoff (CPT sample). I then examine the validity of using GPA and CPT eligibility as an instrument in the
selected samples. Finally, I consider evidence of other treatments that may be affected by
the same eligibility criteria as DE. The conclusion is that the standard RD-IV strategy is
appropriate for all outcomes under the GPA analysis and for pre-college outcomes under
the CPT analysis, but that the Sequential-RD strategy is needed for post-college outcomes
under the CPT analysis.
2.5.1

Discontinuity: the GPA and CPT Samples

While an RD approach requires participation in DE to jump at the cutoff (see A3 in
Section 2.4.3), I find that, for most colleges, there is no evidence of discontinuity.29 To
29 The

lack of discontinuity in participation at the official cutoffs in most colleges may be due to a number of factors.
First, since colleges typically base admission decisions on the GPA as reported by the high school counselor in students’
DE application form, any discrepancy between this self-reported GPA and the actual GPA in the transcripts (e.g., due
to rounding of GPA decimals points) would tend to attenuate the discontinuity estimates. Another plausible explanation
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avoid confounding an increase in participation at the cutoff with random noise, I restrict
the analyses to those colleges that show a discontinuity that is significant and robust across
bandwidth choice and model specification. Specifically, for each treatment (DE-basic and
DE-algebra), I estimate a linear probability model of participation in 12th grade as a function of the score (11th grade cumulative high school GPA30 and CPT math score, respectively) on an eligibility indicator (to capture the jump) using data incrementally close to the
cutoff (within 0.5/0.4/0.3 GPA points, and 40/20/10 CPT points around respective cutoffs),
controlling for a quadratic function of the score (linear in smaller bandwidths) which is
allowed to vary on either side of the cutoff.
The discontinuity in DE as a function of the GPA is estimated conditional on having
a college placement test, reflecting the fact that students need to present placement scores
as part of their DE application regardless of the course subject in which they intend to
enroll. In theory, students willing to take DE-algebra are required to have an eligible GPA
in addition to a passing CPT math score. In practice, however, the CPT math score cutoffs
are sufficiently high that most students with scores around those cutoffs have an eligible
GPA. Thus, I estimate the discontinuity in DE-algebra using only the CPT math score, and
show in the robustness section that results are not sensitive to considering both criteria. The
findings are reported in Tables 2.9 and 2.10 in the appendix.31
relates to Florida’s severe overcrowding problem during this time period exacerbated by class-size reduction pressures.
DE was regarded as an effective strategy to alleviate overpopulated classrooms (Florida Board of Education 2003) and
districts and colleges may have waived GPA requirements to rapidly increase DE participation. The lack of discontinuity
in DE-algebra in some colleges may also be attributed to the fact that some colleges have additional testing requirements
above and beyond the CPT for direct placement into algebra (e.g., the College Level Math test a score not available in
the data). While students may be using SAT or ACT scores instead of CPT scores in their DE application, using the CPT
score for students that took multiple tests would not prevent detecting sizeable discontinuities as long as the CPT test is
used for eligibility for a fraction of students and CPT barely failers are not SAT/ACT barely passers or vice-versa.
30 Since the largest DE enrollment occurs in the fall semester of students’ senior year, I use the cumulative 11th grade
GPA up through the summer before the senior year to determine eligibility for 12th grade courses. High schools with
non-standard academic calendars were normalized to a semester calendar (fall, spring, summer) in the calculation of
GPA. An un-weighted GPA was used for all but 3 colleges that indicated the use of weights to determine DE eligibility.
Weighted GPA was calculated using 1 additional grade-point for AP, IB, DE, and Honors courses, following the most
frequent weighting scheme reported by districts (Florida Board of Education 2003).
31 Since students in a given district can only take DE from the local community college, the discontinuity is estimated
by college attendance area.
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I select colleges with a significant (10% confidence level) discontinuity in any two of
the three models for the main analyses, though I relax the criterion for robustness checks.
Six colleges were selected for the DE-basic analysis (hereafter “GPA sample”), and seven
colleges for the DE-algebra analysis (hereafter “CPT sample”32 ). Overall, the analyses use
data from 11 different colleges (two colleges are included in both GPA and CPT samples),
serving 42% of Florida’s 67 school districts and educating about a third of all DE students
in the state.
Figures 2.2 and 2.3 plot mean participation as a function of the score, along with the
first stage fitted values from equation (2.11) (without controlling for additional covariates).
Participation in DE-basic increases from 13% for a GPA score slightly below the eligibility
cutoff to 21% for a GPA score slightly above the cutoff.33 Participation in DE-algebra
increases from 12% for a CPT math score slightly below the eligibility cutoff to 31% for
a CPT score slightly above the cutoff. As expected, participation eventually decreases
for high CPT scores, since those students place directly into higher-level math courses.34
While exceptions to the GPA requirement below the cutoff are allowed with joint agreement
of the high school counselor and the DE college coordinator, participation in DE-algebra
below the cutoff is likely attributed to students substituting CPT scores with SAT or ACT
scores.
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Figure 2.3: Dual Enrollment Algebra Participation
2.5.1.1

Descriptive Statistics for Selected Samples

Table 2.3 compares the average DE student in the GPA and CPT samples with the average student in the state. The racial composition of DE participants in the GPA sample is
quite similar to the state average, but participants in the CPT sample are slightly more likely
to be white. Despite the higher representation of minorities, DE students in the GPA sample are less likely to come from an economically disadvantaged household: 17% receive
32 Two

colleges that use the same cutoff to determine both algebra participation and math remediation were excluded
from the main analysis. Including these colleges, however, do not materially affect the results (Section 2.7).
33 The discontinuity of ever taking DE is remarkably similar (0.068 with a standard deviation of 0.019). This is because
most students take DE for the first time in fall of their senior year, and the few that take DE exclusively during the spring
would typically still use the 11th grade GPA for enrollment since spring applications begin before the end of the fall
semester.
34 These discontinuities, despite being arguably small in magnitude, are strong instruments for DE participation. The Ftest on the excluded instrument renders statistics of about 25.6 and 25.8 for DE-basic and DE-algebra, respectively—both
above the rule-of-thumb of 10 (Stock et al. 2002).
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free/reduced-price lunch compared to roughly 23% in the entire state and CPT sample. Setting aside differences in race and economic standing, DE students in the selected samples
are quite similar to the state average in terms of academic ability or preparation.
DE participation rates in the selected samples are significantly higher than the state
average: the percentage of high school students taking at least one DE course is 25% in the
GPA sample and 34% in the CPT sample, compared to a state average of 14%. A typical DE
student takes about 4 DE courses and earns about 10 college credits while in high school
(success rate of about 77%), with averages being similar across samples. DE-algebra is the
single most popular course among DE students after freshman English composition, with a
take-up rate of about 18%. Finally, most DE students take DE courses either at the college
and high school campuses (58%) or at the college campus (37%). Interestingly, only 5%
of DE students take DE courses exclusively at the high school campus.
2.5.2

Instrument Validity

The RD approach requires that determinants of the outcome, with the exception of the
treatment, vary smoothly around the cutoff (see A1 in Section 2.4.3). While this assumption
is at some level fundamentally non-testable, I assess whether students above and below
the cutoff are observationally similar.35 A direct assessment of the similarity of students
just above and below the cutoffs is shown in Table 2.4. The table displays discontinuity
estimates in pre-determined students’ characteristics at the GPA and CPT cutoffs using
data incrementally close to the cutoff. Overall, there is no evidence that students above the
cutoff are statistically significantly different than those below in characteristics known to
affect students’ outcomes (gender, race, English fluency, poverty, and pre-DE English and
math test scores). The last rows in the table provide two comprehensive tests which assess
whether the data are consistent with no discontinuity for any of the observed covariates.
35 For

the sequential RD design, this assessment provides direct evidence for the validity of the matching estimation.
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The first one consists of testing that the predicted probability of participation given the
full set of covariates used in the regression analyses do not change discontinuously at the
eligibility cutoffs. Following Lee and Lemieux (2010), the second diagnostic is a Chisquare test that all the covariates discontinuities are jointly zero. Both test results support
the hypothesis that students in a narrow bandwidth around the GPA and CPT cutoff are
indeed similar.
Another common concern is that highly motivated students who barely missed the cutoff exert additional effort (or choose their courses strategically) to boost their GPA or that
they re-take the CPT exam in order to become eligible. This type of gaming behavior would
render students on either side of the cutoff who are different in unobservable ways, violating the RD assumption. A diagnostic test for this endogenous sorting of students involves
an analysis of the density of the score around the cutoff (McCrary 2008).
Figure 2.4 (top) presents the histogram for the GPA, which follows a bell-shaped density
with a spike at the number of students with an exact 3.0 GPA. This spike, however, does not
appear to be caused by endogenous sorting. By the nature of the GPA, spikes occur not only
at the 3.0 cutoff used for DE eligibility, but also at rounded GPA values that correspond to
specific letter grades such as 1, 2, 2.5, 4. In fact, the bottom graph of Figure 2.4 (placebo
sample) shows a very similar GPA distribution in schools served by the colleges where the
DE cutoff is not binding for participation.36
Figure 2.5 shows the density of the CPT score, which does not support the idea of
students re-testing the exam to become eligible for the algebra course. The estimated discontinuity in the empirical density is small and statistically insignificant (coefficient of
0.002 with standard error of 0.001).37 This finding is not surprising given the low stakes
36 McCrary’s estimate of the discontinuity (log difference in height) around the cutoff for the GPA sample and Placebo
sample is 0.28(0.03) and 0.23(0.02), respectively. This similarity alleviates concerns about teachers grading more generously to make students on the margin eligible for DE.
37 McCrary (2008) suggests an alternative formal test to estimate the discontinuity in the density in RD designs. Using
McCrary’s Stata code (downloaded from his personal website), I obtained a significant discontinuity at the CPT cutoff
(log difference in height=0.42, std=0.05). However, as pointed by Martorell and McFarlin (2009), McCrary test assumes
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Table 2.4: Discontinuity in Baseline Characteristics

involved: Students who are slightly below the CPT cutoff can enroll in a lower-level course
(intermediate algebra) which also grants college-level credits.
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Figure 2.4: Distribution of 11th grade High School GPA
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Discontinuity in Other Treatments

In addition to the treatment of interest, there may exist other treatments where participation is determined by the same eligibility cutoff. These other treatments may be simultaneous or sequential. A simultaneous treatment is one which may be taken by those that
took the original treatment and which affects the outcome of interest

either because it

occurs at the same time as the treatment of interest or occurs after but before the outcome
of interest. On the other hand, a sequential treatment is one that occurs after the treatment
of interest and that is only taken by those that did not participate in the original treatment. While the standard RD design is invalid both in the presence of simultaneous and
sequential additional treatments, the sequential RD design is only invalid in the presence of
simultaneous treatments. In this section, I establish the lack of simultaneous or sequential
treatments for the GPA sample (standard RD) and the lack of simultaneous but presence of
a sequential treatment for the CPT sample (sequential RD).
Table 2.4 shows that there is no evidence that schools in the GPA sample are using the
GPA eligibility cutoff that is used for DE for placement into other advanced courses such
as AP, IB, or Honors courses in high school. If anything, there is a small indication that
students with an eligible GPA substitute away from other advanced courses in their senior
year, though the effect is not significant. Similarly, participation in other advanced courses
does not change discontinuously at the CPT math cutoff score.
While the state merit scholarship (Florida Medallion Scholars Award, which pays 75%
of college tuition) is awarded to students with a 3.0 GPA or higher, eligibility is determined with a different GPA formula using selected high school courses and a particular
weighting scheme. To the extent that a 3.0 high school GPA is considered a milestone for
a continuous and well-behaved distribution along the support of the variable which does not hold in the CPT where the
number of students “piled-up” at certain discrete values. If instead of using McCrary framework, I test the discontinuity
in the empirical density at the cutoff locally, controlling for a linear term in the CPT on either side of the cutoff, the
estimate is small and insignificant.
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college enrollment, I cannot rule out the possibility that the 11th grade GPA employed in
the analysis might by itself position students just above and just below a 3.0 GPA score
different in terms of college admissions. However, it is unlikely that this occurs since it is
common practice among selective colleges to re-calculate high school GPA using weights
for admissions decisions.
The CPT math cutoff score for DE-algebra does not determine eligibility for other likely
candidates such as college scholarship, college admissions, or college remediation. First,
the only state scholarship that requires a CPT score is a vocational scholarship (Florida
Gold Seal) but has a 72 score cutoff which is considerably lower than the 83-97 range of
scores used for placement into algebra. Second, the CPT score is only used in Florida’s
community college system for placement (not admission) purposes since these are openadmission institutions. Four-year colleges require instead an SAT or ACT for admissions.
Third, unlike freshman English composition, the cutoff score that places students into college remediation is different than the one used for placement into college algebra.38 This
is shown in Figure 2.6 which displays enrollment patterns in math college remediation and
shows that the state-mandated cutoff score for remediation (solid line) is lower than the one
used for college algebra, which is defined by the college (range in dotted lines).
Finally, the eligibility cutoff in the CPT sample is not only used for DE-algebra but also
for college algebra, and there is a jump in participation in college algebra for college students in their first postsecondary enrollment term (Figure 2.8).39 This jump in participation
in the second treatment motivates the need for the Sequential RD design developed in this
paper. Finally, the sequential RD framework assumes that participants in the first treatment
38 While

conceptually remediation could be incorporated into the sequential RD framework, CPT re-testing among
students that barely fail Florida’s cutoff for remediation has been previously documented in a large number of colleges
(Calcagno and Long 2008).
39 Interestingly, the likelihood of students ever taking algebra once in college does not change discontinuously at the
cutoff (result not shown). This is explained by the fact that ineligible students take algebra after passing the lower-level
course: intermediate algebra (MAT 1033). Nevertheless, taking algebra “sooner” rather than “later” in college might have
an independent impact of the likelihood of obtaining a college degree.
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Figure 2.7: Algebra Participation on First Term in College

do not participate in the second treatment. This assumption is approximately valid: only
5% of the students that participate in DE-algebra re-take algebra during the first term in
college. Excluding these students from the analysis does not materially affect the resutls
(Table 2.8).

2.6
2.6.1

Results
Effect of Dual Enrollment on Academic Outcomes

Table 2.5 presents the RD-IV estimates of the effect of taking a DE-basic course in
12th grade using the GPA cutoff. As mentioned before, this analysis captures mostly the
effect of those DE courses for which only an eligible GPA suffices for enrollment. These
courses are typically introductory community college courses in subject areas other than
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math or English.40 For reference, column (1) shows the mean value of the outcome for
students just below the cutoff41 and column (2) the ordinary least square (OLS) estimates
which ignore students’ self-selection into DE. The next columns report the RD-IV effect
estimated using alternative bandwidth of the data and control variables, though additional
sensitivity analyses are discussed in Section 2.7. The last two columns display the reduced
form effect in the GPA sample and in the rest of the colleges (placebo sample) where DE
participation does not increase discontinuously at the cutoff. Before introducing the formal
estimates, Figure 2.8 provides a graphical preview of DE impact. To the extent that DE
participation benefit students, we should be able to see a discontinuous increase in mean
outcomes at the GPA cutoff. Visual inspection of the graphs, however, does not suggest
positive effects. Because not every eligible student and some ineligible students take DE
when granted an exception, the RD-IV in Table 2.5 scales up these differences in outcomes
around the cutoff by the probability of participation (first stage shown in row 1).
First, I consider whether DE increases the likelihood of obtaining a high school
diploma. There is no evidence that DE-basic has significant leverage on high school graduation, but there is little variability in this outcome measure given that the data consists of
students who already made it to 12th grade. The next set of outcomes describes students’
postsecondary access: college enrollment (any type) or college enrollment at 4-year institutions (both measured across the private vs. public or in- and out-of-state divide). The
point estimate on the effect of DE-basic on postsecondary enrollment is negative (-0.068),
though small in size and statistically insignificant, with standard errors of 0.11 (column
40 The dicontinuity in 12th

grade DE math and English courses with respect to the GPA is very small: 0.016 (std=0.006)
for DE-algebra and 0.029 (std=0.009) for DE-English composition, compared to the overall discontinuity in 12th grade
participation of 0.081(std=0.016) reported in Table 2.5, column 3.
41 Mean outcomes below the cutoff represent a weighted average of the outcomes for three types of students: those
that would never take DE (never-takers), those that would manage to get an exception to take DE if not eligible (alwaystakers), and those that would only take DE if eligible (compliers). The RD-IV draws inference from the latter. In addition,
the appropriate benchmark reference for the estimates should be based on the sample of students who took the CPT exam
during high school. Since students may take the exam while in college and I do not observe the test date, mean outcomes
below the cutoff are likely higher than what the benchmark outcome is. Students that take the exam in college affect the
level of the outcome (e.g., higher postsecondary enrollment) but do not affect the discontinuity estimate.
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7). Interestingly, the reduced form effect on college access is remarkably similar to that
experienced by students in other “placebo colleges” where DE participation does not jump
discontinuously at the cutoff, further assuring that the program is unlikely to be affecting
students’ college enrollment decisions (column 9 and 10).
Given the relative advantage that local community colleges may have in attracting DE
students after high school graduation (for example, DE students are considered returning
students and need not reapply to the college or transfer the accrued college credits), the
next outcome evaluates whether DE “diverts” students who would have otherwise gone to
4-year institutions into 2-year colleges. While there is some indication of a negative effect
on 4-year enrollment, the estimate is only statistically significant in the larger bandwidth
and becomes insignificant (and smaller in size) using a narrower sample of the data around
the cutoff (columns 5-8), making it difficult to draw any conclusive answer.
There is substantial policy interest in finding effective interventions not only to get
students into college but also to help them succeed in college. To this end, the final set
of outcomes examines measures of students’ college attainment.42 Relative to students
below the cutoff, DE-basic students just above the cutoff are not significantly more likely
to obtain an AA degree. The point estimates on baccalaureate attainment roughly mirror
the evidence in 4-year enrollment. However, the effects are fairly imprecisely estimated
across bandwidths, and only statistically distinguishable from zero with the inclusion of
additional controls in the regression, despite arguably large sample size. The effect on
college degree (either AA or BA) corresponds closely to the basic pattern found in BA:
large point estimates that are instable across discontinuity samples and not consistently
significantly different than zero to draw a definitive conclusion. Overall, point estimates
and standard errors would rule out that DE-basic has a sizeable beneficial impact in terms
42 As

explained before, college outcomes are defined over the entire population of high school students (i.e., not just
over college-goers).

Figure 2.8: Outcomes by 11th grade High School GPA
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Table 2.5: Regression Discontinuity Estimates of the Effect of Dual Enrollment on Student Outcomes, GPA Sample
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of college degree attainment (95% confidence interval upper bound are small positive or
slightly negative) and, if anything, would point to a relative decline in the probability of
obtaining a degree.
2.6.2

The Effect of Dual Enrollment Algebra on Academic Outcomes

Dual enrollment, as defined in the previous section, might encompass a wide range of
experiences that range from taking courses in life-learning skills to courses in accounting.
This section examines the impact of taking one challenging, college algebra, which requires
a particular score on the CPT math test for enrollment.
The effect of DE-algebra on college degree attainment is measured using the sequential RD estimator, which relies partially on matching techniques.43 Before presenting the
results, Table 2.6 assesses the quality of the match by comparing mean characteristics of
never-takers above and the matched-identified never-takers below the cutoff. In nearly all
dimensions, the average characteristics of the matched never-takers resemble the distribution of characteristics never-takers are known to have.44 The only salient difference is in
10th grade math standardized scores, where the matched-identified sample has an average
score about 0.15 standard deviations lower than expected to have. However, to the extend this sample is thought to be ‘negatively selected’ (i.e., have characteristics associated
with worst outcomes), the estimates of the DE-algebra effect would be biased downwards.
While admittedly I can only assess whether the matched-based criteria identifies a similar
group of students in terms of observables characteristics, these statistics suggests that the
sample is able to characterize the student-type fairely accurately.
43 Recall from Section 2.4.4 that the mean outcome below the cutoff for DE-algebra never-takers is not readily available
in the data. An implication of assumption A1 is that DE-algebra never-takers are similar around the cutoff. The validity of
this assumption, assessed in Section 2.5.2, provides the fundamental justification for using the observable characteristics
of non-DE students above the cutoff (known to be “never-takers”) as the basis for identifying similar students below the
cutoff.
44 Mean characteristics of never-takers at the cutoff is estimated with a local linear regression specification using data
on non-DE (matched) students within 15 CPT math score points (below) above the cutoff.
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Figure 2.9 provides a visual preview of the results. It displays the mean outcome variables by the CPT score (centered at each college cutoff), traced by the fitted values of a
regression of the outcome on a quadratic term in the CPT estimated separately on each
side of the cutoff. The reduced form estimates, shown at the top of each graph, are only
indicative of the program effect for pre-college outcomes (figures in first row). Because
students can use the same score for placement into algebra as DE or as a regular course
once in college, the reduced form figures per-se are no longer informative of the program
impact (see equation (2.5)).
Table 2.7 presents the standard RD-IV estimates of taking college algebra as DE on
high school outcomes (top panel) and sequential RD-matching estimates on college outcomes (bottom panel). For reference, the table also reports the standard RD-IV estimates
on college outcomes which ignore the bias due to the sequential treatment. To save space, I
only show estimates with and without additional controls using one bandwidth of the data,
though results across bandwidth samples are not sensitive to the use additional controls.
There is some indication that, for students with a CPT score around the cutoff used for
placement, taking DE-algebra increases the likelihood of obtaining a high school diploma.
However, the effect is small

ranging from a 4 to 7 percentage point increase depending

on the discontinuity sample, and not always statistically significant at conventional levels.
Turning to college access, there is evidence of a beneficial DE-algebra impact. The
coefficients are large, statistically significant, and generally robust to discontinuity sample
or regression specifications. The most conservative estimate suggests a 16-percentage point
increase in postsecondary enrollment (column 4). Although DE-algebra takers appear to be
more likely to go to college after high school, they are not more likely to enroll in a 4-year
institution. While positive, estimates are fairly unstable across most discontinuity samples
and, in all cases, zero effects on enrollment in a 4-year institution cannot be ruled out.
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The largest effects of DE-algebra are found in college degree attainment, both in the
likelihood of obtaining an AA or a BA degree. The effects are substantial; estimates close
to the cutoff are 0.23 and 0.24 for AA and BA (column 7), respectively, and are highly significant despite arguably small sample size in a narrow bandwidth around the cutoff. To put
the results in context, taking college algebra while in high school increase AA attainment
by 23 percentage points from a base of 17% just below the cutoff and BA attainment by 24
percentage points from a base of 13%.45 As expected, DE is also found to have a positive
impact when looking at degree attainment as a general indicator for either AA or BA degree. Interestingly, the effect on this measure is generally larger than the individual degree
effects, suggesting that some of the effect is coming from students that get one degree but
not the other.46
College algebra is a gatekeeper course and having it out of the way at the onset of college seems to help students make progress towards a degree. One potential explanation
for this finding is that students faced with more rigorous curriculum while in high school
might be better prepared for college academically and therefore more likely to persist towards obtaining a degree. DE students might have a better experience with the course (e.g.,
have higher passing rate) by taking advantage of the lower work overload in high school
or high school support (counselors are supposed to monitor their progress in DE courses)
than if they were to take it once in college. A different hypothesis is that students that have
already done college-level algebra start college with higher self-esteem and confidence of
their abilities to obtain a degree. In addition, the effect of DE-algebra on degree attainment
45 Mean

outcome just below the cutoff is estimated for the DE-algebra compliers subgroup identified using matching.
These averages are lower than the corresponding 27% (AA) and 21% (BA) for DE-algebra never-takers, consistent with
the idea that students induced to take DE have more to gain from the experience.
46 A positive effect for DE-algebra with a close-to-zero reduced form effect (Figure 2.8) is explained by a negative effect
of college algebra for the D̄ = (0, 0, 0, 1) type, characterized by being DE never-takers but algebra in college compliers
(see equation (2.8)). This suggest that, for students on the margin of eligibility who are induced to take the course only in
college, taking the intermediate-algebra instead of placing directly into college algebra provides them with a more solid
math foundation to successfully complete the math sequence necessary for an BA degree.

Figure 2.9: Outcomes by CPT Math Score
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Table 2.7: Regression Discontinuity Estimates of the Effect of Dual Enrollment Algebra on Student Outcomes, CPT Sample
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might not only come through improvements in academic performance but also through the
increase in college-going rate.47

2.7

Robustness

Table 2.8 examines the sensitivity of the DE-basic effect (Panel A) and DE-algebra
effect (Panel B) to sample selection and model specification. Specifically, I use a narrow
discontinuity sample (bandwidth of 0.3 GPA points and 10 CPT points around the cutoff)
and examine whether these baseline estimates are robust to different sample of students,
to the inclusion of more colleges in the sample, and to an alternative estimation of the
unobserved term in the Sequential RD (for DE-algebra on college degree outcomes). For
ease of comparison, the baseline estimates in the main results are restated at the top of each
panel.
2.7.1

Robustness for GPA Analysis

While all the colleges in the GPA sample present a statistically significant discontinuity
at the official GPA cutoffs, the estimates could be biased if the cutoff is not the one that
maximizes the likelihood of participation. This could happen if, for example, some high
schools systematically round GPA between 2.95 to 2.99 as an eligible 3.0 GPA in students’
DE application forms. Following Kane (2003) and Chay et al. (2005), I estimate colleges’
empirical cutoff as those that maximize the log-likelihood function of participation on a
dummy indicating eligibility based on alternative cutoffs in increments of 0.05 (i.e., 2.9,
2.95, 3, 3.05, etc) controlling for a quadratic function of the GPA using a probit model on
data 0.5 points around the given cutoff (empirical cutoffs reported in Table 2.9 in appendix).
I find supporting evidence that, in fact, for two colleges in the GPA sample the empirical
47 Since

degrees are measured within a 5-year window from expected college start year, one cannot rule out the possibiliy that some of the relative DE advantage (particularly in BA degree) would be explained away had we followed
students for a longer period of time.
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cutoff is 2.95 instead of 3. In order to address the concern of cutoff mis-specification, Table
2.8 (second row) reports estimates discarding students whose GPA fall in the marginal area
[0.05,0). While the point estimates are generally smaller in magnitude to the main results,
they have comparable statistical power and none of the effects are statistically significant.
The next five rows in Panel A show estimates using different samples of students. First,
I exclude students with a GPA at the exact value of the cutoff. Since there is a disproportionate number of students with such a GPA, this analysis addresses concerns of endogenous
sorting of students around the eligibility cutoff. Results are very similar to the main estimates, providing further evidence that the “stacking” of students at certain GPA values
respond to the nature of the GPA determination based on a letter grade system. Second,
I exclude students who took DE before 12th grade. To the extent that there is variation in
the GPA around the cutoff over time, 11th grade participation should not be correlated with
12th grade eligibility status. Indeed, results eliminating students with early exposure to DE
are similar to the baseline, though there is a loss in precision when reducing the sample
size by 8%.
The previous section suggests that the returns to DE are likely heterogeneous in course
type, though the GPA and CPT analyses inevitabily draw inferences from different sample
of students. Despite the fact that most of the variation from DE participation in the GPA
sample is driven by courses for which there is no specific test requirements, as long as colleges enforce both GPA and test requirements there is still some variation driven by courses
known to be gatekeepers. I therefore assess the sensitivity of the results to the exclusion
of students in the GPA sample who took either DE-English composition or DE-algebra
(Panel A, row 5) and those that took DE-algebra (Panel A, row 6). Consistent with larger
returns to particularly rigourous course experiences, estimates excluding these challenging courses are considerably lower than baseline results (i.e., more negative), specially for
4-year college enrollment and BA degree attainment.
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Next, I examine whether the results are robust to the inclusion of other students with
no college placement score. Baseline estimates are indicative of the effect of DE on the
margin of the GPA cutoff among those students who took the test necessary for application. It is possible that a student interested in DE might have been discouraged to take the
college placement test altogether because, for example, she did not meet other participation
requirements (GPA, letter of recommendation, etc). Unconditional analysis suggests lower
DE returns for these types of students, though estimates are still highly imprecise despite a
40% increase in the sample size.
Last, I explore whether the results are robust to the selection of colleges in the sample.
Since students who would be induced to participate in a high-exception program might be
different than those in a low-exception college, I remove from the analysis DE programs
where more than 10% of the DE students have an ineligible GPA. While point estimates
are lower than baseline, suggesting that high-exception programs make exceptions to students with positive unobservable, all coefficients are not significant at conventional levels.
Finally, I include in the sample other DE programs where there is some indication of a discontinuity in participation though not robust across model specification. Estimates remain
largely unchanged using this bigger sample.
2.7.2

Robustness for CPT Analysis

Panel B shows robustness checks for the CPT sample analysis. Given that students are
mandated to have an eligible GPA in addition to the CPT score in order to take DE-algebra,
the first sensitivity test estimates the effect at the CPT cutoff for those with an eligible
GPA. The results are not materially affected. This outcome is expected since the GPA
requirement is not binding for participation in some of the colleges in the CPT sample and
students at the CPT cutoff have on average an eligible GPA (mean GPA at the CPT math
cutoffs is 3.2).

Table 2.8: Sensitivity of Dual Enrollment Effect to Sample Selection and Model Specification
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An assumption of the sequential RD framework is that students can only take algebra
once (either in high school or in college). In practice, however, about 5% of the students
that take DE-algebra re-take the course in college; typically, because they fail the course the
first time. Estimates in Table 2.8 show that excluding algebra repeaters from the analysis
does not change the results.
The next four rows in Panel B assess the robustness of the estimates to alternative estimation of the last term in the sequential RD estimator (equation (2.8)) that is not readily
available in data. I first estimate the term based on matching students within a larger and
narrower bandwidth of the data around the cutoff than that used for the main analysis (20
and 10 points instead of 15). I then examine whether using a more stringent criteria to
identify DE-algebra never-takers below the cutoff would affect the results. Specifically, I
use 75% of the known share of DE-algebra never-takers instead of the actual share to get
a sample that most closely matches a student above. Last, I use an alternative specification
of the covariates used in the matching that includes students’ course-taking choices in high
school (number of math, english, science, and history courses, and an indicator for taking
math courses in the senior year). None of these exercises materially affect the results.
In addition, Table 2.8 also shows the estimates using all non-DE-algebra students below
the cutoff instead of the matched-identified sample. While this analysis does not rely on
matching, it is based on a likely strong assumption: Students that would have never taken
DE-algebra D̄H = (0, 0) are in fact similar to those that would have taken it if eligible D̄H =
(0, 1). The effect of DE-algebra on college degree attainment is still large and significant,
albeit smaller in size. Points estimates are 15 percentage points for AA and 18 for BA
vs. 23 percentage points in baseline. In the case of AA, the estimate is significant using
larger bandwidths of the data (not shown) but trends towards significant in the reported
bandwidth.
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The following robustness checks include a larger sample of colleges by relaxing the
criteria used for selecting colleges for the main analysis. First, I include two additional
colleges in the sample that have a sizeable discontinuity in DE-algebra participation but
use the same cutoff to determine enrollment in algebra as for math remediation. Despite
the fact that ineligible students face different course-taking options in these colleges than
in all others in the sample, results including them remain mostly unchanged. The last row
reports the estimates using a larger sample of colleges with significant discontinuities in
DE-algebra, though not all being robust across model specification. Overall, this analysis
includes a total of 12 DE programs (a addition of 5 colleges and almost 2 times the number
of students), with a precise first stage of 16-percentage points. Notably, the effects on
the likelihood of obtaining a High School diploma and on postsecondary enrollment are
smaller in magnitude than the baseline and no longer statistically significant; indicating
some heterogeneity in the effect on these outcomes across programs. The main conclusion
on the DE-algebra effect on degree attainment still holds in this broader set of colleges.
The consistency and stability of the positive and significant estimates on college degree
outcomes across samples and model specifications is reassuring.

2.8

Conclusion

In the presence of discouraging statistics on postsecondary enrollment and attainment,
there is a growing need to find effective ways to help high school students in their transition
to higher education. There is a growing body of literature providing reliable evidence that a
rigorous high school curriculum, particularly one rich in math, is a key determinant of students’ educational progress and earnings (e.g., Rose and Betts 2004; Goodman 2009). To
this end, policymakers are increasingly viewing dual enrollment programs
students to take college courses while in high school

which allow

an appropriate intervention. This

enthusiasm about dual enrollment programs has been accompanied by remarkable growth
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in state legislation that governs their structure and funding. While 23 states had dual enrollment legislation in 2000 (Frazier 2000), 42 states had passed one by the end of 2005
(WICHE 2006). As the program continues to expand, it is important to understand its
impact on students’ academic progress.
This paper provides empirical evidence of the effect of dual enrollment using data from
Florida, a state with a well-developed, highly regulated, and fully-funded dual enrollment
program. Florida provides a unique opportunity to assess the effect of dual enrollment participation since participation requirements are set forth by the state. In particular, students
are required to have a minimum 3.0 high school GPA in order to take an academic dual
enrollment course and, for courses such as college algebra, a minimum proficiency in a
college placement test (CPT). These features of the program allow using two regressiondiscontinuity designs to gauge the causal effect of the program by comparing the outcomes
of students who barely pass with those that barely miss the required GPA or CPT cutoff (for
algebra). An analytical complication of the particular analysis of dual enrollment algebra
derives from the fact that an eligible student who does not take the course while in high
school has the opportunity to take the course later, while in college. I propose a new RD
estimator, the sequential RD-matching estimator, that extends the standard RD design to
accommodate for a subsequent treatment with the same eligibility requirement.
Using data from the 2000 and 2001 high school graduating cohorts in selected Florida
counties, I find no evidence that simply taking dual enrollment significantly increases students’ likelihood of high school graduation, college enrollment or college success for students who are on the margin of Florida’s minimum GPA requirement. While the estimates
are generally negative, large standard errors imply that we cannot rule out sizable effects
in either direction. However, dual enrollment participation conceals important variation in
course experience. Based on a sample of students who took Florida’s college placement
test, I find that taking one popular challenging course as dual enrollment, college algebra,
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significantly increases students’ likelihood of enrolling in college by about 16-percentage
points and obtaining a college degree by about 23-percentage points, with some indication
of positive effects on high school graduation.
This research presents the first attempt to use a quasi-experimental method to examine
the causal effect of participation in an academic DE program. From a policy perspective,
it provides credible evidence that dual enrollment programs can play a significant role in
improving students’ college access and success. It also highlights that factors such as the
subject area, quality, or level of difficulty of the dual enrollment experience should be taken
into account when expanding these programs with the objective of addressing the needs of
high school students as they transition to postsecondary education.

2.9

Remarks from Chapter 1 and Chapter 2 and Directions for Future
Research

DE estimates from Chapter 1 and 2 are not directly comparable due to a number of
factors, including different samples of the data (statewide vs. selected districts), different
definition of treatment (DE participation in general vs. DE-basic courses or DE-algebra),
and different estimands (average treatment effect vs. local average treatment effect). While
ordinary least squares (OLS) employed in Chapter 1 provides an indication of the average
expected gain from participation among all students, regression-discontinuity methods in
Chapter 2 estimate an effect “locally” for students with a level of ability close to the eligibility cutoff and for a small subgroup of those students who would participate if eligible
(known as Compliers). In addition, OLS is likely to provide an upwardly biased estimate of
the average treatment effect due to unobserved selection into participation. Despite these
differences, it is natural to try to compare the results. Taken together, Chapter 1 suggests
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that DE participation is associated with students’ success across outcomes, whereas Chapter 2 indicates that the returns to DE is limited to certain outcomes and for a particular
rigorous course. However, when effects are found in Chapter 2, those are larger than comparable OLS estimates using only students close to the eligibility cutoff. This is consistent
with the vast literature on returns to education that generally finds that instrumental variables estimates are larger than OLS estimates. One recurrent explanation to rationalize this
evidence is that regression-discontinuity or instrumental variable speak for the effect on a
particular group of students with high marginal returns to the program (Card 2001).
Chapter 2 results point an important direction for future research. In a nutshell, DEalgebra is found to increase college degree attainment (AA/BA) by about 34 percentage
points from approximately 27% to 61%. Two factors can explain this large increase on
degree. One is because DE-algebra induces more students to go to college, and second
because those that go to college are now more likely to obtain a degree. From a policy
perspective, it is important to understand the extent to which each of these factors is driving the effect. The effect of DE-algebra on college-going was estimated in Chapter 2 to be
about 16 percentage points from a rough benchmark of 77% to 93%.48 With these numbers
we can calculate that the probability of obtaining a degree conditional on going to college
increases from 35% (27 over 77) without DE to 65% (61 over 93) with DE. This simple
back-of-the-envelope calculation suggest that most of the effect on degree attainment is not
coming from the increase in college-going rate but rather from a large increase in degree
attainment conditional on going to college.49 An important implication for future research
48 Recall

from Chapter 2 that average outcome just below the cutoff is the not appropriate benchmark for the estimates
in a fuzzy regression discontinuity design. The estimates speak for the effect on a subgroup characterized as compliers
whose observed score in the data is that obtained while in high school. For this exercise, benchmarks are approximated
using the mean degree outcomes for the matched-identified sample of compliers and the mean college going rate for
students with a high school GPA of 3.0, though using alternative benchmarks would not affect the qualitative conclusion.
49 The effect on degree conditional on going to college should not be interpreted as the effect of DE if you go to college.
Rather, it is the effect on compliers students that decided to go to college, taking into account that DE might have affected
their college decision
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is then to understand the factors behind the improvement in students’ success-rate. Specifically, to what extend DE changes students’ college-readiness or changes the composition or
type of college-goers. Conceptually, DE might not only improve the academic preparation
but also the college-student match of those who decide to go to college, as students get a
realistic idea of what college is all about and their own abilities to be in college. Arguably,
certain challenging or degree-required core-courses such as DE-algebra are able to covey
this information to students more effectively.
While there is a natural mapping between the college-readiness and college-information
component of a DE experience and the heterogeneity of the DE effect by course content
(Chapter 2) and by course location (high school vs. college, Chapter 1), none of the analyses in this dissertation can disentangle these components. Since the eligibility requirements
for participation in DE are the same for courses taught at the high school or the college
campus, Chapter 2 results only speak for the return to a particular coursework and cannot disaggregate the effect by location. Instead, Chapter 1 provides associations between
course-location and outcomes but the effect might be confounded by endogenous students’
choices (such as students who take DE at the college campus enrolling in more and/or more
difficult courses) and differences in the quality of the instruction across sites.
Further research is needed to understand to what extent DE changes the quality of
college-goers (through improvements in college-readiness) or their composition (through
improvements in college-information). Conceptually, this would also provide a framework
to compare Advanced Placement and Dual Enrollment programs, as both are designed to
increase college-readiness but only the later can provide students a first hand experience
with college life. A simple experiment that would allow to specifically address this question would involve randomizing students interested in a given DE course into different
course locations, but having the same instructor teaching both courses as a mean to control
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for course-quality. The research in this dissertation also highlights the likely important heterogeneity of the DE effect by course-content or difficulty, though offers evidence on only
one college math course. A demonstration that considers a range of popular DE courses
would further advance our understanding about which courses render a more meaningful
college experience.

2.10

Appendix
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Table 2.9: Estimated Discontinuity in Dual Enrollment (any course) in 12th grade by Community
College
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Chapter 3

Subjective and Objective Evaluations of
Teacher Effectiveness: Evidence from
New York City

(coauthored with Jonah E. Rockoff)1
“I have an open mind about teacher evaluation, but we need to find a way to measure
classroom success and teacher effectiveness. Pretending that student outcomes are not part
of the equation is like pretending that professional basketball has nothing to do with the
score.”
- Arne Duncan, U.S. Secretary of Education, Remarks to the Education Writers Association April 30th, 2009
1 A slightly enhanced version of this essay is forthcoming in Labour Economics and a shorter version is published in
the American Economic Review, Papers and Proceedings, May 2010, 100:261-266.
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Introduction

A large body of research demonstrates the importance of teacher effectiveness in raising student achievement. This literature has extensive roots (e.g., Hanushek 1971; Brophy
and Good 1986), and has grown due to the availability of large administrative datasets that
link student outcomes to classroom teachers (e.g., Sanders and Rivers 1996; Rockoff 2004;
Rivkin et al. 2005; Harris and Sass 2006; Aaronson et al. 2007; and Clotfelter et al. 2007).
Two stylized facts from this work are that (1) teacher effectiveness (sometimes referred to
as “value-added”) varies widely and (2) outside of teaching experience, the characteristics
used to certify and pay teachers bear little relation to student outcomes. These findings provide motivation to understand better how effective and ineffective teachers can be identified
early in their careers.
In this paper, we measure the extent to which a set of subjective and objective evaluations of teacher effectiveness can predict teachers’ future impacts on student achievement.
The subjective evaluations come from two sources: an alternative certification program that
evaluates its applicants prior to the start of their teaching careers, and a mentoring program
in which experienced educators work with new teachers and submit evaluations of new
teachers’ effectiveness throughout the school year. The objective evaluations of effectiveness we use are estimates of teachers’ impacts on student achievement in the first year of
their careers.
We find that both subjective and objective evaluations bear significant relationships with
the achievement of teachers’ future students. Moreover, when both subjective and objective
evaluations are entered as predictors in a regression of future students’ test scores, their
coefficients are only slightly attenuated. Thus, each type of evaluation contains information
on teacher effectiveness that is distinct from the other.
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Notably, we also find evidence of significant variation in the leniency with which standards of evaluation were applied by some evaluators of new teachers. Specifically, for evaluations by mentors, variation in evaluations within evaluators is a much stronger predictor
of teacher effectiveness than variation between evaluators. This highlights the importance
of reliability in the procedures used to generate subjective evaluations.
The paper proceeds as follows. We provide a brief summary of previous literature in
Section 2 and describe our data in Section 3. Our methodology and empirical estimates are
presented in Section 4, and Section 5 concludes.

3.2

Prior Literature

Several recent studies have examined how objective data on student learning from early
in a teacher’s career can be used to predict how teachers will impact student outcomes
in the future. For example, Gordon et al. (2006) take measures of the effectiveness of
teachers in Los Angeles using data from the first two years of their careers and, grouping
teachers by quartiles, examine students’ outcomes in these teachers’ classrooms during the
following year. They find large differences across quartiles—students with teachers in the
top quartile gained 10 percentile points more than those assigned to teachers in the bottom
quartile, about half the national Black- White achievement gap—and conclude that using
data on student performance to identify and selectively retain teachers could yield large
benefits for student achievement. Goldhaber and Hansen (2009) draw similar conclusions
in their analysis of data from North Carolina.
Tempering such findings is the reality that sampling variation and classroom level idiosyncratic shocks introduce noise into measures of teacher effectiveness solely based on
student test scores, so that some teachers who initially appear effective may perform poorly
in the future, and vice versa. Of equal concern is that estimates of teacher effectiveness may
be biased if some teachers are persistently assigned students that are more or less difficult to
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teach in ways that administrative data sets do not measure. For these reasons, it is important
to understand how other measures of effectiveness can be used to achieve greater stability
and accuracy in measures of effective teaching. Moreover, it is unlikely that any system
of teacher evaluation purely based on student test score data would ever be implemented,
given considerable opposition from teachers’ unions (see Weingarten 2007).
There is a considerable literature on the power of subjective teaching evaluations to
predict gains in student achievement. The largest focus has been on evaluations of teachers
by the school principal, motivated by principals’ authority in making personnel decisions.2
A second strand of work examines the relation between teacher effectiveness and formal
evaluations based on classroom observation protocols or “rubrics” (e.g. Holtzapple 2003;
Schacter and Thum 2004; Gallagher 2004; Kimball et al. 2004; Milanowski 2004). With
few exceptions, principal evaluations and classroom observations have been found to have
significant predictive power to predict student achievement. For example, Jacob and Lefgren (2008) find that a one standard deviation increase in a principals’ evaluation of a
teacher is associated with higher test score performance of 0.10 and 0.05 standard deviations in math and English, respectively.3
The findings from these studies are quite encouraging, but there are two notable shortcomings that limit what we can learn from them about identifying effective new teachers
using subjective evaluations. First and foremost, they investigate the power of evaluations
to predict the exam performance of current, not future, students. A teacher may be highly
2 This topic has been studied over a long period of time by educators (e.g., Hill 1921; Brookover 1945; Gotham 1945;
Anderson 1954; Medley and Coker 1987; Manatt and Daniels 1990; Wilkerson et al. 2000), but economists have also
made significant contributions (e.g., Murnane 1975; Armor et al. 1976; Harris and Sass 2007a; Jacob and Lefgren 2008;
Rockoff et al. 2009).
3 Another related set of studies focus on teachers who are certified by the National Board of Professional Teaching
Standards (NBPTS) via review of a portfolio which includes student work, a self-assessment, and sample video of classroom instruction (e.g., Cavalluzzo 2004; Goldhaber and Anthony 2007; Cantrell et al. 2007; Harris and Sass 2007b). The
evidence, while somewhat mixed, generally suggests that NBPTS selects more effective teachers among its applicants
and that teachers certified by NBPTS are more effective than teachers who lack this certification.
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rated because she has a group of students who are well behaved, cohesive, and highly motivated in ways that cannot be controlled for using regression analysis and available data.
A stronger test of the power of these evaluations would be to predict gains produced by
the teacher with a new group of students in a subsequent year (as done by Gordon et al.
(2006) using objective performance data). Second, it is unclear the extent to which principal evaluations represent a subjective assessment of teacher effectiveness or whether they
are influenced by objective data on the performance of a teacher’s previous students.
Ours is the first study to focus on subjective evaluations made prior to or just at the start
of a teacher’s career. It is also one of the few studies that tests how multiple sources of
subjective evaluation predict teacher effectiveness.4 Because our data are administrative,
rather than survey based, we also use a relatively large sample, i.e., thousands of teachers,
rather than hundreds. In addition, our study is distinct from prior work (outside of Tyler
et al. (2009)) in that both sets of subjective evaluations we examine were made by professionals as part of their job, and one was a high-stakes evaluation. This is important to the
extent that individuals change the way they do assessments in different contexts.

3.3

Data and Descriptive Statistics

Our analysis uses data on students and teachers in the public schools of New York
City. First are administrative data on demographics, behavior, and achievement test scores
in math and English for students in grades 3 to 8 in the school years 2003-04 through
2007-08. These data also link students to their math and English teacher(s). We also use
data on teachers’ characteristics: demographics, possession of a master’s degree, type of
4 Most

studies of subjective evaluations by different groups—principals, peer teachers, students, parents, and the
teachers themselves—only examine correlations among these measures (e.g., Epstein 1985; Peterson 1987). We know of
two studies that examine the relation between multiple subjective evaluations and teacher effectiveness (Anderson 1954
and Wilkerson 2000), but both are based on very small samples.
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certification/program, and teaching experience (as proxied by their position in the salary
schedule).
Using the linked student-teacher data, we can objectively evaluate teachers’ impacts on
student test scores in their first year using an empirical Bayes’ method. This estimation
of a teacher’s value-added is a fairly standard procedure and follows closely the method
described in Kane et al. (2008). However, rather than obtain a single estimate of teacher
value-added using all years of data, we run a series of regressions, each of which uses
two years of data, and the residuals from each regression are used to produce estimates
for a single cohort of first-year teachers (e.g., data from 2004-05 and 2005-06 are used to
estimate value-added for teachers who began their careers in school year 2005-06). This
avoids using data from teachers’ second years to evaluate their first-year performance.5
Data on subjective evaluations come from two programs for new teachers in New York
City. The first program is the New York City Teaching Fellows (TF), an alternative path
to teaching certification taken by about a third of new teachers in New York City.6 After
submitting an application, approximately 60 percent of applicants are invited for a day-long
interview process, which includes a mock teaching lesson, a written essay on a topic not
given in advance, a discussion with other candidates, and a personal interview.
5 We lack value-added estimates on some teachers that received subjective evaluations and were linked to students in
their second year of teaching, but were not linked their first year. To include these teachers in our analysis, we set their
value-added estimates to zero and include a variable indicating that these teachers were missing an estimate.
6 Fellows are required to attend an intensive pre-service training program designed to prepare them to teach and to
pursue a (subsidized) master’s degree in education while teaching in a public school. Boyd et al. (2006) and Kane et al.
(2008) provide more detailed descriptions and analyses of this program.
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Starting with applications for school year 2004-2005, applicants brought in for interviews have been rated on a 5-point scale.7 In order to be accepted into the program, candidates must receive one of the top three evaluations; only about five percent of applicants
receiving either of the two lowest evaluations are accepted into the program, based on a review by a committee that makes final recruitment decisions. Because very few candidates
received the second-lowest evaluation (reserved for borderline cases), we combine Fellows
receiving the two lowest evaluations into one group for our analysis. We use evaluations
on TF applicants who began teaching in the school years 2004-2005 through 2006-2007.
The second source of subjective evaluations data is a program which provided mentoring to new teachers in New York City during the school years 2004-2005 through 20062007.8 Under this centrally administered program, a group of trained, full-time mentors
worked with new teachers over the course of their first year to improve their teaching skills.
Typically, a mentor would meet with each teacher once every one or two weeks, starting
sometime between late September and mid-October and extending through June.
As part of this program, mentors submitted ongoing evaluations of teachers’ progress
in mastering a detailed set of teaching standards. Mentors provided monthly summative
7 The

first evaluations on a 5 point scale were entered starting in November of 2003. Applicants that had already
been interviewed in September and October were assigned a mark regarding acceptance or rejection and, sometimes, a
designation of “top 20” or “borderline.” We use these marks to recode these candidates under the 5 point scale in the
following manner: “top 20” applicants are given the best evaluation, accepted candidates with no additional designation
are given the second best evaluation, “borderline” accepted candidates are given the third best evaluation, “borderline”
rejected applicants are given the second lowest evaluation, and rejected applicants with no additional designation are
given the lowest evaluation. Personal correspondence with Teaching Fellows program administrators confirmed that
these classifications are appropriate.
8 See Rockoff (2008) for a detailed description and analysis of this program. Mentoring is required for all new teachers
in New York State. The New York City mentoring program targeted all new teachers in school years 2004- 2005 and
2005-2006, but in 2006-2007 it did not serve teachers at roughly 300 “empowerment” schools that were given greater
autonomy (including control of how to conduct mentoring) in return for greater accountability. The mentoring program
did not continue in the school year 2007-2008, when all principals were given greater autonomy.
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evaluations and bimonthly formative evaluations of teachers on a five point scale.9 Summative and formative evaluations are highly correlated (coefficient of correlation 0.84) and
we therefore average them into a single measure of teacher effectiveness.
Mentors could not observe teachers prior to the start of the school year, and their evaluations may be affected by the students to whom teachers were assigned in their first year.
Nevertheless, it is still interesting to ask whether mentors’ impressions after only a few
meetings with the teacher are predictive of performance in the first year. We therefore
calculate mentors’ evaluations of teachers using evaluations submitted up until November
15. We use evaluations submitted from March through June to examine effectiveness in
teachers’ second years.
The individuals working as evaluators (TF interviewers and mentors) had all been
trained on a set of evaluation standards, but it is possible that some individuals were
“tougher” in applying these standards than others. Fortunately, over the course of this period each TF interviewer saw dozens of applicants, and each mentor worked with roughly
15 teachers per year (some working for multiple years). In addition, interviewers were
assigned randomly to TF applicants, and Rockoff (2008) shows that, conditional on a
teacher’s subject area, the pairing of mentors with new teachers appears quasi-random. We
therefore examine specifications that separate variation in absolute evaluation levels from
9 Formative

evaluations were much more detailed than summative evaluations. Teachers were rated on six competencies: engaging and supporting all students in learning, creating and maintaining an effective environment for student
learning, understanding and organizing subject matter for student learning, planning instruction and designing learning
experiences for all students, assessing student learning, and developing as a professional educator. Moreover, each of
these competencies had between 5 and 8 items. However, not all mentors rated teachers in all competencies, and, when
they did, evaluations were highly correlated (and often identical) across competencies. Results of a simple factor analysis
(available upon request) reveal that variation in evaluations for all competencies was mainly driven by a single underlying
trait. Thus, we construct a single formative evaluation using the average of all non-missing subcategory evaluations. All
evaluations were entered electronically into a centralized database. However, some mentors did not complete all evaluations for their teachers, and some evaluations were submitted quite late. We drop the two percent of evaluations that were
submitted more than 60 days after the month to which they related. As one might expect, the distribution of evaluations
changed considerably over the course of the school year. In the early months of the year, most teachers received the lowest
evaluation, so the distribution is skewed with long right hand tail. By the end of the year, the distribution is more normally
distributed; some teachers were still at the lowest stage and others had reached the top, but most were somewhere in the
middle. Because evaluation data were not completed every month for every teacher, we account the timing of teachers’
evaluations by normalizing evaluations by the month and year they were submitted.

CHAPTER 3. TEACHER EFFECTIVENESS

111

relative variation within evaluators. To do so, we measure the average of the evaluations
given out by each mentor (TF interviewer) and include these averages in our regression
specifications as additional covariates.
Because we are interested in how both subjective and objective evaluations relate to
teacher effectiveness, we restrict the analysis to teachers who taught tested subjects (math
and/or English) and grades (four to eight). Table 3.1 provides descriptive statistics for
teachers in these grades and subjects who received subjective evaluations; for comparison
purposes, we also include statistics based on other teachers working in the same years,
subjects, and grades throughout New York City. Teachers with evaluations are new and,
not surprisingly, considerably younger, less experienced, and less likely to have a master’s
degree than other teachers. They are also teaching students who are more likely to be Black
or Hispanic and have lower prior test scores, reflecting the tendency for higher turnover
(and thus more hiring) in schools serving these students. While Teaching Fellows and the
mentoring program are distinct, there is considerable overlap between them: 27 percent of
mentored teachers were Teaching Fellows and 90 percent of the Teaching Fellows received
evaluations via the mentoring program. However, the descriptive statistics of their students
suggest that Teaching Fellows are hired to work in relatively disadvantaged schools, as has
been documented in prior studies (Boyd et al. 2008; Kane et al. 2008).
We present a second set of summary statistics in Table 3.2, grouping new teachers by
their subjective evaluations. Mentored teachers are divided by tercile of their beginningof-year evaluation and TF teachers by their evaluation score, combining the lowest two
evaluations into a single group. The table also displays the p-values from a test for whether
the mean values for each characteristic are statistically different across these groups.
These tests indicate that teachers receiving high evaluations by their mentors at the beginning of the school year are less likely to teach minority students and students receiving
Free/Reduced Price Lunch; they also have slightly larger classes. More importantly, their
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Table 3.1: Descriptive Statistics by Teacher Program

students have substantially higher prior test scores than those taught by teachers that received lower evaluations. However, these differences are eliminated if we look at residuals
of prior test scores from a regression of school fixed effects.10 Thus, if mentor evaluations are valid measures of teaching skills, then more highly skilled new teachers are, on
average, being hired by schools with higher achieving students. In contrast, we find very
little systematic variation in the student characteristics for Fellows who received different
evaluations during recruitment.
Since most Teaching Fellows also received mentor evaluations, we present the average
mentor evaluations from the beginning and end of the first year by TF evaluation (bottom
of Table 3.2). Interestingly, the relationship between the two evaluations at the start of the
year is fairly weak. Fellows receiving initially unacceptable evaluations (i.e., the two lowest
10 Moving from raw to residual scores, the gaps between top and bottom tercile mentored teachers move from 0.15 to
0.03 in math and from 0.10 to 0.01 in English.

Table 3.2: Descriptive Statistics by Evaluation
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scores of the 5 point scale) received the lowest mentor evaluations on average, but Fellows
with the third highest TF evaluations (i.e. on the border of acceptance into the program)
received the highest average mentor evaluation. In contrast, the relationship between TF
evaluations and mentor evaluations at the end of the first year are monotonic. It is also worth
noting that Teaching Fellows received low evaluations by mentors on average, though there
is little evidence Teaching Fellows are less effective than other new teachers (Kane et al.
2008).

3.4

Methodology and Regression Estimates

Our main analysis is based on regressions of the following form:

Aikt = γEvalk + β Xit + λ Tikt + ∑ πgt Dgit + ∑ πz Dzit + εikt
g,t

(3.1)

z

where Aikt is the standardized achievement test score for student i taught by teacher k
in year t, Evalk is a vector of (subjective and/or objective) evaluations of teacher effectiveness, Xit are student level control variables (including prior achievement), Tikt are controls
for teacher and classroom level characteristics, Dg it is an indicator for whether student i is
in grade g in year t, Dz it is an indicator for whether student i attends a school located in zip
code z in year t, πgt and πz are grade-year and zip code fixed effects, and εikt is an idiosyncratic error term. To gain precision on estimates of fixed effects and other coefficients,
the regressions include students taught by other teachers in the same schools. For these
teachers, evaluation(s) variable(s) are set to zero and we include an indicator variable for
missing evaluation(s). For ease of interpretation, evaluations are normalized to have mean
zero and standard deviation of one, and student test scores are also similarly normalized at
the year-grade level. Standard errors are clustered at the teacher level.
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Estimates of the power of subjective evaluations to predict student achievement in a
teacher’s first year are shown in Table 3.3. The coefficients on TF evaluations and mentor
evaluations from the start of the school year for math achievement are both positive (0.015
and 12 0.016) and statistically significant (Columns 1 and 3).11 The coefficients for regressions of achievement in English (Columns 8 and 10) are positive but statistically insignificant. It is important to note, however, that estimates of variance in teacher effectiveness are
considerably smaller for English than math, both in New York City and elsewhere (Kane et
al. 2008; Kane and Staiger 2008). Thus, we lack sufficient power in our sample to identify
effects in English of the same proportional magnitude as the effects we find for math.
To explore whether the same standards were applied by all evaluators, we test whether
variation in evaluations within evaluators is a stronger predictor of teacher effectiveness
than variation between evaluators. If differences in average evaluations across mentors or
TF interviewers simply reflected differences in the effectiveness of teachers assigned to
them, we would expect the coefficient on the average evaluation they give out (variation
between evaluators) to be equal to the coefficient on the deviation of a teacher’s evaluation
from the evaluator mean (variation within evaluators). In contrast, if evaluators who gave
out higher average evaluations were simply more lenient in applying standards, the between
coefficient should be smaller than the within coefficient.
For evaluations by TF interviewers, we cannot reject that the two coefficients are the
same in either subject. In math, the coefficient on the TF interviewer’s average evaluation is much smaller than the coefficient on the deviation from that average (Column 2),
but in English the coefficient on the TF interviewer’s average evaluation is larger than the
coefficient on the deviation (Column 9). This is perhaps not surprising, since TF interviewers were given substantial training in order to standardize their evaluations. However, for
11 In

separate regressions (available upon request) we replace the linear TF evaluation term with indicator variables
for each evaluation score. The coefficients indicate a monotonic positive relationship between evaluations and student
achievement, but the results are driven mostly by the top and bottom groups. The difference in student achievement on
average between the middle two groups of teachers is quite small.
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evaluations by mentors, who were not given such training, we do find evidence of varying
standards. In math, the coefficient on the mentor’s average evaluation (0.007) is not significantly different than zero and is significantly lower than the coefficient on the deviation of
a teacher’s evaluation from the mentor average (0.022). In English, the coefficient on the
average evaluation is slightly smaller, but not statistically different.
In a final set of specifications examining teachers in their first year, we include both TF
evaluations and mentor evaluations, including only teachers with both types of evaluations
(Columns 5 to 7 and 12 to 14). Motivated by our findings above, we continue to split mentor
evaluations into mentor average and deviation from average. In math, the results are quite
similar for this sample. However, in English, we find that variation in evaluations both
within and between mentors has significant predictive power for students’ test scores. The
change in the coefficients across the two samples (from about 0.005 to 0.03) is driven by
a stronger relationship between student achievement and mentor evaluations for Teaching
Fellows; adding a control for whether a teacher is a Teaching Fellow does not materially
change the coefficient on mentor evaluations in the regression that includes all mentored
teachers. It is also worth noting that the coefficients on both sets of evaluations are similar
whether we estimate them in separate regressions or at the same time, consistent with the
weak correlation between them.
We then proceed to examine student achievement in the second year of teachers’ careers
(Table 3.4).12 First, we show that the value-added estimates are highly significant predictors
of the achievement of teacher’s students in the second year (Columns 1 and 7), with more
12 A

potential concern is that teachers who perform poorly in their first year are more likely to leave the teaching
profession or be assigned to non-tested grades or subjects in their second year. We examine both types of attrition using
regression analysis and find no evidence that teachers receiving lower TF evaluations or mentor evaluations were more
likely to exit teaching or not be linked with students in the following year. These results (available upon request) support
the idea that results from teachers’ second years are not materially affected by endogenous attrition.

CHAPTER 3. TEACHER EFFECTIVENESS

118

variation in achievement predicted in math (0.09) than English (0.02).13 These results are
consistent with prior research (e.g., Gordon et al. 2006; Kane and Staiger 2008).
In both math and English, the relationships between TF evaluations from recruitment
and student achievement in the second year are positive but statistically insignificant (Table
3.4, Columns 2, 3, 8, 9). However, evaluations by mentors—and in particular variation in
evaluations within mentors—bear a substantial positive relationship with student achievement in teachers’ second years. In math, the within variation in mentors’ evaluations both
at the beginning and end of the school year have significant positive coefficients (0.032 and
0.054, respectively) and in both cases we can reject that the coefficient on mentors’ average evaluations is equally large. Furthermore, the coefficients on these predictors remain
significant (0.024 and 0.031, respectively) when we include both of them and the objective
evaluation in the same regression. In English, within mentor variation in the end of year
evaluation is a statistically significant predictor of student achievement in a teacher’s second year with a coefficient (0.023) that is slightly larger than (and robust to the inclusion
of) our objective evaluation of first-year performance.14 Also, we can reject that the within
and between coefficients on end-of-year evaluations are the same.
13 The

coefficient for math is consistent with a stable value-added model, i.e., the standard deviation of value added in
math for first year teachers is very close to the coefficient in the regression. For English, the coefficient is only half the
size of the standard deviation in value added we estimate among first year teachers. We investigated this issue further
and found that the decreased power of first year value added to predict second year value added drops in the school year
2005-2006, when the English test in New York State was moved from March to January and the format of the test changed
in grades five, six, and seven.
14 Notably, in all specifications, the coefficient on the average evaluation given out by mentors at the end of the school
year is negative and statistically significant, indicating important variation in how mentors applied the teaching standards
on which they were trained to evaluate teachers. Indeed, the magnitude of these coefficients suggests that variation in
average evaluations across mentors bears little relationship with student achievement.
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Table 3.4: Subjective and Objective Evaluations and Student Achievement in a Teacher’s Second
Year
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Table 3.5: Interactions of Subjective and Objective Evaluations for Mentored Teachers

3.4.1

Interaction of Subjective and Objective Evaluations and the Impact of Evaluator Experience

In this subsection we present extensions to our main results. First, we examine whether
subjective and objective evaluations have important interactions. In other words, do subjective evaluations have more power to distinguish effective and ineffective teachers for groups
of teachers at different parts of the objective evaluation distribution, and vice versa? To explore this possibility, we run regressions where we include an interaction of a teacher’s
objective (subjective) evaluation with indicator variables for the tercile of a teacher’s subjective (objective) evaluation. We focus on evaluations by mentors made at the end of a
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teacher’s first year, since these were found to have the most consistent predictive power for
future student outcomes.
The results (Table 3.5) indicate that objective evaluations are equally predictive of student achievement in the second year for teachers with subjective evaluations in each tercile.
In contrast, the coefficient on the interaction of this subjective evaluation and the middle
tercile indicator is larger than interactions with bottom and top tercile for both math and
English achievement, and in English achievement we can reject equality of the three coefficients at conventional levels. In other words, mentor evaluations appear to have greater
power to distinguish effective and ineffective teachers among those whose first year valueadded does not put them either at the lower or upper tail of the distribution.
Our second extension is to investigate whether evaluations by TF interviewers and mentors who have more evaluation experience are more powerful predictors of student achievement. Specifically, to our main regression specification we add a control for the number of
interviews conducted by each TF interviewer prior to their interview with each TF candidate, a control for the number of teachers with whom a mentor has worked, and interactions
of these variables with subjective evaluations (Table 3.6). For math scores, we do find a
positive interaction of experience and evaluations given by mentors at the start of the school
year. This provides some suggestive evidence that experienced mentors have more accurate “first impressions” of teacher effectiveness, but the accuracy of evaluations made after
a full year of observation are no better for experienced mentors than their less experienced
colleagues.

3.5

Conclusion

We use data from New York City to examine the power of subjective and objective
evaluations to identify effective and ineffective teachers early in their careers. We find evidence that teachers who receive better subjective evaluations of teaching ability prior to
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hire or in their first year of teaching also produce greater gains in achievement, on average,
with their future students. Consistent with prior research, our results support the idea that
teachers who produce greater achievement gains in the first year of their careers also produce greater gains, on average, in future years with different students. More importantly,
subjective evaluations present significant and meaningful information about a teacher’s future success in raising student achievement even conditional on objective data on first year
performance. This is an especially noteworthy finding, considering that variation in subjective evaluations likely also captures facets of teaching skill that may affect outcomes not
captured by standardized tests.
Knowledge regarding the power of subjective evaluations and objective performance
data has important implications for designing teacher evaluation systems, merit pay, and
other polices whose goal is improving teacher quality and student achievement. All school
districts evaluate teachers, but evaluation policies are not typically based in high quality
empirical research and in many cases produce little differentiation among teachers (see
Weisberg et al. 2009). Given the current era of increased accountability for schools and
the research demonstrating the importance 17 of teacher quality, it is likely that states and
school districts will begin to implement policies that put greater stress on teacher effectiveness.
As this process unfolds, policymakers will need to have a better understanding of the
power and limitations of the measures they use in establishing incentives and accountability
for teachers. Our results, and those of prior work, suggest that evaluation systems which
incorporate both subjective measures made by trained professionals and objective job performance data have significant potential to help address the problem of low teacher quality.
However, we also find that the application of standards can vary significantly across individuals responsible for making evaluations, and the implementation of any evaluation
system should address this issue.
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