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Abstract

Success or failure in freshman algebra has long been thought to have a strong impact on subsequent high school
outcomes. We study a remedial algebra policy implemented by the Chicago Public Schools (CPS) for cohorts
entering high school in 2003 and 2004. Students scoring below the national median on an eighth grade exam were
assigned in ninth grade to a remedial algebra course that doubled instructional time and increased tracking by
ability. The assignment rule allows difference-in-difference and regression discontinuity estimates of average and
local average treatments effects. Using longitudinal data that tracks students from eight grade to college enrollment,
we confirm prior work showing modest or no short-run impacts on algebra passing rates and math scores. We show,
however, positive and substantial long run impacts of remediation on college entrance exam scores, high school
graduation rates and college enrollment rates. The bulk of this impact comes from students with below average
reading skills, perhaps because the intervention focused on written expression of mathematical concepts. These facts
point to the importance both of evaluating interventions beyond the short run and of targeting interventions toward
appropriate students. This is the first evidence we know of to demonstrate long run impacts of remediation in an
American high school setting.
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l. Introduction

There is an increasing recognition and concern that too few high school students,
especially those in urban areas, are graduating with the necessary skills needed for college and
the workforce. The high school completion rate has been declining over the past decade among
students at all income levels and only about half of racial minority students finish high school
(NCES, 2004)*. Despite increases in college enrollment, there has been little increase in college
graduation rates among African-American and Latino students, who often struggle on entering
college (NCES, 2011). High schools, particularly urban ones, are often blamed for not
graduating students with the skills and coursework they need to be successful in college.

There is now a national movement calling for more rigorous high school requirements
that are explicitly linked to the skills that students will need for work and college. The National
Governor’s Association, for example, has recommended enacting high school reform through
rigorous college preparatory graduation requirements, programs to encourage disadvantaged
students to take Advanced Placement (AP) exams and college-preparatory classes, and the
design of literacy and math support courses for students with below-grade level performance.?
These recommendations are already being followed. A number of states are in the process of
raising curricular requirements for graduation (e.g., Arkansas, Mississippi, and Illinois), and
other states have enacted incentives to particularly encourage disadvantaged students to take
rigorous high school course loads (e.g., Arkansas, Maine, Missouri, and Oklahoma).*

Calls to increase both curricular offerings and requirements are based on a large amount

of evidence tying school curriculum to student outcomes. Since the late 1980s there has been

! Data from the National Center for Education Statistics (NCES) Digest of Education Statistics (2004) shows that the
percentage of 17 year olds completing a high school degree has decreased from approximately 76 percent in the 1960s to
about 70 percent in the late 1990s.

2 National Governors Association Center for Best Practices (20052).

* National Governors Association Center for Best Practices (2005b).
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evidence that requiring students to take college preparatory classes could produce higher overall
levels of achievement and reduce racial and socioeconomic achievement gaps (Bryk, Lee and
Holland, 1993; Goodman, 2009). Some of this evidence comes from studies of the curricular
organization of public and Catholic high schools. Of particular interest is the nature of remedial
education in the PK-12 setting, which has historically been quite different in these two
educational sectors. In public high schools, remedial coursework constituted an entire set of
courses that could be used to satisfy graduation requirements. In contrast, in Catholic schools,
students were required to enroll in additional courses to build their skills through a “double dose”
of coursework. Some researchers have attributed at least part of the apparent success of Catholic
schooling to such rigorous curricular requirements (Bryk, Lee and Holland, 1993; Lee,
Croninger and Smith, 1997; Lee, Smith and Croninger, 1997).

Unfortunately, the vast majority of studies on the impact of remedial coursework and
other curricula on student achievement have relied on cross-sectional samples analyzed with
empirical strategies prone to generate substantial selection bias. The few studies on remedial
education that have seriously grappled with the issue of causal inference have either looked at
short-run outcomes such as test scores (Jacob and Lefgren, 2004) or longer-run outcomes in the
context of U.S. colleges or high schools in other nations (Calcagno and Long, 2008; Bettinger
and Long, 2009; Lavy and Schlosser, 2005). None of these studies have analyzed longer-term
outcomes in the urban American high school.

However, the one study of remedial education in an urban American high school is by
Nomi and Allensworth (2009) that study on which this current study builds on, the authors
examined the short-term impact of a remedial math policy known as “double-dose” algebra,

enacted by the Chicago Public Schools in 2003. Under this policy, students scoring below the



national median on their 8th grade math exam were required to take two periods of algebra a day
during the 9th grade. Students placed into these remedial classes thus received substantially more
instruction time in algebra. Nomi and Allensworth (2009) analyzed the early high school
outcomes of this policy by following students only through the 10th grade, and found positive
and substantial impacts on G.P.A and standardized test scores, but no improvement in 9" grade
algebra course failure rates. The time frame of their initial study did not, however, allow them to
explore other important outcomes beyond 10™ grade, such as learning in higher mathematics,
high school graduation, and college attendance.

Our study examines the impact of Chicago Public Schools' remedial math policy on longer-
term outcomes that are ultimately of more concern to students, parents and policymakers..
Specifically, we analyze advanced math coursework and performance, ACT scores, high school
graduation rates and college enrollment using longitudinal transcript data from the Chicago
Public Schools (CPS), which allow us to track students from 8th grade through college
enrollment.

To analyze the effect of this innovative double-dose curriculum, we employ two
complementary quasi-experimental techniques. The first is a difference-in-differences analysis,
which compares how the differential outcomes between students above and below the
remediation threshold changed upon implementation of the policy. The second is a regression
discontinuity design, which compares the outcomes of students just above and just below the
remediation threshold in years when the remedial math policy was in place. These empirical
strategies allow us to compare students treated with the remediation policy to a similar group of

untreated students who serve as the control group. Also, both of these techniques will produce



reduced form estimates of the impact of the policy on all students as well as instrumental
variables estimates of the impact of the policy on students induced to enroll in remedial math.

Using longitudinal data that tracks students from eight grade to college enrollment, we
confirm prior work showing modest or no short-run impacts on algebra passing rates and math
scores. We show, however, positive and substantial long run impacts of remediation on college
entrance exam scores, high school graduation rates and college enrollment rates. The bulk of this
impact comes from students with below average reading skills, perhaps because the intervention
focused on written expression of mathematical concepts. These facts point to the importance
both of evaluating interventions beyond the short run and of targeting interventions toward
appropriate students. This is the first evidence we know of to demonstrate long run impacts of
remediation in an American urban high school setting.

The double dose strategy has become an increasingly popular way to aid students
struggling in mathematics. Today, nearly half of large urban districts report doubled math
instruction as the most common form of support for students with lower skills (Council of Great
City Schools, 2009). The central concern of urban school districts is that algebra may be a
gateway for later academic success, so that early high school failure in math may have large
effects on subsequent academic achievement and graduation rates. As the current policy
environment calls for “algebra for all” in 9™ grade or earlier grades, providing an effective and
proactive intervention is particularly critical for those who lack foundational mathematical skills.
A successful early intervention may have the greatest chance of having longer-term effects on

students’ academic outcomes.

1. Implementing Double-Dose Algebra



Since the late 1990s, Chicago Public Schools (CPS) has been at the forefront of
curriculum reform designed to increase the rigor of student coursework and prepare students for
college entrance. Starting with students entering high school in the fall of 1997, CPS raised its
graduation requirements to align with the New Basics Curriculum.* CPS eliminated lower-level
and remedial courses so that all first-time freshmen would enroll in algebra in 9™ grade,
geometry in 10" grade and algebra Il or trigonometry in 11" grade. Soon after these reforms,
CPS officials realized that students were unable to master the new college-prep curriculum.
Passing rates in 9" grade algebra were quite low, largely because students entered high school
with such poor math skills (Roderick & Camburn, 1999).

In response to these low passing rates in 9th grade algebra, CPS launched the double-
dose algebra policy for all students entering high school in the fall of 2003. Instead of reinstating
the traditional remedial courses from previous years, CPS required enrollment in two periods of
algebra coursework for all first-time 9™ graders testing below the national median on the math
portion of the 8" grade lowa Tests of Basic Skills (ITBS).° Such students enrolled for two math
credits, a full-year regular algebra class plus a full-year algebra support class.® Three student
cohorts, those entering high school in the fall of 2003, 2004 and 2005, were subject to the

double-dose policy. Our analysis focuses on the first two cohorts because the test score-based

* The new basics curriculum was a minimum curriculum recommended by the National Commission of Excellence in
Education in 1983, which consists of four years of English, three years of each mathematics, science, and social studies,
and one-half year of computer science. The CPS requirements are actually slightly higher than the New Basics
Curriculum, which includes two years of a foreign language and specific courses in mathematics (i.e., algebra, geometry,
advanced algebra, and trigonometry).

> All CPS high schools were subject to the double-dose algebra policy, including 60 neighborhood schools, 11 magnet
schools, and 6 vocational schools (Nomi and Allensworth, 2009).

¢ Double-dose algebra students received 90 minutes of math class time every day for a full academic year. The first math
course (regular algebra) mostly consisted of class lectures. Whereas, the second math course (algebra with support) the
teachers focused on building math skills that students lacked and covered materials in a different order than simply
following the textbook. Double-dose teachers also used various instructional activities, such as working in a small group
(cooperative groups), asking probing and open-ended questions, and using board work (Starkel, Martinez, and Price,
20006; Wenzel, Lawal, Conway, Fendt, and Stoelinga, 2005).



assignment rule was not followed closely for the final cohort. We will refer to these as the 2003
and 2004 cohorts.

Prior to the double-dose policy, algebra curricula had varied considerably across CPS
high schools, due to the fairly decentralized nature of the district. Conversely, CPS offered
teachers of double-dose algebra two specific curricula called Agile Mind and Cognitive Tutor,
stand-alone lesson plans they could use, and thrice annual professional development workshops
where teachers were given suggestions about how to use the extra instructional time.” Though it
is difficult to know precisely what occurred in these extra classes, Nomi and Allensworth (2010)
surveyed students to learn more about the classroom learning environment. They found that
students assigned to double-dose algebra reported much more frequently: writing sentences to
explain how they solved a math problem; explaining how they solved a problem to the class;
writing math problems for other students to solve; discussing possible solutions with other
students; and applying math to situations in life outside of school. The additional time thus
focused on building verbal and analytical skills that may have conferred benefits in subjects
other than math.

CPS also strongly advised schools to schedule their algebra support courses in three
specific ways. First, double-dose algebra students should have the same teacher for their two
periods of algebra. Second, the two algebra periods should be offered consecutively. Third,

double-dose students should take their algebra support class with the same students who are in

7 The district made the new double-dose curricula and professional development available only to teachers teaching
double-dose algebra courses, but there was a possibility of spillover effects for teachers in regular algebra. However, the
professional development was geared towards helping teachers structure two periods of algebra instruction. Moreover,
based on CPS officials and staff members’ observations of double-dose classrooms, they found that even teachers who
taught both single-period and double-dose algebra tended to differentiate their instruction between the two types of
classes. Specifically, teachers tended to use new practices with the double-period class, but continued to use traditional
methods with the single-period class. Teachers told them that they did not feel they needed to change methods with the
advanced students (i.e., non double-dose students), and that they were hesitant to try new practices that may be more
time-consuming with just a single period. The double period of algebra allowed these teachers to feel like they had the
time to try new practices (e.g., cooperative groups).



their regular algebra class. Most CPS schools followed these recommendations in the initial year
(Nomi and Allensworth, 2009). For the 2003 cohort, 80 percent of double-dose students had the
same teacher for both courses, 72 percent took the two courses consecutively, and rates of
overlap between the two classes' rosters exceeded 90 percent. By 2004, schools began to object
to the scheduling difficulties of assigning the same teacher to both periods so CPS removed that
recommendation. For the 2004 cohort, only 54 percent of double-dose students had the same
teacher for both courses and only 48 percent took the two courses consecutively. Overlap
between the rosters remained, however, close to 90%. In the analysis below, we explore whether
the program's impacts vary by cohort in part because of this variation in implementation.

The treatment under consideration here thus had many components. Remediation doubled
the amount of instructional time and provided high quality curricula and professional
development to teachers. As we will show, the recommendation that students take the two
classes with the same set of peers caused tracking by skill to increase, thus reducing classroom
heterogeneity. All of these factors were likely to, if anything, improve student outcomes. We will
also show, however, that the increase tracking by skill placed remediated students among
substantially lower skilled peers than non-remediated students. Anecdotal evidence suggests that
remedial classes were taught by less experienced teachers. Both of these factors were likely to, if
anything, hurt student outcomes. We will be measuring the net impact of all of these

components.

. Data and Descriptive Statistics
We use longitudinal data from CPS that tracks students from eighth grade through

college enrollment. These data include demographic information, detailed high school



transcripts, numerous standardized test scores, and graduation and college enrollment
information. Our sample consists of all students entering ninth-grade for the first time in the fall
of 2001-2004. The first two cohorts, 2001 and 2002, are untreated and the second two cohorts,
2003 and 2004, are treated. We include only students who have valid 8th grade math scores and
who enroll in freshman algebra. We include only schools in which at least one classroom of
students was remediated.

The main independent variable, which will provide our instrument, is each student's 8th
grade score on the math portion of the lowa Test of Basic Skills (ITBS). All CPS 8th graders are
required to take this test. The 8th grade ITBS reading score will serve as an additional control, as
will demographic information such as gender, race, special education status, and socioeconomic
and poverty measures constructed for each student's residential block group from the 2000
Census. The latter measures are more informative than subsidized lunch measures given that
over 90% of CPS students receive subsidized lunches.

The transcript data allow for detailed exploration of the treatment itself. We assign
students an indicator for being remediated and continuous variables characterizing their regular
algebra classes. These include the mean of each student's peers' math skills as measured by 8th
grade math scores, heterogeneity as measured by the standard deviation of those scores, each
student’s distance to the mean peer skill, and class size. We also construct the number of full-
year courses taken in subjects other than math to see the extent to which the remedial period
displaces other coursework.

We focus on three sets of outcomes. First, to explore whether remediation helps students
complete the math coursework CPS expects of them, we construct grades received in math

coursework in freshman and later years. Second, to explore whether objective measures of math



achievement improve as a result of remediation, we construct a variety of test scores
standardized by cohort. These include the PLAN exam, which all CPS students take in
September of both their second and third years in high school, and the ACT exam, which all CPS
students take in April of their third year and is commonly used in the Midwest for college
applications. Third, to explore whether remediation improves long run outcomes such as
educational attainment, we construct measures of on time graduation and college enrollment.
Students are coded as on time graduates if they received a regular CPS diploma within four years
of starting high school. Linking CPS data with National Student Clearinghouse data allows us to
construct dummies indicating whether a student enrolled in college within a year of graduating
from high school and, if so, whether it was a 2-year or 4-year institution.

The summary statistics of the analytic sample are shown by cohort in Table 1. As seen in
panel (A), over 90% of CPS students are black or Hispanic, with nearly 20% in special
education. Panel (B) shows that the mean CPS 8th grader scored below the 50th percentile on the
math portion of the ITBS. As a result, 56% of students qualified for remediation in 2003 and
2004, according to the district's rule that any student scoring below the 50th percentile should be
remediated. Even though 56% qualified for remediation, only 43% were actually remediated,
suggesting imperfect compliance with the rule. The primary impact of remediation appears in the
increase in freshman math courses taken from 1.0 to 1.4. Tracking in freshman algebra courses
also increased, with the standard deviation in math skill dropping from 17 to 15. In panel (C),
only a third of students receive an A or B in freshman algebra, with nearly 20% failing that
course. In panel (D), roughly 50% of students sample graduate from CPS in 4 years. 35% enroll

in college within a year of graduating, evenly split between two- and four-year institutions.
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I11.  Empirical Strategies

Comparison of the outcomes of remediated and non-remediated students might yield
biased estimates of remediation's impacts given potentially large differences in unobserved
characteristics between the two groups of students. To eliminate this potential bias, we exploit
the fact that students scoring below the 50th percentile on the 8" grade ITBS math test were
supposed to enroll in double-dose algebra. This allows us to use two approaches to identifying
the impact of remediation, a difference-in-difference estimate using all cohorts and a regression
discontinuity design using only the treated cohorts. In both cases, we use the assignment rule as
an exogenous source of variation in the probability that a given student will be remediated.

We implement the difference-in-difference (DD) approach using the regressions below:

Yit = ay + ajlowscore * post + a,lowscore + azpost + 6;; (1) (RF)
remediated;; = y, + y1lowscore * post + y,lowscore + y3post + 0;; (2) (FS)
Yt = Bo + Biremediated + [,lowscore + [3post + €; (3) (IV)

Here, lowscore indicates an 8th grade math score below the 50th percentile, post indicates the
2003 and 2004 cohorts, remediated is a remediation indicator, and Y represents any outcome of
interest. By controlling for differences between low- and high-scoring students in the pre-
treatment cohorts and for overall differences between cohorts, the interaction coefficient (a;)
from equation (1) estimates how the difference in outcomes between low- and high-scoring
students changed at the time double-dose algebra was introduced. This reduced form equation

produces an intention-to-treat (ITT) estimate because compliance with the assignment rule was
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imperfect. We therefore use equation (2) as a first stage to predict how introduction of the policy
affected the probability of a low-scoring student being remediated.

Our ultimate estimate of interest is therefore the remediated coefficient (f,) from
equation (3), in which remediation has been instrumented with the interaction of lowscore and
post using that first stage. This IV regression produces a treatment-on-treated (TOT) estimate of
the impact of remediation on students induced into remediation by the introduction of the policy.
This approach estimates an average treatment effect (ATE) of double-dose algebra for all
students remediated because of the policy. Here, high-scoring students serve as a control group
for low-scoring students, so that these estimates will be unbiased under the assumption that no
changes other than double-dose algebra differentially affected low- and high-scoring students
over this time period.

If other factors are differentially changing between low- and high-scoring students over
this time period, the underlying assumption critical to the DD approach may be violated. Our
second empirical strategy employs a regression discontinuity (RD) that uses only the treated
cohorts and thus does not depend on this assumption. Similar to the DD approach, we implement

the RD approach using the regressions below:

Yit = ap + ajlowscore + ay,math8 + azlowscore * math8 + §;; (4) (RF)
remediated;; =y, + y1lowscore + y,math8 + y;lowscore * math8 + 0;;  (5) (FS)

Yii = Bo + Biremediated + [,math8 + fB3lowscore * math8 + ¢;; (6) (1V)

Here, the variable definitions are the same as in the DD, and math8 is each student's 8th grade

math score re-centered around the 50th percentile cutoff. The lowscore coefficient (a;) from
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equation (4) estimates the discontinuity of interest by comparing the outcomes of students just
below and just above the remediation threshold. As with the DD, this reduced form equation
produces an ITT estimate because of imperfect compliance with the assignment rule. The first
stage equation (5) measures the difference in remediation rates between students just below and
just above the threshold.

As with the DD, our ultimate estimate of interest is the remediated coefficient (f,) from
equation (6), in which remediation has been instrumented with lowscore using that first stage.
This approach estimates a local average treatment effect (LATE) of double-dose algebra for
students near the 50th percentile of 8th grade math skill. Here, students just above the threshold
serve as a control group for students just below the threshold, so that these estimates will be
unbiased under the assumption that no other factors change discontinuously around the threshold
itself.

For the RD, our preferred specification will fit straight lines on either side of the
threshold using a bandwidth of 10 percentiles, and will also control for gender, race, special
education status, socioeconomic and poverty measures, and 8th grade reading scores. For the
DD, our preferred specification includes those controls as well as 8th grade math scores. In all
specifications, heteroskedasticity robust standard errors will be clustered by each student's initial
high school to account for within high school correlations in the error terms. For both the DD
and RD, we will show that our central results are robust to different choices of controls and

bandwidths.

V. The Treatment
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We first explore the treatment itself to learn more about how the double-dose algebra
policy was changing students’ freshman year experiences. Before turning to regression results,
we look at visual evidence. Figure 1 plots the proportion of students remediated for each 8th
grade math percentile. Panel (A) shows imperfect compliance, with remediation rates reaching a
maximum of about 80% for students in the 20-40th percentiles. Students in the lowest percentiles
have lower remediation rates because they are more likely to be supported through special
education programs. Some students above the threshold are remediated, perhaps because schools
cannot perfectly divide students into appropriately sized classes by the assignment rule. Panel
(B) reveals that compliance for students just below the threshold is substantially lower in the
2004 cohort than the 2003 cohort, providing further motivation to analyze program impacts
separately by cohort.

Table 2 shows the first-stage results using a low 8th grade math score indicator as an
instrument for remediation. Panel (A) is the difference-in-difference specification with the
treated cohorts pooled. Panel (B) replicates panel (A) but allows the estimate to vary by treated
cohort. Panel (C) is the regression discontinuity specification with treated cohorts pooled. Panel
(D) replicates panel (C) but allows the discontinuity to vary by treated cohort. Column (1)
implements equations (2) and (5), including no additional controls. Column (2) adds
demographic and test score controls. Column (3) includes those controls and high school fixed
effects.

The estimates from the difference-in-difference specification imply that low-scoring
students were 59 percentage points more likely to be remediated than high-scoring students. The
magnitude of this impact was slightly larger in 2003 than in 2004. The regression discontinuity

estimates suggest that students just below the threshold were 40 percentage points more likely to
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be remediated than students just above the threshold. Consistent with Figure 1, this discontinuity
was much larger in 2003 (48 percentage points) than in 2004 (32 percentage points), further
motivating our decision throughout the paper to explore differential impacts by cohort. Finally,
the robustness of the first stage estimates to inclusion of a wide variety of controls and high
school fixed effects suggest that these estimates are driven neither by changing composition of
the student body over time nor by discontinuities in any variables other than remediation itself.

Table 3 explores heterogeneity in compliance rates by math and reading skill. Column (1)
in both panels replicates column (2) from Table 2, allowing the first stage to vary by skill.
Columns (2) and (3) use only one treated cohort at a time. Panel (A) shows what is visually
apparent from Figure 1, namely that the shape of the compliance is an inverted U, with the
lowest and highest mathematically skilled students to the left of the threshold complying at lower
rates than those in the middle. Panel (B) shows that the discontinuity is quite similar in
magnitude for students with below and above average readings skills. These patterns hold true
for both cohorts.

Figures 2-4 show further visual evidence of the channels through which remediation may
have affected student outcomes. Figure 2 shows that the number of algebra courses taken by
freshman rose substantially when the policy was introduced and has essentially the same shape
as Figure 1 because each remediated student took one additional course. Figure 3 shows that skill
tracking increased substantially in the freshman algebra classes of both low- and high-scoring
students, though such classroom heterogeneity decreased somewhat more for low-scoring
students, particularly those near the threshold. Figure 4 shows that the increased tracking placed
low-scoring students in algebra with lower skilled peers and high-scoring students with higher

skilled peers.
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Table 4 explores the impact of remediation on the freshman academic experience. All of
the coefficients come from regressions in which remediation has been instrumented by
eligibility, as in column (2) of Table 2. As such, these are TOT estimates of the impact of
remediation on those actually remediated. Column (1) shows that the remediation increased the
number of freshman math courses taken by one, as would be expected from the double-dose
strategy. Columns (2)-(4) show that students fit this additional math course into their schedule
not by replacing core academic courses (in English, social studies and science) but by replacing
other courses such as fine arts and foreign languages. The result was a positive but small overall
change in the number of courses taken freshman year.

Columns (5)-(8) highlight remediation impact on channels other than instructional time.
The increased skill tracking meant that remediated students took algebra classes with peers
whose 8th grade math scores were substantially lower than the peers of non-remediated students.
The estimates in column (5) imply that remediation lowered the mean peer skill of the average
remediated student by nearly 13 percentiles and of the remediated student near the threshold by
over 19 percentiles. Because both low- and high-scoring students' algebra classes became more
homogeneous, panel (A) of column (6) suggests little relative difference in that change between
remediated and non-remediated students. Panel (C) suggests, however, that remediated students
near the threshold were in more homogeneous classrooms than their non-remediated peers. Both
the DD and RD estimates in column (7) implies that remediation increased the distance of
students to their peers' mean skill by about 3 percentiles, which could have negative
repercussions if teachers focus their energies on the mean student. Column (8) suggests that, near

the threshold, remediation also increased the size of regular algebra classes by 2.4 students.
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Remediation thus doubled instructional time in math by replacing other coursework and
increased homogeneity of algebra classrooms, but lowered peer ability, increased distance from
the class mean and increased class sizes. None of these effects varied substantially by cohort. We
now turn to analysis of the overall impact of these various changes on grades, test scores and

educational attainment.

V. Grades, Test Scores and Educational Attainment

Table 5 explores the impact of remediation on math coursework and grades. The DD
estimates suggest that remediation increased the proportion of students earning at least a B in
freshman algebra by a highly statistically significant 8.5 percentage points, a more than 35%
increase from a base rate of 23.5 percentage points. Conversely, the proportion of students
passing freshman algebra barely increased by a statistically insignificant 1.5 percentage points.
Though remediation had little impact on passing rates for freshman algebra, remediated students
were 4.3 percentage points more likely to have passed geometry by their second year and 2.9
percentage points more likely to have passed trigonometry by their third year. Mean GPA across
all math courses taken after freshman year increased by a statistically insignificant 0.06 grade
points.

The RD estimates imply that remediation increased the proportion of students earning at
least a B in freshman algebra by 14.5 percentage points, a more than 50% increase from a base of
27.9 percentage points. Remediation had a large and marginally significant impact on passing
rates for freshman algebra, raising them by 5.0 percentage points from a base of 83.4 percentage

points. There is, however, little evidence of increased passing rates in subsequent math courses,
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though mean GPA across all math courses taken after freshman year increased by a marginally
significant 0.16 grade points.

Taken as a whole, these results imply that the double-dose policy greatly improved
freshman algebra grades for the upper end of the remediated distribution, but had relatively little
impact on passing rates for the lower end of the distribution. This latter fact is one of the primary
reasons that CPS has since moved away from this strategy. There is, however, some evidence of
improved passing rates and GPA in later math courses, suggesting the possibility of longer run
benefits beyond freshman year. Though coursework and grades matter for students' academic
trajectories, the subjective nature of course grading motivates us to turn to standardized
achievement measures as a potentially better measure of the impact of remediation on math skill.

Table 6 explores the impact of remediation on mathematics test scores as measured by
the PLAN exam taken in September of each student's second year, the PLAN exam taken in the
fall of each student's third year, and the ACT exam taken in April of each student's third year.
The PLAN exams contain a pre-algebra/algebra section and a geometry section, which we
analyze separately given that remediation focused on algebra. In column (1), the DD estimates
suggest substantial and highly statistically significant impacts of remediation on the algebra
section of the PLAN exam administered immediately after freshman year, with remediation
increasing algebra achievement by 0.08 standard deviations. This effect comes, however, entirely
from the first treatment cohort, whose algebra scores rose by 0.15 standard deviations. Column
(4) shows similar but much smaller estimates for the geometry section of that exam. There is no
evidence of achievement gains on either the subsequent PLAN exam or the ACT, with point

estimates close to zero.
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The RD estimates suggest impacts on the first PLAN exam's algebra section of 0.09
standard deviations, similar in magnitude to the DD estimates but measured less precisely. There
is no evidence in column (4) of any impact on that exam's geometry section. For students near
the threshold, remediation did have longer run impacts on achievement, improving algebra
achievement on the second PLAN exam and overall math achievement on the ACT exam by a
substantial and statistically significant 0.15 standard deviations. These effects were nearly
identical across the two cohorts. Table 6 thus suggests that the average remediated student
showed only modest and short-lived achievement gains but that remediated students near the
threshold experienced substantial achievement gains persisting at least two years after the end of
the remediation itself. Perhaps most importantly, these gains are evident on the ACT exam,
which is used by many colleges as part of the admissions process.

Table 7 explores the impact of remediation on educational attainment. The DD estimates
suggest that remediation increased the proportion of students graduating within four years by a
statistically significant 2.9 percentage points, from a base of 40.8 percentage points, an effect
largely driven by the first cohort. College enrollment rates also rose by a 2.9 percentage points,
from a base of 25.4 percentage points, an effect that appears similar across the two cohorts. This
overall impact in college enrollment is evenly split between increases in two- and four-year
college enrollment. The RD estimates suggests that remediation increased the four year
graduation rate by a substantial and statistically significant 9.1 percentage points, from a base of
50.5 percentage points. College enrollment rates rose by a similarly substantial and marginally
significant 7.6 percentage points, from a base of 34.8 percentage points, driven largely by
increased enrollment in two-year colleges. Both the graduation and college enrollment impacts

were somewhat larger for the first cohort than the second.
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Tables 5-7 imply that, for the average remediated student, remediation had little impact
on algebra passing rates and test scores but did improve passing rates for later years' math
classes. This increased probability of fulfilling academic expectations may explain why the
average remediated student was more likely to graduate from high school and enroll in college.
For students near the threshold, remediation had little impact on short run test scores and passing
rates for later years' math classes but substantially improved long run test scores, graduation rates
and college enrollment rates. These results highlight both that educational interventions may
have important long run impacts even when short run impacts are minimal and that such

interventions may operate through different channels for students of different skill levels.

V1. Robustness, Heterogeneity and Spillovers

Table 8 shows robustness checks for the central results of the previous tables. Panel (A)
shows that the difference-in-difference estimates are generally robust to exclusion of the control
variables and to inclusion of high school fixed effects. Panel (B) shows the same for the
discontinuity specification, as well as for the use of different bandwidths.

Table 9 explores whether the impacts of remediation varied by the academic skill of the
remediated student. Panel (A) interacts remediation (and its instruments) with three levels of
mathematical skill as measured by eighth grade test scores. The estimates here show little
consistent pattern suggesting that any one subgroup benefitted particularly from remediation.
Panel (B) suggests a much clearer pattern. At the discontinuity, all students have equal math
skill, so we interact remediation with a measure of eight grade reading skill, dividing the sample
into those above and below the median reading ability of students at the remediation threshold.

Columns (6)-(8) suggest that the bulk of the positive long run impact of remediation came
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through its effect on low skilled readers, perhaps because the intervention focused on reading
and writing skills in the context of learning algebra.

Finally, Table 10 explores whether increased focused on mathematics and substitution
away from other freshman coursework had any negative impacts on achievement in other
disciplines. Panel (A) suggests that remediation actually raised science achievement while
having little impact on verbal achievement and later grades in non-math classes. Panel (C)
suggests that, for students near the threshold, remediation had little impact on science scores but
did improve verbal scores and later grades in non-math classes. This suggests that the spillovers

from remediation were, if anything, positive.

Conclusion

We show long run positive and substantial impacts of algebra remediation on college
entrance exam scores, high school graduation rates and college enrollment rates. This is the first
evidence we know of to demonstrate long run impacts of remediation in an American urban high
school setting. Given the number of school districts that struggle with low-performing and at-risk
students, the possibility that the double-dose math program improved high school graduation and

college enrollment rates is extraordinarily promising.
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Figure 4: Mean peer math skill
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Figure 5: Earned A or B in freshman algebra

(A) Full distribution, all cohorts
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Table 1: Summary Statistics

1) () ®) 4)

Cohort 2001 2002 2003 2004
(A) Demographics

Female 0.50 0.50 0.50 0.50
Black 0.57 0.54 0.59 0.56
Hispanic 0.33 0.35 0.32 0.35
Special education 0.20 0.20 0.19 0.20
(B) Remediation

Grade 8 math percentile 42.41 47.63 45.80 45.37
Eligible for remediation 0.61 0.52 0.55 0.56
Remediated 0.00 0.00 0.42 0.43
Freshman math courses 0.96 0.98 1.39 141
SD of peer skill 17.23 16.93 14.47 15.21
(C) Achievement

A or B in algebra 0.32 0.35 0.32 0.34
Passed algebra 0.82 0.84 0.81 0.82
Fall 10 math score 0.00 -0.00 -0.00 -0.00
Fall 11 math score 0.00 0.00 -0.00 -0.00
ACT math score -0.00 0.00 -0.00 -0.00
(D) Attainment

Graduated in 4 years 0.50 0.50 0.47 0.50
Any college 0.36 0.35 0.34 0.34
Two-year college 0.19 0.18 0.17 0.17
Four-year college 0.17 0.17 0.17 0.17
N 19,530 19,008 20,357 21,007

Notes: Mean values of each variable are shown by cohort.
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Table 2: Eligibility as an Instrument for Remediation

1) @) )
Y = remediated No Demographic High school
controls controls fixed effects
(A) DD
Eligible * after 0.594*** 0.593*** 0.584***
(0.022) (0.022) (0.022)
(B) DD by cohort
Eligible * 2003 0.606*** 0.605*** 0.600***
(0.024) (0.024) (0.024)
Eligible * 2004 0.582*** 0.581*** 0.569***
(0.028) (0.028) (0.028)
N 79,902 79,902 79,902
(CO)RD
Eligible for remediation 0.400*** 0.399*** 0.406™**
(0.038) (0.039) (0.037)
(D) RD by cohort
Eligible * 2003 0.477*** 0.477*** 0.486™**
(0.039) (0.039) (0.037)
Eligible * 2004 0.322%** 0.320%** 0.326™**
(0.047) (0.048) (0.046)
N 11,546 11,546 11,546

Notes: Heteroskedasticity robust standard errors clustered by initial high school are in parentheses (* p<.10 **
p<.05 ** p<.01). Each column in each panel represents the first-stage regression of a remediation dummy on
eligibility as determined by eighth grade math score. Panels (A)-(B) are difference-in-difference specifications
using all of the cohorts. Eligibility and cohort indicators are included but not shown. Panels (C)-(D) are regression
discontinuity specifications using only the treated cohorts. It fits straight lines on both sides of the threshold using
a bandwidth of 10 percentiles. Cohort indicators are included but not shown. Column (2) adds to column (1)
controls for gender, race, census block poverty and socioeconomic status, and eighth grade math and reading

scores.Column (3) adds to column (2) high school fixed effects.
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Table 3: First stage heterogeneity by ability

1) (2) 3)
Y = remediated Both 2003 2004
cohorts cohort cohort
(A) DD
Eligible * very low math skill 0.536*** 0.513*** 0.560***
(0.034) (0.037) (0.038)
Eligible * low math skill 0.694*** 0.704*** 0.684***
(0.022) (0.024) (0.027)
Eligible * medium math skill 0.628*** 0.690*** 0.568***
(0.025) (0.024) (0.035)
N 79,902 58,894 59,545
(B) RD
Eligible * below average reader 0.393*** 0.498*** 0.287***
(0.039) (0.043) (0.049)
Eligible * above average reader 0.429** 0.564™** 0.294***
(0.041) (0.045) (0.052)
N 11,546 5,760 5,786

Notes: Heteroskedasticity robust standard errors clustered by initial high school are in parentheses (* p<.10 **
p<.05 *** p<.01). Each column in each panel represents the first-stage regression of a remediation dummy on
eligibility as determined by eighth grade math score. Panel (A) is a difference-in-difference specification using
all of the cohorts. Eligibility and cohort indicators are included but not shown. Panel (B) is a regression discon-
tinuity specification using only the treated cohorts. It fits straight lines on both sides of the threshold using a
bandwidth of 10 percentiles. Cohort indicators are included but not shown. Columns (2)-(4) include interactions
of eligibility with student characteristics. All regressions include controls for gender, race, census block poverty
and socioeconomic status, eighth grade math and reading scores, and indicators for observations in which any of
those variables have been imputed.
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Table 5: Impacts of Remediation on Math Coursework

1 2) (©) (4) ©)
AorBin Passed Passed Passed Math GPA
algebra algebra geom. trig. 10-12
(A) DD
Remediated 0.085*** 0.015 0.043** 0.029* 0.056
(0.023) (0.015) (0.020) (0.017) (0.037)
(B) DD by cohort
Remediated * 2003 0.088*** 0.012 0.050** 0.025 0.058
(0.025) (0.017) (0.022) (0.018) (0.042)
Remediated * 2004 0.083*** 0.017 0.036 0.034* 0.054
(0.027) (0.017) (0.029) (0.020) (0.044)
1 0.235 0.775 0.438 0.364 1.210
N 79,902 79,902 79,902 79,902 71,122
(O RD
Remediated 0.145*** 0.050* -0.016 0.055 0.156*
(0.047) (0.031) (0.049) (0.039) (0.082)
(D) RD by cohort
Remediated * 2003 0.144*** 0.040 0.005 0.049 0.161**
(0.047) (0.026) (0.044) (0.038) (0.078)
Remediated * 2004 0.146** 0.070 -0.052 0.067 0.149
(0.058) (0.045) (0.067) (0.051) (0.107)
1 0.279 0.834 0.490 0.477 1.393
N 11,546 11,546 11,546 11,546 10,475

Notes: Heteroskedasticity robust standard errors clustered by initial high school are in parentheses (* p<.10 **
p<.05*** p<.01). Each column in each panel represents the instrumental variables regression of the listed outcome
on a remediation indicator, where the first-stage is given in table 2. Panels (A)-(B) are difference-in-difference
specifications with all of the cohorts. Panels (C)-(D) are regression discontinuity specifications with only the treated

cohorts.
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Table 6: Impacts of Remediation on Math Test Scores

(1) (2) ) (4) )
Fall 10 Fall 11 Spring 11 Fall 10 Fall 11
algebra algebra ACT math geometry geometry
(A) DD
Remediated 0.084*** 0.025 0.003 0.033 0.028
(0.025) (0.024) (0.029) (0.030) (0.031)
(B) DD by cohort
Remediated * 2003 0.147*** 0.013 0.046 0.080™* -0.008
(0.027) (0.028) (0.030) (0.036) (0.030)
Remediated * 2004 0.020 0.037 -0.039 -0.016 0.066"
(0.030) (0.030) (0.036) (0.034) (0.040)
o -0.540 -0.533 -0.535 -0.392 -0.414
N 53,649 49,915 44,799 53,647 49,915
(O RD
Remediated 0.088 0.153*** 0.152** 0.012 0.106
(0.070) (0.059) (0.071) (0.080) (0.084)
(D) RD by cohort
Remediated * 2003 0.082 0.142* 0.139** 0.025 0.059
(0.064) (0.056) (0.064) (0.072) (0.077)
Remediated * 2004 0.098 0.172* 0.172* -0.010 0.186*
(0.089) (0.078) (0.087) (0.105) (0.109)
7 -0.106 -0.126 -0.214 -0.103 -0.131
N 8,227 7,446 6,716 8,227 7,446

Notes: Heteroskedasticity robust standard errors clustered by initial high school are in parentheses (* p<.10 **
p<.05*** p<.01). Each column in each panel represents the instrumental variables regression of the listed outcome
on a remediation indicator, where the first-stage is given in table 2. Panels (A)-(B) are difference-in-difference
specifications with all of the cohorts. Panels (C)-(D) are regression discontinuity specifications with only the treated

cohorts.
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Table 7: Impacts of Remediation on Attainment

(1) @) ®) (4)
Graduated Enrolled Two year Four year
in 4 years in college college college
(A) DD
Remediated 0.029** 0.029*** 0.015* 0.014
(0.014) (0.011) (0.009) (0.011)
(B) DD by cohort
Remediated * 2003 0.042** 0.033** 0.006 0.028**
(0.017) (0.014) (0.012) (0.012)
Remediated * 2004 0.017 0.025* 0.025** -0.000
(0.016) (0.015) (0.011) (0.012)
i 0.408 0.254 0.168 0.085
N 79,902 79,902 79,902 79,902
(O RD
Remediated 0.091* 0.076* 0.062 0.014
(0.046) (0.043) (0.041) (0.027)
(D) RD by cohort
Remediated * 2003 0.109** 0.088™* 0.053 0.035
(0.043) (0.039) (0.039) (0.025)
Remediated * 2004 0.060 0.054 0.078 -0.023
(0.059) (0.058) (0.053) (0.040)
7 0.505 0.348 0.179 0.169
N 11,546 11,546 11,546 11,546

Notes: Heteroskedasticity robust standard errors clustered by initial high school are in parentheses (* p<.10 **
p<.05*** p<.01). Each column in each panel represents the instrumental variables regression of the listed outcome
on a remediation indicator, where the first-stage is given in table 2. Panels (A)-(B) are difference-in-difference
specifications with all of the cohorts. Panels (C)-(D) are regression discontinuity specifications with only the treated

cohorts.
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