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Abstract 

We identify California public middle schools that use a 7th grade achievement threshold to place 

students into 8th grade Algebra. These schools provide 439 opportunities to estimate regression 

discontinuity effects of 8th grade Algebra placement. We meta-analyze these effects and find 

small positive effects on students’ high school math and English achievement, and substantial 

positive effects on high school math course-taking. Further, our analyses indicate substantial 

treatment effect heterogeneity across schools. Descriptive analyses suggest a positive 

relationship between treatment effects and average school student achievement and the location 

of the placement threshold, and a negative relationship with student poverty.  

  



3 

Introduction 

Between 1990 and 2015, the proportion of eighth graders in U.S. public schools enrolled in 

Algebra or a more advanced mathematics course more than doubled to 44 percent. This increase 

was particularly pronounced in California, where 8th grade Algebra enrollment rates peaked at 68 

percent in 2013 in the wake of a decades-long policy effort to make Algebra the default 

mathematics course for 8th graders. More recently, the movement toward 8th grade Algebra has 

slowed with the implementation of the Common Core State Standards. Nevertheless, U.S. public 

schools currently expose students to more advanced curriculum in mathematics than at any point 

in the nation’s history (c.f. Blaire, Gamson, Thorne & Baker 2005; Loveless 2013).  

The push to enroll more students in 8th grade Algebra is predicated on the common-sense 

idea that exposure to more advanced curricula will improve students’ opportunities to learn and 

narrow long-standing inequalities in educational outcomes (Kurlaender, Reardon, & Jackson, 

2008; Allensworth et al., 2014). Yet the evidence regarding the effects of course acceleration is 

mixed. There is evidence to suggest that accelerated courses administered with intensive 

instructional assistance boost at-risk students’ achievement (Cortes, Goodman & Nomi 2015) 

and online accelerated course options boost achievement for high-achieving students enrolled in 

schools where few advanced courses are available (Heppen et al., 2012). Further, despite high 

rates of course failure among 8th graders placed in Algebra courses, there is strong evidence to 

suggest that placing students in Algebra in 8th grade increases their likelihood of reaching 

Calculus and other advanced mathematics courses during their high school years (Dougherty, 

Goodman, Hill, Litke, & Page 2017.) However, recent quasi-experimental evaluations of these 

effects of early Algebra policies administered at scale suggest that 8th grade math acceleration 
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was at best neutral for students’ mathematics achievement (Clotfelter, Ladd, & Vigdor, 2015; 

Domina et al., 2015; Dougherty, Goodman, Hill, Litke, & Page 2017).  

In this paper, we draw on methods adapted from earlier work on tipping points in residential 

segregation (Card, Mas, & Rothstein, 2008; Pan, 2015) and unknown threshold regression 

discontinuity designs in education (Andrews, Imberman, & Lovenheim, 2017; Bertrand et al., 

2010; Chay et al., 2005; Dobbie & Fryer, 2015; Goodman, et al., 2017; Steinberg, 2014) to 

estimate the effect of accelerating Algebra for 8th graders in 335 California middle schools. We 

use data from all 8th graders in California public schools in the 2006-7 to 2010-11 school years to 

identify 335 schools in which students’ rates of enrolling in 8th grade Algebra varied 

discontinuously at a threshold in the 7th grade math test score achievement distribution in at least 

one school year, for a total of 439 school-by-year sites. We then fit site-specific regression 

discontinuity models to identify the consequences of enrolling in 8th grade Algebra, rather than a 

grade-level mathematic course, for students near the assignment thresholds on students’ high 

school math course-taking and math and English Language Arts (ELA) achievement. Finally, we 

use meta-analysis to combine our 439 site-specific estimates to examine the average local effect 

of 8th grade Algebra, as well as the extent to which these effects vary across schools and school 

demographics.  

In addition to generating arguably unbiased estimates of the effect of accelerated course 

placement on academically marginal students, our analyses draw attention to the heterogeneity in 

course placement practices and their consequences across schools. There are many reasons to 

expect the effects of advanced courses to vary across schools. Since educators negotiate 

multidimensional pressures from parents, students, and policy-makers with limited and 

conflicting information about the consequences of course acceleration, they use widely divergent 
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strategies to place students in courses (c.f. Domina, McEachin, Hanselman & Hwang 2016). 

Student readiness and other aspects of peer composition, teacher quality, curricula, and 

instructional approaches also vary considerably across schools and may produce heterogeneous 

course placement effects (Duflo et al. 2011). Our analyses indicate that 8th grade Algebra 

enrollment has a substantial and lasting positive effect on students’ advanced math course 

enrollment, and more modest positive effects on students’ mathematics and ELA test scores. 

Importantly, however, we find evidence to suggest that the effects of 8th grade Algebra vary 

substantially across schools and placement strategies. In some settings, early Algebra has large 

and statistically significant positive effects on student achievement and attainment; in other 

settings, these effects are negative. Descriptive analyses suggest that the effects of early Algebra 

placement are more positive in schools with larger shares of relatively high-achieving and 

socioeconomically advantaged students, as well as schools that set high test score thresholds for 

enrolling in 8th grade Algebra.  

Estimating the effects of curricular intensification 

Secondary school mathematics courses typically have a hierarchical structure, in which 

students must complete Algebra before taking Geometry, Geometry before taking Algebra II, 

and so on. As such, middle school math typically plays a crucial gatekeeping role in U.S. 

schools. Students who complete Algebra in the 8th grade are on track to take Calculus by the end 

of high school; a course that is, itself, and important gatekeeper in many postsecondary 

mathematics and science curricula. Advocates of curricular intensification thus argue that 

enrolling more students in early and rigorous Algebra courses will have wide-ranging positive 

effects for students educational and career outcomes. Consistent with this perspective, several 

correlational studies indicate that enrolling in advanced courses improves students’ likelihood of 
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success in higher education and in careers involving advanced quantitative skills net of a rich set 

of observational controls (Attewell & Domina, 2008; Long et al., 2012; Gamoran et al., 1997; 

Gamoran & Hannigan 2000; Rose & Betts, 2004; Schmidt et al., 2001, 2011; Stein, Kaufman, 

Sherman, & Hillen 2011). However, a wide range of confounding factors potentially bias 

regression or propensity score estimates of accelerated course placement, including: peer 

pressures, teacher perceptions of student potential, parental support and encouragement in 

academic realms, student prior exposure to rigorous instruction, and student motivation and 

approaches to learning (Froiland & Davidson 2016). 

Encouraging causal evidence regarding the effects of early Algebra comes from a 

randomized control trial in which relatively high-achieving 8th graders in 35 small, rural New 

England middle schools were assigned to online Algebra courses (Heppen et al. 2012). This 

clustered randomized trial suggest that early Algebra placement substantially boosts mathematics 

achievement (effect size=0.39) and doubles students’ rates of taking advanced mathematics 

courses in high school. However, the extent to which this evaluation of online Algebra courses 

speaks to the effects of early Algebra broadly is unclear, as 90 percent of the schools in this 

study were rural, 76 percent were K-8 schools rather than traditional middle schools, and the 

average size of 8th grade cohorts in these schools was just 32 students.  

These questions about external validity are particularly acute given the mixed evidence 

regarding the effects of large-scale curricular intensification efforts. Analyses from California 

indicate that a 20-percentage point increase in the proportion of students enrolled in 8th grade 

Algebra appear to drive a 0.05-0.10 standard deviation decreases in mean 10th grade mathematics 

test scores (Domina, McEachin, Penner & Penner 2015; Penner, Domina, Penner, & Conley 

2015). Clofelter, Ladd, and Vigdor (2015) find large negative effects of 8th grade Algebra on 
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math achievement and null effects on students’ likelihood of passing advanced mathematics 

courses by the end of 11th grade in an instrumental variable analysis that takes advantage of rapid 

curricular intensification in 10 North Carolina school districts in the early 2000s. More recent 

analyses from North Carolina, however, return different results. In 2010, North Carolina’s largest 

public school district, Wake County Public School System, implemented a formula-based 

placement policy, in which students who had a predicted probability of success in 8th grade 

Algebra of at least 70 percent based on their 7th grade test scores were to be placed into Algebra. 

In a series of regression discontinuity analyses, Dougherty and colleagues (2017) find that 8th 

grade Algebra does not have a statistically significant effect on student mathematics 

achievement, but does have substantial positive and statistically significant effects on high 

school advanced math course completion and four-year college enrollment plans.  

Heterogeneous effects of advanced math course assignment 

 The best available research thus provides a remarkably uneven accounting of the effects 

of 8th grade Algebra assignment, with experimental analyses from one setting returning positive 

test score effects of nearly 0.4 standard deviations (Heppen et al. 2012) and quasi-experimental 

analyses from another setting returning negative test score effects of nearly 0.5 standard 

deviations (Clotfelter et al. 2015). Interpreted as reasonably well-identified upper- and lower-

bound estimates, this research would seem to suggest that the effects of 8th grade Algebra vary 

substantially across time and place.  

Research on educational policy and practice helps to make sense of these effect 

heterogeneity. This literature documents substantial variation in course placement practices 

across schools. In some schools, educators prefer to place as many students as possible in 

challenging classes, saying “it’s better to challenge the kids” (Rickles 2011, p. 508). In others, 
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educators set a high bar for advanced course placement, explaining they “don’t want students to 

be in a class where they’re going to struggle so much that they’re not going to be successful” 

(Rickles, p. 508). In 2013, approximately a quarter of California middle schools enrolled 

virtually all 8th graders in at least Algebra and while a quarter reserved 8th grade Algebra for a 

small group of high-performing students (Domina, Hanselman, Hwang, & McEachin 2016). 

Schools also vary in the criteria that they use for advanced course placement. Some schools 

utilize informal placement mechanisms that suggest a range of criteria that can be used in 

placement, but allow considerable input from students, parents, and teachers. Others, worried 

that this discretion creates the potential for students to be mismatched to instructional context—

as well as opportunities for racial, class, or gender biases in course placement—implement 

formal test-based placement systems (Rickles 2011; Dougherty et al. 2015).   

 This variation in placement practices might lead to effect heterogeneity, as the effects of 

8th grade Algebra may vary with the algebra-readiness of the students who are exposed to the 

treatment. Clotfelter, Ladd, and Vigdor (2015) find that the negative effects of 8th grade Algebra 

are particularly pronounced for low-achieving students in North Carolina. Similarly, student 

growth curve analyses demonstrate that placement in 8th grade Algebra courses is associated with 

both achievement and motivational declines for low-achieving students (Domina 2014; Simzar 

and Domina 2016). This research suggests that Algebra placement may not be helpful for those 

who have a weak background in mathematics or are ill-prepared. 

Formula-based course assignment as an empirical lever 

 In this paper, we empirically identify California middle schools in which students’ rates 

of taking Algebra in 8th grade vary discontinuously at some point in the 7th grade state standards 

math test score distribution. We then use regression discontinuity analyses in these schools to 
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provide estimates of the local average treatment effects of 8th grade Algebra enrollment on math 

and ELA achievement, as well as high school math course-taking outcomes. Our analyses 

provide direct evidence of pronounced cross-school heterogeneity in the effect of a single 

relatively well-defined intervention. Finally, we investigate the school-level correlates of 8th 

grade Algebra effect size estimates in order to shed new light on the factors that are related to the 

effectiveness of curricular acceleration efforts.    

Much like the North Carolina district that Dougherty and colleagues study (2015, 2017), 

several of California’s largest public school districts call on schools to place students who scored 

above a set threshold on the 7th grade California Standards Test (CST) in mathematics. Fresno 

and Long Beach Unified, for example, mandated that students who scored higher than 325 

(halfway between “basic” and “proficient”) on the 7th grade CST be placed in Algebra as 8th 

graders. This approach garnered substantial attention among educators across the state (Marsh, 

Bush-Mecenas, & Hough 2017).  

If implemented with fidelity, such formula-based placement policies provide an 

opportunity to apply regression discontinuity methods to estimate the effects of advanced course 

enrollments. Such analyses hinge on the assumption that in the absence of the formula-based 

assignment there would be a continuous (if not necessarily linear) relationship between prior 

CST scores and later outcomes for students across the prior-CST distribution. Discontinuities in 

that relationship at the assignment threshold thus indicate that 8th grade Algebra assignment has 

an effect on student achievement (Imbens & Lemieux 2008; Reardon & Robinson 2012). In 

settings like this, an RD design can provide causal inferences that are “as good as random 

assignment” (Lee & Lemieux 2010) regarding the effects 8th grade Algebra assignment for 

students near the course assignment threshold. 
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In the typical application of regression discontinuity methods, however, the researcher 

knows the location of the placement threshold. While we are aware of policies in approximately 

45 schools that use 7th grade test scores to place students in 8th grade Algebra, there are over 

1800 schools serving middle school grades in California in any given year, many of which likely 

use similar placement strategies. We therefore use methods developed to estimate the potential 

existence and location of discontinuities, and then use the estimated locations in a traditional 

fuzzy regression discontinuity analysis. Our analyses extend the regression discontinuity 

framework in two important ways. First, building on the work of Card, Mas, & Rothstein (2008), 

we empirically identify settings in which assignment practices facilitate regression discontinuity 

analyses. Second, we take advantage of the fact that we are estimating regression discontinuity 

analyses in multiple settings to shed light on the magnitude and sources of cross-site treatment 

effect heterogeneity.  

Data  

 Our analyses use data provided by the California Department of Education (CDE), 

describing all 8th graders enrolled in California public schools between the 2006-07 and 2010-11 

school years. In these years, the California Department of Education was culminating a decades-

long policy effort aimed at broadening students’ access to 8th grade Algebra, a course placement 

once reserved for a relatively small proportion of high-achieving students. In 2008, after 

encouraging schools to increase 8th grade Algebra enrollments via state instructional standards 

and educator professional development programs for more than a decade, the state declared 

Algebra the “sole course of record” for accountability in 8th grade mathematics. In doing so, 

California threatened schools with accountability penalties for enrolling 8th graders in pre-

Algebra or other less advanced courses. Court actions and the state’s 2010 move to the Common 
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Core State Standards prevented the Algebra-for-all policy’s full implementation. However, these 

policy efforts inspired dramatic changes in the ways in which California middle schools 

approached middle school mathematics course placements.  

 The administrative data provided to us by the CDE include students’ 6th through 11th 

grade California Standards Test (CST) subject identifiers and scores, 10th grade California High 

School Exit Exam (CAHSEE) scores, as well as basic student-level demographics and school 

and district identifiers. The CSTs, administered each spring for accountability purposes, are 

designed to measure student mastery of state academic standards. Students take an end-of-grade 

ELA CST in grades 3 to 11. By contrast, math CSTs are course-specific. While virtually all 

California students take the same grade-level CST annually through the 7th grade, 8th graders 

who enroll in Algebra take the Algebra CST and 8th graders who enroll in pre-Algebra take the 

8th grade General Mathematics CST. As such, the test identifier associated with students’ 8th 

grade math CST provides information on students’ 8th grade math course enrollment.1 Table 1 

provides a descriptive summary of these data. 

Since our analyses hinge on the association between 7th grade CSTs and 8th grade course 

placements, they exclude the small set of students who take the Algebra CST as 7th graders, as 

well as students who take end-of-grade tests designed for students with severe learning 

disabilities (approximately 17 percent of the 8th grade population). Further, the analyses exclude 

1 Although course-enrollment data are not publicly available for all California public school 
students, analyses of data from one large California public school district indicates that end-of-
course tests provide a highly reliable proxy for course content. In this district, approximately 
99% of eighth graders who enroll in pre-Algebra courses take the eighth-grade General 
Mathematics California Standards Test (CST). Similarly, 99% of students in Algebra I courses 
enroll in the eighth-grade Algebra CST. Analyses of data from another large California public 
school district point to a similarly high level of correspondence between course enrollment and 
end of course CST completion (Taylor, 2011). 
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another eight percent of students who are missing 7th grade CSTs, 8th grade CSTs, or 10th grade 

test scores. The final exclusion criterion is likely the most consequential, since students who 

leave school before the spring of 10th grade are excluded from analysis.2  

Methods 

Student selection into Algebra is likely driven by a number of observed and unobserved 

factors. In this paper, we implement an augmented regression discontinuity design to estimate an 

exogenous local average treatment effect (LATE) of 8th grade Algebra on students math and 

ELA achievement and high school math course-taking. Such a design is ideally suited to a 

scenario in which schools and districts place students into 8th grade Algebra using an explicitly 

articulated system based exclusively on observable factors, such as students’ 7th grade math 

achievement.  However, while California has incentivized increased Algebra enrollment over the 

1990s and 2000s, the state did not implement a universal enrollment policy nor did it require 

schools and districts to report how they enrolled students into 8th grade Algebra. As a result, we 

observe pronounced heterogeneity in middle school math placement policy and practice across 

the more than 300 districts and 1800 schools that serve CA middle school students (c.f. Domina, 

Hanselman, Hwang, and McEachin 2016). We use an algorithm to uncover whether schools use 

a threshold in 7th grade scores to assign students to 8th grade courses.3  

Identifying discontinuities in 8th grade Algebra assignments 

We implement an algorithm to identify settings in which students’ likelihood of 8th grade 

Algebra placement vary discontinuously based on 7th grade mathematics scores, using data from 

2 Importantly, however, supplementary analyses show that students just above and below their school’s algebra 
placement threshold do not differ in the rate at which their CAHSEE scores are missing.    
3 Although we can identify specific districts with stated policies, implementation varied across their schools—some 
school followed the guidelines, others adapted them by moving the cut score, and still others ignored the guidelines. 
For this reason, we focus our paper on school-based regression discontinuities.  
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each California school that enrolls at least 50 8th graders. Separately for each school-by-year 

combination, we conduct a series of first-stage linear probability OLS regressions4:  

 

In each analysis,  is a dichotomous variable distinguishing between students who enroll in 

8th grade Algebra and students who enroll in grade-level General Mathematics in the 8th grade, 

and CST is student i’s score on the 7th grade mathematics end of grade state standards test in year 

t. Because the CSTs in all subjects and grades are discrete, we prefer a parametric functional 

form for (1) and we cluster our standard errors on the unique values of the 7th grade math CST 

(Lee & Card, 2008). We also restrict (1) to students within +/- 75 points of the assumed 

threshold x (roughly 1 SD on the 7th grade math CST). Following Gelman and Imbens (2014), 

we estimate (1) as a quadratic spline. We iterate (1) at each unique value of the 7th grade math 

CST from x=225 through x=500.5  

These iterative models thus identify potential discontinuities in placement rates at each 

7th grade CST score between 225 and 500. For each iteration, we store: 1) The magnitude of the 

discontinuity in the rate of Algebra placement at the assumed cut point, ; 2) the amount of 

variance explained by (1) when CST=x; 3) the location of the assumed discontinuity, x; 4) the t-

statistic for the simple test ; and 5) the percent of students in Algebra at the right- and left-

hand side of x, estimated from the model. Hansen (2000) demonstrated that the value of x which 

maximizes the R2 from (1) identifies a break in the forcing variable. The applied work on RDs 

with estimated discontinuity points uses this value of x, an estimated structural break in the 

4 Note we drop subscripts for school and district here for ease of presentation.  
5 The range of possible CST scores runs from 150 to 600. Scores were also given performance labels: Far Below 
Basic is 150 to 256, Below Basic is 257 to 299, Basic is 300 to 349, Proficient is 350 to 413, and Advanced is 414 to 
600. We limit our search to scores between 225 and 500, as the density of the 7th grade Math CST is too thin below 
and above these limits.  
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likelihood of treatment conditional on a continuous forcing variable, in a traditional RD 

framework  (Andrews, Imberman, & Lovenheim, 2017; Bertrand et al., 2010; Chay et al., 2005; 

Dobbie & Fryer, 2015; Goodman, et al., 2017; Steinberg, 2014). As we know from discussions 

with school district officials that some schools in California do not use thresholds on 7th grade 

math scores in decisions about 8th grade Algebra placement, it is important to remove these 

schools from our analysis. However, due to search bias we cannot use the same sample to 

estimate the location and size of the discontinuity (Card et al 2008; Hansen 2000; Pan 2015). To 

ensure that the thresholds we identify are not statistical noise we bootstrap confidence intervals 

for   at x for each school-by-year combination (c.f. Pan 2015). Specifically, we resample 

students with replacement within a given school and year to create 1,000 bootstrap replicates, 

and estimate (1) at x and store each time. We then formulate 99 percent confidence intervals 

from the empirical distribution of the 1,000 for each school-by-year setting.6  

We consider a school-by-year combination in which the 99 percent confidence interval 

for   does not include 0 to be a school in which students’ likelihoods of 8th grade Algebra 

placement vary discontinuously at a threshold x in a given school year. We use these 

discontinuities to estimate the effects of 8th grade Algebra assignment in each school-by-year 

combination. In Figure 1 we show 12 randomly selected first stages for schools in which we 

identify a threshold placement policy for 8th grade Algebra. Figure 2 builds on this by showing 

12 randomly selected first stages for schools in which we not only estimate the existence of a 

policy, but where we also know the school is located in a district with a stated policy (i.e., a 

6 To ensure that our results are not sensitive to the specific thresholds we use to determine whether schools are RD 
schools, we also estimate our models using one- and two-tailed 95 and 99 percent confidence intervals, as well as 
using all schools without seeking to isolate only true RD schools. We find similar results across these  groups of 
schools, which is perhaps not surprising given that our meta-analytic approach weights precise estimates more 
heavily.  
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documented policy school). In Figure 3 we show 12 randomly selected schools without estimated 

thresholds or documented policies.  

[FIGURES 1 to 3 ABOUT HERE] 

Estimating the effects of 8th grade Algebra assignments 

Assuming that both measured and unmeasured student characteristics vary continuously 

across these placement thresholds, these settings provide opportunities for generating unbiased 

local estimates of the effects of advanced course enrollment. Furthermore, Hansen (2000) 

demonstrates that the estimated location of a discontinuity can be used as a known discontinuity 

in a fuzzy RD framework. In the results below, we provide estimates for a variety of samples 

including schools in districts with documented RD policies that were also identified using our 

search algorithm. In the second stage of our analysis, therefore, we estimate the effect of 8th 

grade Algebra using fuzzy regression discontinuity models.   

The RD design is implemented by estimating the second stage of (1) using a standard 2SLS 

framework for each school-by-year combination that passes the bootstrap test: 

 

where Yi is a student outcome for student i, and  is the probability of student i taking Algebra 

in 8th grade predicted from (1). Our dependent variables include measures of advanced math 

course-taking, high school math achievement, and middle and high school ELA achievement. 

For advanced course-taking, we measure whether students completed Geometry in 9th grade, 

Algebra II in 10th grade, and an advanced math course in 11th grade (i.e., pre-calculus). Since 

math CSTs become subject specific in 8th grade, the only common measure of math achievement 

available to us is the 10th grade CAHSEE exam. Finally, since taking advanced math courses 
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may have spillover effects to other subjects (i.e., through different peers), we use students’ 10th 

grade ELA scores as well as their 8th through 11th grade ELA CST scores.  

Since our search algorithms identify many school-by-years in which  is less than one, we use 

fuzzy regression discontinuity models to estimate the effects of 8th grade Algebra assignment in 

these schools (Trochim, 1984; Hahn et al., 2001). These models make three key assumptions: (1) 

selection into 8th grade math courses is strongly determined by the placement formulae; (2) 

students and teachers are unable to control which side of the threshold students end up on; (3) 

potential outcomes are a continuous function of the assignment variables at the cutoff (such that a 

student who scored 400 on a 7th grade math achievement test is not appreciably different from a 

classmate who scored 399 on the same test). If these assumptions hold, our discontinuity analyses 

provide internally valid estimates of the causal effects of 8th grade Algebra for students near the 

threshold in each of these schools (Imbens and Lemiuex 2007; Lee and Lemiuex 2010; McCrary 

2008).  

In the analyses that we report below, we test these assumptions using a series of placebo 

analyses in which we estimate reduced form regressions of student demographics and lagged 

achievement (factors that should be unrelated to the placement threshold) on their school’s 

placement threshold, including students’ 6th grade math and ELA test scores, 7th grade ELA test 

scores, gender, student poverty, race, and English Language Learner status.  

Even if these exclusion assumptions hold, our regression discontinuity analyses are limited 

in two ways: First, since it is only possible to estimate regression discontinuity analyses in 

schools that have implemented a formula-based placement system, these estimates can tell us 

little about the extent to which various math course placement policies moderate the effects of 8th 

grade Algebra placement. Second, since they only estimate the effects of Algebra placement for 
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students near the placement threshold, our analyses provide limited evidence regarding the 

effects of middle school math course placement practices for higher- or lower-achieving 

students.  

Exploring variation in the effects of 8th grade Algebra 

Unlike many regression discontinuity settings, however, our analysis generates a large 

number of school-by-year specific RD estimates for each outcome of interest. One approach to 

estimating the effects across sites is to pool cases across these school-by-year RDs into a single 

RD analysis. We provide pooled estimates of this sort in Appendix B. However, as Cattaneo, 

Titiunik, Vazquez-Bare & Keele (2016) note, substantial information about effect heterogeneity 

is lost by simply pooling estimates into a single state-wide (re-centered) regression discontinuity. 

As such, our main analyses use meta-analysis to provide descriptive evidence regarding the 

degree to which differences in the effect of Algebra placement vary based on school 

characteristics. Both the pooled and meta-analysis approaches provide qualitatively similar 

results.   

The meta-analysis treats each of the school-by-year settings in which we conduct regression 

discontinuity analyses as a separate study. We then calculate the average treatment effect  

across multiple studies as the inverse variance-weighted mean of the standardized effect size (c.f. 

Shadish and Haddock, 1994): 

  

where Ti is the estimated effect of 8th grade Algebra placement in school I and  is that 

estimate’s variance. We similarly estimate the combined standard error of  as: 

 . 
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As is conventional in meta-analysis, we utilize Cochran’s Q statistic to determine whether the 

variation we observe in treatment effect sizes is statistically significant, and in instances in which 

it is, we report I2 statistics which describes the percentage of variation across studies that is due 

to heterogeneous effects rather than sampling error.7   

We then expand this approach using random effects meta-regression to examine whether the 

site-specific 2SLS effect estimates are related to the size of the 8th grade cohort, the location of 

the placement threshold, the size of the first stage, the percent of students in Algebra at the left-

hand limit of the discontinuity, a measure of the school’s socioeconomic disadvantage, a 

measure of overall school academic achievement, and the share of 8th grade students in Algebra. 

The results from these analyses, while exploratory, can help generate hypothesis and research 

questions for future iterations of curricular acceleration policies.   

Results 

 Over the course of the five school years for which we have data, 1821 California public 

schools enrolled 50 or more students and were thus eligible for inclusion in regression 

discontinuity search. Of these schools, we identify 439 school-by-year settings (in 335 unique 

schools) that utilized a course placement system in which students’ placement rates vary 

discontinuously at a threshold on the 7th grade math test score distribution. Approximately 25 

percent of the 439 sites identified appear to utilize formula-based assignment in more than one of 

the five years for which we have data.  

Table 1 provides a descriptive comparison of California middle schools in which we find 

evidence of discontinuous 8th grade math course assignment based on 7th grade test scores (RD 

7  where k is the number of treatments, X.j is the column total for the jth treatment, b is the 

number of blocks, Xi. is the row total for the ith block, and N is the grand total and I² = 100% x (Q-df)/Q.  
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schools) and our non-RD schools. As the table demonstrates, 6th and 7th grade math and ELA 

scores are approximately 0.15 standard deviations lower in RD schools than in non-RD schools. 

Further, RD schools have larger shares of Hispanic and lower socioeconomic status students, and 

fewer White students compared to non-RD schools.  

 Table 1 also compares statistics from the RD search algorithm for RD and non-RD 

schools. As noted above, in order to be identified as a regression discontinuity setting, a schools’ 

students’ rates of 8th grade mathematics course enrollment must vary discontinuously at a point 

in the 7th grade mathematics test score distribution. RD schools had a much larger first stage 

coefficient (.62 compared to -.03), R2 (.61 compared to .43), and t-statistics (6.14 compared to -

0.095). Each of these comparisons is consistent with the conclusion that our RD search algorithm 

flagged school-by-year settings that use substantially different approaches to placing students in 

8th grade Algebra than the non-RD schools.  

Figure 4 reports the placement thresholds utilized across our 439 regression discontinuity 

sites. It is notable that this distribution has sizable spikes at 300 and 350, the state’s threshold for 

labelling a students’ mathematics skills “basic” and “proficient.” In these schools, students who 

score 299 on the 7th grade math CST (and whose mathematics skills thus rated as “below basic” 

by state law) are substantially less likely to be placed in 8th grade Algebra than students who 

score 301 (and whose mathematics skills are thus rated “basic”). The histogram reveals a similar 

spike at 350 – the state’s proficiency threshold. In addition, we observe a smaller spike at 325, 

the threshold that Fresno and Long Beach Unified articulated in their explicit district-wide 8th 

grade Algebra placement policies. Indeed, more than half of the schools that we identify as 

regression discontinuity settings have placement thresholds at one of these three accountability-

relevant points in the 7th grade mathematics test score distribution. In the fuzzy RD analyses 
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below, we present a version of our results limiting our search to schools that have a discontinuity 

point at 300, 325 or 350.  

[FIGURE 4 AROUND HERE]  

 The analyses reported in Table 2 use reduced-form placebo regressions to investigate the 

extent to which 8th grade Algebra placements in these regression discontinuity schools vary 

exogenously at the placement threshold. In Table 2 Panels A to C present placebo regressions for 

all estimated RD schools (Panel A), schools with thresholds at 300, 325, and 350 (policy relevant 

thresholds, Panel B), and schools with documented policies (Panel C).  The results of these 

reduced form placebo regressions come from meta-analysis. In each of these three panels, it 

appears that students of different gender, race, and FRPL/ELL status are distributed evenly 

across the estimated Algebra placement cutoff in our RD sites.  

However, the results of the meta-analytic regressions in Table 2 point to a small but 

statistically significant discontinuity in 6th grade math and ELA achievement, and 7th grade ELA 

achievement, at the Algebra placement cutoff in our school-by-year RD settings. This is 

problematic if individuals involved with the design or implementation of the Algebra placement 

policies  can manipulate students’ location on either side of the placement threshold. Given that 

CSTs are graded by an outside testing company, it is nearly impossible for educators to 

manipulate whether a student will fall above or below the 7th grade CST Algebra placement 

cutoff based on the 6th grade test scores. Since students’ observable demographics are not related 

to schools’ placement thresholds, we are less worried that the relationship between students’ 

prior achievement and student location just above or below the threshold is a source of selection 

bias. Still, we address this threat to validity by adding a control for 6th grade mathematics in the 

final set of placebo analyses reported in Table 2. In the fuzzy RD outcome models that follow, 
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we use this conditional model which controls for 6th grade math achievement as our main 

specification; however, we also present the fuzzy RD models for the other three groups: all RD 

schools without controlling for 6th grade achievement, RD schools with policy relevant 

thresholds, and RD schools with documented policies. Our results are largely consistent across 

all four specifications.  

TABLE 2 ABOUT HERE 

   

We also run an adapted McCrary test to our discrete forcing variable to see if there is 

bunching or manipulation of students’ test scores around the discontinuity (McCrary, 2008). For 

each school-year we collapsed our data down to the individual CST score. In this case, each cell 

represented the number of students who received a given score (i.e., 300) in a given school year. 

We then estimate (1) using these cell counts as dependent variables. The results of this analysis 

(available upon request) suggest no heaping of 7th grade test scores at the Algebra placement 

threshold for RD schools.    

TABLE 3 ABOUT HERE 

 Having established the validity of our approach, Table 3 reports the meta-analytic 

average of our 439 school-by-year estimates of the effects of 8th grade Algebra course 

assignments on students’ later academic achievement. We also present reduced form scatterplots 

for our main outcomes in Appendix B. Our preferred specifications in this table come from 

considering regression discontinuity analyses conditional on 6th grade math test scores (Panel A). 

We also include results from unconditional models (Panel B), unconditional models for schools 

in which the placement thresholds fall on accountability-relevant points in the 7th grade math test 
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score distribution (Panel C), and unconditional models for schools in districts with documented 

threshold-based assignment policies (Panel D).  

 The first four columns in Table 3 suggest that taking Algebra (as opposed to General 

Mathematics) in 8th grade has a small but positive average effect on students’ high school math 

outcomes. We find that students who took Algebra in 8th grade were more likely to complete 

advanced math courses in grades 9 through 11. While these results are perhaps unsurprising 

given the hierarchical structure of high school mathematics course sequences, it is worth noting 

that more than half of California students placed into 8th grade Algebra fail the course and repeat 

it in 9th grade (Liang, Heckman, & Abedi 2012). As such, it is reassuring to note that placement 

in 8th grade Algebra increases students’ likelihood of 9th grade Geometry placement by nearly 30 

percentage points, 10th grade Algebra II by nearly 20 percentage points, and 11th grade 

Trigonometry or Pre-calculus by 15 percentage points.  

We find that the average effect of 8th grade math test scores is not significantly different 

from zero. However, this small, non-significant, positive coefficient (.03) is estimated precisely 

enough to rule out sizable negative effects. Finally, we find evidence that taking Algebra in 8th 

grade had a spillover effect on ELA achievement: We find consistent evidence of an effect of 

roughly .06 SDs on ELA achievement on CSTs in grades 8 through 11, as well as the 10th grade 

ELA CAHSEE.  

 As informative as these average marginal effect estimates are, they may conceal 

substantial variation in the effects of 8th grade Algebra across diverse academic settings. Figure 5 

depicts the results of regression discontinuity analyses of the effect of 8th grade Algebra 

placement on 10th grade math test scores conditional on 6th grade test scores in 100 schools 

randomly selected from our pool of 439 threshold-based assignment school-by-year settings, 
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highlighting the high degree cross-school variation in the effects of 8th grade Algebra. As the 

figure makes clear, both the magnitude and the precision of effect size estimates vary 

considerably across sites. Schools in this figure are organized based on the magnitude of local 

estimates of 8th grade Algebra, with schools in which the effects are most negative on the top and 

the schools in which the effects are most positive on the bottom. Although the top two estimates 

reported in Figure 5 are implausibly large and imprecisely estimated, we observe several schools 

in which near-threshold students incur math achievement declines of half a standard deviation or 

more after being assigned to 8th grade Algebra. Conversely, the bottom of Figure 5 highlights 

five schools in which the measured effects of 8th grade Algebra are statistically significant, 

positive, and large (greater than three-fourths of a standard deviation). An I-squared analysis 

indicates that approximately 36 percent of the effect size variation represented in Figure 5 is 

attributable to effect heterogeneity, with the remaining 64 percent attributable to sampling error.  

 Table 4 provides a preliminary exploration of this cross-school variation in the effects of 

8th grade Algebra on students’ 10th grade mathematics scores. Consistent with the average effect 

size results reported in Table 4, there are more schools with positive 8th grade effects than 

negative effects. The proportion of schools in which we estimate significant positive effect sizes 

is only slightly larger than one might expect if schools were distributed across categories by 

chance (23/375=0.061). Interestingly this simple comparison suggests that 8th grade Algebra 

tends to have more positive effects in schools with relatively high placement thresholds, 

relatively small discontinuity sizes, and relatively low proportions of 8th graders in Algebra. 

Taken together, these findings suggest that 8th grade Algebra placement may be more beneficial 

for students in schools in which these placements are relatively rare than in schools in which they 

are relatively common. 
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TABLE 6 ABOUT HERE 

 The meta-analytic regression analyses reported in Table 5 test these relations more 

formally. Each of the first seven columns consider the bivariate relation between the local 

estimate of the effect of 8th Algebra placement on 10th grade math achievement and a series of 

school-level independent variables. For example, the analysis reported in Model 1indicates that 

there is no relationship between school size and the effect of 8th grade Algebra enrollment on 10th 

grade math achievement. 

The analysis reported in Model 2, however, indicates that schools with higher thresholds 

for Algebra placements tend to have more positive effects of 8th grade Algebra placement on 10th 

grade math achievement. Consistent with our earlier research (Domina, McEachin, Penner, and 

Penner 2015; Domina 2014) as well as work in North Carolina and Chicago (Clotfelter, Ladd & 

Vigdor, 2015), this finding suggests that students benefit more from early Algebra assignment 

when access to the class is restricted to relatively high achieving students. We note, however, 

that this model’s Pseudo-R2 value indicates that variation in school placement thresholds 

explains just 3 percent of the 8th grade Algebra placement effect size variation across sample 

schools. Figure 6 provides a visual representation of this association. Each dot in this figure 

represents a school-year and the size of each dot represents its meta-analytic weight (based on 

the precision of the school’s effect size estimate). As the plot indicates, there is substantial 

diffusion in the effects of 8th grade Algebra (along the y-axis) among schools with relatively high 

and low placement thresholds alike. Further, there is some indication that the positive trend line 

is driven disproportionately from a small number of fairly large schools in the top right quadrant 

with high placement thresholds and large positive effects, and in the bottom left quadrant with 
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low placement thresholds and large negative effects. Nonetheless, even among the mass of 

schools in the middle of both the x- and y-axis distributions, the trend line is clearly positive. 

We also find evidence suggesting that early Algebra assignments tend to have more 

negative effects when they occur in relatively high-poverty and high-minority school settings. 

Finally, we find that the effects of Algebra course assignments are more positive, on average, in 

high achieving schools as measured by the school API, a summary measure of school quality that 

is used in California school accountability policy. Again, however, these observable school 

characteristics explain just a fraction of the cross-school variation in 8th grade Algebra placement 

effect sizes.  

TABLE 5 ABOUT HERE 

   

The eighth column, enters all predictors into the analysis simultaneously. None of these 

associations remain significant in the final multivariate meta-analytic model reported, in large 

part because the three school factors that associate with 8th grade Algebra placement effect sizes 

all correlate with one another at 0.5 or higher. Nonetheless, the bivariate associations reported in 

Table 6 provide suggestive evidence of a systematic pattern of cross-school variation in the 

quality and effectiveness of early Algebra offerings. Furthermore, these results are not 

idiosyncratic to the effects of 8th grade Algebra on 10th grade math achievement. We replicate 

these meta-regression analyses on 10th grade ELA achievement in Appendix A Tables A.1, and 

find similar relationships. 

Table 6 reports the results of parallel analyses exploring variation in the effects of 8th 

grade Algebra assignment on students’ likelihood of taking an advanced mathematics course in 

the 11th grade. The meta-analysis suggests that 8th grade Algebra placement has a considerably 
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larger effect on subsequent math course placement in schools that have a relatively high 7th grade 

math course threshold for 8th grade math course placement. This result suggests that requiring 

students to demonstrate a relatively high degree of mathematics proficiency before being placed 

in Algebra courses reduces accelerated students’ likelihood of subsequent course failure and 

increases their likelihood of remaining on an accelerated math track. Notably, this one predictor 

explains 20 percent of the observed cross-school variation in the effects of 8th grade Algebra 

placement. Similarly, we find in Models 7 and 8 that the effects of 8th grade Algebra on 

subsequent course-taking tend to be more positive in schools where the rates of 8th grade Algebra 

enrollment are relatively low.  

TABLE 6 ABOUT HERE 

Conclusions  

 School systems have experimented with a number of different approaches to curricular 

intensification, and 8th grade Algebra in particular, over the past two decades. The current 

research paints a mixed picture on the effect of 8th grade Algebra on students’ achievement, 

attainment, and course-taking. This paper not only estimates the causal effects of 8th grade 

Algebra on students’ outcomes, but also provides a deeper understanding of the contextual 

factors related to the success of curricular intensification. Our paper extends this field in a 

number of ways.  

 First, we provide quasi-experimental estimates of the local average treatment effect of 8th 

grade Algebra enrollments for thousands of students across a diverse set of California middle 

schools on a wide range of short- and medium-term academic outcomes. Our estimates of the 

local average treatment effects of early Algebra are closer to zero than correlational estimates on 

nationally representative data (c.f. Stein et al. 2011), and are near the middle of the broad 
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distribution of similar experimental or quasi-experimental estimates. We find that enrolling in 8th 

grade Algebra substantially boosts students’ advanced mathematics courses taking rates 

throughout high school, ultimately increasing students’ likelihood of being on track to take 

Calculus in 12th grade by approximately 15 percentage points. Our analyses suggest that 

enrolling in 8th grade Algebra boosts students’ language skills by approximately 0.05 standard 

deviations. Further, though not statistically significant, our estimates of the effects of 8th grade 

Algebra enrollment on students’ math skills are positive and of a similar magnitude. These 

estimated effect sizes are more modest than experimental estimates from schools in rural New 

England (Heppen 2012), but more positive than instrumental variable analyses from North 

Carolina in the 1990s (Clotfelter, Ladd, and Vigdor 2015), and roughly equivalent to more recent 

regression discontinuity estimates from a single school district in North Carolina (Dougherty et 

al. 2017).  

 Our second contribution to the literature on curricular intensification is to document the 

pronounced heterogeneity in local average effects of early Algebra across California middle 

schools. Prior studies conceptualize early Algebra placement as a single treatment and estimate 

only its average effect in the context under study. By contrast, our analyses acknowledge that 

many key aspects of the early Algebra experience vary across school settings. In some schools, 

8th grade Algebra is reserved for relatively high achieving students; in others, the course is open 

to students with a wider array of pre-Algebraic skills. Likewise, curriculum, teacher quality, and 

instructional style in both pre-Algebra and Algebra classrooms likely varies substantially across 

schools. Our analyses indicate that these and other differences between schools lead to 

pronounced differences in the effects of 8th grade Algebra. This effect heterogeneity may help to 

explain the remarkable dispersion among experimental and quasi-experimental estimates of the 
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effects of 8th grade Algebra. In light of the fact that Algebra placement has large positive effects 

in some California middle schools, large negative effects in others, and a range of effects in 

between, it is perhaps not surprising that well-estimated analyses of the effects of early Algebra 

in different settings yield different results.  

 Third, our meta-analyses provide some insight into the sources of the heterogeneity in the 

effects of 8th grade Algebra placement across California middle schools. These analyses are 

necessarily exploratory, as schools’ decisions around policies like where to locate placement 

thresholds are not exogenous. Nonetheless, these analyses provide some descriptive evidence 

about the contexts in which early Algebra is and is not effective. We find that the effects of 8th 

grade Algebra tend to be more positive in schools that educate predominantly white and 

socioeconomically advantaged students, schools that restrict access to Algebra to students who 

achieved relatively high scored on their 7th grade mathematics test scores, and schools that are 

advantaged on the summary school quality measure that is at the heart of California school 

accountability system. Taken together, these analyses suggest that 8th grade Algebra boosts the 

achievement of students in advantaged schools, but has negative effects in disadvantaged 

schools. This variation across contexts has important implications for understanding the capacity 

of access to early Algebra course placement policies to narrow achievement gaps; our results 

suggest that early Algebra access in high poverty schools does not provide the same benefits as 

Algebra access in affluent schools. Future research could focus on separating the student, peer, 

and teacher factors that may drive the negative relationship between 8th grade algebra course-

taking and high poverty schools. In doing so, our analyses draw attention to the importance of 

understanding effect heterogeneity and moving beyond one-size-fits-all accounts of curricular 

intensification.  
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 In addition to these empirical contributions to the literature on curricular intensification, 

our analyses have methodological implications for studies in a wide range of policy settings. The 

regression discontinuity design (RDD) is rapidly becoming a workhorse methodology for causal 

estimation in policy research. Virtually unknown in the field as recently as a decade ago, 

regression discontinuity designs are particularly useful in educational research, where they 

provide opportunities to separate the effects of educational interventions operating at scale from 

potentially confounding selection processes while avoiding the expense, logistic challenges, and 

potential ethical issues surrounding randomized control trials. Traditional RD estimates are 

typically only possible in settings in which assignment to treatment conditions vary 

discontinuously at a known threshold in an observed forcing variable. In practice, this is a major 

limitation, since there are many settings where a treatment threshold is likely but unknown to the 

researcher. Applying a RD search algorithm to a setting where treatment placement 

discontinuities are likely to exist in other contexts may create opportunities for rigorous 

evaluation of the effects of a wide range of policy interventions. 
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Figures 
Figure 1: First Stages from a Random Sample of 12 Estimated RD Schools 

 
 
 

0
.5

1

200 300 400 500
8th grade Enrollment=368

660

0
.2

.4
.6

.8
1

200 300 400 500 600
8th grade Enrollment=244

801

0
.2

.4
.6

.8
1

200 300 400 500
8th grade Enrollment=204

1122

0
.2

.4
.6

.8
1

200 300 400 500 600
8th grade Enrollment=358

1126

0
.2

.4
.6

.8
1

200 300 400 500 600
8th grade Enrollment=271

2171

0
.2

.4
.6

.8
1

200 250 300 350 400 450
8th grade Enrollment=223

2277

0
.5

1
200 300 400 500 600
8th grade Enrollment=94

3121

0
.2

.4
.6

.8
1

250 300 350 400 450 500
8th grade Enrollment=275

3149

0
.2

.4
.6

.8
1

200 300 400 500 600
8th grade Enrollment=278

3259

0
.2

.4
.6

.8
1

200 300 400 500 600
8th grade Enrollment=342

3431

0
.2

.4
.6

.8
1

200 300 400 500 600
8th grade Enrollment=433

4480

0
.2

.4
.6

.8
1

250 300 350 400 450
8th grade Enrollment=188

5477



35 

Figure 2: First Stages from a Random Sample of 12 Documented RD Schools 
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Figure 3: First Stages from a Random Sample of 12 non-RD Schools 
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Figure 4: Location of Discontinuity Points for RD Schools 
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Figure 5: Variation in the Effect of Algebra on 10th Grade Math CAHSEE for a Random 
Selection of RD Schools 
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Figure 6: Local RD estimates of the effects of 8th Grade Algebra placement on 10th grade 
CAHSEE math scores for California middle schools with threshold-based assignment 
(school-year estimates weighted by the inverse of effect size estimate standard error) 
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Figure 7: Local RD estimates of the effects of 8th Grade Algebra placement on 11th grade 
advanced course assignment for California middle schools with threshold-based 
assignment (school-year estimates weighted by the inverse of effect size estimate standard 
error) 
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Tables  
Table 1: Student and School Descriptive Statistics  

  Non-RD Schools RD Schools 

Student Dependent Variables Mean SD N Mean SD N 

Geometry in 9th Grade 0.321   1369031 0.285   116009 

Algebra II in 10th Grade 0.295   1369031 0.256   116009 
Advanced Math in 11th Grade 0.201   1369031 0.161   116009 

10th Grade Math CAHSEE (Std.) 0.317 0.887 1267368 0.184 0.865 107242 
10th Grade ELA CAHSEE (Std.) 0.325 0.843 1267466 0.196 0.829 107297 

ELA CST Grade 8 (Std.) 0.0745 0.942 1366902 -0.072 0.908 115835 

ELA CST Grade 9 (Std.) 0.116 0.931 1284335 -0.0495 0.901 108761 
ELA CST Grade 10 (Std.) 0.0917 0.935 1228616 -0.0552 0.915 104138 
ELA CST Grade 11 (Std.) 0.0745 0.946 971860 -0.0667 0.922 77335 

Student Independent Variables Mean SD N Mean SD N 

7th Grade ELA CST (Std.) 0.084 0.937 1367664 -0.081 0.906 115884 
7th Grade Math CST (Std.) 0.130 0.986 1369031 -0.010 0.943 116009 
6th Grade ELA CST (Std.) 0.081 0.920 985839 -0.090 0.880 94613 
6th Grade Math CST (Std.) 0.048 0.905 985362 -0.109 0.851 94568 
Male 0.490   1369031 0.487   116009 
English Language Learner 0.160   1368253 0.180   115934 
Gifted/Talented Education 0.129   1361438 0.118   114791 
Hispanic 0.497   1362873 0.600   115692 
Black 0.064   1362873 0.072   115692 
Asian 0.088   1362873 0.075   115692 
White 0.301   1362873 0.212   115692 
Free/Reduced Price Lunch 0.534   1368758 0.657   115983 

School Variables Mean SD N Mean SD N 

First Stage Magnitude -0.033 0.480 5631 0.619 0.191 439 

First Stage Location 344 40.6 5631 337 31.4 439 

First Stage R2 0.428 0.149 5631 0.613 0.174 439 

First Stage T-Stat -0.095 2.710 5631 6.140 3.810 439 

First Stage Righthand Limit 0.570 0.433 5631 0.166 0.186 439 

First Stage Lefthand Limit 0.537 0.297 5631 0.784 0.171 439 

Number of 8th Graders 264 152 5631 285 121 439 
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Table 2: Meta-analytic Analyses of Reduced-Form Placebo Effects of 8th Grade Algebra 
Course Assignment 

Note:  Estimates are from meta-analyses of school specific reduced-form quadratic-spline 
regression discontinuity models. Specifically, each quadratic spline model regresses a student 
characteristic on an indicator for whether students’ 7th grade CST score is above a school’s 
placement threshold, a quadratic of students’ 7th grade CST scores, and an interaction with the 
test score indicator and the quadratic in students’ 7th grade test scores. Panel A includes all 
schools with an estimated placement policy. Panel B includes schools with estimate placement 
policies at policy relevant cutpoints (300, 325, or 350). Panel C includes only schools in districts 
with documented 8th grade algebra placement policies. Panel D also includes a linear control for 
students’ 6th grade math CST test scores. 
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Table 3: Meta-analytic Analyses of the Effects of 8th Grade Algebra Course Assignment on 
Educational Outcomes 

 
Note:  Estimates are from meta-analyses of school specific quadratic spline fuzzy regression 
discontinuity models. Specifically, each second stage quadratic spline model regresses a student 
characteristic on an estimate indicator of taking algebra in 8th grade, a quadratic of students’ 7th 
grade CST scores, and an interaction with the estimated algebra placement and the quadratic in 
students’ 7th grade test scores. Panel A also includes a linear control for students’ 6th grade math 
CST test scores. Panel B includes all schools with an estimated placement policy and no control 
for 6th grade math test scores. Panel C includes schools with estimate placement policies at 
policy relevant cutpoints (300, 325, or 350). Panel D includes only schools in districts with 
documented 8th grade algebra placement policies.  
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Table 4: Heterogeneity in 10th Grade CAHSEE Math Achievement Effects  
 Positive and 

significant 
Positive and 

non-significant 
Negative and 

non-significant 
Negative and 

significant 
N (schools) 
 

23 176 161 15 

8th grade enrollment 
 

303.52 331.53 346.83 331.73 

discontinuity point 
 

340.87 338.44 331.20 325.40 

discontinuity size 
 

0.56 0.64 0.61 0.61 

Algebra at left of discontinuity 0.14 0.15 0.19 0.17 
     

socio-economic disadvantage scale 0.65 0.42 0.76 0.74 

lagged API 736.78 744.01 722.88 700.13 
 

 proportion 8th grade Algebra 
 

43.68 
 

48.09 
 

50.30 
 

52.44 
     

Note: Table describes the heterogeneity in the 375 school-specific quadratic-spline fuzzy regression discontinuity models from Panel 
A in Table 3.
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Table 5: Meta-analytic Regressions Exploring School-level Contextual Variation and the Effect of Algebra on Students’ 
CAHSEE Math Achievement 

  (1) (2) (3) (4) (5) (6) (7) (8) 
8th grade enrollment  -0.009       0.009 
  (0.025)       (0.028) 
Discontinuity point  0.044*      -0.019 
   (0.020)      (0.045) 
Discontinuity size   -0.003     -0.024 
    (0.019)     (0.027) 
% Algebra at left of discontinuity    -0.033    -0.041 
     (0.020)    (0.029) 
Socioeconomic Disadvantage     -0.054*   -0.037 
       (0.023)   (0.037) 
Lagged API      0.053*  0.061 
       (0.025)  (0.058) 
8th grade Algebra Enrollment       -0.055 -0.119 
        (0.037) (0.086) 
Constant 0.036 0.031 0.028 0.027 0.058** 0.029 0.027 0.040 
  (0.028) (0.018) (0.018) (0.018) (0.022) (0.018) (0.018) (0.036) 
# of School-Years 375 375 375 375 375 373 375 373 
                  
+ p<0.10, * p<0.05, ** p<0.01, *** p<0.001       

Note: Estimates are from a random effects meta-analysis of the 375 school-specific effects of algebra on students’ math CAHSEE 
achievement. 
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Table 6: Meta-analytic Regressions Exploring School-level Contextual Variation and the Effect of Algebra on Students’ 11th 
Grade Advanced Math Coursing-Taking 

  (1) (2) (3) (4) (5) (6) (7) (8) 
8th grade enrollment  0.004                                                                       0.030 
  (0.019)                                                                       (0.020) 

Discontinuity point                 
0.085***                                                            0.004 

             (0.015)                                                            (0.035) 
Discontinuity size                       -0.011                                                 0.009 
                        (0.016)                                                 (0.021) 
% Algebra at left of discontinuity                                  -0.004                                      0.012 
                                   (0.016)                                      (0.021) 
Socioeconomic Disadvantage                                                 -0.052**                           -0.034 
                                               (0.018)                          (0.028) 

Lagged API                                                              
0.066**                0.072 

                                                          (0.021)               (0.045) 
8th grade Algebra Enrollment                                                                        -0.109***     -0.153*   
                                                                     (0.028) (0.065) 

Constant      
0.146*** 

     
0.164*** 

     
0.149*** 

     
0.150*** 

     
0.179*** 

     
0.157***      0.147***      

0.148*** 
  (0.022) (0.014) (0.014) (0.014) (0.018) (0.014) (0.014) (0.025) 
# of School-Years 272 272 272 272 272 270 272 270 
                  
+ p<0.10, * p<0.05, ** p<0.01, *** p<0.001        

Note: Estimates are from a random effects meta-analysis of the 375 school-specific effects of algebra on students’ advanced math 
course-taking in 11th grade. 
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APPENDIX A 
 
Table A.1: Meta-analytic Regressions Exploring School-level Contextual Variation and the Effect of Algebra on Students’ 
CAHSEE ELA Achievement 

  (1) (2) (3) (4) (5) (6) (7) (8) 
8th grade enrollment  -0.030       -0.030 
  (0.030)       (0.034) 
Discontinuity point  0.029      -0.012 
   (0.023)      (0.058) 
Discontinuity size   -0.017     -0.045 
    (0.023)     (0.033) 
% Algebra at left of discontinuity    -0.018    -0.030 
     (0.024)    (0.035) 
Socioeconomic Disadvantage     -0.046   -0.061 
       (0.028)   (0.045) 
Lagged API      0.022  -0.006 
       (0.030)  (0.071) 
8th grade Algebra Enrollment       -0.052 -0.074 
        (0.045) (0.110) 
Constant 0.077* 0.054* 0.053* 0.051* 0.078** 0.054* 0.051* 0.119** 
  (0.034) (0.022) (0.022) (0.022) (0.027) (0.022) (0.022) (0.044) 
# of School-/Years 375 375 375 375 375 373 375 373 
                  
+ p<0.10, * p<0.05, ** p<0.01, *** p<0.001       

Note: Estimates are from a random effects meta-analysis of the 375 school-specific effects of algebra on students’ ELA CAHSEE 
achievement. 



48 

Appendix B 
 

In the manuscript we estimate model (2) separately for each of the 433 school-by-year 
observations that pass our RD bootstrap test and present metanalytic means and variances of the 
resulting 433 estimated effect sizes. An alternative approach is to pool the data across all of the 
433 school-by-year combinations and estimate the effect of 8th grade Algebra placement via a 
single pooled fuzzy RD model. We prefer the meta-analytic approach since it acknowledges 
schools’ high degree of operational independence and makes it possible to estimate and explore 
the resulting treatment effect heterogeneity. However, in this appendix, we re-run the 
falsification and outcome analyses using a pooled fuzzy RD instead of meta-analysis. The results 
are qualitatively similar. 

We adapt our two-stage process using two pooled data in two ways. First, we center each 
school-by-year forcing variable around its unique cutscore. While this masks information about 
the absolute location of the Algebra placement threshold, it ensures that the forcing variable is on 
the same scale for each school-by-year combination running from -75 to 75. Second, we used the 
pooled data to run to estimate a pooled first stage: 

 

where (b.1) is specified the same as model (1) in the manuscript with the includes of school-by-
year fixed-effects ( ). This model evaluates each RD as a within school-by-year experiment, 
weighted by the number of students in a given school-by-year cell. We report the magnitude of 
the first stages in Table B.1. In all four specifications, the first-stage is sizeable, between .55 and 
.6, and highly statistically significant. In this appendix, we also present the first stage graphs for 
estimated RD school-by-year settings (Figure B1) and estimated RD school-by-year settings in 
known policy districts (Figure B2). For these and all figures in this appendix, we present the 
results from the reduced form regressions without controlling for students’ 6th grade 
achievement.  
 We then estimate a similar specification to model (2) on the pooled data: 

 
with the addition of school-by-year fixed-effects ( ).  The pooled analysis returns very similar 
average effect size estimates to the meta-analysis. We estimate an approximately 0.55-0.60 
pooled first stage, suggesting that students who score just above their school’s placement 
threshold are 55-60 percentage points more likely to enroll in Algebra than their peers who score 
just below. These results are summarized in Table B.1. As in the meta-analysis, we find in Table 
B.2 small unexplained differences on student observable characteristics at the threshold. As in 
the main analyses, conditioning on 6th grade mathematics scores addresses these differences. 
Finally, the analyses reported in Table B.3 reveal 15-30 percentage point average treatment 
effects on students’ subsequent math course enrollments; modest positive effects on ELA 
achievement; and nonsignificant effects on math achievement.  
  

 
 



49 

Figure B. 1: Pooled First Stage for Estimated RD Schools 
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Figure B. 2: Pooled First Stage for Known RD Schools 



51 

Figure B. 3: Reduced Form Student Demographic Falsification RDs 
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Figure B. 4: Reduced Form Prior Achievement Falsification RDs 
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Figure B. 5: Reduced Form Achievement Main Effects RDs 
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Figure B. 6: Reduced Form Course-taking Main Effect RDs 
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Table B. 1: Pooled First Stage Estimates 

  

Unconditional 
Policy Relevant 

Cut Points 
Known Policy 

Schools 
Conditional 

1[CST>=Cutoff] 0.559*** 0.583*** 0.610*** 0.564*** 

  (0.009) (0.013) (0.030) (0.010) 

N of Students 89,086 51,471 9,607 73,094 

N of School-Years 439 244 45 377 

          

+ p<0.10, * p<0.05, ** p<0.01, *** p<0.001   

Note: Estimates are from a pooled quadratic spline with an indicator for whether students’ 7th 
grade CST are above the school-specific policy threshold, a quadratic of students’ 7th grade CST 
scores, and an interaction between the indicator variable and the quadratic of students’ 7th grade 
CST scores. The model also includes school-by-year fixed-effects and standard errors are 
clustered on discrete CST scores. 
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Table B. 2: Pooled Falsification Fuzzy RD Estimates 

 

Note:  The coefficients are from a pooled reduced-form quadratic spline with an indicator for 
whether students’ 7th grade CST are above the school-specific policy threshold, a quadratic of 
students’ 7th grade CST scores, and an interaction between the indicator variable and the 
quadratic of students’ 7th grade CST scores. Standard errors are discrete CST scores. The model 
also includes school-by-year fixed-effects and standard errors are clustered on discrete CST 
scores. 



57 

Table B. 3: Pooled Main Fuzzy RD Estimates 

Note:  The coefficients are from a pooled reduced-form quadratic-spline fuzzy regression 
discontinuity model. The second stage model includes students’ predicted 8th grade algebra 
placement, a quadratic of students’ 7th grade CST scores, and an interaction between predicted 
algebra placement and the quadratic of students’ 7th grade CST scores. The model also includes 
school-by-year fixed-effects and standard errors are clustered discrete CST scores.




