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Abstract

Expanded instructional time has become increasingly popular as a strategy to improve the
academic outcomes of low-skilled students, particularly in the ninth grade. We evaluate the
efficacy of a double-period algebra policy initiated in the Chicago Public Schools in 2003. This
policy required all students with eighth-grade test scores below the national median to enroll in a
support algebra course in addition to regular algebra in the ninth grade. Using regression
discontinuity combined with interrupted time series designs, and instrumental variable models,
we show the effects of the policy on students‘ grades, failure rates and test scores in 9th-grade
algebra and 10th-grade geometry. Providing support courses improved algebra test scores for the
target population, but only modestly affected grades and failure rates. Students with very low
initial abilities benefited less than students close to the national median. The policy also led
schools to track algebra classes by students‘ entering math skills. As a result, it affected
academic outcomes among students not targeted by the policy; test scores among high-ability
students improved while their grades declined.
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There is currently a nationwide push to increase the rigor of high school coursework so
that all students graduate with college-ready skills. Criticisms of low academic standards have
grown since the early 1980s with the Nation at Risk report, which described U.S. public high
schools as ―a sea of mediocrity‖ (National Commission on Excellence in Education, 1983). More
recently, changes in the U.S. economy have brought increasing criticism that high schools are
not sufficiently preparing students for either college or workforce. Furthermore, there is growing
consensus that success in the workforce requires the same skills that students need for college
(ACT, 2006; American Diploma Project, 2004). In response, policy-makers have been calling on
states and districts to abandon low-level coursework and require all students to complete collegepreparatory course sequences (National Governor’s Association, 2005).
At the same time, there is also growing concern about high failure rates in ninth-grade
courses, particularly in ninth-grade algebra (e.g. Horwitz & Snipes 2008; Herlihy & Kennelly,
2007). It is widely recognized that many students enter high school with weak math skills—on
the 2005 NAEP 30 percent of eighth graders scored below basic level, while only 30 percent
were at or above the proficient level (U.S. Department of Education, 2007). In Chicago, where
we base this study, half of ninth-grade students fail at least one course, and pass rates are lowest
in math (Roderick & Camburn, 1999; Allensworth & Easton, 2005). Concern about ninth-grade
failure is amplified by findings that ninth-grade course failure is directly tied to dropping out in
later grades, as failures prevent students from accumulating the credits that they need to graduate
(Allensworth & Easton, 2007; Bottoms, 2008).
Thus, educators are caught in a dilemma. Requiring college preparatory coursework for
all students makes sense in an age when the vast majority of students aspire to attain a four-year
college degree.1 However, raising requirements without sufficient support mechanisms could
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lead more students to fail and drop out (Darling-Hammond, 2004). This presents a challenge for
educators who are charged with teaching students entering high school with academic abilities
that are well below grade level.
Historically, most high schools have offered a differentiated (tracked) curriculum that has
provided separate courses based on students‘ academic skill levels and their interests (Angus &
Mirel, 1999; Cremin, 1961; Tyack & Cuban, 1995). However, tracking has received considerable
criticism for impeding the academic progress of students in lower tracks and exacerbating
existing educational and social inequalities. A large volume of research in the 1990s documented
strong links between students‘ academic and social backgrounds and their course taking (Lee,
2002; Oakes, 1985; Powell, Farrar, & Cohen, 1985).
In response to concerns about tracking, some school districts have actively ―de-tracked‖
their high schools, creating mixed-ability classrooms and providing low-ability students with
curriculum and instruction at the same level as those in college-preparatory classrooms. Existing
studies have shown a number of problems and difficulties accompanied by schools‘ de-tracking
efforts (Gamroan &Weinstein, 1998; Oakes, 1994; Rosenbaum, 1999-2000). For example,
teachers experienced difficulty accommodating instruction and giving sufficient attention to meet
the needs of both low and high ability students (Rosenbaum, 1999-2000).
Other school systems have attempted to improve instruction for low-performing students
without mixing low- and high-skilled students in the same classrooms. In the late 1980‘s and
early 1990‘s, California and New York introduced ―transition‖ math courses for underperforming students aimed at bridging the gap between basic and college preparatory
mathematics (White, Gamoran, Smithson, & Porter, 1996, p.285). California replaced lowerlevel math courses with Math A, which emphasized more complex cognitive tasks of
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understanding, application of knowledge, and reasoning (White et al., 1996). In Rochester, New
York, lower track math was replaced with the Stretch Regents sequence, which covered the same
integrated material as the college-preparatory Regents courses, but taught at a slower pace
(White et al., 1996). Buffalo, New York, introduced University of Chicago School Math Project
(UCSMP) courses as an alternative to the Regents courses; ordinarily a six-year sequence from
7th to 12th grade, students in Buffalo could enroll in the first course (Transition Mathematics) in
9th grade (White et al., 1996). These transition courses seemed to be successful in terms of
moving students from ―dead-end‖, low-level sequences to college-preparatory coursework
(White et al., 1996). However, evidence was inconclusive as to whether these courses improved
academic outcomes. Gamoran, Poter, Smithson, and White (1997) found that the learning gains
of students in transition courses were better than those of students who took general math/prealgebra although not at a level which reached statistical significance, and not as high as those
who took regular algebra courses.

The Double-Dose Strategy
An increasingly popular approach is to offer extended instructional time in algebra,
where low-performing students receive an extra period of instruction each day. At some schools
this is achieved through a second ―shadow‖ or ―support‖ algebra course; other schools use
blocked scheduling where algebra takes up two periods in the day instead of one (Chait, Muller,
Goldware & Housman, 2007). We refer to both of these as a ―double-dose‖ strategy--where lowskill students receive twice the algebra instruction that they otherwise would receive.
Historically, many Catholic schools enrolled students in two periods of English or math if
they were unprepared for high school instruction (Bryk, Lee, & Holland, 1993). ―Double-dose‖
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coursework was used as one of several strategies, including slower-paced coursework and
tutoring activities, intended to help underperforming students succeed in a college-preparatory
curriculum. The ―double-dose‖ approach in Catholic schools seemed successful. Bryk et al.
(1993) reported that in schools where students enrolled in additional coursework, the number of
students in need of remediation halved by the eleventh grade and almost all students reached the
college-preparatory level by their senior year.
More recently, a comprehensive high school reform model, the Talent Development
Model (TDM), has documented some success using double-period programs, and their ideas
have begun to spread nationally (Kemple, Herlihy, & Smith, 2005; Mac Iver, Balfanz, & Plank,
1998). The TDM includes a mandated college-prep curriculum with increased learning time
(double-period courses), along with small learning communities, and teacher professional
development. Kemple et al (2005) found that students in the Talent Development schools made
modest gains in ninth-grade attendance, academic course credits earned, and promotion rates,
compared to students in non-Talent Development schools that were similar in demographic and
academic compositions.2
Yet, besides the TDM evaluation, little research exists evaluating the effectiveness of
double-dose courses as a district or state reform strategy. The success seen in Catholic schools
may not be applicable to public high schools as many differences besides double-dose
coursework exist between the two contexts. Furthermore, the TDM evaluation is not applicable
to districts that are implementing double-dose courses without the full TDM. It is simply not
known whether a double-dose strategy by itself is effective. To address this knowledge gap, this
study examines the effects of a systemwide ―double-dose‖ algebra policy implemented in the
Chicago Public Schools (CPS) in 2003.

5

Implementation of the ―Double-Dose‖ Algebra Policy in Chicago Public Schools

The double-dose algebra policy3 in Chicago built on an earlier curricular policy initiated
in 1997 which eliminated remedial math courses and required all first-time freshmen to enroll in
algebra in ninth grade, followed by geometry and algebra II in the subsequent two years. The
1997 policy was intended to provide all students with a curriculum that would prepare them for
college. However, many CPS students entered high school with math skills well below grade
level, and failure rates in ninth-grade algebra were high (Roderick & Camburn, 1999). The 2003
double-period algebra policy was a response to those high failure rates.4 This policy required all
first-time ninth-grade students who tested below the national median on the eighth-grade math
test,5 referred to here as ―below-norm students,‖ to enroll in two periods of algebra coursework.
Students enrolled in a regular algebra class, plus an additional ―algebra support‖ class, for a full
academic year. All CPS high schools were subject to the ―double-dose‖ algebra policy, including
60 neighborhood schools, 11 magnet schools, and 6 vocational schools.
Because CPS is fairly decentralized, algebra curricula had varied considerably across
schools prior to the policy. The double-dose Algebra policy attempted to improve coherence in
algebra curricula by providing resource materials to double-dose algebra teachers with two
curricular options—Agile Mind and Cognitive tutor–and providing stand-alone lesson plans that
teachers could use. The district also ran professional development workshops three times a year
for double-dose algebra teachers where it provided suggestions on how to use the extra time for
Algebra instruction. However, we do not know what teachers actually taught in the support
courses or the extent to which the curriculum was consistent across schools. A limitation of this
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study is that we do not address variation in the instructional content. Therefore, we are studying
the average effects of doubling students‘ exposure to algebra instruction without regard for the
particular content of that instruction.6
While CPS did not mandate a particular curriculum, the district did provide guidelines for
the structure of the support courses. To try to ensure that schools offered coherent instruction for
targeted students, the district strongly suggested that schools program their algebra support
courses in three specific ways: 1) double-dose algebra students should have the same teacher in
algebra and algebra support; 2) the courses should be offered sequentially; and 3) students should
take their algebra support course with the same students that were in their regular algebra course.
Although these structural guidelines were presented only as recommendations, and not
requirements, most schools followed them in the initial year (Table 1). In 2003, 80 percent of
―double-dose‖ students had the same teacher in their regular algebra and support course and 72
percent of students took the two courses sequentially. Also, in a typical algebra course taken by
―double-dose‖ students, 92 percent of their classmates were also ―double-dose‖ students.

Table 1 about here

Because many schools complained about scheduling difficulties, CPS removed the first
structural guideline—having the same teacher in algebra and support courses—in 2004.
However, 54 percent of ―double-dose‖ students continued to have the same teacher in the two
classes. This change also brought declining adherence to the second guideline; in 2004, less than
half of ―double-dose‖ students took the two courses sequentially. However, double-dose students
continued to attend algebra courses with other double-dose students in 2004; in a typical algebra
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course taken by double-dose students, 87 percent of their classmates were also double-dose
students.
As a result of the three structural guidelines, the ―double-dose‖ algebra policy led to
considerable changes in the ways schools programmed students into their freshman year math
classes. The easiest way to adhere to these guidelines was by sorting above- and below-norm
students into separate algebra courses, and this is what happened in the majority of schools. After
the policy was implemented, math classes became more homogenous in terms of students‘
incoming math abilities. This decline in classroom heterogeneity occurred among both low- and
high-ability students, but was largest among students with incoming test scores just below the
national median.7 The average ability level of classroom peers declined for students entering
high school with math scores below the national median because most of them no longer had
above-norm students in their algebra class. Peer ability levels increased for students with math
scores above the national median because they no longer took algebra with below-norm students
who were in separate double-period classes.8 It is important to recognize these changes in
classroom structure in order to understand how the policy affected students‘ learning
experiences. For below-norm students who were targeted by the policy, the intervention was not
just receiving extra instructional time, but receiving extra instructional time within homogenous
low-ability classes. There were also possible policy effects on above-norm students as their
algebra classes became more homogenous without below-norm students.

A Conceptual Framework for Studying the Effects of Double-dose Algebra Policy
The purpose of the double-dose algebra policy was to reduce course failure in algebra
among low-skilled students by providing an extra period of algebra instruction. This strategy is
consistent with substantial research showing instructional time to be important for student
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learning (Anderson, 1984; Bloom, 1974; Millot, 1995). To further support double-dose algebra
teachers, the district provided new resource materials and optional professional development.
Thus, the policy could have affected students‘ academic outcomes through two intentional
mechanisms: 1) expanded instructional time, and 2) changes in instructional content and
pedagogy resulting from new curricular resources and professional development. These policy
mechanisms would only affect students who received a double-dose of algebra.9
To maintain instructional coherence for double-dose students, the district also provided
guidelines as to how schools should structure the support classes (same teacher, same peers,
sequential courses). As a result of the guidelines, the policy induced tracking of algebra classes.
Thus, tracking was an unintentional third mechanism through which the policy could have
affected student outcomes. Shifts in classroom composition could themselves induce changes in
instructional content and pedagogy, and also affect classroom learning climate. These unintended
effects of the policy would not only affect targeted students, but also non-targeted (high-ability)
students, although in opposite ways.
Literature on ability grouping suggests that classroom academic composition can affect
content difficulty and instructional pace because instruction is typically geared toward average
students in classrooms (Bar and Dreeben, 1983). In addition, in classrooms with high-ability
students, teachers tend to spend more time on critical thinking rather than drilling or dealing with
behavioral problems than in classrooms with low-ability students (Oakes, 1985; Page, 1991;
Rosenbaum, 1976). This suggests that the double-dose algebra policy would unintentionally
improve instruction and classroom climate for high-ability students. On the other hand, it could
have deleterious effects on instruction and climate in algebra classes for low-ability students,
decreasing rigor and increasing behavioral problems. These adverse effects might be offset by
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the intentional effects of the policy--greater instructional time, instructional resources, and
professional development. As we evaluate the consequences of policy for the target students, we
cannot separate the intended effects from those that were not intended; we are examining the
effects of double-dose algebra in homogenous low-ability classrooms.
When evaluating the policy, we must also ask which outcomes should be affected. The
goal of the policy was to reduce failure rates in ninth-grade algebra. However, the mechanisms
of more time and more consistent instruction were intended to boost students‘ grades
indirectly—by improving their skills in algebra. This makes sense for an intervention based on
low skills (test scores determine eligibility). But research on ninth-grade course failures in
Chicago has shown that grades are much more strongly related to students‘ behaviors than their
incoming academic skills (Allensworth & Easton, 2007).10 Teachers consider multiple factors
when assigning a grade besides content knowledge, including attendance, assignment
completion, and students‘ performance relative to other students. Therefore, we cannot
necessarily expect improvements in grades and failure rates to accompany improvements in
academic skills. In fact, even though tracking may improve test scores for above-norm students
because they are taught more challenging materials in a better learning climate, their course
grades may be lower than in classrooms with lower ability students due to harder assignments
and teachers‘ perceptual changes in their abilities relative to classroom peers. In contrast, lowability students could improve grades without improving algebra skills simply because
expectations should fall when high-ability students are no longer in their classes. This suggests
that we need to look at multiple outcomes—test scores, algebra grades, and algebra failure rates.
In addition, school district personnel hoped that the policy would have long-term effects, with
improvements in algebra performance leading to better performance in geometry in the
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subsequent year. Yet, because the policy only brought changes in algebra course structure, there
may have been little reason to believe that geometry performance would be greatly affected.
Lastly, we must also consider whether the policy effects were consistent across students
with different academic skills. While the policy effects should differ between students entering
high school with test scores above and below the national median (determining eligibility for
double-dose algebra), we could further hypothesize that students‘ incoming math skills would
moderate the effects of the policy on their algebra performance. By placing the cut-point for
enrollment at the national median, the policy affected the math curriculum of more than half of
the students entering CPS high school.11 It could be that students close to the national median did
not need much support to pass algebra. Alternatively, these students may have more easily
responded to increased support and instruction than students with very low skill levels.
Unintentional effects of classroom compositional changes may also vary by students‘ academic
skills. For example, students who were just below the 50th percentile became the highest ability
students in their algebra class, while very low-ability students continued to be the lowest-skilled
students in their algebra class.
Thus, evaluating this policy calls for an examination of whether students‘ outcomes were
affected, which outcomes were affected, whether the effects depended on students‘ initial skills,
and the mechanisms through which the policy worked. This article focuses on all but the policy
mechanisms. A subsequent article will address how the policy effects were mediated by
classroom composition, instruction, and pedagogy.12
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Research Questions
The policy was designed to help students entering high school with below-average math
skills handle ninth-grade algebra. Thus, our primary research question: (1) did putting lower
performing students in double-dose algebra lead to significant improvement in their math
achievement, measured by test scores, grades and pass rates? There are two potential
counterfactuals to enrolling in double-dose algebra, and we explore both in this analysis. One
counterfactual to taking double-dose algebra post-policy is taking single-period algebra postpolicy (counterfactual A). This comparison tells us what might happen, for example, if a belownorm student took single-period algebra because she was mis-assigned post-policy or the cut-off
for double-dose changed slightly. A second counterfactual (B) to taking double-dose algebra
post-policy is taking single algebra without a double-dose policy. This comparison tells us the
effect of having the policy on targeted students and is the more pertinent comparison for
evaluating the policy.
Because the ―double-dose‖ algebra policy led to changes in the classroom organizational
structure of all algebra courses, it also might have affected the outcomes of students not targeted
by the policy. Therefore, we also ask: (2) Did the policy affect the academic outcomes of students
who were not targeted by the policy (i.e., those entering high school with math scores above the
national median)? Finally, we look for differences in policy effects based on students‘ initial
math skills. We ask: (3) how did policy effects differ by students’ incoming math skills?
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Data and Methods
Data
The study uses data on the population of first-time ninth graders who entered CPS high
schools between 2000 and 2004 (five ninth-grade cohorts). Approximately 85 percent of students
were eligible for free/reduced lunch programs; the racial-ethnic composition was 54% AfricanAmerican, 34% Latino, 9% white and 4% Asian. Seven magnet schools were excluded from the
analyses because almost all of their students entered with math scores above the national median,
so the policy did not affect them. Also, because our analyses compare changes in student
outcomes from pre-policy to post-policy years, we restricted our analyses to schools to those
existed in both time periods. The analytic population includes 92,432 students in 64 schools.
In general, the five cohorts had similar demographic compositions, while academic
composition differed slightly (Table 2). The percentage of students entering high school with
math scores below the national median varied from 59% in 2001 to 50% in 2002. The 2002
cohort had slightly higher initial math abilities than other cohorts.

Table 2 about here

This study uses multiple data sources provided by CPS. Administrative records provide
demographic information, including student enrollment status, age, gender, race, and special
education status. Indicators of students‘ socioeconomic status are derived from U.S. census data
about the economic conditions in students‘ residential block groups. Semester-by-semester
course transcript and grade data files contain detailed class information, such as teacher IDs,
class periods, subject names, subject specific course codes, and course grades. These were used
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to classify students‘ algebra courses. Elementary achievement test scores are based on the Iowa
Test of Basic Skills, taken by all students from the third through eighth grade. High school
achievement test scores come from the PLAN exam, a test that is part of the EPAS system
developed by ACT, Inc. which CPS students take in the fall of the tenth grade.
Measurement
The outcome variables of this study include course grades and failure in algebra and
geometry and algebra test scores in the fall of 10th grade. Grades are taken from students‘
primary algebra course (not their support course) in their first year of high school and from their
geometry course in their second year of high school. (Almost all students take geometry in their
second year, even if they failed algebra in their first year.) Grades are measured on a four-point
scale, where A=4 regardless of level (e.g., Honors, regular). The average algebra grade in our
analytic population was 1.63 with a standard deviation of 1.18; the average geometry grade was
1.61, with a standard deviation of 1.25. Across all students, algebra grades are fairly normally
distributed. However, grades are not normally distributed if we just examine students entering
high school with below-average test scores. Therefore, we substitute dummy variables indicating
whether students received a grade of ―B‖ or higher for the continuous measures of grades for
analyses of student subgroups based on incoming test scores. Algebra course failure is a dummy
variable indicating that a student received an ―F‖ in their primary algebra course.
Algebra test scores come from a subset of the standardized math test (PLAN) developed
by ACT, which was administered in October of 10th grade. The algebra subtest contains 22
multiple choice questions (with five response categories each); raw scores are converted to a
scale score ranging from 1 to 16. The national average PLAN algebra score is 8.2, with a
standard deviation of 3.5. The content of the exam is based on surveys conducted by ACT, Inc.
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of high school teachers, and includes problems found in first-year high school algebra classes
(ACT, 2007). In our analytic population, the average score on the subset was 6.0 with a standard
deviation of 2.5. Test scores are not available for the 2000 cohort, therefore, analyses involving
test scores use only two pre-policy cohorts (2001 and 2002).
Students‘ entering math abilities are measured in several ways. Using eighth-grade ITBS
percentile scores, we created 2 sets of categorical variables: 1) a binary variable denoting
whether students entered high school below the 50th percentile, which indicates double-dose
algebra eligibility; 2) a set of dummy variables distinguishing percentile rank groups—below the
20th percentile, 20th to 35th percentile, 35th to 50th percentile, 50th to 65th percentile, 65th to 80th
percentile, and above the 80th percentile. The extended set of dummy variables is used to
examine differential policy effects for students with different incoming abilities (research
question 3). In addition, we used a continuous measure of math ability as a control variable to
adjust for cohort variation in students‘ ability levels upon entering high school. This indicator,
which we call the latent ability score, is a much more precise and reliable indicator of students‘
true ability than the percentile score, as it uses information on students‘ learning trajectories over
6 years prior to high school with equated forms of the test.13 The latent scores were centered on
the average score of students at the 50th percentile across 5 cohorts. We also created a set of
continuous latent score variables for each percentile rank group, each centered on the average
score of that group, to provide a consistent control for achievement over time in a way that was
uncorrelated with the percentile rank dummy variables.
Other student control variables include a dummy variable on gender and special
education status. Race/ethnicity is measured by a set of dummy variables distinguishing African
American, Hispanic, White, and Asian students. Two measures of SES variables are constructed
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using the block-level 2000 U.S. census data, linked to students‘ home addresses.14 They include
neighborhood poverty and social status, which are standardized to have a mean of zero and
standard deviation of one. Neighborhood poverty is a composite measure of the male
unemployment rate and the percent families under the poverty line in the block group, and social
status is a composite measure of average educational attainment and percentage of employed
persons who are managers, executives or professionals in the block group. Residential mobility
is measured by a set of dummy indicators distinguishing no moves (omitted category), moving
once, and moving twice or more in the three years prior to entering high school. Age at entry into
high school is measured by three variables--number of months old for entering high school, a
dummy variable indicating if students are slightly old, and a dummy variable indicating if
students are young for starting high school.

Analysis
We apply the conceptual framework of Rubin‘s causal model (Holland, 1986; Rubin
1978) to examine the effects of double-dose algebra enrollment on student outcomes. The key
assumption of Rubin’s causal model is that, using the language of experiment, subjects assigned
to treatment and control conditions have potential outcomes in both states and the causal effect is
defined as the difference in potential outcomes between these two states. We define the doubledose algebra enrollment effects as differences between two potential outcomes—one outcome
when students received the treatment (i.e., double-dose algebra coursework) and the other when
they did not receive the treatment (i.e., single algebra coursework).
One method of estimating the effects of double-dose algebra course enrollment exploits
exogenous variations in treatment created by the policy using a regression discontinuity analysis.
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If all students adhered to the policy, the treatment (double-dose course enrollment) should be
perfectly correlated with an observed variable (i.e., the percentile score), and there should be no
unobserved characteristics that are correlated with the treatment and outcomes. This allows us to
estimate the average treatment effects by comparing outcomes between students just below and
just above the cutoff for double-dose eligibility. In fact, system-wide adherence to the policy was
relatively high. Figure 1 shows that the enrollment in double-dose algebra was strongly defined
by the 50th percentile cutoff. Most students below the national median enrolled in double-dose
algebra while most students above the national median did not, in both 2003 and 2004. Policy
non-compliance was higher among low-ability special education students than among regular
education students. Among regular education students, over 80 percent of students complied with
the policy although compliance was slightly lower close to the 50th percentile cutoff score
(Figure 2). This sharply-defined participation in double-dose algebra appears, on first glance, to
be ideal for studying the effects of double-dose algebra with a regression-discontinuity design.
However, there are several limitations to using a standard regression discontinuity model
for the analysis. First, a standard regression discontinuity design requires students not eligible for
the treatment to not be affected by the policy. This is not the case with this policy which caused
all algebra classrooms to become more homogenous in their ability composition. Thus, we
cannot estimate policy effects with a traditional regression discontinuity, only the effects of
enrolling in double-dose algebra post-policy versus single algebra post-policy (counterfactual A).
Second, a regression discontinuity analysis is not informative about the policy effects for
students who are far away from the 50th percentile.15 Third, while adherence to the policy was
high, it was not complete, and this could affect our estimates of double-dose algebra effects.
Thus, our analyses are modified to address these three limitations, as described below.
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Figure 1 and Figure 2 about here

Addressing the first limitation: enrollment effects are not equivalent to policy effects. A
traditional regression-discontinuity design would compare the outcomes of post-policy students
just below the 50th percentile cutoff (who took double-dose algebra) to other post-policy students
who were just above the cutoff, and did not take double-dose algebra. This comparison tells us
what might happen to students if the cut-off score was lowered slightly (resulting in fewer
students enrolled in double-dose algebra) or if a student near the cutoff score was assigned to
single algebra when eligible for double-dose algebra. In other words, it tells us the trade-off for
students to be assigned to one versus the other algebra class under the policy. While these are
important issues, a more relevant policy question is what would happen to students if there were
no policy. Post-policy comparisons cannot tell us this because the policy could have affected
outcomes of above-norm students, due to classroom compositional changes that accompanied the
policy. To understand the overall policy effects, we need a comparison with students entering
high school below the 50th percentile cut-off before the policy was enacted—comparing pre- and
post-policy cohorts with an interrupted time series design.
By combining the two designs—a regression discontinuity and a time series design we
address limitations that are usually inherent in each. The weakness of cohort designs is that it is
usually not possible to discern the extent to which post-policy changes are due to the policy
versus other unrelated changes that may be occurring at the same time. The regression
discontinuity strengthens the time series design by providing a within-cohort comparison; if
outcomes are similar among students immediately below and above the 50th percentile pre-
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policy, but diverge post-policy, this is good evidence that the observed changes were due to the
policy. The cohort comparison strengthens the regression discontinuity by allowing us to test
whether the policy affected outcomes among non-targeted students and to discern policy effects
for students with entering test scores far from the national median. It also allows greater
confidence that we are correctly modeling the underlying relationship between the outcome and
the percentile scores from which the discontinuity is discerned by using information from prepolicy cohorts.
To discern the enrollment and policy effects using cohort comparisons combined with a
regression-discontinuity we used multi-level models with students nested in cohorts nested in
schools. The student-level model to estimate the outcome Y for student i in cohort j in school k is
written as:
Yijk = π0jk + π1jk(BelowNorm)ijk + π2jk(Percentile – 50th percentile)ijk + π3jk(Percentile_squared)ijk
+

P
p 1

4 pjk (X)ijk

+ eijk,

(1)

where X is a vector of student-level control variables, including latent math abilities centered
around the average of those at the 50th percentile, special education, age, gender, race, socioeconomic characteristics, and mobility. These student-level variables are correlated with course
grades and test scores and included to control for shifts in academic and demographic
characteristics across the cohorts.
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The intercept π0jk represents the average outcome for students at the 50th percentile on the
eighth-grade test in cohort j and school k, controlling for student background characteristics. The
coefficient π1jk is the discontinuity estimate, indicating the difference in the outcome between
students who are just below the national median and students just above the national median in
cohort j and school k. The coefficients π2jk and π3jk indicate relationships between the outcome
and the percentile scores centered on the 50th percentile and its square term, respectively.
The cohort- and school-level models for π0jk through π3jk are specified as:
π0jk = Β00k + Β01k(Yr01)jk + Β02k(Yr02)jk + Β03k(Yr03)jk + Β04k(Yr04)jk + r0jk,
π1jk = Β10k(Yr00)jk + Β11k(Yr01)jk + Β12k(Yr02)jk + Β13k(Yr03)jk + Β14k(Yr04)jk + r1jk
π2jk = Β20kjk + Β21k(Yr01)jk + Β22k(Yr02)jk + Β23k(Yr03)jk + Β24k(Yr04)jk + r2jk,
π3jk = Β30k,
Β00k = γ000 + u 00k

(2)

We use year dummy variables to gauge trends in the outcome because there are only 3
pre-policy time points and the outcome trends may not be linear. The intercept Β00k for π0jk
represents the average outcome for students just at the cut-off in the base-line pre-policy year in
school k, and the coefficients Β01k, Β02k, Β03k, and Β04k indicate differences in outcomes for later
cohorts among students at the cut-off. The policy was initiated in 2003, thus, Β03k and Β04k
represent post-policy changes in outcomes for students just at the cut-off (those not targeted by
the policy). We use 2000 as the base year in the first set of models to show trends over time
clearly. However, 2002 was the final pre-policy cohort and the closest comparison cohort for
judging the policy. Thus, we report the degree to which the post-policy coefficients were
significantly different from those in 2002, as well as from the base year.
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The key parameter estimates for discerning effects of double-dose course enrollment on
targeted students are Β10k Β11k, Β12k, Β13k and Β14k; these represent differences in the outcomes
between just above- and below- norm students in each year. There is no intercept in this equation
so that each year‘s discontinuity is captured in full by the coefficient, rather than as a deviation
from the discontinuity in 2000. The coefficient Β10k shows whether the outcomes of students just
below the cut-off differ from the outcomes of students just above the cut-off in the base-line year
in school k (Ho: Β10k = 0, no difference in outcomes between students just above and below the
cut-off in the base year). The coefficients Β11k, Β12k, and Β13k indicate whether cohort changes in
the outcomes from the base-line year were different between students just below and just above
the cutoff. Because pre-policy cohorts did not enroll in double-dose algebra, we expect no
differences in the outcomes between students just below and above the cutoff pre-policy (Β10k, =
Β11k, = Β12k = 0). However, if double-dose algebra enrollment improved student outcomes, we
expect Β13k and Β14k to be greater than zero when predicting test scores and grades, and less than
zero when predicting failures.
This analysis tells us post-policy double-dose algebra effects (counterfactual A) through
coefficients Β13 and Β14 (Ho: Β13k ≠ 0, Β14k ≠ 0). These coefficients provide the discontinuity
estimate among post-policy cohorts. The policy effects (i.e., the second counterfactual of
experiencing the policy vs. no policy) can also be discerned from these analyses. Policy effects
for targeted students (counterfactual B) can be discerned by calculating the extent to which
outcomes for below-norm students changed in post-policy cohorts (Ho: Β03+Β13k ≠ 0, Β04+Β14k ≠
0). Policy effects on non-targeted students can also be found by examining the extent to which
outcomes shifted post-policy for students above norms (Ho: Β03 ≠ 0, Β04 ≠ 0).
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For prediction of the coefficients on student control variables, π pjjk, preliminarily analyses
determined whether cohort dummy variables and random effects were included at the cohort
level. At the school level, a random intercept model was used for the intercept Β00k. For Β01k
through Β24k, preliminary analyses determined whether they were allowed to vary. All the other
B‘s for control variables are fixed at school levels without school predictors.16

Addressing the second limitation: Variations in policy effects by students’ incoming
abilities. The second methodological limitation to the regression discontinuity is that the
estimated effects of double-dose algebra enrollment for below-norm students using the above
design are applicable only to students in the narrow range around the 50th percentile. The
comparison between taking double-dose Algebra and taking single-dose Algebra under the
policy (i.e., counterfactual A) is only a logical comparison for students with test scores close to
the national median.17 Furthermore, the regression-discontinuity analysis does not allow us to
discern different policy effects by students‘ incoming abilities (research question 3). To address
these limitations, we present an alternative analysis that uses pre-policy cohorts as the only
comparison groups (i.e., no within-cohort comparisons). For this analysis, we create six
percentile rank groups—three groups below and three above the 50th percentile. We then
compare outcomes between post-policy students who were subjected to the policy and pre-policy
students who did not experience the policy for each percentile group.
The following three-level statistical models are used with students nested within cohorts
within schools. The student-level model is expressed as;
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Y = π0jk(Rank1)ijk + π1j(Rank2)ijk +π2j(Rank3)ijk + π 3jk(Rank4)ijk + π4jk(Rank5)ijk + π5jk(Rank6)ijk
+

P
p 1

5 pjk (X) ijk

+ eijk,

(3)

where X is a series of student-level control variables.

For each percentile rank group, the student outcome is a function of cohort, which is specified as;
π0j = Β00k + Β01k(Yr01)jk + Β02k(Yr02)jk + Β03k(Yr03)jk + Β04k(Yr04)jk + u0j,
π1j = Β10k + Β01k(Yr01)jk + Β12k(Yr02)jk + Β13k(Yr03)jk + Β14k(Yr04)jk + u1j,
:
π5j = Β50k + Β01k(Yr01)jk + Β52k(Yr02)jk + Β53k(Yr03)jk + Β54k(Yr04)jk+ u5j

(4)

The student-level models do not include an intercept so that coefficients π0jk through π5jk
represent the average outcome of students for each percentile rank group in cohort j and school k.
The cohort-level equations include dummy variables for cohort year for each percentile group
with the 2000 cohort as a reference category. The cohort-level intercept Β00k represents the
average outcome for the lowest-ability students in 2000 in school j. For each percentile rank
group, the coefficients for the cohort year dummy variables indicate differences in the outcome
between 2000 and the given cohort year in school j.
The school level models for percentile rank variables do not include covariates and
preliminary analyses determined whether Β00k through Β54k were allowed to vary. For student
level control variables, preliminary analyses determined for which π to include cohort dummy
variables and whether they are fixed at the cohort level. The school-level models for control
variables were fixed at the school level without predictors.
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If the policy had an effect, we should see that trends in math outcomes observed prepolicy change post-policy (Ho: Β03k≠Β00k … Β53k≠Β50k). The limitation of cohort comparisons is
that the changes observed in post-policy cohorts might be due to other factors that occurred
simultaneously without the policy. Therefore, we specifically looked for a divergence in trends
for below- and above-norm groups at the year of policy implementation (Β03k, Β13k, Β23k
compared to Β33k, Β43k, Β53k). Such a divergence would suggest a policy effect, rather than a
cohort effect, since the organizational effects of the policy were opposite for students below
versus above the cutoff.18 While the earlier analyses with the regression-discontinuity design
specifically tested this, the current analyses extend the comparison beyond the narrow range of
students with scores close to the national median.19
Addressing the third limitation: Discrepancies in policy adherence. The third
methodological limitation arises from less-than-perfect adherence to the policy. While doubledose enrollment was very strongly defined by the policy, about 20 percent of students did not
follow the policy guidelines. Thus, by comparing students based on eligibility for double-dose
algebra (i.e., the cutoff scores), we are estimating intent-to-treat effects, but not the effects of
enrollment in double-dose algebra. To deal with the problem of policy compliance, we apply
instrumental variable (IV) methods and conduct two analyses. The first analysis, referred to here
as a ―within-cohort analysis,‖ uses the cutoff score as an instrument to estimate the effect of
enrolling in double-dose algebra vs. not enrolling under the policy (counterfactual A).
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The second analysis uses policy year as an instrument to examine the enrollment effect
among the target students (i.e., below-norm students) in comparison with their pre-policy
counterparts who did not take double-dose algebra because the policy was not yet implemented
(counterfactual B). We refer to this as a ―cross-cohort analysis.‖ The IV estimators identify the
local average treatment effects (LATE), or the average treatment effects among compliers, which
is defined as the average treatment effect for subjects who are induced to take the treatment (i.e.,
double-dose coursework) on the account of variation in the instrument (Imbens and Angrist,
1994). Because the level of policy compliance differs between 2003 and 2004, the enrollment
effects are separately estimated for each post-policy cohort in both analyses.
The two-stage least squares models for the within-cohort analysis are:

Tij

0

1Zij

2 X ij

3 Wj

i

(5)

Yij

0

1T̂ij

2 Xij

3 Wj

i

(6)

For student i in school j, T indicates treatment participation (i.e., enrollment in double-dose
algebra), Z is the instrument (i.e., a dummy variable indicating whether students scored below
the cutoff), X is a vector of student covariates, including ITBS math percentile scores centered
around the 50th percentile, its square term, special education status, and demographic
characteristics (age, race, and SES), and W is a vector of school fixed effects. The school fixed
effects and a special education indicator, together with the instrument, allow for very good
prediction of policy adherence, as discrepancies are largely defined by the ways that particular
schools enrolled their students in double-dose Algebra and students‘ special education status.
The treatment effect

1

represents the within-school average effect of double-dose enrollment on

the outcome Y among compliers in a given post-policy year.20
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The cross-cohort analysis compares the outcomes of post-policy below-norm students to
the outcomes of pre-policy below-norm students (i.e., policy vs. no policy for the targeted
students). To examine the degree to which double-dose algebra effects differed by student
incoming abilities, we estimate the treatment effect separately for each of the three below-norm
percentile groups. For the first-stage equation, we use the equation 5, but the instrument (Z) here
is the post-policy year dummy variable. In addition, because double-dose course enrollment
depends on which schools students attended and their special education status, we include a
vector of interaction terms between the post-policy and school dummy indicators, an interaction
between the post-policy dummy variable (Z) and special education status, and a vector of threeway interaction terms among the post-policy dummy, special education status, and school
dummy variables.
In each percentile rank group, we specify the outcome Y for student i in school j as;

Yij

0

1T̂ij

2 Cij

3 X ij

4 Wj

(7)

i,

where C is a set of dummy variables distinguishing pre-policy cohort years, X is a vector of
student covariates, including latent ability scores centered around the average score in that
percentile group, special education status, and demographic characteristics (age, race, and SES),
and W is a vector of school fixed effects. Analyses presented in earlier stages use 2000 as the
reference category to show outcome trends as differences from the base-line year. However,
doing so produces coefficients that compare post-policy cohorts to cohorts from two years prior
to the policy. Thus, this analysis uses 2002 as the base year for estimating policy effects, as this
is the last pre-policy cohort and we do not show pre-policy trends with this analysis.
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Additional Causal Assumptions
Rubin‘s causal model makes several assumptions which must hold for making valid
causal inferences. The stable unit treatment value assumption (SUTVA) states that potential
outcomes associated with ones‘ treatment are not affected by the treatment status of other
subjects. However, this study could violate SUTVA for two reasons. First, because the policy
recommended schools teach double-dose students in the same algebra classrooms, the level of
adherence to this guideline affects all algebra classroom compositions. Second, algebra
classroom compositions are also affected by the extent to which schools enrolled their nontargeted students in double-dose algebra courses. For example, if schools enrolled many abovenorm students in double-dose algebra, and they took the same algebra class with below-norm
students, such classrooms would be more heterogeneous and have higher average abilities than
classrooms that are composed of all below-norm students. This suggests that the potential
outcome of a given student depends not only on whether he/she enrolled in double-dose algebra,
but also on the enrollment status of other students and the extent to which schools followed the
structural guideline of the policy. Because policy compliance varies by schools and policy year,
our estimates of the enrollment and policy effects are specific to a policy year with a given level
of policy compliance. In other words, the results are generalizable to schools, holding policy
compliance levels constant. We also make the ―intact schools‖ assumption where the average
treatment effects are generalizable to schools, holding current student membership constant
(Hong & Raudenbush, 2007).
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Results
Intent-to-treat Effects among Students near the Cutoff Score
Table 3 displays the coefficients described in equations 1 and 2 from which we can
discern the intent-to-treat effects. The coefficients in the top half of the table show the average
math outcome in the base cohort (2000 cohort for all but the test scores), and the deviation from
the base year for students who scored just above the 50th percentile on the eighth-grade test. The
coefficients in the bottom half of the table show the degree to which outcomes were different for
students who were just below the 50th percentile on the eighth-grade test. If there was a policy
effect, we should see that math outcomes were similar pre-policy between students just above
and just below the 50th percentile, but diverged in 2003 when the policy was implemented. In
fact, this is exactly what we see in terms of ninth-grade (algebra) outcomes.

Table 3 about here

Algebra grades (GPA), failure rates, and test scores were similar between students just
above and below the national median among pre-policy cohorts, but students just below the
cutoff performed better post-policy than students just above the cutoff, particularly in 2003. For
example, students who were just below the national median had similar algebra grades to
students just above the national median in all of the pre-policy cohorts (the coefficients of -.05,
.00 and -.03 were not significantly different from zero); but in the 2003 cohort students just
below the national median received higher algebra grades by .20 GPA points (p<.01) and were
less likely to fail by .18 logits (4 percentage points, p<.10) in 2003, compared to students just
above the national median. These differences were somewhat smaller in 2004.
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At first glance, the discontinuity that appears in 2003 may make it appear that the policy
had beneficial effects on the grades of students entering high school with below-norm math
skills. However, this is not the case. Post-policy differences in GPAs and failure between just
below- and above-norm students largely occurred because the policy had adverse effects on
above-norm students. Algebra GPAs had been improving and failure rates had been declining
during pre-policy years for both just above- and below-norm students. The upward trends in
algebra GPAs continued and algebra failure rates leveled off for students just below the cutoff
post-policy. In contrast, above-norm students received lower GPAs and higher rates of course
failure post-policy compared to 2002. The divergence in algebra grades between students just
below and just above the national median can be more clearly seen in the top two panels of
Figure 3.

Figure 3 about here

The third panel of Figure 3 shows the trends in test scores, and these look very different
than the trends in grades. While algebra test scores were also similar between just below- and
above-norm students among pre-policy cohorts, both groups of students had higher test scores
post-policy than their pre-policy counterparts. The post-policy improvements were greater
among students just below the cutoff, suggesting a double-dose benefit for those targeted by the
policy. Students just below the cutoff scored .69 points higher in 2003 than their counterparts in
2002 (effect size=.26) while the pre- and post-policy difference among students just above the
cutoff was .47 (effect size =.15).21
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The evidence on policy effects on 10th-grade student outcomes is not consistent.
Geometry course grades and failure rates were similar between students just below and above the
national median pre-policy, but they diverged in 2003. While geometry GPAs were unchanged
and course failure increased for students just above the national median in 2003, students just
below the national median showed slightly higher GPAs in 2003 and their failure rates did not
increase. There were no differences, however, in 10th-grade course outcomes in 2004.

Intent-to-treat Effects: Differential Effects by Students’ Initial Abilities
The next set of analyses discerns the effects of the double-dose algebra policy by
students‘ incoming abilities. Here, we compare the outcomes of post-policy students to those of
pre-policy students by their percentile ranking on the eighth-grade test (see equations 3 and 4).
We expect pre-policy trends to diverge for below- and above-norm groups at the year of policy
implementation, if the policy had an effect.
As expected, before the policy was implemented, trends in outcomes look generally
similar across all students, regardless of incoming abilities (see Table 4). Algebra GPAs slightly
improved and course failure rates declined from 2000 to 2002. This pre-policy trend shifted with
the first cohort subject to the policy. Among students entering high school with test scores above
norms (high-ability students),, algebra grades fell and algebra failure rates increased post-policy
compared to the 2002 cohort. At the same time, algebra grades improved and failure rates did not
change for below norm students—with the exception of the students in the very lowest ability
group. Across the three above-norm (high-ability) groups, grades dropped by .10 to .18 points
from 2002 to 2003 (the coefficients changed from .16, .12, and .19 to .06, .02 and .01,
respectively), and failure rates increased by four percentage points (the differences from 2000
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changed from -.05 and -.04 to -.01 and .00). Among all but the very lowest-ability below-norm
groups, algebra grades increased by .05 to .06 points (the coefficients changed from .16 and .17
to .21 and .23, respectively), and failure rates were unchanged. However, the very lowest-ability
students showed declines in algebra grades (by .08 points—from a coefficient of .14 to .06) and
no significant changes in failure. The net effect, across all students was that GPAs declined very
slightly by .05 points with the policy from 2002 to 2003, and failure rates increased slightly (an
increase of 3%). For students targeted by the policy, including students far from the cut-off, there
were only negligible changes in grades or failure rates with the policy (GPAs increased by .01
points and failure rates increased by two percentage points). Among above-norm students, GPAs
declined by .12 points, on average, while failure rates increased by four percentage points.22
The policy effects on students‘ grades and failure rates do not seem to support the aim of
the policy. However, the results are very different when we look at students‘ test scores. Among
students of all ability levels, algebra test scores were similar between the 2001 and 2002 (prepolicy) cohorts, but test scores improved among post-policy cohorts across all six ability groups.
Students between the 20th and 50th percentiles made the largest improvements; in 2003 their
scores improved by .66 to .76 of a point, compared to the 2000 cohort. This may seem like a
small improvement; however, this is an artifact of the scale. The algebra subset of the exam has a
standard deviation of 2.45, and on average, CPS students‘ math scores on the ACT exam
sequence from ninth to tenth grade improve by only 1.87 points in a full year. Thus, a boost of
.76 of a point is sizable. The net change in algebra scores across all six groups from 2002 to 2003
was .56, with an average increase of .64 for students targeted by the policy (below-norm
students), and .49 for above-norm students.
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Although the policy improved student achievement on the standardized test in algebra,
10th-grade course outcomes did not seem to improve as a result of the policy. Geometry grades
were relatively stable across the cohorts, although students between the 35th and 50th percentiles
showed a slight improvement in the first post-policy cohort (p<.10). Geometry course failure
rates were stable during pre-policy years across all percentile groups. However, they increased
among above-norm students between the 50th and 80th percentiles with the first post-policy
cohort, and were higher among all students below the 65th percentile in the second post-policy
year. The increase in geometry failure rates in the first post-policy cohort among above-norm
students may be related to the increase in algebra failure rates among these same students.
However, because the 2004 increase in failure rates is seen across both below and above norm
students, we are hesitant to attribute it to the policy. Instead, it may reflect a change in school
policies or emphases that occurred in this year.

Table 4 about here

The Effects of Double-dose Algebra Course Enrollment on Students who Complied with the
Policy: Instrumental Variable Estimates
Our analyses so far did not account for incomplete compliance with the policy; some
below-norm students did not enroll in double-dose algebra while some above-norm students did
enroll in these courses. The next set of analyses examined the effect of the double-dose algebra
enrollment itself on student outcomes among those who complied with the policy using
instrumental variable methods. The first analysis examined the effect of enrolling vs. not
enrolling in double-dose algebra post-policy (counterfactual A) by comparing students just
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below and above the national median post-policy. The second analysis examined the effect of
enrolling in double algebra versus not having double algebra classes available (counterfactual B)
by comparing post-policy below-norm students who enrolled in double-dose algebra and prepolicy below-norm students who did not experience the policy. Note that the instrumental
variables analysis provides our best estimates about the effects of enrolling in double-dose
algebra among those who complied with the policy as opposed to simply being eligible for
double-dose algebra (which is the estimate obtained from the cohort comparison and regression
discontinuity). Furthermore, the instrumental variable analysis estimates the effects of enrolling
in double-dose algebra as it was implemented in CPS schools, not the effects of 100% policy
compliance.23

Within-cohort analysis: Enrolling vs. not enrolling double-dose Algebra post-policy. The
effect of double-dose algebra enrollment post-policy was estimated using two-stage-least squares
models expressed in equations 5 and 6 for each post-policy year. Table 5 shows the treatment
effect

1 for

each post-policy year as well as the intent-to-treat effect for a comparison. In this

analysis, we re-estimated the ITT effects using the same model specification as the equation 6,
but using the treatment assignment status Z instead of the predicted treatment status T̂ to provide
an appropriate comparison.

Table 5 about here

As expected, the IV estimates are similar to, or stronger than, the intent-to-treat effects
for each outcome. Students below the cutoff who enrolled in double-dose algebra had higher
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GPAs and lower failure rates in algebra and higher algebra test scores than students above the
cutoff who did not take double-dose algebra. The IV estimates of double-dose effects on algebra
grades and test scores were particularly stronger than the ITT estimates, suggesting even greater
benefits from enrolling in double-dose algebra. Students who took double-dose algebra had
grades that were a quarter of a point higher, on average, than similar students who took singlealgebra, and their test scores were half a point higher (20% of a standard deviation). In the 2003
cohort, students who took double-dose algebra also had somewhat higher geometry grades and
lower geometry failure rates than students who did not take double-dose algebra, but these
differences were not seen in 2004. These results suggest that, post-policy, students eligible for
double-dose algebra were better off taking it than taking regular single-period algebra in terms of
their math performance and learning in their freshman year.

Cross-cohort analysis: Policy vs. no policy for the target students. The last set of
analyses compared outcomes of post-policy below-norm students who took double-dose algebra
to the outcomes of their pre-policy below-norm counterparts. We estimated equation 5 and 7
separately for each below-norm percentile group as defined earlier. For two outcome variables—
algebra and geometry course grades—we used dummy coded variables for receiving a ―B‖ or
higher instead of continuous variables because course grades are not normally distributed among
below-norm students.
Table 6 shows the differences in student outcomes between the 2002 cohort and postpolicy cohorts among all students (i.e., ITT estimates) and policy-complying students (i.e., IV
estimates). In general, the IV estimates are similar to the ITT estimates, reflecting the high
compliance with the policy. With the exception of the lowest ability students (those below the

34

20th percentile), students who took double-dose algebra were more likely to get As and Bs in
algebra and geometry, and had higher test scores, than similar students who entered high school
before there were double-dose algebra courses. The size of the effects estimated from the
instrumental variables models is larger than the intent-to-treat estimates, with students 2-4%
more likely to receive a ―B‖ or better in algebra and geometry if they took double-dose algebra,
and averaging test scores that were about 0.8 points higher (an effect size of .3).
The instrumental variable models show very few positive effects of double-dose
coursework for the lowest-ability students. Their test scores are higher, but the improvements are
smaller than observed among students with average math abilities, and are modest in the second
year of the policy. Very low-ability students were no more likely to get high grades in algebra or
geometry as a result of double-dose algebra coursework, and were slightly more likely to fail.
While double-dose coursework is often seen as a strategy to help students with very weak skills,
these analyses suggest that the policy does not have substantial benefits for the lowest-ability
students.
Table 6 about here

Discussion
Policy Implications
This policy was designed to address a clear problem in Chicago‘s high schools—high
failure rates in ninth-grade algebra. Research had shown a strong link between ninth-grade
failure and eventual dropout, and district officials felt it was crucial to fix this problem. Yet, the
strategy they developed—double-dose algebra—did not reduce failure rates. Failure rates
remained the same for targeted students, and the policy unintentionally increased failure rates in
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ninth-grade algebra for students who were not targeted by the policy. Many people in the district
viewed the policy as a failure, and conversations with district personnel suggest that the policy
was widely criticized. Why didn‘t this extended instruction in algebra have the expected
outcomes?
One reason seems to be that math failure was the wrong outcome on which to judge this
policy. This was a policy which sought to improve failure rates by improving students‘ algebra
skills through more and better algebra instruction. It succeeded at doing this. Algebra test scores
improved substantially—by almost a third of a standard deviation—among students who
received double algebra classes.
However, this study shows that improvements in skills are not necessarily accompanied
by improvements in grades and failure rates. Even though, based on their test scores, students
entering high school post-policy learned more algebra than similar students in prior cohorts, their
grades did not improve. Grades even declined among students with test scores above the national
median. Although this seems counter-intuitive, there are several explanations for this pattern.
For high-ability students who did not enroll in double-dose algebra, the policy could only
have affected their outcomes through the unintentional increase in tracking induced by the
structural recommendations of the policy. High-ability students were in classrooms with higheraverage ability levels post-policy. Therefore, individual students‘ abilities were relatively lower
compared to the classroom average. This could have affected teachers‘ perceptions of the quality
of students‘ work. It also could have affected students‘ self-perceptions, leading them to exert
less effort. In addition, instructional content might have become more difficult if teachers
perceived students better able to handle more complex material. Perceptual changes, and changes
in course content and instruction, could explain why course grades declined among high-ability
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students post-policy, even though their test scores improved. We are investigating these
explanations in further work.
However, changes in classroom composition do not explain the lack of improvement in
failure rates among low-ability students. Failure rates should have declined post-policy for
below-average students, not only because their test scores increased, but also because their
ability levels relative to classroom peers improved--especially for those near the 50th percentile.
We suggest two potential explanations. First, even though classroom ability levels declined for
below-norm students, content might have become more challenging. Their algebra teachers
received new materials and professional development around algebra which may have led them
to teach in a more demanding way. Their teachers may also have expected more of them because
they were receiving twice as much instruction. Second, the policy may not have improved failure
rates for the target students because it did not address some key reasons for course failure. Other
work on Chicago schools has shown that course failures are related much more strongly to
students‘ behaviors than to their skills, and course attendance is particularly important
(Allensworth & Easton, 2007). Any reform efforts that address low skills will likely have limited
effects on grades unless they address problems of low engagement and participation.

Implications for Understanding the Effects of Tracking
While this study began as an evaluation of double-dose algebra, it has implications for
understanding the effects of tracking. Although tracking has been widely criticized for impeding
academic progress of low-ability students, our study showed that students learned more in
homogenous low-ability classrooms when they were provided with additional coursework and
their teachers received new curricular resources. This study did not tell us whether tracking alone
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would have adverse effects on low-ability students, but that any potentially adverse effects from
tracking were offset by increased instructional time and teacher resources.
For high-ability students, the way in which this policy was implemented provided a
natural experiment for observing the effects of tracking free of selection bias. Sorting students
into homogenous high-ability classes did seem to be beneficial for high-ability students‘ test
scores, which confirms the findings of many prior studies. However, few studies on tracking
have examined the effects on grades, and here we see the opposite effect—tracking led highability students to have lower grades. Grades are at least as important as test scores for students‘
future success—they determine eligibility for sports, programs, scholarships and college
enrollment. The trade-off in learning is not free of cost for students.

Rethinking the Policy for Students with the Weakest Math Abilities
The double-dose algebra policy was least effective for students with the weakest math
abilities. These students showed no improvements in grades or failure rates. They did not benefit
from changes in classroom composition—prior to the policy they were the lowest-skilled
students in their classes, and they continued to be the lowest-skilled students post-policy. Test
scores also improved less among very low-skilled students than among other targeted students,
particularly in the second year of the policy.24 Ironically, this is the group that is seen as most in
need of academic support to be able to handle algebra.
Most students entering high school below the 20th percentile received special education
services, and these students may have been particularly ill-served by this policy25. Large-scale
curricular reforms that are targeted to low-ability students need to consider their effects on
students with learning disabilities, as they comprise a large proportion of low-ability students in
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many schools. Prior to the policy, special education students often took algebra in small, selfcontained special education classrooms. When the policy was implemented, many of the selfcontained special education algebra classes disappeared, and most special education students
took double-dose algebra instead, together with other below-norm students who were not eligible
for special education services. It is possible that very low-performing special education students
were not yet ready for algebra, and that their pre-policy self-contained classrooms spent more
time on remediation. Or, double-dose algebra teachers might have lacked strategies to reach
special education students in larger and more heterogeneous classrooms. Conversations with
CPS personnel suggest that many teachers of double-dose algebra felt unprepared to teach
classes with large percentages of special education students.

Methodological contributions
This study adds to the existing methodological literature on policy evaluation by showing
how two quasi-experimental designs can be combined to provide multiple comparisons, thus
allowing for greater confidence in results. An education policy could affect all students, even
those not targeted by a policy, and using a regression discontinuity alone is particularly
problematic in such a case. If we had not used the cohort comparison, we would have
overestimated the effects of double-dose algebra on grades and failure, and underestimated the
effects on test scores for the students targeted by the policy. Cohort comparisons without the
regression discontinuity would not have been able to discern the policy effects from other
potential cohort effects, or to show the effects of complying with the policy (counterfactual A).
Either method alone would have yielded an incomplete understanding of the effects of the
double-dose Algebra policy on student outcomes. However, the current research design was
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possible only because we had the following two conditions: 1) the availability of longitudinal
student-level data; and 2) a policy design with explicit eligibility requirements and nearly
universal implementation that allowed for unambiguous contrasts.
This study also shows that evaluation of curricular reforms must recognize the multiple
ways in which they affect students‘ outcomes, beyond simply exposing students to different
content. Curricular reforms may bring about changes in how classes are programmed. The
double-dose policy led schools to reorganize all math classrooms, and as a result, classroom
compositions changed considerably for all students. The effects of changing classroom
composition are not small. In fact, their effects on algebra scores for above-norm students appear
to be almost as large as the effects of doubling instructional time for below-norm students.
Furthermore, the policy had larger consequences on algebra grades and failure for above-norm
students who were not targeted by the policy than for below-norm students. The details of how
curricular policies are implemented and programmed may matter as much as the changes in
instructional time and content.

Future work
In future work we will explore the mechanisms through which the double-dose algebra
policy affected students‘ outcomes—the ways in which classroom composition affected
academic outcomes, and the changes that occurred in students‘ reports of classroom climate and
instructional practices. We will also look to see whether changes in the math curriculum had
broader effects on students‘ performance in school--for example, whether the loss of an elective
period led students to become disengaged from school (which was a concern expressed by CPS
school staff),26 or whether students‘ overall grades declined because they were taking two credits
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in a subject in which they were particularly weak. Doubling students‘ algebra instruction and
providing resources to their teachers was a successful strategy for improving students‘ algebra
skills, but it brought many other structural changes to the curriculum of students targeted and
not-targeted by the policy which we have just begun to understand.
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Figures
Figure 1. Percent of students taking double-dose math by 8th grade ITBS math percentile
All students

Figure 2. Percent of students taking double-dose math by 8th grade ITBS math percentile
Regular education students only
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Figure 3.1. Cohort changes in algebra GPA for students just below and above the national
median
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Figure 3.2. Cohort changes in algebra course failure for students just below and above the
national median
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Figure 3.3. Cohort changes in Algebra scores for students just below and above the national
median
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Tables
Table 1. Compliance with three policy requirements by cohort year
Percentage with the
Percentage taking
Percentage of double-dose students
Cohort
same teacher1
sequential courses2
in the regular algebra class3
2003
80.0
72.3
92.0
2004
54.0
48.0
86.6
1

The percentage of double-dose algebra students taking support algebra and regular algebra with the same teacher
The percentage of double-dose algebra students taking support and regular algebra sequentially
3
Among students taking double-dose algebra, the average percentage of students in their regular algebra class that
are also taking algebra support
2

Table 2. Selected student characteristics by cohort

Variables
Below norm
Math ability (Z-score)
Special Education
White
Hispanic
Asian
Poverty (Z-score)
Number of students

2000
Mean
SD
0.58
0.49
-0.09 0.87
0.19
0.39
0.08
0.27
0.34
0.47
0.03
0.16
0.01
0.99
17,276

2001
Mean
SD
0.59
0.49
-0.06 0.92
0.20
0.40
0.08
0.27
0.34
0.47
0.03
0.16
-0.00 1.00
17,681
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Cohort
2002
Mean
SD
0.50
0.50
-0.04 0.95
0.19
0.39
0.08
0.27
0.35
0.48
0.03
0.16
-0.03 1.07
17,623

2003
Mean
SD
0.53
0.50
-0.07 0.90
0.18
0.39
0.07
0.26
0.32
0.47
0.03
0.16
0.03
1.00
19,512

2004
Mean
SD
0.54
0.50
-0.09 0.92
0.19
0.39
0.07
0.25
0.34
0.47
0.02
0.16
-0.01 1.00
20,055

Table 3. Intent-to-treat effects on math outcomes (Regression discontinuity with cross-cohort comparisons)
9th-grade outcomes
10th-grade outcomes
Algebra
Algebra Failure
Algebra Test
Geometry
Geometry Failure
GPA
(log odds)
Scores
GPA
(log odds)
Intercept
1.53***
-0.71**
5.33***
1.54***
-1.20***
2001 Cohort
.11*
-0.19*
.04
-0.16~
2002 Cohort
.12*
-0.24**
-.22**
.01
-0.10
2003 Cohort (policy)
-.03
0.05
.25**
-.04
0.19*
2004 Cohort (policy)
.05
-0.03
.21**
-.02
0.16~
Below norm Deviation
2000 Cohort
-.05
2001 Cohort
.00
2002 Cohort
-.03
2003 Cohort (policy)
.20**
2004 Cohort (policy)
.13***
~p<.10, * p<.05, ** p<.01, ***p<.001.

0.00
-0.03
0.09
-0.18*
-0.14~

-.01
.07
.29***
.28**

-.05
.03
-.03
.08**
-.01

-.04
-.07
.03
- .25*
.02

The intercept represents the average math outcome for students in the base year cohort (2000 for all outcomes but test scores, 2001 for test scores) who entered
high school with test scores just above the cutoff (the 50th percentile). The coefficients for each cohort under the intercept show the change in outcomes from the
base year for students just above the cutoff. The below-norm coefficient represents the difference in outcomes for students just below the cut-off (the 49th
percentile). The coefficients for each cohort under the intercept show how the difference in outcomes between students just below and just above the cutoff
changed, compared to the base year cohort (providing a difference in difference estimate).
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Table 4. Intent-to-treat effects on math outcomes by 8th-grade math ability (Cross-cohort
comparisons)
Algebra GPA
th
th
th
8 Grade Percentile:
<20th
20 -35th 35 -50th 50th-65th 65th-80th
>80th
2000 Cohort
1.11***
1.18***
1.40***
1.66***
1.95***
2.40
2001 Cohort
.09~
.10
.04
-.01
.05
.12
2002 Cohort (intercept)
.14*
.16*
.17*
.16*
.12~
.19**
2003 Cohort (policy)
.06a
.21**a
.23*** a
.06a
.02
.01a
2004 Cohort (policy)
.08a
.25***a
.27*** a
.13~a
.10
.08a
th

8 Grade Percentile:
2000 Cohort
2001 Cohort
2002 Cohort (intercept)
2003 Cohort (policy)
2004 Cohort (policy)

<20th
.45*
-.03
-.05
.01
-.01

Algebra Failure (probability)
20 -35th 35th-50th 50th-65th 65th-80th
.44**
.36***
.30***
.24***
-.04
-.02
-.01
-.03*
-.05~
-.04~
-.05**
-.04***
-.05~
-.04
-.01a
.00a
-.07*a
-.05*
-.03a
-.01a

>80th
.14***
-.02
-.04***
.00a
.01a

65th-80th
6.60***
-.11
.38**a
.50***a

>80th
8.57***
-.17
.25~a
.35*a

65th-80th
1.95***
.01
.01
.01
.04

>80th
2.38***
.10
.07
.02
.06

th

8 Grade Percentile:
2001 Cohort
2002 Cohort (intercept)
2003 Cohort (policy)
2004 Cohort (policy)

<20th
3.83***
.02
.51***a
.18*a

20 -35th
4.30***
.07
.76 ***a
.60***a

Algebra Test Scores
35th-50th 50th-65th
4.97***
5.68***
-.05
-.05
.66***a
.49***a
.56***a
.48***a

8th Grade Percentile:
2000 Cohort
2001 Cohort
2002 Cohort (intercept)
2003 Cohort (policy)
2004 Cohort (policy)

<20th
1.17***
.02
.05
.02
-.09

20th-35th
1.25***
.03
.00
.06
.00

Geometry GPA
35th-50th 50th-65th
1.40***
1.68***
.05
- .02
.06
.01
.13*
.04
.04
.00

th

th

Geometry Failure (probability)
8th Grade Percentile:
<20th
20th-35th 35th-50th 50th-65th 65th-80th
2000 Cohort
.32***
.31***
.25***
.20***
.15***
2001 Cohort
.01
.00
-.01
-.01
-.02
2002 Cohort (intercept)
-.01
-.01
-.03
-.03
-.02
2003 Cohort (policy)
.03
.00
-.01
.02a
.01a
2004 Cohort (policy)
.07***a
.03*
.03a
.02a
.01
Note. ~p<.10, * p<.05, ** p<.01, ***p<.001.
‗a‘ indicates difference from 2002 cohort at p<05
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>80th
.08***
-.01
-.01
.00
.01

Table 5. The Effects of enrolling vs. not enrolling in double-dose Algebra coursework post-policy (Counterfactual A)
Instrumental variables models (IV) compared to the intent-to-treat effects
9th-grade outcomes
10th-grade outcomes
Algebra GPA
Algebra Failure
Algebra Test
Geometry GPA
Geometry Failure
(probability)
Scores
(probability)
Cohort
ITT
IV
ITT
IV
ITT
IV
ITT
IV
ITT
IV
2003
.18***
.29***
-.03*
-.03**
.26*** .40***
.07*
.11*
-.04*
-.04*
2004
.11**
.25**
-.03+
-.03
.24*** .55***
-.01
-.02
-.01
-.01
Note. ~p<.10, * p<.05, ** p<.01, ***p<.001.

Table 6. The Effects of policy vs. no policy on students entering high school with below-norm math skills (Counterfactual B)
Instrumental variables models (IV) compared to the intent-to-treat effects
9th-grade outcomes
10th-grade outcomes
Alg. GPA>B
Algebra Failure
Algebra Test
Geo. GPA>B
Geometry Failure
(probability)
(probability)
Scores
(probability)
(probability)
Cohort ITT
IV
ITT
IV
ITT
IV
ITT
IV
ITT
IV
<20th percentile
2003
.00
-.01
.01
.03*
.54***
.53***
.01
.02
.04+
.02
2004
-.01
-.01
.00
.02**
.17*
.14+
.00
-.01*
.06**
.04***
20th-35th percentile
2003
.02**
.03**
2004
.02**
.03**

.00
.00

.01
.00

.69***
.51***

.82***
.61***

.02+
.03*

.03**
.04***

.02
.04**

.02+
.03**

35th-50th percentile
2003
.03**
.03*
.00
.01
2004
.02*
.03**
.00
.00
Note. ~p<.10, * p<.05, ** p<.01, ***p<.001

.70***
.60***

.85***
.83***

.03+
.01

.03**
.02*

.01
.05***

.00
.04**
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1

Seventy-percent of twelfth-graders in the U.S. wanted to obtain a Bachelor‘s degree in 2006 (National Center for
Education Statistics, 2006).
2

Kemple at al (2005) used the comparative interrupted time series design where the Talent Development schools
were matched with sets of comparison schools that are similar in several dimensions including ration compositions,
ninth-grade promotion rates, mean test scores and attendance rates.
3

We refer to the Chicago policy as the ―double-dose‖ policy to differentiate it from double-period (blocked)
algebra, and from the mathematical term double-algebra. However, the district did not use the term ―double dose.‖
CPS staff members refer to the policy as ―double-algebra.‖
4

We spoke with CPS staff members who were in charge of the double-dose algebra program in 2003 to learn the
goals of the policy and the rationale for its structure. We were told that the district initiated the policy after learning
about the high failure rates in the freshman year in the Roderick & Camburn (1999) study.
5

The Iowa Tests of Basic Skills

6

In a future study, we will look into the ways in which classroom instruction changed with this policy, using data
from surveys of students on their perceptions of course difficulty, teacher personalism, and classroom assignments.
However, while we have data on students‘ perceptions of their classroom environments, we do not know which
curricular programs individual teachers used, how they organized the two periods for instruction, or the content that
they covered in their classes.
7

The average classroom standard deviation of ITBS percentile scores fell from 18 to 14 for students with entering
test scores just below the national median. Details of these changes are provided in another article (insert citation
after review).
8

Average classroom peer ability levels declined by about .16 standard deviations for students testing just below the
national median, and increased by about .12 standard deviations for students testing just above.
9

The district made new curricula and professional development available only to teachers teaching double-dose
algebra. 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 instruction. In addition, CPS officials
told us that, based on their observations of 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. They 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, and that they
were hesitant to try new practices that may be more time-consuming with just a single period. The double period
allowed them to feel like they had the time to try new practices (e.g., cooperative groups).
10

In fact, absences and self-reported studying behaviors are eight times more predictive of failure than are incoming
test scores (Allensworth & Easton, 2007).
11

We asked administrators at CPS why this cut-off was chosen, and they replied that it was arbitrary; they looked to
see if there was a point at which achievement levels were associated with a much higher failure rate, but found the
relationship to be fairly linear.
12

We are currently examining the ways in which classroom academic compositions affected students‘ perceptions
of academic press, teacher personalism, and instructional tasks, and how those changes may have mediated policy
effects on students‘ academic outcomes.

13

Percentile scores are not a consistent measure of achievement across cohorts of students taking different forms of
the exam. They are not always properly equated to adjust for differences in the difficulty levels across test
administrations. This inconsistency causes fluctuations in the relationship of incoming achievement with student
outcomes across cohorts. Furthermore, one test score taken at the end of eighth grade is not the best measure of true
ability. Students can have a bad day on the test (e.g., from illness), or get a few questions right or wrong out of luck.
To better measure students‘ true math ability, we first equated students‘ raw scores on the ITBS through Rasch
analysis. This removed form and level effects across different versions of the test. Then, to adjust for abnormally
high or low performance on the eighth-grade test, we modeled students‘ growth trajectories from grades three
through eight using the equated ITBS scores, with years nested within students. The 8th-grade latent scores were the
estimated score from this model. Preliminary analyses showed inconsistent relationships between incoming
achievement and students‘ later outcomes using the percentile scores, but these inconsistencies were not seen when
latent scores were used. The latent scores allow for a consistent and precise measure of incoming math abilities
across cohorts.
14

These SES measures provide a different value for students who live in different census block groups. While some
students live in the same census block, these variables are much better at distinguishing economic status among
students than the commonly-used indicator of whether students qualify for free and reduced lunch. Over 80% of
CPS students qualify for free/reduced lunch so this variable provides little information. On the other hand, the
variables based on census block show vast differences in the economic conditions of students, even among those
who qualify for free/reduced lunch. Our SES indicators are also strongly related to student outcomes, more so than
free/reduced lunch eligibility. There were 2450 census block groups represented among CPS students in 2004.
15

Particularly with this policy, extrapolating results beyond a narrow range around the cut-off score is problematic
because who receives or does not receive double-dose algebra coursework influences classroom compositions, and
this in turn affects student outcomes. While we can use the regression-discontinuity analysis to estimate the effects
of a few students changing their algebra enrollment, the effects are not generalizeable to a case of many students
changing their enrollment because that would affect classroom compositions and, thus, the compositional effects of
the policy would be different than those estimated here.
16

To assure that we controlled for all time-invariant unobserved school factors, the preliminary analysis used school
fixed effects. All results were similar to the results from random effect models.
17

Counterfactual A tells us what would happen if a student enrolled in single-period algebra, when eligible for
double-dose algebra, or if the cut-off were changed slightly. Students far from the cut-off are unlikely to be affected
by these conditions. Furthermore, if many students far from the cut-off failed to follow the policy guidelines the
changes in classroom composition would be different from those observed here, and this would change the estimates
of policy and enrollment effects.
18

The policy brought a decline in average peer ability levels for students entering high school with below-norm
skills, while it increased the average peer ability levels for students entering high school with above-norm skills.
19

The disadvantage, in comparison to the regression discontinuity, is that the below- and above-median groups are
less comparable than students immediately above and below the national median.
20

Equation 6 is essentially the same as the equation 1, except for that we use
equation 1).
21

T̂ instead of Z (i.e., BelowNorm in the

Pooled standard deviations are 1.69 for below norm students and 2.37 for above norm students.

22

The net effects across all students and targeted/non-targeted students are calculated as the weighted average
effects, comparing outcomes in 2003 to outcomes in 2002, across the groups represented in Table 4.

1

23

If schools had 100% compliance to the policy, it would create greater levels of tracking than observed. This would
cause different classroom compositional effects than observed, and, therefore, different overall policy effects.
Instead, the IV analysis shows the effect of taking double-dose algebra under the policy as it was actually
implemented.
24

It is possible students in the lowest-ability group were not measured well by the test, and that their ability levels
were so low that the test was insufficiently sensitive to any improvements in their skills. Even if this is the case, it
suggests that the double instruction in algebra was not successful at bringing their achievement up to a level that
would be minimally expected at the end of ninth-grade algebra. This is not strong support for the policy for very
low-skill students.
25

We conducted an additional analysis to see whether removing special education students changed our conclusions.
However, removing these students is the same as removing students below the 20th percentile score. Thus, it did not
change the pattern of our results.
26

When the policy was implemented, staff at many schools expressed concern that students would have less
motivation to attend school if not able to take elective classes that they enjoyed.

2

